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Introduction

A two-year-old boy presented with complaints of severe pallor and growth failure, first

noted around 4 months of age. He had been receiving frequent blood transfusions every two to

three months starting at 6 months of age. There was no history of neonatal jaundice or any family

history of severe anemia. On examination, an enlarged spleen and severe pallor were noted.

Other systemic examinations, including neurological evaluation, were normal. However, there

was a developmental delay with the absence of new milestones after one year of age. According

to the CBC report, bone marrow examination, and other laboratory tests that will be mentioned

further along, all factors led to a diagnosis of X-linked recessive Sideroblastic anemia.

Sideroblastic anemia is a blood disorder characterized by ineffective erythropoiesis,

which refers to the impaired ability of the bone marrow to produce normal red blood cells.

Despite the normal amount of iron present in the body, the body is unable to use it for the

production of hemoglobin. This causes iron to accumulate in the mitochondria of red blood cells,

forming a ring-like appearance around the nucleus [1]. As iron accumulates, the body tries to

compensate for the loss of hemoglobin by absorbing more iron from the diet. Sideroblastic

anemia can be either acquired or inherited. In both forms, heme synthesis is impaired due to the

inability to incorporate iron into protoporphyrin IX. This leads to the actual formation of the

ringed sideroblast [3]

Clinical manifestations

In most cases, patients suffer from fatigue, weakness, difficulties breathing, pale skin,

heart palpitations, headaches, and irritability [2].  Patients may also exhibit hepatosplenomegaly,

which is an enlargement of the liver and spleen due to peripheral erythrocyte destruction. In

cases of hereditary sideroblastic anemia, issues with growth and development may appear at a



young age due to the high levels of iron. In addition, excess iron may lead to cardiac arrhythmias

and congestive heart failure, which contributes to the morbidity and mortality of Sideroblastic

Anemia.

Etiology

As previously noted, sideroblastic anemia appears in two forms: Hereditary or acquired.

Hereditary, also known as congenital sideroblastic anemia, is characterized as a defect in an

X-linked recessive gene called ALAS2 [4]. This gene assists with the formation of an enzyme

called erythroid ALA-synthase, which plays a critical role in the production of heme. Any

disruptions in normal heme production will prevent red blood cells from making enough

hemoglobin. Since the majority of iron transported into red blood cells is normally incorporated

into heme, reduced heme production then leads to a buildup of excess iron. Patients who also

have a mutation in the gene HFE may experience a more severe form of hereditary sideroblastic

anemia. This gene helps regulate the production of hepcidin, which determines how much iron is

absorbed from food or released from iron storage sites in the body. The combined effect of these

two mutations may result in another disorder called hemochromatosis, caused by iron overload.

Acquired sideroblastic anemia may be caused by prolonged exposure to certain drugs or toxic

substances. It may also be a result of other disorders like granulomatous disease, immune

disorders, or metabolic disorders [1]. Less common causes include lead or ethanol poisoning,

vitamin B6 deficiency, or the use of anti-tuberculous agents. Acquired forms of sideroblastic

anemia are most commonly associated with Myelodysplastic syndrome, which is a bone marrow

failure disorder that prevents immature red blood cells from maturing [3].

Hereditary sideroblastic anemia commonly affects men, but it can affect women as well.

The onset of symptoms usually occurs before the age of 30, especially in cases of hereditary



sideroblastic anemia. The acquired form is commonly seen in patients 65 or older and it affects

both men and women.

Diagnosis

Regarding the case study, several tests were run in order to rule out possible forms of

anemia. The CBC report showed microcytic, hypochromic anemia with decreased red blood cell

count, decreased hemoglobin, and decreased hematocrit. The mean corpuscular volume, mean

corpuscular hemoglobin, and mean corpuscular hemoglobin concentration values were also low.

All values are shown below in Figure 1. The peripheral blood smear shows a dimorphic RBC

population due to anisocytosis. RBC indices such as basophilic stippling and Pappenheimer

bodies were also present. According to iron studies, the patient had increased serum iron,

increased serum ferritin, increased transferrin, and decreased total iron-binding capacity. The

bone marrow examination revealed prominent erythroid hyperplasia with a myeloid to erythroid

ratio of 1.3:1. 20% of the erythroblast were distinct ringed sideroblasts.

Figure 1. CBC and Differential report

Complete Blood Count (CBC) Differential

RBC 3.2 x
10^6/uL

M: 4.6 - 6.0 g/dL
F: 4.0 - 5.0 g/dL

WBC 4.9 x
10^9/L

5.0 - 10.0 x 10^9/L

HGB 10 g/dL M: 14.0 -18.0 g/dL
F: 12.0 - 15.0 g/dL

SEG 55 % 50 - 75%

HCT 25% M: 42 - 54%
F: 36 - 45%

BAND 0% 0 - 5%

PLT 163 x
10^9/L

150 - 450 x 10^9/L LYMPH 23% 20 - 40%

RDW 37% 11.5 - 14.5% MONO 2% 1 - 8%



MCV 65 fl 80 - 100 fl EOS 0% 0 - 5%

MCH 21 pg 26 - 32 pg BASO 0% 0 - 2%

MCHC 33 g/dl 32 - 36 g/dL Iron studies: ↑ Serum iron, ↑ Ferritin,
↓TIBC

Treatment

Treatment options are dependent on the severity of each case and whether or not it’s acquired

or inherited. For the acquired form, a vitamin B6 supplement called Pyridoxine can be used to

replenish vitamin B6 levels [1]. Studies have shown that vitamin B6 therapy is also beneficial

for hereditary sideroblastic anemia. Doses of the drug desferrioxamine, sold under the brand

name Desferal can also be administered subcutaneously or intramuscularly. Desferrioxamine

works by binding to iron and it promotes excretion, which helps to remove excess iron from

the body. It is recommended that individuals with sideroblastic anemia avoid intake of alcohol

and avoid zinc-containing supplements [2]. In the case that an individual does not respond

well to vitamin B6 therapy, a blood transfusion or bone marrow transplant may be ordered for

the patient as another form of treatment. Regarding the case study, Desferal was given to the

patient as a form of treatment. There was a potential risk of the development of autoimmunity

to recurring transfusions. Thus, managing the amount of iron in the patient was a better

treatment option. After three doses of Desferal, the serum iron studies were reported as

normal. The CBC report also revealed an increased red blood cell count and a decreased red

cell distribution width.



Related disorders

In addition to the various forms of sideroblastic anemia explained above, there are several

disorders that are formed from sideroblastic anemia. A major cause of death in cases of

sideroblastic anemia comes from secondary hemochromatosis. Hemochromatosis is a disease

in which too much iron accumulates in the body. As a result of the blood transfusions used to

treat sideroblastic anemia, secondary hemochromatosis may develop. Transfusion iron

overload is a major concern because excess iron from multiple blood transfusions deposits in

different organs, which eventually causes organ damage. During blood transfusions, one unit

of blood contains about 200 mg of iron. Therefore, patients who receive more than 10 to 20

units of blood are at severe risk of iron overload. Similar to the clinical findings of iron

overload in sideroblastic anemia, hepatomegaly and splenomegaly may be present due to the

increased sequestration of red blood cells in the spleen. Other factors of iron overload include

decreased glucose tolerance, cardiac arrhythmias, and heart failure. The most effective

treatment for those who suffer from sideroblastic anemia and hemochromatosis is chelation

therapy. Chelation therapy uses agents that help the body get rid of excess iron or any

poisonous metals such as lead. As the chelating agent is administered through injections, the

agent binds to iron while being excreted through urine. The most common iron chelators used

for patients are deferoxamine, deferiprone, and deferasirox.



Conclusion

Sideroblastic anemia is microcytic, hypochromic anemia that causes the body to

accumulate excess iron. It is characterized by the presence of ringed sideroblast, increased iron

studies, and immature red blood cells within the bone marrow. Common symptoms include

weakness, fatigue, and pale skin. Along with difficulties breathing and heart palpitations.

Laboratory diagnoses are made upon the basis of bone marrow examination under a Prussian

blue stain, a complete blood count, and iron studies. The most common treatment options are

blood transfusions, removal of excess iron, and vitamin B6 therapy. 
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