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Extramedullary Hematopoiesis Presenting as Progressive 
Headache: A Case Report and Review of Literature

Mohammad Reza Babaee1 , Iman Mohseni1, Mohammad Ali Mohammadi-Vajari2  , Ghazale Tefagh3* , Nima Rakhshankhah2 , Marzieh Motevalli4 

Extramedullary Hematopoiesis (EMH) is defined as the production of blood cells in organs 
other than bone marrow. Intracranial EMH is a rare condition. In this article, we presented 
a case of intracranial EMH presenting as progressive headache. Our patient was a 33-year-
old man with thalassemia presenting with acute progressive flaccid quadriplegia, severe 
progressive headache, and decreased level of consciousness. His imaging studies showed 
evidence of intracranial and presacral EMH. Most asymptomatic intracranial EMH can 
present as a variety of symptoms, including progressive headache; therefore, the differential 
diagnosis should be kept in mind when evaluating a patient with a relevant underlying 
medical condition.
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Introduction

ematopoiesis is defined as the formation 
of blood cells from hematopoietic stem 
cells, which reside in the bone marrow. 
Extramedullary Hematopoiesis (EMH) is a 
condition, in which various organs in the 

body (other than the bone marrow) play a role in the 
hematopoiesis. The usual sites of EMH are known to be 
the spleen and liver probably due to their role in hema-
topoiesis during embryonic and fetal development [1]. 
Other less common sites of EMH have been reported 
to be the paraspinal region, abdominal viscera, thymus, 
pleura, and also intracranial structures [2]. 

H

1. Department of Radiology, Firoozgar Hospital, Iran University of Medical Sciences, Tehran, Iran. 
2. Department of Radiology, Iran University of Medical Sciences (IUMS), Tehran, Iran.
3. Department of Radiology, Advanced Diagnostic and Interventional Radiology Research Center, Imam Khomeini Hospital Complex, School of Medicine, 
Tehran University of Medical Sciences, Tehran, Iran.
4. Department of Radiology, Shahid Rajaie Cardiovascular Medical and Research Center, Tehran, Iran.

* Corresponding Author: 
Ghazale Tefagh, MD-MPH .
Address: Department of Radiology, Advanced Diagnostic and Interventional Radiology Research Center, Imam Khomeini Hospital Complex, School of 
Medicine, Tehran University of Medical Sciences, Tehran, Iran.
E-mail: tefaghghazaleh@yahoo.com

July/August 2021, Volume 6, Issue 4

http://crcp.tums.ac.ir/index.php/crcp
https://creativecommons.org/licenses/by-nc/4.0/
https://crcp.tums.ac.ir/index.php/crcp
https://orcid.org/0000-0002-5658-627X
https://orcid.org/0000-0001-7098-8841
https://orcid.org/0000-0002-1119-6438
https://orcid.org/0000-0001-6708-0904


125

Intracranial hematopoiesis is a rare condition. Thalas-
semia (50%) and myelofibrosis (31%) are two common 
causes of intracranial involvement by EMH [3]. Frequent 
sites of intracranial EMH are the dura mater, the brain 
parenchyma, the sheath of the optic nerve, and the 
bony skull, respectively [4]. 

Intracranial EMH is usually found in asymptomatic pa-
tients or patients with symptoms unrelated to intracra-
nial EMH; however, symptoms, such as headache, con-
fusion, gait disturbances, and subdural hematoma have 
been linked to intracranial EMH [5]. Here, we presented 
a rare case of simultaneous intracranial and paraspinal 
EMH presenting with progressive headache and flaccid 
quadriplegia. 

Method of Review

A literature search was done to find relevant case re-
port articles in English in PubMed® and also available 
abstracts of the related new congresses. Used keywords 
included intracranial extramedullary hematopoiesis 
(intracranial [All Fields] AND (“extramedullary haema-
topoiesis” [All Fields] OR “hematopoiesis, extramed-
ullary” [MeSH Terms] OR “hematopoiesis” [All Fields] 
AND “extramedullary” [All Fields] OR “extramedullary 
hematopoiesis” [All Fields] OR “extramedullary” [All 
Fields] AND “hematopoiesis” [All Fields]) AND Case Re-
ports [ptyp]. Also, another search of bibliographies of 
the results was done to find articles that were not in-
cluded in the primary search.

In the primary review, 39 articles were found And after 
primary evaluation, 31 articles were included in the study. 
Other articles did not fulfill the critical appraisal checklist 
for case reports. Age, sex, presenting symptom of the 
patients the diagnostic modality used, and the features 
of the lesions on Computed Tomography (CT) scan, Mag-
netic Resonance Imaging (MRI), other imaging modalities 
used to evaluate the lesion, as well as the treatment and 
outcome of each case are summarized in Table 1. 

Case Presentation

Our patient was a 33-year-old man diagnosed with 
thalassemia major from childhood presented to the 
emergency ward with the chief complaint of acute pro-
gressive flaccid quadriplegia, severe headache, and de-
creased level of consciousness. On admission, he had 
a hemoglobin level of 6.6 g/dl. He had not received 
his transfusions regularly due to poor compliance. An 
emergency brain CT scan was ordered to investigate the 
cause of his decreased level of consciousness (Figure 1). 

Multiple mass-like lesions with a solid and partially 
dense appearance were seen on both sides of the inter-
hemispheric falx in an extra-axial and dural-based posi-
tion along with similar lesions adjacent to the convexity 
of the right frontal lobe. Considering the patient’s past 
medical history, this was suggestive of EMH. However, 
the lesions on the brain CT scan could not explain his 
flaccid quadriplegia. To investigate the possible cause of 
the quadriplegia, a spiral abdominopelvic CT scan and a 
cervicothoracic spinal MRI were done. In the CT scan, dif-
fuse bony expansion and coarse trabeculation sugges-
tive of bone marrow hyperplasia were seen in the ribs, 
vertebrae, and pelvic bone. A solid mass-like lesion with 
homogenous enhancement with a size of 95×59×78 
mm was seen in the presacral space extending to the 
anterior epidural space (Figure 2). 

The compression effect of this mass had caused sacral 
spinal canal stenosis. Considering the patient’s back-
ground, this was also suggestive of EMH. In the cervi-
cothoracic spine MRI (Figure 3), diffuse low signal bone 
marrow as well as bony hypertrophy were seen in the 
thoracic vertebrae. These changes had caused thoracic 
cord compression, which was apparent as patchy high 
signal areas on the T2-weighted MRI. Lesions with low 
signal in the posterior thoracic epidural space on T1- 
and T2- weighted sequences were suggestive of EMH. It 
seemed that the compression effect of the lesions seen 
on the abdominopelvic CT scan and the cervicothoracic 
spine MRI, was the cause of his quadriplegia; therefore, 
a series of corticosteroid pulses were started for him. 

Unfortunately, despite the admission of corticosteroid 
pulses, the patient’s clinical course did not show any im-
provement. His level of consciousness did not improve 
and he also developed respiratory distress leading to 
intubation. Unfortunately, he developed hyperkalemia 
and metabolic acidosis in the course of his disease and 
dialysis was not feasible due to his increased Interna-
tional Normalized Ratio (INR) and low platelet count. A 
Peripheral Blood Smear (PBS) was drawn to rule out Dis-
seminated Intravascular Coagulation (DIC) as the cause 
of the disturbance in his coagulation studies, in which 
no sign of schistocytes was detected. On the fifth day of 
his admission, he proceeded to hypotension and asys-
tole, and resuscitation was not successful.

Discussion

EMH is the production of blood corpuscles in body 
parts other than bone marrow. This condition has been 
described to occur physiologically in the course of fetal 
development and also as a part of the immune response 
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during some infections [6]. Pathologic EMH usually oc-
curs as a response to either ineffective hematopoiesis 
seen in conditions, such as myelofibrosis, or hyperactive 
bone marrow response in hemolytic anemias, such as 
thalassemia and sickle cell anemia [6, 7]. It has been 
proposed that the increased need for blood cells leads 
to the proliferation of pluripotent stem cells, which re-
side in mesenchymal organs [8]. 

Although compression of the spinal cord by EMH is a 
familiar condition [9], intracranial presentation is par-
ticularly uncommon and there have been few published 
cases of this situation. Intracranial EMH has been re-
ported to occur in the diploic space [10, 11], epidural 
space [5, 10], cerebral parenchyma [12], and the falx 
cerebri [13].

The necessary step in the successful diagnosis of in-
tracranial EMH is considering the patient’s underlying 

Figure 2. Contrast-enhanced abdominopelvic Computed Tomography (CT) scan

There is a solid mass-like lesion with homogenous enhancement in the presacral space extending to the anterior epidural space. There is also evi-
dence of bone expansion and coarse trabeculation of iliac bones.

Babaee MR, et al. Extramedullary Hematopoiesis Presenting as Progressive Headache. CRCP. 2021; 6(4):124-136. 

Figure 1. Non-contrast brain Computed Tomography (CT) scan

Multiple solid partially hyperdense mass-like lesions with the extra-axial dural-based position on both sides of the interhemispheric falx and convex-
ity of the right frontal lobe are observed.
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disease, symptoms, and imaging findings (Table 1). Intra-
cranial EMH has been mostly seen in patients with a his-
tory of thalassemia major, intermedia, and myelofibrosis. 
Other less common underlying diseases are polycythe-
mia vera, myelodysplastic syndrome, multiple myeloma, 
and Central Nervous System (CNS) lymphoma (Table 1).

One of the most common encountered symptoms in 
symptomatic patients with intracranial EMH is head-
aches associated with other signs of increased intracra-
nial pressure. Other presentations are those affecting 
the cerebral cortex, such as seizures, loss of conscious-
ness, and upper motor paralysis (Table 1). Our patient 
also suffered from severe progressive headache, which 
is the most common symptom reported in the literature. 

Different imaging modalities are used for the diagnosis 
of EMH. The CT appearance of EMH is a heterogeneous 

lobulated soft tissue density mass. MRI is the modality 
of choice for the diagnosis of intracranial EMH. Intracra-
nial EMH is defined as unique or multiple iso-intense or 
hyper-intense extra-axial appended masses to the me-
ninges, which represent homogeneous enhancement af-
ter contrast administration. These masses often appear 
as lobular and well-defined masses with intermediate 
signal intensity on T1-weighted and low signal intensity 
on T2-weighted images. Intracranial EMH may repre-
sent notable enhancement following gadolinium injec-
tion. Also, a high-signal intensity rim is seen, which rep-
resents fatty tissue on both T1- and T2-weighted images 
[3, 14, 15]. Due to our patient’s both critical situation 
and renal failure, performing a contrast-enhanced MRI 
was not feasible. However, in his non-contrast imaging, 
compatible findings with the literature were found (Fig-
ures 1, 2, 3, and 4 and Table 1). 

Figure 3. Cervicothoracic spine magnetic resonance imaging (MRI)

Diffuse low-signal bone marrow and bony expansion are seen in the thoracic vertebrae. These changes had caused thoracic cord compression, 
which was apparent as patchy high-signal areas on the T2-weighted MRI. 

Figure 4. Non-contrast brain Magnetic Resonance Imaging (MRI)

There are some epidural mass-like lesions in the right frontoparietal region and a subdural mass-like lesion in the interhemispheric fissure, which are 
isointense in T1-/T2-weighted and Fluid-Attenuated Inversion Recovery (FLAIR) images. Bone expansion of the bony skull is seen.
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Different treatment options used for these patients 
are hyper transfusion therapy with regular administra-
tion of hydroxyurea, low-dose radiotherapy, massive 
steroid treatment, and surgical resection of the hema-
topoietic mass (Table 1).

The emergence of refractory headaches with or with-
out other signs of increased intracranial pressure in 
patients with relevant past medical history (mostly pa-
tients with myelofibrosis and thalassemia) should war-
rant consideration of the possibility of the presence of 
intracranial compensatory hematopoiesis. This could 
help earlier diagnosis and consequently, more success-
ful treatment of these patien
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