Iron Deficiency Anaemia

Iron Metabolism:  Iron in the body is used primarily for Haemogolobin synthesis.  Normal erythropoiesis requires 20-25 mg/day of iron.

Iron Stores:  Body iron stores – 40-50mg Fe/kg. Stores are less in women than men.

Iron Compartments:  Haemoglobin
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Iron Storage and Transport

a)   Transferrin:   Transports iron from plasma to ECF and then to tissues

b) Transferrin receptor:  Binds Tf-Fe complexes and then releases iron

c) Ferritin:  Storage iron

Iron Balance

Determined by the amount of iron entering and leaving the body.

Humans lack the ability to excrete excess iron.  Therefore physiological regulation is controlled by absorption.

If stores are reduced absorption will increase.

Loss – shedding of intestinal cells, urine, nails, hair, skin, menstruation

Utilization – pregnancy, rapid growth in infancy and adolescence

Iron Absorption:

Absorption sites:  Maximal absorption occurs in the duodenum and upper jejunum.  Acidic gastric juice reduces insoluble ferric iron to soluble ferrous state.

Intestinal mucosal cells regulate intake of iron.

Factors influencing iron absorption:

Increased absorption





Decreased absorption

Acids







Alkalis (antacid)

Ferrous iron






Ferric iron

Solubilizing agents (sugars & AA)



Ppting. Agents (tea, phytates)

Iron  deficiency





Iron excess

Increased demand (pregnancy, bleeds)


Decreased utilization

Primary haemochromatosis




Gastrectomy









Achlorhydria









Intestinal mucosal abnormalities

Haem. Iron






Non-haem iron


Haem iron:  Forms a small part of dietary intake but is highly available for absorption.

Other dietary constituents do not affect absorption.

Majority of the dietary iron is non-haem (90%).  Absorption is determined by enchancers e.g. AA and vitamin C and inhibitors e.g. phytates and phosphates. < 5% available for absorption.

Absorption is regulated by mucosal cells of proximal S.I. physiologically iron absorption is determined by (a) level of stores and (b) level of erthropoiesis.

Hypoxia may also increase iron absorption.

Laboratory Evaluation of Iron Status

Direct and indirect methods available.  No single indicator or combination is ideal for

evaluation of iron status.

Direct:   (a)   Bone marrow aspirate and biopsy good for iron deficiency but have limited

applicability in iron overload because it does not give information about parenchymal iron.  Liver biopsy is more useful in this situation.

Problems with direct methods:  Invasive, not acceptable to patients, risk (liver biopsy).

Indirect:  (a)  Ferritin – most useful indirect estimate of iron stores.  Limitations include the fact that it is affected by inflammatory states, tumors.

(b)   Serum iron and total iron binding capacity and saturation can be used in combination to assess iron status.  (Fe, TIBC, Saturation).  Limitations include intake of iron, dietary factors, inflammatory states and pregnancy affecting the results making interpretation difficult.

(c) Serum transferrin receptor – increased in IDA. Not widely available.

(d)  Red cell protoporphyrin -  (iron supply →  (iron incorporation into haem→

↑  Red cell protoporphyrin

· Results reflect changes over weeks

Problems with indirect methods:  Lack of specificity and sensitivity.

However easy and convenient.

Iron Deficiency 

Decrease in total body iron.

Iron depletion – decrease in storage iron without decrease in functional iron.

Iron deficient erythropoiesis – decrease in haemoglobin production.  May not 

be recognizable, as cells may still be Normochromic and Normocytic.

Iron deficiency anaemia – Hypochromic and Microcytic.

Sequence of events

1. Depletion of iron stores

2. Negative iron balance (depletion of iron stores  (increase in iron absorption

· Serum iron normal

· Serum ferritin low

· BM iron absent

3. Iron deficient erythropoiesis

Further iron depletion ( serum transferrin receptor sat decrease (because increase transferrin and decrease serum iron) ( iron deficient erythropoiesis ( increase serum TR.

· Increase RBC protoporphyrin

· MCV and MCH are normal

4. IDA

Further iron depletion ( IDA –


Hypochromic/Microcytic,


Low MCH and MCV


Low Reticulocyte count


Increase TIBC; low se iron; low sat


BM iron absent

Causes of iron deficiency

Varies with age.  Commonest cause in men and postmenopausal women is


gastrointestinal loss.

In premenopausal women the commonest cause is loss from genitourinary tract.

In infants and young children growth and poor diet are the commonest causes.

At birth, birthweight and haemoglobin concentration determine iron stores.

a) Chronic blood loss

(i)
GIT – Benign conditions

Peptic ulcer disease


Oesophageal varices


Hiatus hernia


Diverticulae


Hemorrhoids


Parasitic infestation


Malignant conditions


Colorectal cancer


Gastric cancer


Oesophageal cancer

     (ii)
Genitourinary tract


Malignancy 


Uterine fibroids

      (iii)
Pulmonary


Haemosiderosis

(b) Increased iron requirement

Periods of rapid growth

Infancy and adolescence

Pregnancy and lactation

(c) Intestinal Malabsorption

(i)  Intestinal mucosal disorders

     Coeliac disease and sprue

(ii) Subtotal Gastrectomy

(d) Poor diet.

Daily iron requirement

Physiological losses in men 1.0mg/day.

Losses in menstruating women 1.5mg/day

Losses in pregnancy 2mg/day

Clinical Features of Iron Deficiency

(a) Nonspecific – symptoms and signs pertaining to anaemia – weakness, fatigue,

shortness of breath, CCF, pallor, tachycardia

(b) Symptoms and signs specific to iron deficiency –

Atrophic changes in epithelium

(i) Oral lesions – angular cheilosis, atrophy of the tongue papillae

(ii) Dysphagia – Plummer-Vinson Syndrome

(iii) Nail lesions – Koilonychia

(c) 
Pica - Pagophagia

Laboratory studies in iron deficiency

(a) Peripheral blood – Low MCV and MCH

(b) Peripheral blood smear – Microcytosis and hypochromia, anisocytosis and  poikilocytosis

(c) Blood counts – Normal or low reticulocyte counts, increased platelet counts

(d) Serum Iron Studies – Low ferritin <12mcg/dl, Low serum iron and increased TIBC with Low Saturation.

(e) Bone Marrow Findings – generally not needed to assess iron deficiency.  If done will show absence of stainable iron with Perl’s stain.

Differential Diagnosis of Hypochromic Microcytic Anaemia

(a) Iron deficiency

(b) Thalassemia

(c) Secondary anaemia

(d) Sideroblastic anaemia

(e) Lead poisoning

Treatment of iron deficiency
(a) Determine the cause

(b) Treat the cause if reversible

(c) Initiate iron replacement

(i) Oral ferrous sulphate 150mg elemental iron per day in divided doses

(ii) Parenteral iron – IV or IM.  Rapidly replaces iron stores but haemoglobin

does not rise at a faster rate than if oral iron were use.  

(Indications for parenteral iron)

Maintain iron replacement for at least six (6) months.

Monitoring Iron Therapy

Improvement in symptoms

Increased haemoglobin

Recticulocytosis that is maximal at 7-10 days and which precedes the rise in Hb.

Normalization of Hb

Replacement of iron stores i.e. normal ferritin.

Failure to respond to therapy

(a) Incorrect diagnosis

(b) Continued blood loss

(c) Poor patient compliance

(d) Ineffective release of iron from preparation

(e) Malabsorption of iron

Iron overload

Excess of total body iron

Lack of physiologic means of excreting excess iron

Epidemiology

US -  genetic disorder (hereditary haemochromatosis)

      -  transfusion dependant anaemia (thalassemia)

Asia/India/Mediterranean – transfusion dependent anaemia

Africa – iron in brewed beverages

Genetics 

Hereditary Haemosiderosis – AR





         - gene on short arm of chromosome 6

Iron loading anaemias
         - Homozygous B thalassemia





         - inherited sideroblastic anaemia

Aetiology and Pathogenesis

Caused by conditions which alter /bypass the normal control of body iron content.

Hereditary haemochromatosis (  ↑ in absorption

Iron loading anaemias (  transfused RBC circumvents intestinal regulation of body in content.

Subsaharan iron overload ( control of iron absorption overwhelmed by increased      





           available iron.

Pattern and severity of organ damage dependent on:
(a) magnitude of body iron burden

(b) rate of loading

(c) distribution of iron load

(d) ascorbate status 

Organs damage – liver, pancreas, heart

Causes of Iron Overload

Increased iron absorption

   From diets with normal amounts of bioavailable iron


Hereditary (HLA-linked) haemochromatosis


Iron-loading anaemias (refractory anaemias with hypercellular erythroid 


marrow)


Chronic liver disease (cirrhosis, portacaval shunt)


Porphyria cutanea tarda


Congenital defects (atransferrinemia and other disorders)

   From diets with increased amounts of bioavailable iron


African dietary iron overload (may have genetic component)


Medicinal iron ingestion (?)

Parental iron overload

   Transfusional iron overload

    Inadvertent iron overload from therapeutic injections 

Perinatal iron overload

    Hereditary tyrosinemia

    Cerebrohepatorenal Syndrome

    Perinatal haemochromatosis

Focal sequestration of iron

     Idiopathic pulmonary haemosiderosis

     Renal haemosiderosis

      Hallervorden-Spatz syndrome

Specific conditions

Juvenile Haemochromatosis

Rare

Late adolescence

Severe clinical course

Present with endocrine and cardiac dysfunction

Excess absorption of dietary iron

Erythroid hyperplasia with marked ineffective erythropoiesis

Thal. major and intermedia

Hb E – B thal.

Congential dyserythropoietic anaemia

PK deficiency

Sideroblastic anaemias

Excess iron in  parenchymal cells.

Chronic liver disease

↑ absorption of dietary iron ?cause

may be related to alcoholic induced folate and sideroblastic abnormalities with ineffective erythropoiesis.

Iron in Kupffer cells rather than parenchymal cells.

Porphyria Cutanea Tarda

↑ hepatic iron

no cause of  ↑ iron absorption

Atransferriemia

Dietary iron absorbed

Little used for red cell production

Iron deposited in tissue

No marrow iron

African iron overload

↑ iron intake

Fermented maize beverage – home-brewed in steel drums

50-100mg iron per day

? genetic risk factor

Parenteral iron overload

Repeated blood transfusions

May have component of IE

Hereditary Haemochromatosis

↑ iron absorption

HLA – linked

↑ parenchymal iron

Scant BM iron 

Present in middle age

Liver disease, BM, skin pigmentation, gonadal failure

Cardiac failure in 10-15%  untreated homozygotes

Present when stores are 15-20gm

Incomplete expression heterozygotes

Gene – HFE (mutation)

Locus short arm of chromosome 6

Clinical Presentation

Increased skin pigmentation

Hepatic disease and hepatomegaly, cirrhosis

Diabetes mellitus

Gonadal insufficiency (primary testicular failure)

Abdominal pain

Cardiac dysfunction

Arthropathy

Endocrine dysfunction (thyroid, parathryoid, adrenal)

Laboratory Evaluation

Ferritin – increased

Iron/TIBC – does not give degree of iron overload

Liver biopsy

Therapy

Phlebotomy – of Hb is high enough



usually weekly initially



500ml = 200 – 250mg iron

Iron chelation – desferrioxamine

Used in transfusion iron overload

Prognosis

Cirrhosis and hepatocellular carcinoma – major causes of death

Diagnose early

Initiate treatment early
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