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Fig. 2.6 Haemoglobin synthesis in the
developing red cell. The mitochondria are the
main sites of protoporphyrin synthesis, iron (Fe)
is supplied from circulating transferrin; globin
chains are synthesized on ribosomes. 3-ALA,
S-aminolaevulinic acid; CoA, coenzyme A.
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Definiton

The sideroblastic anemias are a heterogeneous group of disorders in which there are refractory dyserythropoietic anemias with Three common features: 

1. Impaired heme biosynthesis with variable number of hypochromic cells in peripheral blood. 
2. Ring sideroblasts in the bone marrow (abnormal normoblasts with excessive accumulation of iron in the mitochondria).
3. Increased iron stores.
· Characterized by many developing erythroblasts containing iron granules 
· (abnormally large) 

· arranged around nucleus forming Perinuclear arc 
· (more than 6 perinuclear granules/ cell).

· It's diagnosed  when 15% or more of marrow siderblasts are ring sideroblasts.

Simply, Sideroblastic anemia is a blood disorder where the body has sufficient iron levels but is unable to utilize it properly in red blood cells. The iron becomes abnormally deposited in red blood cells which make them unable to function properly. The condition may be inherited, acquired or secondary.
The sideroblasts are unsuitable for circulation that accumulate in BM leading to false impression of erythroid hyperplasia and destroyed in BM (Ineffective erythropoiesis).
Classification

Sideroblastic anemia is typically divided into subtypes based on its cause.

1. Hereditary or congenital sideroblastic anemia may be X-linked or autosomal.

	· X-linked sideroblastic anemia (XLSA)

	· Sideroblastic anemia with spinocerebellar ataxia (ASAT)

	· pyridoxine-refractory autosomal recessive sideroblastic anemia

	· pyridoxine-responsive sideroblastic anemia
· Mitochondrial DNA defect


2. Acquired, primary or secondary, sideroblastic anemia develops after birth and is divided according to its cause.

Aetiology 

The primary pathophysiology of sideroblastic anemia is failure to completely form heme molecules, whose biosynthesis takes place partly in the mitochondrion. This leads to deposits of iron in the mitochondria that form a ring around the nucleus of the developing red blood cell. 
· Genetic: delta - ALA synthase deficiency (X-linked)
· Toxins: lead or zinc poisoning

· Drug-induced: ethanol, isoniazid, chloramphenicol, cycloserine
· Nutritional: pyridoxine (Vitamin B6) or copper deficiency

Pathophysiology 

· Heme synthesis begins in mitochondria with condensation of glycine & succinyl-CoA, with decarboxylation, to form δ-aminolevulinic acid (ALA).

· Pyridoxal phosphate (PLP) serves as coenzyme for          δ-Aminolevulinate Synthase (ALA Synthase), an enzyme is evolutionarily related to transaminases forming porphobilinogen to uroporphyrinogen to coproporphyrinogen ending by formation of protoporphyrin.

· Defect in haem formation leads to accumulation of iron in erythroblasts in form of ferritin that some of it is degraded to haemosiderin (siderotic granules).
· These granules formed of water insoluble complex of ferric iron, lipid, protein and carbohydrates that reacts with potassium ferrocyanide to form blue colored compound " ferriferrocyanide". This reaction is the basis of a positive Prussian blue (Perl's) test. The material also stained by romanowsky dyes and apperars as basophilic granules which have been referred to as Pappenheimer bodies.
Diagnosis

1. Peripheral blood:

a. The anemia is moderate to severe.

b. There is dimorphic population with marked aniso

 HYPERLINK "http://en.wikipedia.org/wiki/Poikilocytosis" poikilocytosis; target cells are common. The RDW is increased with the red blood cell histogram shifted to the left.

c. Basophilic stippling is marked and Pappenheimer bodies are present. 

d. The MCV is decreased (i.e., a microcytic anemia)or may be low. 

e. Hematocrit of about 20-30%

f. Leukocytes and platelets are normal. 
2. Bone marrow shows:

a. Erythroid hyperplasia with a maturation arrest. 

b. Ringed sideroblasts are seen in the bone marrow

c. In excess of 40% of the developing erythrocytes are ringed sideroblasts. 

d. Stainable marrow hemosiderin is increased

3. Other chemical laboratory investigations

a. The TIBC is normal to decreased. 

b. Serum Iron and ferritin: High

c. High transferrin saturation
d. With lead poisoning, see coarse basophilic stippling of red blood cells on peripheral blood smear
e. Specific test: (Perl's reaction) Prussian Blue stain of RBC in marrow. Shows ringed sideroblasts

Hereditary or congenital sideroblastic anemia 

· May be X-linked so it affects mainly males and transmitted by females and rarely occurs in females.

· Most common mutations are δ-ALAs gene on X-chromosome. 
Other rare types due to :

a. defects on mitochondria, 
b. Thiamine responsive and other autosomal defects.
· Characterized by:

1. CBC:

· Low MCV, MCH: microcytic hypochromic anemia.

· Inappropriately low reticulocytes.

· Few circulating siderocytes, normoblasts and cells with punctate basophilia (pronounced if spleen is removed). 
· Mild decrease in platelet and leucocytic count from hypersplenism.

2. BM:

· Erythroid hyperplasia
· Erythroblasts tend to be microcytic with vacuolated cytoplasm resembling sever iron deficiency anemia but with preserved cell membrane.

· Iron stain shows increase iron in the fragments, macrophages and excessive siderotic granules in the developing erythroblasts.
· In severe anemia early erythroblasts are increased and late erythroblasts are non-viable (Dying).

3. other investigations:
· Skull bossing and enlargement of facial bone due to erythroid expansion.
· Increase serum iron and TIBC (normal).

· Severe iron over load even when anemia as mild and the rate of iron loading is accelerated if red cell transfusion is needed.

· Severs sideroblastic anemia with macrocytic RBCs may accompany rare inherited mutation of mitochondrial DNA.

(Defect of mitochondrial respiratory chains accompanied with wide spread of organ dysfunction). 
Pearson syndrome:

i. Pancytopenia. 

ii. Macrocytes with vacuoles in erythroid and myeloid

iii. Hepatic and renal dysfuction.

iv. Pancreatic dysfunction.

v. Lactic acidosis.

Kearns-Sayre syndrome:
i. Renal and visual impairment.

ii. Tremors.

iii. Pigmentary retinopathy.

iv. Muscle weakness and ataxia.
Thiamine-responsive sideroblastic anemia
is associated with DIDMOAD:
(Diabetes Insipidus, DM, Optic Atrophy, Deafness) also called Rigors syndrome
Acquired Sideroblastic anemia

Primary: Acquired Sideroblastic anemia

· It clonal disorder of haematopoiesis.

· It's a form of MDS (RARS).

· Caused by somatic mutations maily affect δALAs.

· Characterized by:

· Macrocytic anemia (but some time dimorphic) with erythroid hyperplasia and increased iron stores and RBCs prtoporphyrin in contrast to inherited type.

· WBCs usually normal with Pelger-Huet phenomena and hypogranular neutrophils.

· ↑ monocytes & ( NAP score.

· Has lesser risk of transformation to AML than other types of MDS.

Secondary: Acquired Sideroblastic anemia

i. Pure nutritional pyridoxine deficiency (Vit. B6 Def.)
· Defect in pyridoxine metabolism. Described in few patient with coeliac disease, in pregnancy in haemolytic anemia such as sickle cell anemia, mechanical & autoimmune haemolytic anemia. 
· The association with folate deficiency exaggerates the tendency to form siderblasts.
ii. Pyridoxine antagonists.

· May be found as a complicationof antituberculous treatment especially isoniazidand cycloserine.
· Aftre 6 months anemia become manifested especially in patient having underlying genetic tendency to form ring sideroblasts.

iii. Alcoholism
· Due to associated malnutrition and folate deficiency.
· The mechanism includes interference with haem formation and pyridoxine metabolism.

· Rapidly reverses with abstinence from alcohol, normal diet and pyridoxine therapy.
iv. Chloramphenicol

· It inhibits mitochondrial protein synthesis which results in impaired haem formation in mitochondria.
v. Lead poisoning

· Lead may inhibits several enzymes concerned in haem synthesisand may damage structural mitochondrial proteins.
vi. Other Diseases:

· Rheumatoid arthritis (RA)

· Carcinomatosis

· Myxedema

· Other chronic diseases. 
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