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Abstract

Extramedullary hematopoiesis is a common compensatory phenomenon to chronic hemolytic 
anemias. When the primary sites of hemopoiesis in the adult fail, as in hemoglobinopathies 
(especially thalassemia and sickle cell disease), various extramedullary sites take on the role of 
blood formation. Extramedullary hemopoiesis favors certain sites such as the liver, the spleen, and 
the paraspinal regions of the thorax and rare the process can involve virtually any organ or tissue 
and can often manifest as a mass mimicking a neoplasm. The diagnosis of EMH can be established 
with reasonable certainty on the basis of the characteristic radiologic findings in a patient with a 
predisposing hematologic condition.

INTRODUCTION
Extramedullary hematopoiesis [1] (EMH) defined by the 

presence of hematopoietic tissue outside the bone marrow, 
is a physiological phenomenon in the liver during the normal 
fetal development, but it is not normal after birth and must 
be considered a pathological finding. Chronic anemia states 
such as thalassemia (especially thalassemia intermedia) and 
sickle cell disease can cause hematopoietic tissue to expand 
in certain locations. Ineffective erythropoiesis [2] in patients 
with hemoglobinopathies drives extramedullary hematopoietic 
tumor formation in several parts of the body. EMH is commonly 
associated with cases of primary and secondary myelofibrosis 
but it is extremely rare in association with other hematological 
diseases, such as chronic myeloproliferative disorders including 
myeloid metaplasia, polycythemia vera, leukemia and Hodgkin’s 
disease. This review revisits the pathophysiology, clinical 
manifestations, diagnosis and management of extramedullary 
hematopoiesis in hemoglobinopathies.

Pathophysiology of extramedullary hematopoiesis

Extramedullary hematopoiesis is a physiological 
compensatory phenomenon occurring because of insufficient 
bone marrow function that becomes unable to meet circulatory 
demands. Almost all body sites may be involved including the 
spleen, liver, lymph nodes, thymus, heart, breasts, prostate, broad 
ligaments, kidneys, adrenal glands, pleura, retroperitoneal tissue, 
skin, peripheral and cranial nerves, and the spinal canal because 
they normally engage in active hematopoiesis in the fetus during 
gestation. This pathway normally stops after birth, but the 
extramedullary hematopoietic vascular connective tissues retain 
the ability to produce red cells under conditions of longstanding 
ineffective erythropoiesis [3,4]. It has been proposed [4] that 
some embryological hematopoietic cell remnants would be 
stimulated along the course of chronic anemia and hypoxia. In 

sickle cell disease investigators attribute the masses to embolic 
phenomena. Histologically [5] extramedullary hematopoiesis has 
immature and mature cells of the erythroid and myeloid series 
and dilated sinusoids containing precursors of red cells which are 
inactive in steady state and reveal some fatty tissue and fibrosis 
or massive iron deposits.

Clinical findings

Massive marrow proliferation with extramedullary tumor 
masses is observed in inadequately transfused b-thalassemia 
homozygotes but more commonly in untransfused patients with 
thalassemia intermedia and sickle cell disease [6-8]. In most cases 
EMH is asymptomatic. Among the various body regions reported, 
paraspinal involvement deserves special attention due to the 
debilitating clinical consequences and challenges in diagnosis 
and management. Experience to date comes from scattered case 
reports and small cases series.

Intrathoracic extramedullary hematopoiesis [9,10] is 
generally localized at the posterior mediastinum, and the middle 
and lower paravertebral areas. The mechanism of spinal cord 
[6,11,12] compression at this site is the mass lesion location and 
limited spinal cord mobility at the same localization. There is a 
predilection for thoracic spine EMH to cause cord compression; 
the narrow diameter of spinal canal in this region may be 
relevant. The clinical presentation includes a progressive motor 
impairment of the lower limbs, associated with spinal pain or 
neuralgia and paresthesia. Bladder and bowel dysfunction might 
be observed more lately [13,14]. The diagnosis must be suspected 
early in predisposed patients, in order to prevent irreversible 
neurological damage.

Pulmonary EMH has been rarely reported [15]. While the 
majority of the pulmonary EMH masses are asymptomatic, 
patients can sometimes present with hemoptysis, acute or 
progressive dyspnea or chest pain. Life threatening complications 
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such as massive pleural effusion, hemothorax,chylothorax, or 
spinal cord compression (posterior mediastinal EMH) have 
been reported [16-19]. As the manifestation is variable, it is 
difficult to distinguish EMH from other mediastinal tumors such 
as neurogenic tumors, lymphomas, paravertebral abscesses, 
extrapleural cysts, primary and metastatic malignant neoplasms 
and mediastinal lymph node hyperplasia [20].

Very few cases of EMH involving the heart have been reported 
in the literature. Almost all patients presented with massive 
pericardial effusion, leading to cardiac tamponade [21,22].

Abdominal involvement usually recapitulates fetal 
development, with the most commonly involved organs being the 
liver and spleen. The classic clinical finding is hepatosplenomegaly 
[23,24]. Masses of hemopoietic elements can involve the 
mesentery and can be mistaken for lymphadenopathy or 
neoplasmatic disease [25].

Intracranial EMH is extremely rare [26-29]. Most patients do 
not have signs and symptoms related directly to the disorder. 
Most foci of EMH are noted as incidental findings on imaging 
studies or postmortem examination. EMH in the intracranial 
or intraspinal epidural space can lead to serious neurogenic 
complications increased intracranial pressure, hemiplegia, 
altered levels of consciousness, or visual disturbances, including 
subdural hemorrhage, delirium, papilledema, coma, motor and 
redundant sensory impairment, and limb paralysis due to direct 
mass effect upon adjacent structures [28,29].

Reported CNS sites of involvement include the choroid 
plexus and dura mater (over the cerebral convexities, along 
the falxcerebri, and within the epidural space of the spinal 
canal), optic nerve sheath, and the diploic space of the skull. 
Intraparenchmal mass is a rare presentation of EMH [30].

EMH in the adrenal is uncommon, with less than 10 cases 
reported [4,31,32]. It is thought to be a compensatory, physiological 
mechanism that occurs during altered medullary haematopoesis 
which is commonly seen in the haemoglobinopathies, leukemias, 
lymphomas and myelofibrosis. Recently, it has been postulated 
that the hematogenous spread of multipotential stem cells 
occurs with eventual infiltration of various tissues and organs. 
Patients with adrenal EMH are generally known to have beta-
thalassemia major or other major haemoglobinopathies [33], 
such as sickle cell disease. Differential should be considered from 
myelolipomas which originate from reticuloendothelial cells of 
the blood capillaries.

Renal extramedullary [34-36] hematopoiesis occurred in 
the setting of hematological malignancies including primary 
myelofibrosis, essential thrombocythemia, and an unclassified 
chronic myeloid neoplasm is available in literature. EMH 
lesions are frequently asymptomatic, nevertheless hemorrhagic 
manifestations can be observed. Patient history can help for 
making a diagnosis, which can be established by CT scan and/or 
MRI. Surveillance is recommended for asymptomatic cases while 
local therapies such as low dose radiation or surgery can be used 
to treat bleeding lesions

The most common indication for renal biopsy was renal 
dysfunction.

Imaging findings 

Although the history and physical examination may help 
narrow the differential diagnosis, radiographic imaging remains 
essential to confirm the existence of hematopoietic tissue.

In the past, the diagnosis of intrathoracic, pulmonary or 
paraspinal EMH in patients. With hemoglobinopathies was 
suspected from the typical osseous abnormalities.

Found on chest radiographs or was confirmed after surgical 
removal of the mass. Plain radiographs often reveal well-
demarcated paraspinal masses and bony changes associated with 
chronic hemolytic anemia such as trabeculation, widened ribs, or 
thickened calvaria [37,38].

CT can give accurate information about encroachment into 
the spinal canal of soft tissue masses [39-41]. The paraspinal 
active hemopoietic masses are well marginated and show 
mild homogeneous enhancement on contrast-enhanced CT, 
whereas old, burnt-out lesions may show iron deposition or 
fatty degeneration. Rarely, hemopoietic elements can involve 
the precardiac and pleural spaces, but patients are usually 
asymptomatic. Pulmonary interstitium EMH mimicking an 
inflammatory or neoplastic diffuse interstitial process have been 
reported and have resulted in cardiopulmonary insufficiency 
[42,43]. Abdominal involvement usually recapitulates fetal 
development, with the most commonly involved organs being 
the liver and spleen. The classic imaging finding is that of 
hepatosplenomegaly .Involvement of these organs is usually 
diffuse, but mass like foci of hemopoiesis can be seen that may be 
confused with a neoplastic process [45,46]. 

MRI is the best method for demonstrating EMH [47-
49]. MRI findings described well-defined, lobulated, smooth 
marginated masses. The MRI signal is variable and appeared 
to be dependent on the proportion of red marrow and fat in 
the mass. Cases demonstrated isointense or hypointense signal 
(relative to skeletal muscle) on T1-weighted and T2-weighted 
images, corresponding to red marrow. Following the intravenous 
administration of gadolinium contrast enhancement is variable, 
but usually heterogeneous [50,51].

Extramedullary hemopoiesis can also, rarely, involve the 
kidneys. Parapelvichemopoietic masses can be seen because 
this location is active during in utero hemopoiesis. In this case 
extramedullary hemopoiesis manifests as uniform, enhancing 
perinephric masses that appear to engulf the kidneys without 
however distorting their shape. Rare manifestations, as 
mesenteric EMH may need biopsy for definitive diagnosis [52,53].

Several nuclear medicine tracers can be used for diagnosing 
extramedullary haematopoiesis. Colloids labelled with 
Technetium 99m (99mTc) show the reticuloendothelial system 
which reflects the richness of the medullary stroma. If there is 
an extramedullary haematopoietic focus, the scintigram will not 
show any fixation if there is little stroma [54,55].

Fluorodeoxyglucose (FDG) positron emission tomography 
combined with CT (PET-CT) shows metabolically active lesions. 
The absence of metabolically active lesions is characteristic of 
EMH [56,57].
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Additional examinations may need: myelogram, bone marrow 
biopsy, medullary karyotype, plasma protein electrophoresis and 
biopsies 

TREATMENT
Management options include blood transfusion, radiotherapy, 

surgical decompression, hydroxyurea, or a combination of these 
modalities. Therapy depends on the severity of symptoms, size 
of the mass, patient’s clinical condition, and previous treatment.

Most reported paraplegia cases due to EMH have been treated 
with surgical decompression [58-60] with or without radiation 
therapy’ in emergency cases, intravenous steroids may be used 
as the temporizing measure until definitive treatment is applied.

Radiation is an applicable therapy [61-65] and this avoids 
surgical procedure and associated risks. Suppression of bone 
marrow due to radiation may be observed in already anemic 
patients. Haemopoietic tissue is extremely sensitive to radiation 
and low doses cause rapid shrinkage. In EMH cases causing cord 
compression in thalassemiaintermedia, improvement is clinically 
evident after an average of three fractions of radiotherapy and 
near complete recovery is generally observed by the end of 
treatment. Doses used have ranged from 750-3500 cGy. With 
these low doses, the only significant toxicity that may occur is a 
further decrease in blood cell counts which need to be frequently 
monitored.

In some patients where surgery and radiation therapies 
may cause special risks (e.g. heart failure) transfusion has 
proven successful in relieving the anemic stress which leads to 
suppression of the hematopoietic tissue.

Hydroxyurea [66-68] successfully increases fetal haemoglobin 
in patients with sickle cell disease but there is limited experience 
with hydroxyurea in thalassaemia. Hydroxyurea has been 
administered in an effort to reduce extramedullary haemopoiesis. 
The initial dose is 500-1000mg/day. 

Hypertransfusion [69-71] to keep the hemoglobin level at 
12–14 g/dL seems to be an acceptable method of treatment that 
should be recommended as a first-line approach or as an adjuvant 
therapy to other methods. 

REFERENCES
1. Haidar R, Mhaidli H, Taher AT. Paraspinal extramedullary 

hematopoiesis in patients with thalassemia intermedia. Eur Spine J. 
2010; 19: 871-878.

2. Rivella S. Ineffective erythropoiesis and thalassemias. Curr Opin 
Hematol. 2009; 16: 187-194.

3. Rivella S. The role of ineffective erythropoiesis in non-transfusion-
dependent thalassemia. Blood Rev. 2012; 26: S12-S15.

4. Banerji JS, Kumar RM, Devasia A. Extramedullary hematopoiesis in the 
adrenal: Case report and review of literature. Can Urol Assoc J. 2013; 
7: 436-438.

5. Calvi LM, Adams GB, Weibrecht KW, Weber JM, Olson DP, Knight MC, 
et al. Osteoblastic cells regulate the haematopoietic stem cell niche. 
Nature. 2003; 425: 841-846.

6. Haidar R, Mhaidli H, Taher AT. Paraspinal extramedullary 
hematopoiesis in patients with thalassemia intermedia. Eur Spine J. 
2010; 19: 871-878.

7. Dore F, Cianciulli P, Rovasio S, Oggiano L, Bonfigli S, Murineddu M, 
et al. Incidence and clinical study of ectopic erythropoiesis in adult 
patients with thalassemia intermedia. Ann Ital Med Int. 1992; 7: 137-
140.

8. Taher AT, Musallam KM, El-Beshlawy A, Karimi M, Daar S, Belhoul 
K, et al. Age-related complications in treatment-naïve patients with 
thalassaemia intermedia. Br J Haematol. 2010; 150: 486-489.

9. Bolaman Z, Polatli M, Cildag O, Kadiköylü G, Culhaci N. Intrathoracic 
extramedullary hematopoiesis resembling posterior mediastinal 
tumor. Am J Med. 2002; 112: 739-741.

10. Boyacigil S, Ardiç S, Tokoğlu F, Paşaoğlu E, Karakaş HM. Intrathoracic 
extramedullary haemopoiesis. Australas Radiol. 1996; 40: 179-181.

11. Salehi SA, Koski T, Ondra SL. Spinal cord compression in beta-
thalassemia: case report and review of the literature. Spinal Cord. 
2004; 42: 117-123.

12. Ileri T, Azik F, Ertem M, Uysal Z, Gozdasoglu S. Extramedullary 
hematopoiesis with spinal cord compression in a child with 
thalassemia intermedia. J Pediatr Hematol Oncol. 2009; 31: 681-683.

13. Tan TC, Tsao J, Cheung FC. Extramedullary haemopoiesis in 
thalassemia intermedia presenting as paraplegia. J Clin Neurosci. 
2002; 9: 721-725.

14. Ghieda U, Elshimy M, El Beltagi AH. Progressive Spinal Cord 
Compression Due to Epidural Extramedullary Hematopoiesis in 
Thalassemia Intermedia: A Case Report and Literature Review. 
Neuroradiol J. 2013; 26: 111-117.

15. Castelli R, Graziadei G, Karimi M, Cappellini MD. Intrathoracic masses 
due to extramedullary hematopoiesis. Am J Med Sci. 2004; 328: 299-
303.

16. Xiros N, Economopoulos T, Papageorgiou E, Mantzios G, Raptis 
S. Massive hemothorax due to intrathoracic extramedullary 
hematopoiesis in a patient with hereditary spherocytosis. Ann 
Hematol. 2001; 80: 38-40.

17. Smith PR, Manjoney DL, Teitcher JB, Choi KN, Braverman AS. Massive 
hemothorax due to intrathoracic extramedullary hematopoiesis in a 
patient with thalassemia intermedia. Chest. 1988; 94: 658-660.

18. Bartlett RP, Greipp PR, Tefferi A, Cupps RE, Mullan BP, Trastek VF. 
Extramedullary hematopoiesis manifesting as a symptomatic pleural 
effusion. Mayo Clin Proc. 1995; 70: 1161-1164.

19. Gumbs RV, Higginbotham-Ford EA, Teal JS, Kletter GG, Castro O. 
Thoracic extramedullary hematopoiesis in sickle-cell disease. AJR Am 
J Roentgenol. 1987; 149: 889-893.

20. Catinella FP, Boyd AD, Spencer FC. Intrathoracic extramedullary 
hematopoiesis simulating anterior mediastinal tumor. J Thorac 
Cardiovasc Surg. 1985; 89: 580-584.

21. Hill DA, Swanson PE. Myocardial extramedullary hematopoiesis: a 
clinicopathologic study. Mod Pathol; 13: 779-787.

22. Pipoly GM, Rogers J. Cardiac tamponade resulting from pericardial 
extramedullary hematopoiesis.A case report and review of the 
literature. Cancer. 1979; 44: 1504-1506.

23. Kumar A, Aggarwal S, de Tilly LN. Case of the season. Thalassemia 
major with extramedullary hematopoiesis in the liver. Semin 
Roentgenol. 1995; 30: 99-101.

24. Katz DS. Splenic extramedullary hematopoiesis: large focal lesion in 
a patient with thalassemia. AJR Am J Roentgenol. 1999; 173: 1715-
1716.

25. Gellett LR, Williams MP, Vivian GC. Focal intrasplenicextramedullary 
hematopoiesis mimicking lymphoma: diagnosis made using liver-

http://www.ncbi.nlm.nih.gov/pubmed/20204423
http://www.ncbi.nlm.nih.gov/pubmed/20204423
http://www.ncbi.nlm.nih.gov/pubmed/20204423
http://www.ncbi.nlm.nih.gov/pubmed/19318943
http://www.ncbi.nlm.nih.gov/pubmed/19318943
https://www.ncbi.nlm.nih.gov/pubmed/22631035
https://www.ncbi.nlm.nih.gov/pubmed/22631035
https://www.ncbi.nlm.nih.gov/pubmed/23826059
https://www.ncbi.nlm.nih.gov/pubmed/23826059
https://www.ncbi.nlm.nih.gov/pubmed/23826059
https://www.ncbi.nlm.nih.gov/pubmed/14574413
https://www.ncbi.nlm.nih.gov/pubmed/14574413
https://www.ncbi.nlm.nih.gov/pubmed/14574413
http://www.ncbi.nlm.nih.gov/pubmed/20204423
http://www.ncbi.nlm.nih.gov/pubmed/20204423
http://www.ncbi.nlm.nih.gov/pubmed/20204423
http://www.ncbi.nlm.nih.gov/pubmed/1457252
http://www.ncbi.nlm.nih.gov/pubmed/1457252
http://www.ncbi.nlm.nih.gov/pubmed/1457252
http://www.ncbi.nlm.nih.gov/pubmed/1457252
http://www.ncbi.nlm.nih.gov/pubmed/20456362
http://www.ncbi.nlm.nih.gov/pubmed/20456362
http://www.ncbi.nlm.nih.gov/pubmed/20456362
http://www.ncbi.nlm.nih.gov/pubmed/12079720
http://www.ncbi.nlm.nih.gov/pubmed/12079720
http://www.ncbi.nlm.nih.gov/pubmed/12079720
http://www.ncbi.nlm.nih.gov/pubmed/8687357
http://www.ncbi.nlm.nih.gov/pubmed/8687357
http://www.ncbi.nlm.nih.gov/pubmed/14765145
http://www.ncbi.nlm.nih.gov/pubmed/14765145
http://www.ncbi.nlm.nih.gov/pubmed/14765145
https://www.ncbi.nlm.nih.gov/pubmed/19687759
https://www.ncbi.nlm.nih.gov/pubmed/19687759
https://www.ncbi.nlm.nih.gov/pubmed/19687759
http://www.ncbi.nlm.nih.gov/pubmed/12604297
http://www.ncbi.nlm.nih.gov/pubmed/12604297
http://www.ncbi.nlm.nih.gov/pubmed/12604297
https://www.ncbi.nlm.nih.gov/pubmed/23859178
https://www.ncbi.nlm.nih.gov/pubmed/23859178
https://www.ncbi.nlm.nih.gov/pubmed/23859178
https://www.ncbi.nlm.nih.gov/pubmed/23859178
https://www.ncbi.nlm.nih.gov/pubmed/15545849
https://www.ncbi.nlm.nih.gov/pubmed/15545849
https://www.ncbi.nlm.nih.gov/pubmed/15545849
http://www.ncbi.nlm.nih.gov/pubmed/11233774
http://www.ncbi.nlm.nih.gov/pubmed/11233774
http://www.ncbi.nlm.nih.gov/pubmed/11233774
http://www.ncbi.nlm.nih.gov/pubmed/11233774
http://www.ncbi.nlm.nih.gov/pubmed/3409758
http://www.ncbi.nlm.nih.gov/pubmed/3409758
http://www.ncbi.nlm.nih.gov/pubmed/3409758
https://www.ncbi.nlm.nih.gov/pubmed/7490917
https://www.ncbi.nlm.nih.gov/pubmed/7490917
https://www.ncbi.nlm.nih.gov/pubmed/7490917
http://www.ncbi.nlm.nih.gov/pubmed/3499791
http://www.ncbi.nlm.nih.gov/pubmed/3499791
http://www.ncbi.nlm.nih.gov/pubmed/3499791
http://www.ncbi.nlm.nih.gov/pubmed/3982060
http://www.ncbi.nlm.nih.gov/pubmed/3982060
http://www.ncbi.nlm.nih.gov/pubmed/3982060
https://www.ncbi.nlm.nih.gov/pubmed/10912938
https://www.ncbi.nlm.nih.gov/pubmed/10912938
https://www.ncbi.nlm.nih.gov/pubmed/387207
https://www.ncbi.nlm.nih.gov/pubmed/387207
https://www.ncbi.nlm.nih.gov/pubmed/387207
http://www.ncbi.nlm.nih.gov/pubmed/7610407
http://www.ncbi.nlm.nih.gov/pubmed/7610407
http://www.ncbi.nlm.nih.gov/pubmed/7610407
http://www.ncbi.nlm.nih.gov/pubmed/10584831
http://www.ncbi.nlm.nih.gov/pubmed/10584831
http://www.ncbi.nlm.nih.gov/pubmed/10584831
https://www.ncbi.nlm.nih.gov/pubmed/11201473
https://www.ncbi.nlm.nih.gov/pubmed/11201473


Central
Bringing Excellence in Open Access





Delicou (2017)
Email:  

J Hematol Transfus 5(2): 1066 (2017) 4/5

spleen scintigraphy. Clin Nucl Med. 2001; 26: 145-146.

26. Haidar S, Ortiz-Neira C, Shroff M, Gilday D, Blaser S. Intracranial 
involvement in extramedullary hematopoiesis: case report and review 
of the literature. Pediatr Radiol. 2005; 35: 630-634.

27. Fucharoen S, Suthipongchai S, Poungvarin N, Ladpli S, Sonakul D, Wasi 
P. Intracranial Extramedullary Hematopoiesis Inducing Epilepsy in a 
Patient With beta-Thalassemia-Hemoglobin E. Arch Intern Med. 1985; 
145: 739-742.

28. Eskazan AE, Ar MC, Baslar Z. Intracranial extramedullary 
hematopoiesis in patients with thalassemia: a case report and review 
of the literature. Transfusion. 2012; 52: 1715-1720.

29. Zherebitskiy V, Morales C, Del Bigio MR. Extramedullary hematopoiesis 
involving the central nervous system and surrounding structures. 
Hum Pathol. 2011; 42: 1524-1530.

30. Sitton JE, Reimund EL. Extramedullary hematopoiesis of the cranial 
dura and anhidrotic ectodermal dysplasia. Neuropediatrics. 1992; 23: 
108-110.

31. Hossein K, Mehrnoush K, Mehrdad T, Rayka S, Aili A, Mohsen M. 
Extramedullary hematopoiesis presenting as a right adrenal mass in a 
patient with beta thalassemia. Nephrourol Mon. 2014; 6: 19465.

32. Bijan K, Ahmad SS, Mahboob MP. Adrenal extramedullary 
hematopoiesis associated with β-thalassemia major. Hematol Rep. 
2012; 4: 7.

33. Azarpira N, Heidari Esfahani M, Paydar S. Extramedullary 
hematopoiesis in adrenal gland.An uncommon cause of adrenal 
incidentaloma in sickle cell disease Iran J Pediatr. 2014; 24: 784-786.

34. Boucher A, Puech P, Kharroubi D, Boyer T, Lefèvre G, Charpentier A, et 
al. Renal extramedullary hematopoietic tumor revealing a hereditary 
spherocytosis in an adult patient. Rev Med Interne. 2015; 36: 848-853.

35. Broucqsault A, Ouzzane A, Launay D, Leroy X, Rose C, Villers A, et al. 
[Renal extramedullary hematopoiesis]. Prog Urol. 2011; 21: 575-579.

36. Liu TT, Chen JB, Chen WJ, Kuo CY, Lee CT. Idiopathic myelofibrosis 
associated with renal extramedullary hematopoiesis and nephrotic 
syndrome: case report. Chang Gung Med J. 2000; 23: 169-174.

37. Lowman RM, Colin MB, Allan WN. Roentgen manifestations of thoracic 
extramedullary hematopoiesis. Diseases of the chest. 1963; 44: 154-
162.

38. Tunaci M, Tunaci A, Engin G, Ozkorkmaz B, Dinçol G, Acunaş G, et al. 
Imaging features of thalassemia. Eur Radiol. 1999; 9: 1804-1809.

39. Dinan D, Epelman M, Guimaraes CV, Donnelly LF, Nagasubramanian 
R, Chauvin NA. The Current State of Imaging Pediatric 
Hemoglobinopathies. Semin Ultrasound CT MR. 2013; 34: 493-515.

40. Guangbin Zhu, Xiaomei W, Xuelin Z, Meiyou W, Qingsi Zeng, Xinchun 
L, et al. Clinical and imaging findings in thalassemia patients with 
extramedullary hematopoiesis. Clin Imag. 2012; 36: 475-482.

41. Kwak HS, Lee JM. CT findings of extramedullary hematopoiesis in the 
thorax, liver and kidneys, in a patient with idiopathic myelofibrosis. J 
Korean Med Sci. 2000; 15: 460-462.

42. Georgiades CS, Neyman EG, Francis IR, Sneider MB, Fishman EK. 
Typical and atypical presentations of extramedullary hemopoiesis. 
AJR Am J Roentgenol. 2002; 179: 1239-1243.

43. Fielding JR, Owens M, Naimark A. Intrathoracic extramedullary 
hematopoiesis secondary to B12 and folate deficiency: CT appearance. 
J Comput Assist Tomogr. 1991; 15: 308-310.

44. Bowling MR, Cauthen CG, Perry CD, Patel NP, Bergman S, Link KM, et 
al. Pulmonary extramedullary hematopoiesis. J Thorac Imaging. 2008; 
23: 138-141.

45. Mesurolle B, Sayag E, Meingan P, Lasser P, Duvillard P, Vanel D. 
Retroperitoneal extramedullary hematopoiesis: sonographic, CT, and 
MR imaging appearance. AJR Am J Roentgenol. 1996; 167: 1139-1140.

46. Chourmouzi D, Pistevou-Gompaki K, Plataniotis G, Skaragas G, 
Papadopoulos L, Drevelegas A. MRI findings of extramedullary 
haemopoiesis. Eur Radiol. 2001; 11: 1803-1806.

47. Hanrahan CJ, Shah LM. MRI of spinal bone marrow: part 2, T1-
weighted imaging-based differential diagnosis. AJR Am J Roentgenol. 
2011; 197: 1309-1321.

48. Aydingöz U, Oto A, Cila A. Spinal cord compression due to epidural 
extramedullary haematopoiesis in thalassaemia: MRI. Neuroradiology. 
1997; 39: 870-872.

49. Amano Y, Hayashi H, Kumazaki T. Gd-DTPA enhanced MRI of reactive 
hematopoietic regions in marrow. J Comput Assist Tomogr. 1994; 18: 
214-217.

50. Alorainy IA, Al-Asmi AR, del Carpio R. MRI features of epidural 
extramedullary hematopoiesis. Eur J Radiol. 2000; 35: 8-11.

51. Papavasiliou C, Gouliamos A, Vlahos L, Trakadas S, Kalovidouris 
A, Pouliades G. CT and MRI of symptomatic spinal involvement by 
extramedullary haemopoiesis. Clin Radiol. 1990; 42: 91-92.

52. Holden C, Hennessy O, Lee WK. Diffuse mesenteric extramedullary 
hematopoiesis with ascites: sonography, CT, and MRI findings. AJR Am 
J Roentgenol. 2006; 186: 507-509.

53. Halil K, Sevim SC. Tc-99m nanocolloidscintigraphic imaging of 
intracranial meningeal extramedullary hematopoiesis in a patient 
with idiopathic myelofibrosis. Ann Nucl Med. 2006; 20: 565-568.

54. Harnsberger HR, Datz FL, Knochel JQ, Taylor AT. Failure to detect 
extramedullary hematopoiesis during bone-marrow imaging with 
indium-111 or technetium-99m sulfur colloid. J Nucl Med. 1982; 23: 
589-591.

55. Curtis Thacker, Ronald Korn, John Millstine, Howard Harvin, Jeffrey A. 
Van Lier Ribbink, Michael B. Gotway. Sclerosing angiomatoid nodular 
transformation of the spleen: CT, MR, PET, and 99mTc-sulfur colloid 
SPECT CT findings with gross and histopathological correlation. 
Abdom Imaging. 2010; 35: 683-689.

56. Abouzied MM, Crawford ES, Nabi HA. 18F-FDG imaging: pitfalls and 
artifacts. J Nucl Med Technol. 2005; 33: 145-55.

57. Shin KH, Sharma S, Gregoritch SJ, Lifeso RM, Bettigole R, Yoon SS. 
Combined radiotherapeutic and surgical management of a spinal 
cord compression by extramedullary hematopoiesis in a patient with 
hemoglobin E beta-thalassemia. Acta Haematol. 1994; 91: 154-157.

58. Dore F, Cianciulli P, Rovasio S, Oggiano L, Bonfigli S, Murineddu M, 
et al. Incidence and clinical study of ectopic erythropoiesis in adult 
patients with thalassemia intermedia. Ann Ital Med Int. 1992; 7: 137-
140.

59. Issaragrisil S, Piankigagum A, Wasi P. Spinal cord compression in 
thalassemia. Report of 12 cases and recommendations for treatment. 
Arch Intern Med. 1981; 141: 1033-1036.

60. Kaufmann T, Coleman M, Giardina P, Nisce LZ. The role of radiation 
therapy in the management of hematopoietic neurologic complications 
in thalassemia. Acta Haematol. 1991; 85: 156-159.

61. Moncef B, Hafedh J. Management of spinal cord compression caused 
by extramedullary hematopoiesis in beta-thalassemia. Intern Med. 
2008; 47: 1125-1128.

62. Singhal S, Sharma S, Dixit S, De S, Chander S, Rath GK, et al. The role 
of radiation therapy in the management of spinal cord compression 
due to extramedullary haematopoiesis in thalassaemia. J Neurol 
Neurosurg Psychiatry. 1992; 55: 310-312.

https://www.ncbi.nlm.nih.gov/pubmed/11201473
https://www.ncbi.nlm.nih.gov/pubmed/15580341
https://www.ncbi.nlm.nih.gov/pubmed/15580341
https://www.ncbi.nlm.nih.gov/pubmed/15580341
https://www.ncbi.nlm.nih.gov/pubmed/3985737
https://www.ncbi.nlm.nih.gov/pubmed/3985737
https://www.ncbi.nlm.nih.gov/pubmed/3985737
https://www.ncbi.nlm.nih.gov/pubmed/3985737
http://www.ncbi.nlm.nih.gov/pubmed/22220514
http://www.ncbi.nlm.nih.gov/pubmed/22220514
http://www.ncbi.nlm.nih.gov/pubmed/22220514
https://www.ncbi.nlm.nih.gov/pubmed/21496873
https://www.ncbi.nlm.nih.gov/pubmed/21496873
https://www.ncbi.nlm.nih.gov/pubmed/21496873
https://www.ncbi.nlm.nih.gov/pubmed/1603284
https://www.ncbi.nlm.nih.gov/pubmed/1603284
https://www.ncbi.nlm.nih.gov/pubmed/1603284
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3401136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3401136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3401136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4442845/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4442845/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4442845/
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/Surgery/V4/4.4/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/Surgery/V4/4.4/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/Surgery/V4/4.4/I/v
http://www.ncbi.nlm.nih.gov/pubmed/21872162
http://www.ncbi.nlm.nih.gov/pubmed/21872162
https://www.ncbi.nlm.nih.gov/pubmed/15641221
https://www.ncbi.nlm.nih.gov/pubmed/15641221
https://www.ncbi.nlm.nih.gov/pubmed/15641221
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
http://www.ncbi.nlm.nih.gov/pubmed/10602954
http://www.ncbi.nlm.nih.gov/pubmed/10602954
https://www.ncbi.nlm.nih.gov/pubmed/24332202
https://www.ncbi.nlm.nih.gov/pubmed/24332202
https://www.ncbi.nlm.nih.gov/pubmed/24332202
http://www.sciencedirect.com/science/article/pii/S0899707111002622
http://www.sciencedirect.com/science/article/pii/S0899707111002622
http://www.sciencedirect.com/science/article/pii/S0899707111002622
https://www.ncbi.nlm.nih.gov/pubmed/10983698
https://www.ncbi.nlm.nih.gov/pubmed/10983698
https://www.ncbi.nlm.nih.gov/pubmed/10983698
http://www.ncbi.nlm.nih.gov/pubmed/12388506
http://www.ncbi.nlm.nih.gov/pubmed/12388506
http://www.ncbi.nlm.nih.gov/pubmed/12388506
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
https://www.ncbi.nlm.nih.gov/pubmed/8911166
https://www.ncbi.nlm.nih.gov/pubmed/8911166
https://www.ncbi.nlm.nih.gov/pubmed/8911166
http://www.ncbi.nlm.nih.gov/pubmed/11511905
http://www.ncbi.nlm.nih.gov/pubmed/11511905
http://www.ncbi.nlm.nih.gov/pubmed/11511905
https://www.ncbi.nlm.nih.gov/pubmed/22109284
https://www.ncbi.nlm.nih.gov/pubmed/22109284
https://www.ncbi.nlm.nih.gov/pubmed/22109284
http://www.ncbi.nlm.nih.gov/pubmed/9457713
http://www.ncbi.nlm.nih.gov/pubmed/9457713
http://www.ncbi.nlm.nih.gov/pubmed/9457713
https://www.ncbi.nlm.nih.gov/pubmed/8126270
https://www.ncbi.nlm.nih.gov/pubmed/8126270
https://www.ncbi.nlm.nih.gov/pubmed/8126270
https://www.ncbi.nlm.nih.gov/pubmed/10930760
https://www.ncbi.nlm.nih.gov/pubmed/10930760
http://www.ncbi.nlm.nih.gov/pubmed/2144224
http://www.ncbi.nlm.nih.gov/pubmed/2144224
http://www.ncbi.nlm.nih.gov/pubmed/2144224
https://www.ncbi.nlm.nih.gov/pubmed/16423960
https://www.ncbi.nlm.nih.gov/pubmed/16423960
https://www.ncbi.nlm.nih.gov/pubmed/16423960
http://www.jsnm.org/files/paper/anm/ams208/ANM20-8-11.pdf
http://www.jsnm.org/files/paper/anm/ams208/ANM20-8-11.pdf
http://www.jsnm.org/files/paper/anm/ams208/ANM20-8-11.pdf
https://www.ncbi.nlm.nih.gov/pubmed/7086530
https://www.ncbi.nlm.nih.gov/pubmed/7086530
https://www.ncbi.nlm.nih.gov/pubmed/7086530
https://www.ncbi.nlm.nih.gov/pubmed/7086530
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
http://www.ncbi.nlm.nih.gov/pubmed/16145222
http://www.ncbi.nlm.nih.gov/pubmed/16145222
http://www.ncbi.nlm.nih.gov/pubmed/8091937
http://www.ncbi.nlm.nih.gov/pubmed/8091937
http://www.ncbi.nlm.nih.gov/pubmed/8091937
http://www.ncbi.nlm.nih.gov/pubmed/8091937
http://www.ncbi.nlm.nih.gov/pubmed/1457252
http://www.ncbi.nlm.nih.gov/pubmed/1457252
http://www.ncbi.nlm.nih.gov/pubmed/1457252
http://www.ncbi.nlm.nih.gov/pubmed/1457252
http://www.ncbi.nlm.nih.gov/pubmed/7247589
http://www.ncbi.nlm.nih.gov/pubmed/7247589
http://www.ncbi.nlm.nih.gov/pubmed/7247589
http://www.ncbi.nlm.nih.gov/pubmed/2042449
http://www.ncbi.nlm.nih.gov/pubmed/2042449
http://www.ncbi.nlm.nih.gov/pubmed/2042449
http://www.ncbi.nlm.nih.gov/pubmed/18552471
http://www.ncbi.nlm.nih.gov/pubmed/18552471
http://www.ncbi.nlm.nih.gov/pubmed/18552471
http://www.ncbi.nlm.nih.gov/pubmed/1583517
http://www.ncbi.nlm.nih.gov/pubmed/1583517
http://www.ncbi.nlm.nih.gov/pubmed/1583517
http://www.ncbi.nlm.nih.gov/pubmed/1583517


Central
Bringing Excellence in Open Access





Delicou (2017)
Email:  

J Hematol Transfus 5(2): 1066 (2017) 5/5

Delicou S (2017) Extramedullary Haemopoiesis in Hemoglobinopathies. J Hematol Transfus 5(2): 1066.

Cite this article

63. Pistevou-Gompaki K, Skaragas G, Paraskevopoulos P, Kotsa K, 
Repanta E. Extramedullary haematopoiesis in thalassaemia: results 
of radiotherapy: a report of three patients. Clin Oncol (R Coll Radiol). 
1996; 8: 120-122.

64. Malik M, Pillai LS, Gogia N, Puri T, Mahapatra M, Sharma DN, et al. 
Paraplegia due to extramedullary hematopoiesis in thalassemia 
treated successfully with radiation therapy. Haematologica. 2007; 92: 
28-30.

65. Cianciulli P, di Toritto TC, Sorrentino F, Sergiacomi L, Massa A, Amadori 
S. Hydroxyurea therapy in paraparesis and cauda equina syndrome 
due to extramedullary haematopoiesis in thalassaemia: improvement 
of clinical and haem... Eur J Haematol. 2000; 64: 426-429.

66. Ben RS, David R, Nancy FO. Regression of extramedullary 
haemopoiesis and augmentation of fetal haemoglobin concentration 
during hydroxyurea therapy in β-thalassaemia. BJH. 1998; 101: 416-
419.

67. Konstantopoulos K, Vagiopoulos G, Kantouni R, Lymperi S, Patriarcheas 
G, Georgakopoulos D, et al. A case of spinal cord compression by 
extramedullary haemopoiesis in a thalassaemic patient: a putative 

role for hydroxyurea? Haematologica. 1992; 77: 352-354.

68. Singounas EG, Sakas DE, Hadley DM, Chalevelakis G, Sfakianos G, 
Raptis S, et al. Paraplegia in a pregnant thalassemic woman due 
to extramedullary hematopoiesis: successful management with 
transfusions. Surg Neurol. 1991; 36: 210-215.

69. Chehal A, Aoun E, Koussa S, Skoury H, Koussa S, Taher A. 
Hypertransfusion: a successful method of treatment in thalassemia 
intermedia patients with spinal cord compression secondary to 
extramedullary hematopoiesis. Spine (Phila Pa 1976). 2003; 28: 
E245-E249.

70. Aliberti B, Patrikiou A, Terentiou A, Frangatou S, Papadimitriou A. 
Spinal cord compression due to extramedullary haematopoiesis in 
two patients with thalassaemia: complete regression with blood 
transfusion therapy. J Neurol. 2001; 248: 18-22.

71. Tai SM, Chan JS, Ha SY, Young BW, Chan MS. Successful treatment of 
spinal cord compression secondary to extramedullary hematopoietic 
mass by hypertransfusion in a patient with thalassemia major. Pediatr 
Hematol Oncol. 2006; 23: 317-321.

http://www.ncbi.nlm.nih.gov/pubmed/8859612
http://www.ncbi.nlm.nih.gov/pubmed/8859612
http://www.ncbi.nlm.nih.gov/pubmed/8859612
http://www.ncbi.nlm.nih.gov/pubmed/8859612
http://www.ncbi.nlm.nih.gov/pubmed/17405752
http://www.ncbi.nlm.nih.gov/pubmed/17405752
http://www.ncbi.nlm.nih.gov/pubmed/17405752
http://www.ncbi.nlm.nih.gov/pubmed/17405752
http://www.ncbi.nlm.nih.gov/pubmed/10901597
http://www.ncbi.nlm.nih.gov/pubmed/10901597
http://www.ncbi.nlm.nih.gov/pubmed/10901597
http://www.ncbi.nlm.nih.gov/pubmed/10901597
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/NeurologicalDisorders/V5/5.3/I/v
http://www.ncbi.nlm.nih.gov/pubmed/1385278
http://www.ncbi.nlm.nih.gov/pubmed/1385278
http://www.ncbi.nlm.nih.gov/pubmed/1385278
http://www.ncbi.nlm.nih.gov/pubmed/1385278
https://www.ncbi.nlm.nih.gov/pubmed/1876971
https://www.ncbi.nlm.nih.gov/pubmed/1876971
https://www.ncbi.nlm.nih.gov/pubmed/1876971
https://www.ncbi.nlm.nih.gov/pubmed/1876971
https://www.ncbi.nlm.nih.gov/pubmed/12838112
https://www.ncbi.nlm.nih.gov/pubmed/12838112
https://www.ncbi.nlm.nih.gov/pubmed/12838112
https://www.ncbi.nlm.nih.gov/pubmed/12838112
https://www.ncbi.nlm.nih.gov/pubmed/12838112
http://www.ncbi.nlm.nih.gov/pubmed/11266014
http://www.ncbi.nlm.nih.gov/pubmed/11266014
http://www.ncbi.nlm.nih.gov/pubmed/11266014
http://www.ncbi.nlm.nih.gov/pubmed/11266014
http://www.ncbi.nlm.nih.gov/pubmed/16621773
http://www.ncbi.nlm.nih.gov/pubmed/16621773
http://www.ncbi.nlm.nih.gov/pubmed/16621773
http://www.ncbi.nlm.nih.gov/pubmed/16621773

	Extramedullary Haemopoiesis in Hemoglobinopathies
	Abstract
	Introduction
	Pathophysiology of extramedullary hematopoiesis
	Clinical findings
	Imaging findings  

	Treatment
	References

