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Key points

1. The prevention, early diagnosis and treatment of anaemia, and conditions that cause anaemia, are important in 
minimizing the need for transfusion.

2. Anaemia develops as a result of one or more of the following:
 increased red blood cell loss
 decreased or inadequate production of normal red blood cells
 increased destruction of red blood cells.

3. Anaemia becomes clinically important when it contributes to a reduction in oxygen supply making it inadequate 
for the patient’s needs.

4. The principles of treatment of anaemia are:
 Treat the underlying cause of the anaemia.
 Establish the clinical consequences of the anaemia (patient reserves, decompensation).
 Optimize all the components of the oxygen delivery system to improve the oxygen supply to the tissues.
 Blood transfusion should only be considered in patients with symptomatic anaemia.

ANAEMIA
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2.1 Introduction

When an individual becomes anaemic, a variety of physiological changes take place. Central to these changes are the 
body’s own compensatory responses to anaemia that, within limits, help preserve the oxygen supply to the tissues.

The main purpose of this module is to explore these compensatory mechanisms that, when reinforced by appropriate 
treatment of the anaemia, may be sufficient to make blood transfusion unnecessary.

Learning outcomes

After reading this chapter, the reader will be able to:

1. Define anaemia in an individual and distinguish between a normal haemoglobin range and a reference 
haemoglobin range.

2. List some commonly used methods of determining the red cell or haemoglobin content of the blood.

3. Identify the factors that affect the haemoglobin concentration in a patient and that may alter one’s interpretation 
of it.

4. Outline the main causes of anaemia.

5. Describe the effects of anaemia and the ensuing compensatory responses, with particular emphasis on acute 
and chronic blood loss.

6. State the principles of the treatment of anaemia.

7. Outline the measures that can be used to prevent anaemia in a population.

8. Understand the recommendations for red cell transfusion thresholds for the individual patient.

2.2 Definitions

Anaemia

Anaemia is defined as a haemoglobin concentration in blood that is below the expected value, considering age, sex, 
pregnancy and ethnicity.

This definition therefore requires a comparison to be made between the individual’s haemoglobin concentration and 
the expected value. To determine the patient’s expected haemoglobin concentration, it is necessary to refer to one of 
the following haemoglobin ranges:

 the normal haemoglobin range; or

 a reference haemoglobin range.
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The normal haemoglobin range

The normal haemoglobin range is the 95% distribution of haemoglobin concentrations found in a representative, large 
group of fit and healthy individuals (Fig. 2.1). In principle, therefore, it might be considered as a worldwide standard 
indicator of good health, varying only with age, sex, pregnancy, ethnicity or altitude of residence. 

Figure 2 .1 . Haemoglobin range

Fig. 2.1 shows the normal 95% ranges and criteria for defining an individual as anaemic, proposed by the World Health 
Organization (WHO), but it is important to remember that some individuals who are apparently normal and healthy 
will have values outside the range (<5% of the normal individuals). Published values for “normal” haemoglobin levels 
indicate, for example, that many adult females should be considered normal, even though their haemoglobin levels 
are below 12 g/dl (Table 2.1).

Table 2 .1 . Criteria for anaemia, based on normal haemoglobin (Hb) range at sea level, proposed by WHO

Age and sex Normal Hb (g/dl) Anaemic if Hb range less than: (g/dl)a

Birth (full-term) 13.5–18.5 13.5 (Hct 34.5)

Children: 2–6 months 9.5–13.5 9.5 (Hct 28.5)

Children: 6 months–5 years 11.0–14.0 11.0 (Hct 33.0)

Children: 5–12 years 11.5–15.5 11.5 (Hct 34.5)

Children: 12-14 years 12.0–15.0 12.0 (Hct 36.0)

Adult males 13.0–17.0 13.0 (Hct 39.0)

Adult females: non-pregnant 12.0–15.0 12.0 (Hct 36.0)

Adult females: pregnant

First trimester: 0–12 weeks 11.0–14.0 11.0 (Hct 33.0)

Second trimester: 13–28 weeks 10.5–14.0 10.5 (Hct 31.5)

Third trimester: 29 weeks–term 11.0–14.0 11.0 (Hct 33.0)
Hct = haematocrit.
a These values define anaemia. They are often used as thresholds for investigation and treatment, but are not indications for transfusion.
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Reference haemoglobin ranges

A reference haemoglobin range is the distribution of haemoglobin concentrations found in a specific well-defined 
population, called the reference population. It is developed by sampling the haemoglobin values from a group of 
individuals who are representative of that population (see Table 2.2 for examples).

Table 2 .2 . Examples of reference ranges for non-pregnant females

Reference range for nonpregnant females Range (g/dl) Mean (g/dl)

Delhi, India 6.3–14.8 10.5

Burkina Faso 9.4–15.0 12.2

If the reference population is composed predominantly of healthy individuals, the reference range will be similar to the 
normal haemoglobin range. However, the reference range values will be lower than the normal range if the reference 
population has a high prevalence of disorders affecting the haemoglobin concentration, such as iron deficiency, malaria 
or inherited haemoglobinopathies.

Reference haemoglobin ranges are useful for identifying anaemia in certain populations and for targeting them with 
appropriate public health measures. When repeatedly obtained for the same population, reference ranges will also help 
to assess the effectiveness of these measures.

Reference haemoglobin ranges should not be used as a basis for investigation and treatment of an individual patient. 
The normal haemoglobin range should be used for this purpose.

2.3 Measuring haemoglobin concentration 
 and haematocrit 

Haemoglobin concentration

In addition to the clinical features of anaemia, an accurate haemoglobin measurement on a patient’s blood sample is 
essential when deciding whether the patient needs a blood transfusion.

Many of the laboratory methods for determining haemoglobin concentration are technically capable of providing results 
of sufficient quality for clinical use. However, regardless of the method, reliable results depend on good laboratory 
practice, appropriate staff training, use of standard operating procedures, and regular calibration and maintenance 
of the equipment. The correct use of internal controls and, if possible, external quality assessment samples is also 
important.

Table 2.3 summarizes some of the methods commonly used for haemoglobin measurement
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Table 2 .3 . Methods for haemoglobin measurement

Methods Comments

Using a spectrophotometer or photoelectric photometer:
All require some type of optical equipment with battery or mains power 
supply, maintenance, calibration, spares and user training

Haemoglobin cyanide

Oxyhaemoglobin

Direct reading haemoglobinometers –

Copper sulfate method Only useful for screening blood donors

 

Haematocrit or packed cell volume

An alternative method of estimating the red cell content of the blood is to measure the haematocrit or packed cell 
volume (PCV). The PCV is determined by centrifuging a small sample of blood in an anticoagulated capillary tube and 
measuring the volume of packed red cells as a percentage of the total volume.

An equivalent measurement, the haematocrit, can be calculated by automated haematology analyses from the red 
cell indices.

For clinical purposes, the terms “haematocrit” and “PCV” are used interchangeably.

The relationship between haematocrit and haemoglobin concentration in a given sample is influenced by the size 
and haemoglobin content of the red cells. A useful conversion factor is that haematocrit (%) is approximately equal to 
three times the haemoglobin concentration. Haematocrit values are shown in Table 2.1.

2.4 Clinically important anaemia

It is relatively simple to define a patient as being anaemic by comparing his or her haemoglobin concentration with a 
normal range. However, to judge whether the anaemia is clinically important, a detailed assessment of the individual 
patient’s signs and symptoms is needed.

The oxygen supply to the tissues also depends on:

 the degree of saturation of haemoglobin; and

 the cardiac output.

Alterations in the haemoglobin concentration should therefore not be interpreted in isolation, but should be seen in 
the context of changes or disorders affecting the other variables of oxygen supply.

2.5 Interpreting haemoglobin values

The haemoglobin value is a measurement of concentration and is the amount of haemoglobin present in a fixed volume 
of the patient’s blood. It is normally expressed as grams per decilitre (g/dl) or grams per litre (g/L).
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In this chapter, all haemoglobin values are expressed in g/dl. The haemoglobin value itself is dependent on:

 total amount of circulating haemoglobin in the red cells; and 

 blood volume.

A variation in either of these factors will affect the haemoglobin concentration. During pregnancy, for example, 
apparent anaemia may simply be the result of an increase in plasma volume, without a reduction in the total amount 
of haemoglobin present. This is called haemodilution. Since the overall capacity of blood to carry oxygen is unchanged, 
it is not necessarily a pathological state.

Haemodilution: reduced haematocrit (packed cell volume). Acute haemodilution is caused by red cell loss and replacement 
by crystalloid or colloid infusion.

Conversely, where there is a reduction in the plasma volume without any alteration in the total amount of haemoglobin 
present, a higher than expected haemoglobin concentration will be apparent. This is known as haemoconcentration 
and can occur, for example, in a person with severe dehydration. The haemoglobin concentration therefore needs to 
be considered together with other information about the patient’s condition to avoid misinterpretation (see Fig. 2.2).

Figure 2 .2 . Alteration of haemoglobin in relation to plasma

Red cell volume N L L N N

Plasma volume N L H H L

Hb level N N/L L L N/H

N, normal; H, high; L, low.

Column 1 represents a normal patient.
Column 2 illustrates a patient who loses blood rapidly over a short period of time (haemorrhage). Both red cells and 
plasma are lost together, but the haemoglobin concentration may initially remain fairly normal.
Column 3 shows the effect of a slow (or chronic) blood loss over weeks or months. Normal compensatory responses 
have operated to expand the plasma volume in order to maintain the total blood volume, but the haemoglobin 
concentration is reduced because red cells have been lost.
Column 4 illustrates the effect of haemodilution. This picture would be seen in a patient who had received intravenous 
replacement fluids or as a normal feature in pregnancy.
Column 5 shows the consequences of dehydration, resulting in haemoconcentration. There is no loss of red blood cells 
(RBCs), but blood volume is reduced. The haemoglobin concentration is therefore above normal.

Normal Acute blood
loss

Chronic blood
loss

Haemodilution
e.g. pregnancy

Haemoconcentration
e.g. dehydration

4 51 2 3

Plasma

Red cells
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2.6 Causes of anaemia

Anaemia is not a diagnosis in itself, but an indication of one or more causes of a reduced haemoglobin concentration. 
A simple classification of the processes that can lead to anaemia is shown in Table 2.4.

Table 2 .4 . Causes of anaemia

Increased red cell loss (high reticulocytes)

Blood loss

Acute blood loss Trauma, surgery, obstetric haemorrhage, gastrointestinal haemorrhage etc.

Chronic blood loss
Low-grade bleeding from gastrointestinal, urinary or reproductive tracts due to parasitic 
infestation, malignancy, inflammatory disorders etc.

Increased red cell destruction (haemolysis)

Haemolysis due to corpuscular factors

Red cell membrane defects (congenital spherocytosis)

Red cell enzyme defects (G6PD deficiency, pyruvate kinase deficiency)

Haemoglobinopathies (thalassaemias, HbS)

Acquired intracorpuscular defects (PNH)

Haemolysis due to extracorpuscular factors

Red cell antibodies (ABO, Rh and other red cell incompatibilities; auto-antibodies)

Chemicals (drugs, venoms, arsenic, lead)

Mechanical (heat/burn wounds, artificial heart valves, DIC, malignant hypertension)

Hypersplenism

Infections (i.e. malaria, Clostridium) 

Decreased production of normal red blood cells (hypoproliferative anaemia)

Normochromic, normocytic anaemia (bone marrow suppression of erythropoiesis)

 Erythropoietin

Chronic renal failure

Hypothyroidism

Chronic inflammatory disease

Bone marrow failure

Metastatic carcinomas (prostate, breast, lung, kidneys)

Malignancies of the haemopoietic tissues (lymphomas, multiple myeloma, leukaemias)

Exposure to drugs (e.g. chloramphenicol), toxic chemicals (e.g. lead), radiation or chemotherapy

Other causes (aplastic anaemia, myelofibrosis, myelodysplastic syndrome)

Decreased production of normal red blood cells (hypoproliferative anaemia)

Hypochromic, microcytic anaemia (decreased haemoglobin synthesis)

 Haem synthesis

Iron deficiency

Anaemia of chronic disease

Porphyrin synthesis abnormalities e.g. sideroblastic anaemias

Globin synthesis abnormalities Thalassaemias
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Hyperchromic, macrocytic anaemia (low reticulocytes)

Megaloblastic anaemia

Vitamin B12 deficiency

Insufficient dietary intake (vegetarians, vegans)

Malabsorption

Absence of intrinsic factor (pernicious anaemia, gastrectomy, damage to gastric epithelium by 
corrosive chemicals or malignant infiltration)

Increased utilization by bacteria in areas of overgrowth (blind-loop syndrome)

Pathology of ileum (tuberculosis, lymphoma, tropical sprue)

Folate deficiency

Insufficient dietary intake (alcoholism, poor diet in general)

Malabsorption (Crohn's disease, intestinal lymphoma, phenytoin therapy)

Increased folate requirements (pregnancy, haemolytic anaemias, exfoliative dermatitis)

Administration of folate antagonists (trimethoprim, methotrexate, zidovudine)

Non-megaloblastic anaemia (normal vitamin B12 
and folate, bone marrow examination for further 
diagnosis)

Myelodysplastic syndrome

Aplastic anaemia

Direct marrow injury destroying haemopoietic tissue

G6PD, glucose-6-phosphate dehydrogenase; HbS, haemoglobin S; PNH, paroxysmal nocturnal haemoglobinuria; DIC, disseminated intravascular coagulation.
Source: Namibian guidelines for the appropriate clinical use of blood and blood products (GACUB).

Iron deficiency anaemia is the most common cause of anaemia worldwide. It is important to understand the basic 
mechanisms of iron metabolism as this is fundamental to the prevention, diagnosis and treatment of anaemia.

Iron metabolism

Iron is an essential nutrient required by every human cell. Most of the body’s iron is contained in the haemoglobin. Iron 
is absorbed in the intestines, transported in the blood by a carrier protein (transferrin) and stored as ferritin (in cells 
such as those of the bone marrow, gut, liver and spleen). Humans do not have an effective mechanism for excreting 
iron, other than through loss of blood and small amounts through shedding of skin and intestinal cells.

The physiological adjustment of the iron balance in an individual depends on small alterations in intestinal absorption 
and on sufficient iron in the diet (see Table 2.5).

Table 2 .5 . Iron absorption

Sex Normal daily iron loss (mg/day) Maximum iron absorption (mg/day)

Men 1 1–2

Menstruating women 1.5 1–2

Pregnant women 2 1–2

The total body iron content of a normal adult is about 4–5 g of which approximately 2.5 g is in the red cells. Iron forms 
part of the oxygen-binding site of haemoglobin and is therefore fundamental to the body’s oxygen supply. As the 
red cells are broken down at the end of their normal lifespan, the iron that is released and recycled provides most of 
the body’s requirements. Only small quantities of iron are absorbed from the gastrointestinal tract (duodenum and 
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jejunum) in non-iron-deficient people. Hepcidin, a peptide hormone, is the key regulator of iron metabolism and is 
mainly synthesized in the liver. This hormone reduces extracellular iron in the body by several mechanisms:

 It lowers dietary iron absorption by reducing iron transport across gut mucosal cells (enterocytes).

 It reduces iron exit from macrophages, the main site of iron storage.

 It reduces iron release from the liver.

In all three instances regulation is accomplished by reducing the transmembrane iron transporter ferroportin. During 
conditions in which the hepcidin level is abnormally high, such as inflammation, serum iron level falls due to iron being 
trapped within the macrophages and liver cells, and decreased gut iron absorption. This typically leads to anaemia 
because of the inadequate amount of serum iron that is available for developing red cells. When the hepcidin level is 
abnormally low, as in haemochromatosis, iron overload occurs due to increased ferroportin-mediated iron efflux from 
storage and increased iron absorption in the gut.

A typical adult’s daily food intake in a developed country contains 10–15 mg of iron, of which 1–2 mg/day (5–10%) is 
normally absorbed. This is sufficient to meet the replacement needs of healthy adult males and of females who are not 
menstruating. However, when iron requirements are increased for any reason, the body’s limited stores can be rapidly 
depleted. Chronic or acute bleeding depletes iron stores; for example, a blood loss of 500 ml removes 250 mg of iron. 
Without treatment, iron reserves take many months to replenish.

Adaptation to anaemia

Chapter 1 described how the respiratory and circulatory systems interact with the RBCs to maintain the supply of 
oxygen to the tissues. When blood is lost or anaemia occurs for other reasons, these systems adapt to compensate 
and maintain, as far as possible, the supply of oxygen to essential organs and tissues.

The clinical condition of the patient will depend on:

 ability to mount these compensatory responses

 degree of red cell insufficiency

 whether anaemia has occurred rapidly (over hours) or gradually (over months).

Transfusion of red cells, or less commonly of whole blood, is often used in the treatment of anaemia and blood loss. 
However, transfusion can often be avoided because the body’s own compensatory mechanisms may be able to maintain 
adequate oxygen delivery while other treatments take effect. These compensatory responses are described below.

2.7 Anaemia due to acute blood loss

In patients with acute blood loss, or haemorrhage, there is both a reduction in the total amount of haemoglobin in the 
circulation and a loss of blood volume, or hypovolaemia. In contrast, the blood volume is normally well-maintained in 
patients with chronic anaemia (see Fig. 2.2).

https://en.wikipedia.org/wiki/Macrophages
https://en.wikipedia.org/wiki/Ferroportin
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Macrophages
https://en.wikipedia.org/wiki/Liver_cells
https://en.wikipedia.org/wiki/Red_cells
https://en.wikipedia.org/wiki/Hemochromatosis
https://en.wikipedia.org/wiki/Ferroportin
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Effects of acute blood loss

As discussed in Chapter 1, the supply of oxygen to the tissues depends on the transfer of oxygen from the lungs to the 
blood, its storage in the form of saturated haemoglobin, and its transport and delivery to the tissues. An adequate 
level of haemoglobin and an efficient circulation are required to transport it.

Haemorrhage can interfere with all of these processes by causing reductions in:

 oxygen transfer from the lungs to the red cells

 oxygen storage by the red cells

 oxygen transport and delivery to the tissues.

Reduced oxygen transport
The loss of blood volume from the circulation, or hypovolaemia, causes a reduction in the venous return to the heart. 
In turn, this reduces the cardiac output and blood pressure. Blood flow to the tissues therefore decreases and the 
transport of oxygen to them is impaired.

Reduced oxygen storage
The loss of RBCs reduces the total amount of haemoglobin in the circulation, which, in turn, reduces the overall oxygen-
storage capacity of the blood.

Remember that a haemoglobin measurement conducted in the early stages of acute haemorrhage may not be 
significantly lower than normal and is not a reliable guide to the amount of blood loss. This is because both plasma and 
RBCs are lost from the circulation simultaneously. It is only when the plasma volume is restored, either by compensatory 
mechanisms or fluid therapy, that the haemoglobin concentration (or haematocrit) will begin to fall (see Fig. 2.2).

Reduced oxygen transfer
The reduction in cardiac output causes mismatching of the pulmonary blood flow and ventilation in the lung (alveolar 
dead space), resulting in a decrease in the partial pressure of oxygen in the pulmonary capillaries. As the partial pressure 
falls, the degree of saturation of the remaining haemoglobin in the circulation also falls. This reduces the oxygen-
carrying capacity of the blood still further.

The consequence of a major uncontrolled haemorrhage is therefore oxygen starvation of the tissues and organs of 
the body, or tissue hypoxia.

Compensatory responses to acute blood loss

No tissue is able to sustain prolonged periods of hypoxia and the body therefore responds immediately to any significant 
blood loss with several compensatory mechanisms:

 restoration of plasma volume

 restoration of cardiac output
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 circulatory compensation

 stimulation of ventilation

 changes in the oxygen dissociation curve

 hormonal changes
 

 synthesis of plasma proteins.

Restoration of plasma volume
As cardiac output and blood pressure fall, the hydrostatic pressure in the capillaries supplying the tissues of the body 
also falls. The balance between the oncotic and hydrostatic pressures in the capillaries is therefore altered, allowing 
an influx of water into the plasma from the interstitial fluid. This mechanism helps to restore the circulating plasma 
volume. At the same time, water also moves from the intracellular compartment into the interstitial fluid.

Restoration of cardiac output
The fall in cardiac output and pressure in the heart and major vessels is detected by pressure receptors (baroreceptors), 
which activate the sympathetic nervous system via the vasomotor centre in the brain. The sympathetic nerves act on 
the heart, increasing both its rate and force of contraction, helping to restore the cardiac output.

Circulatory compensation
The sympathetic nerves also act on the vessels supplying the tissues and organs of the body during acute haemorrhage. 
They cause vasoconstriction of arterioles, particularly in tissues and organs that are not immediately essential to life, 
such as skin, gut and muscle, which reduces the blood flow to them. This has the following effects:

 preserving blood flow to the essential organs: brain, kidney and heart; and

 restoring the arterial blood pressure.

In addition, the sympathetic nerves cause constriction of the veins, or venoconstriction, which transfers blood from 
the veins into the circulation. Since venoconstriction increases the venous return to the heart, it is another important 
mechanism for restoring the cardiac output during haemorrhage.

Stimulation of ventilation
A reduced blood flow with oxygen starvation causes many tissues and organs to convert to anaerobic metabolism, 
which produces large quantities of lactic acid. The resulting metabolic acidosis, together with the lowered partial 
pressure of oxygen in blood, is detected by chemoreceptors in the aorta and carotid arteries. These chemoreceptors 
stimulate the respiratory centre in the brain, which responds by increasing the depth and rate of ventilation to restore 
the partial pressure of oxygen in blood.

Changes in the oxygen dissociation curve
During haemorrhage, the oxygen dissociation curve shifts to the right, largely as a result of acidosis. The effect of this 
is to reduce haemoglobin’s affinity for oxygen in the tissue capillaries, thereby encouraging the release of oxygen and 
increasing its availability to the tissues.
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Hormonal responses
The secretion of several hormones is increased in response to haemorrhage but, unlike the other compensatory 
mechanisms, their effects are usually only apparent after several hours or days.

1. Vasopressin (antidiuretic hormone or ADH) is released from the pituitary gland in response to a fall in blood 
volume. Its principal action is to reduce the amount of water excreted by the kidneys. This concentrates the urine 
and thus conserves body water. Vasopressin also causes vasoconstriction, which may help to increase the blood 
pressure.

2. Aldosterone production from the adrenal gland is also increased during haemorrhage, triggered by the renin–
angiotensin system. Aldosterone acts on the kidney, causing retention of sodium in the body. Together with 
the water-retaining properties of vasopressin, this helps to restore the volume of the extracellular fluid and, in 
particular, to re-expand the circulating blood volume.

3. Erythropoietin production from the kidney increases in response to hypoxia during haemorrhage. Red blood cell 
output in the bone marrow is therefore stimulated. This is not an immediate response but, over several days, it 
will lead to the replacement of cells that have been lost.

4. Other hormones that are also released during severe haemorrhage, include:
 adrenal steroids
 catecholamines: e.g. adrenaline and noradrenaline.

All have important roles in enabling the body to compensate and respond to the potentially life-threatening situation.

Synthesis and movement of plasma proteins
Haemorrhage also results in the loss of plasma proteins and platelets from the vascular system. This can lead to alterations 
in the oncotic pressure of plasma. Although there is rapid mobilization (within 6–12 hours) of preformed albumin into 
the circulation during acute blood loss, complete restoration of plasma protein levels (by synthesis in the liver) may take 
several days. The dilution of coagulation proteins and platelets as a result of massive blood loss and fluid replacement 
can contribute to blood clotting problems.

Clinical features of acute blood loss

The clinical features of haemorrhage in an individual are largely determined by the volume and rate of blood loss. 
However, they also depend on the patient’s capacity to mount the compensatory responses described above.

Patients differ in their capacity to compensate for a given blood loss. The clinical picture may therefore vary.

Haemorrhage occurring in an elderly or anaemic patient, particularly in if they have co- existing cardiorespiratory 
disease, often becomes clinically apparent at an earlier stage than it would in a previously healthy patient.

The clinical picture of acute blood loss can therefore range from minimal signs or symptoms of hypovolaemia, often 
detected by a small rise in heart rate when only small amounts of blood are lost, through to haemorrhagic shock when 
massive uncontrolled bleeding occurs (see Box 2.1).
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Box 2 .1 . Clinical features of major haemorrhage

Haemorrhagic shock

• Thirst

• Cool, pale, sweaty skin

•  Tachycardia

• Decreased pulse pressure

• Reduced blood pressure

• Increased respiratory rate

• Restlessness or confusion

• Reduced urine output

2.8 Anaemia due to chronic blood loss

In cases of chronic blood loss, such as gastrointestinal loss due to hookworm, there is a continuing loss of blood from 
the circulation over a long period. Anaemia thus develops gradually. There is generally no reduction in the circulating 
blood volume and normovolaemia is maintained (see Fig. 2.2, column 3).

Effects of chronic blood loss

The body can initially compensate for chronic red cell loss by increasing RBC production. However, iron is lost with the 
red cells and this eventually depletes the body’s iron stores. Since iron is an essential component of haemoglobin, its 
deficiency causes a reduction in the level of haemoglobin in the RBCs being produced.
Chronic blood loss therefore typically gives rise to an iron deficiency anaemia due to impaired production of haemoglobin. 
The red cells are small (microcytic) and contain little iron (hypochromic). Since the red cells contain less haemoglobin, the 
oxygen- carrying capacity of blood is reduced.

Compensatory responses to chronic blood loss

The body responds to chronic blood loss with the following compensatory mechanisms:

 cardiovascular compensation

 changes in the oxygen dissociation curve

 changes in blood viscosity

 hormonal responses.
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Cardiovascular compensation
As the oxygen- carrying capacity of blood falls, the amount of oxygen available to the tissues also falls. The tissues respond 
by dilating their blood vessels (vasodilation) to increase the blood supply and thus maintain the delivery of sufficient 
amounts of oxygen. The increased tissue blood flow results in an increased venous return, which, in turn, increases the 
cardiac output.

Chronic blood loss, and chronic anaemias in general, are therefore largely compensated for by a raised cardiac output. 
However, in the case of severe chronic anaemia, the heart may be unable to sustain the high output demanded of it 
and heart failure can occur.

Changes in the oxygen dissociation curve
The other major compensatory response that occurs in chronic anaemia is a shift of the oxygen dissociation curve to 
the right. This has the effect of reducing haemoglobin’s affinity for oxygen in the tissue capillaries, thereby encouraging 
the release of oxygen and increasing its availability to the tissues. This shift is primarily due to an increase in the RBC 
metabolite 2,3- diphosphoglycerate.

Changes in blood viscosity
As the RBC mass decreases in a person with anaemia, the viscosity of blood is decreased. This results in an improved 
capillary blood flow, which enhances the delivery of oxygen to the tissues. Cardiac output also tends to increase as a 
consequence of reduced blood viscosity.

Hormonal responses
Many of the same hormonal responses as are seen in acute blood loss also occur in patients with chronic blood 
loss, although the degree of compensation required is considerably less. Thus, red cell production is stimulated by 
erythropoietin, provided there is sufficient iron available for haemoglobin synthesis, and blood volume is maintained 
by the action of vasopressin and aldosterone.

Clinical features of chronic blood loss

Provided that the patient’s compensatory mechanisms are effective, few clinical symptoms or signs of chronic anaemia 
may be evident until a relatively low haemoglobin concentration is reached, or the patient decompensates for another 
reason. However, the clinical features of anaemia will become apparent at an earlier stage when there is:

 limited capacity to mount a compensatory response: for example, in patients with significant cardiovascular or 
respiratory disease

 increase in demand for oxygen: for example, associated with infection, pain, fever or exercise

 further reduction in the oxygen supply: for example, in a patient with blood loss or pneumonia.

2.9 Chronic anaemia due to other causes

In many instances, anaemia may result from either:

 decreased production of either RBCs or haemoglobin
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 increased destruction of RBCs.

The underlying causes of these anaemias include:

 nutritional deficiencies

 infections

 malignancy
 

 autoimmune diseases

 inherited disorders of red cells: for example, haemoglobinopathies

 aplastic anaemia and myelodysplasia.

Generally, anaemia caused by these conditions develops relatively slowly and thus may be compensated for by many 
of the same mechanisms that operate during chronic blood loss. However, severe acute anaemia may have medical 
causes such as haemolysis or splenic sequestration of red cells.

The clinical picture of all chronic anaemias is due to a combination of:

 the anaemia itself, that is, the diminished oxygen-carrying capacity of blood; and

 features of the underlying condition.

Acute-on-chronic anaemia

The term “acute-on-chronic anaemia” is often used to describe a further sudden fall in haemoglobin concentration in 
a patient who is already chronically anaemic. This situation is often a clinical emergency, especially in young children, 
and the management may include the need for red cell transfusion.

2.10 Principles of the treatment of anaemia

Anaemia is abnormal and indicates the presence of some form of pathology that requires investigation and treatment.

The compensatory mechanisms in response to anaemia, described in this section, often enable patients to tolerate 
relatively low haemoglobin concentrations. This is particularly the case in patients with chronic anaemia that has 
developed slowly over weeks or months. However, if these compensatory mechanisms fail to maintain the oxygen 
supply to the tissues, decompensation occurs and, without treatment, death will rapidly ensue.

Once decompensation has occurred, the only effective treatment is to raise the oxygen- carrying capacity of the blood 
by means of a blood transfusion. However, the primary aim should be to treat the anaemia by other means before this 
point is reached.
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Blood transfusion should only be considered when the anaemia is symptomatic. Recommendations on haemoglobin 
transfusion thresholds are most helpful in deciding whether a patient needs a RBC transfusion. Section 2.11 provides a 
summary of RBC transfusion thresholds for different patient populations.

The management of anaemia will vary according to its cause, time course and the degree of compensation. This requires 
a detailed assessment of the individual patient. However, the general principles of the treatment of anaemia are:

 Treat the underlying cause.

 Optimize all the components of the oxygen delivery system to improve the oxygen supply to the tissues.

Treating the underlying cause of the anaemia

Treatment aimed at the underlying cause of the anaemia will often prevent any further reduction in oxygen-carrying 
capacity. For example, in a patient with chronic anaemia due to an infestation, eliminating the parasite will prevent 
further deterioration in the haemoglobin concentration.

Improving the oxygen supply to the tissues

Remember that a patient’s haemoglobin concentration is only one of the critical factors that determines the overall 
supply of oxygen to the tissues. The oxygen supply also depends on:

 degree of saturation of haemoglobin with oxygen; and

 cardiac output.

Therefore, treatment aimed at optimizing all the factors that influence the oxygen supply system will improve the 
availability of oxygen to the tissues.

In the case of acute haemorrhage, for example, the oxygen supply will be improved by:

 restoring the cardiac output with intravenous fluid replacement therapy;

 increasing the inspired oxygen concentration to raise the saturation of haemoglobin; and

 transfusion, if necessary, to raise the haemoglobin concentration.

In a patient with chronic iron deficiency anaemia, elevating the haemoglobin level with simple oral iron therapy will 
improve the supply and availability of oxygen to the tissues. The route of administration of iron treatment will depend 
on the type of anaemia, as oral treatment will not be effective in patients with chronic inflammation, also known as 
anaemia of chronic disease. In those cases, parenteral iron treatment is a relatively safe and effective alternative.

https://en.wikipedia.org/wiki/Parenteral_iron
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2.11 Principles of the prevention of anaemia

One of the most important tools for achieving the most appropriate clinical use of blood and blood products is the 
implementation of effective public health programmes and hospital patient blood management programmes (see Chapter 
9) to prevent the conditions that make transfusion necessary.

Government involvement will be helpful to establish preventive measures that will help to avoid blood transfusions. 
Governments can help in the effective organization of the primary health care system and by supporting implementation 
of patient blood management programmes within hospitals.

In many developing countries, most transfusions are given to children under the age of 5 years and to women of 
childbearing age. These groups should be a particular target for preventive measures through the provision of adequate 
and accessible maternal and child health services.

The prevention of anaemia in a population will often include the following activities.

1. Health education on:
 nutrition
 hygiene, sanitation, clean water supplies
 prevention of malaria: for example, the use of bednets impregnated with insecticide
 road safety.

2. Supplementation programmes: the administration of iron and/or folate supplements to targeted groups – should 
be approached with caution in malarious areas (1).

3. Dietary modification: for example, enhancing iron absorption by increasing dietary vitamin C, and decreasing 
simultaneous tea intake.

4. Control of viral, bacterial and parasitic infections, including through:
 immunization programmes
 improvements in sanitation and water supplies
 eradication of sources of infection: for example, hookworm, mosquitoes
 treatment of infection or infestation: for example, deworming.

5. Food fortification: fortification with iron of centrally-processed staple foods, such as bread, milk, salt, rice, sugar 
and fish products may be appropriate in some countries.

2.12 Red blood cell transfusion thresholds

Several high-quality trials on RBC transfusion thresholds have recently been conducted among haemodynamically 
stable, hospitalized adult patients. More than 40 randomized controlled trials, involving more than 20 000 patients, 
have compared restrictive transfusion thresholds (transfusing RBCs only when the haemoglobin level reaches 7–8 g/
dl) with liberal transfusion thresholds (transfusing RBCs only when the haemoglobin level reaches 9–10 g/dl).
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Based on recent systematic reviews of the literature on transfusion thresholds and clinical transfusion guidelines, the 
following recommendations can be made (2–6).

 Haemoglobin concentration of <7 g/dl should be used as the transfusion threshold for hemodynamically stable 
hospitalized adult patients, including critically ill patients.

 Haemoglobin concentration of 7.5 g/dl should be used as the transfusion threshold for those undergoing cardiac 
surgery (4).

 Haemoglobin concentration of 8 g/dl should be used as the transfusion threshold for those undergoing 
orthopaedic surgery, and those with underlying stable cardiovascular disease.

 Patients admitted with an acute upper gastrointestinal bleed may have a lower mortality when a transfusion 
threshold haemoglobin concentration of 7 g/dl is adopted.

There is insufficient evidence to recommend an optimal transfusion threshold in patients with:

 acute coronary syndrome (small trials showed a trend towards lower mortality when using a liberal transfusion 
threshold);

 severe thrombocytopenia,  being treated for haematological or oncological disorders who are at risk for bleeding;

 chronic transfusion-dependent anaemia;

 acute neurological disorders such as stroke and traumatic brain injury.

Blood transfusions in haemodynamically stable patients are generally recommended when the haemoglobin level is 
below 7 g/dl and should not normally be recommended for those whose haemoglobin level is above 10 g/dl, except 
in exceptional circumstances (see Table 2.6) (5,6).

RBC transfusions in paediatric patients are most common in critically ill children and those undergoing cardiac surgery. 
A recent consensus recommendation based on trial evidence and expert opinion regarding RBC transfusions in these 
paediatric patients concluded the following (7):

 A haemoglobin concentration of <7 g/dl should be used as the transfusion threshold for haemodynamically 
stable, critically ill children.

 A transfusion threshold of haemoglobin concentration between 7 and 10 g/dl should be considered in critically 
ill children with acute brain injury.

 RBC transfusions should be given to attain a haemoglobin concentration of 10 g/dl in critically ill children with 
sickle cell disease before surgical procedures necessitating general anaesthesia.

 A haemoglobin concentration of < 7–8 g/dl should be used as the transfusion threshold for haemodynamically 
stable, critically ill children with cancer diagnoses or those undergoing haemopoietic stem cell transplant.

 RBC transfusions to maintain a haemoglobin concentration of 7–9 g/dl should be given to hemodynamically 
stable, critically ill paediatric patients with uncorrected congenital heart disease.
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 No RBC transfusion should be given if the haemoglobin concentration is > 9 g/dl in haemodynamically stable 
paediatric patients undergoing cardiac surgery for stage 1 palliation or stage 2 and 3 procedures in single ventricle 
physiology.

 No RBC transfusion should be given if the haemoglobin concentration is ≥ 7 g/dl in haemodynamically stable 
paediatric patients with congenital heart disease undergoing biventricular repair.

Table 2 .6 . AABB Guidelines (2016): transfusion recommendations for haemodynamically stable patients without 
active bleeding

Haemoglobin concentration Transfusion recommended?

Hb < 6 g/dl Recommended except in exceptional circumstances

Hb 6–7 g/dl Generally likely to be indicated

Hb 7–8 g/dl
May be appropriate in patients undergoing orthopaedic or cardiac surgery, and in those with stable cardiovascular 
disease, after evaluating the patient’s clinical status

Hb 8–10 d/dl
Generally not indicated, but should be considered for some populations (e.g. patients with symptomatic anaemia, 
ongoing bleeding, acute coronary syndrome with ischaemia, and haematology/oncology patients with severe 
thrombocytopenia who are at risk of bleeding)

Hb > 10 g/dl Generally not indicated except in exceptional circumstances
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