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Etiology 

Sideroblastic anemia (SA) is a rare group of acquired and congenital bone marrow disorders 

affecting less than 200,000 people in the US population. Depending on the type (hereditary, 

acquired, or idiopathic) of SA, the X-linked form was first described by Thomas Cooley in 1945 

(Abu-Zeinah & DeSancho, 2020). The spectrum of severity in SA patients can range from mild 

life-long anemia to severe and transfusion-dependent. Predominately effecting males, SA may 

not manifest until adolescence. Conditions associated with the presence of RSs in 10% of SA 

patients manifest as a precursor to acute leukemias and myelodysplastic syndrome (Mohan, 

2021). Usually common in males, hereditary patients are diagnosed before 30 years old and in 

some cases over the age of 70 (National Organization 

for Rare Disorders, 2007). Acquired SA is much more 

frequent than hereditary forms and is associated with 

myelodysplastic syndrome. Acquired SA can be caused 

by transfusion overload and exposure to toxic 

substances, certain drugs, and lead poisoning. SA is 

characterized by a defect in protoporphyrin synthesis leading to iron accumulation around red 

blood cell precursors. A disruption of enzymatic pathways in the mitochondria to red blood cell 

precursors may be caused by inherited or acquired defects in heme synthesis. In such cases, the 

body has adequate amounts of iron but is unable to use it to make hemoglobin Mitochondria 

are overloaded with iron-sulfur (Fe-S) clusters that act as protein complexes in mitochondrial 

and cytosolic pathways. These abnormal nucleated erythroblasts are known as ringed 

sideroblasts (RS) and are granted their name due to the ring formed around the nucleus from 
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iron-laden mitochondria. Owing to the disruption of heme biosynthesis, sideroblasts in the 

bone marrow are a hallmark of SA. As a result of these abnormalities, hemoglobin production is 

decreased and there is an impaired ability to metabolize iron. Although the bone marrow can 

produce normal blood cells, many of them are destroyed in the bone marrow. The body can 

sense anemia and continue to transport iron to erythroblasts absorption of iron in the 

intestines will increase resulting in iron overload becoming systemic.  

Clinical Manifestations 

Clinical manifestations of SA patients may be present with difficulty breathing, fatigue, and 

feeling weak. Symptoms are not typically present in infancy and may not be recognized until 

adulthood. Physically, patients may present to have pale skin and/or bronze-colored skin due to 

iron overload. Cases of SA patients exhibit hepatomegaly, splenomegaly, impaired growth, and 

development, and cardiac arrhythmias that can occur later in the disease. However, these 

physical examination findings are rare. Owing to ineffective erythropoiesis, these abnormalities 

may result in kidney failure due to iron buildup in these organs.  

Diagnosis 

Suspicion of SA occurring in a patient is detected first by blood work (complete blood count, 

peripheral blood smear, iron studies). Indices and morphology conceal an increased red cell 

distribution width (RDW) and a dimorphic population will be seen. A bone marrow biopsy to 

confirm the presence of RS in the anemic patient is needed to accurately diagnose the disease. 

Furthermore, there is a low reticulocyte count due to the impaired maturation of red blood 

cells. Iron studies may be ordered to test levels of serum iron, serum ferritin, and transferrin 
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saturation. Transferrin levels are typically low while iron and transferrin saturation is elevated. 

Genetic testing may also aid in diagnosing SA for suspected inherited or acquired mutations. 

Ethanol, copper, or zinc levels may be performed on patients that are suspected of alcohol or 

zinc toxicity. Complications of SA caused by an iron overload may require a liver biopsy to be 

performed on a patient usually in congenital forms. Imaging studies may be ordered with the 

findings of splenomegaly on radiography may help establish the diagnosis of SA. A diagnostic 

workup including MRI scans can be useful in hereditary circumstances related to SA. 

Treatment 

SA is treated with the intention to control the anemia itself and prevent complications from 

iron accumulations. Depending on the underlying cause of the SA, Vitamin B6 (pyridoxine) 

therapy is usually beneficial in both inherited and acquired forms. Heme levels are improved by 

moderate to high doses of Vitamin B6 supplements ranging from 10-50mg/day to 200mg/day 

on the onset of symptoms (Astik, 2019). At least half of patients with X-lined SA patients 

respond well to pyridoxine treatment. Patients that are not responsive to pyridoxine treatment 

may require a blood transfusion depending on the severity of the anemia. Folic acid 

supplementation may also treat increased erythropoiesis. Children that have SA should be 

closely monitored to sustain hemoglobin levels and ensure proper growth and development. If 

iron overload occurs after transfusion, chelation therapy through agents such as deferoxamine, 

deferasirox, and deferiprone can be utilized to reduce iron levels (Astik, 2019). Recombinant 

erythropoietin (EPO) therapy is frequently helpful in acquired forms of SA. Complete avoidance 

of causative substances such as alcohol and drugs is recommended to resolve the anemia. Bone 

marrow transplantation may be used if all other treatment options have been exhausted. 
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Case Report 

A 1-year-old female child presented with pallor and decreased activity. The patient had a 

history of congenital sideroblastic anemia and 

intermittent neutropenia. Upon admittance, she 

was found to have a hemoglobin level of 2 g/dL, a 

white cell count of 6.2 x 10^3/uL, and a platelet 

count of 324 x 10^3/uL. While receiving blood 

transfusions every 4 weeks, the patient’s 

hemoglobin levels improved. Her initial bone 

marrow biopsy showed ringed sideroblasts. Upon 

a trip to the dentist, the patient revealed an abscess of the primary maxillary incisors. The 

patient was approved for removal of the 4 incisors under general anesthesia as her 

hemoglobin, platelet, and white blood cell counts were within normal limits. Follow-up after 

the extraction was poor and the patient did not return until 3 years later. The 7-year-old child 

presented to the dental clinic receiving red blood cell transfusions every 3 weeks. As a result of 

frequent transfusions, iron accumulation in the patient led to her treatment with Deferoxamine 

(Desferal). Pyridoxine and thiamine therapy proved unsuccessful. After all primary teeth were 

restored, the patient experienced no excessive bleeding and was discharged with no 

complications.  
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Laboratory Findings 

Anemia work-up of this disorder is 

morphologically classified by mean 

corpuscular volume (MCV) as microcytic 

(<80 fl). Along with microcytosis, 

hypochromatic cells are also present and 

correspondent to the severity of the patient’s anemia. Feminine carriers of hereditary 

conditions of SA typically have a dimorphic red blood cell population. Owing to a dimorphic red 

blood cell population, a SA patient may have increased red blood cell distribution widths. With 

that being said, the red blood cell histogram will have a left shift. Patients may also have a 

moderate degree of anisopoikilocytosis. Normocytes and macrocytes may also be seen in 

myelodysplastic syndromes. A patient with 

SA may reveal basophilic stippling and 

Pappenheimer bodies are commonly seen 

from Wright’s stain. Basophilic stippling is 

associated with hematologic disorders 

affecting erythropoiesis. Pappenheimer 

bodies are granules of iron found inside red blood cells. A bone marrow biopsy commonly 

shows ringed sideroblasts with Prussian blue staining and erythroid hyperplasia. White blood 

cells and platelet counts are usually normal. However, with the development of hypersplenism, 

leukopenia and thrombocytopenia may occur. 
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A CBC report for a SA patient will show prominent characteristics of anemia. A low red blood 

cell count and hemoglobin level are shown in the figure below. Additionally, hematocrit levels 

are low. The CBC report shows a microcytic environment with values of 65 fl and hypochromic 

values of 21 pg. RDW values are markedly increased for a dimorphic red blood cell population 

as there are various 

sizes of cells. Platelet 

count and white 

blood cell count are 

within the normal 

range as shown 

below. 

 

Conclusion 

Sideroblastic anemia is characterized by an impaired ability of the bone marrow to produce 

normal red blood cells. The red blood cells contain excess iron, which prevents them from 

effectively making hemoglobin. Consequently, iron accumulates in the mitochondria of each 

red blood cell, giving a ringed appearance to the nucleus. 
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