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Abstract Ineffective erythropoiesis in patients with

thalassemia intermedia drives extramedullary hematopoi-

etic tumor formation in several parts of the body. Parasp-

inal involvement has received increasing attention due to

the associated morbidity secondary to spinal cord com-

pression. Although the history and physical examination

may help narrow the differential diagnosis, radiographic

imaging remains essential to confirm the existence of

hematopoietic tissue. Characteristic appearance has been

observed mainly on magnetic resonance imaging. Several

treatment options have been described, including transfu-

sion therapy, laminectomy, radiotherapy, and the use of

fetal hemoglobin inducing agents that decrease the hema-

topoietic drive. However, the ideal management scheme

remains controversial. Until large prospective trials eval-

uate the efficacy and safety of the available treatment

options, both in single and in combination therapy, an

individualized approach should be entertained.
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Introduction

The b-thalassemias are a group of autosomal recessive

disorders characterized by absence or reduced synthesis of

the red cell b-globin chains. As a group, they are the most

common single gene disorder in the world and are found at

high frequencies in many populations worldwide [1].

Extremely diverse phenotypes exist within the homozy-

gous and compound heterozygote states for b-thalassemia.

The terms thalassemia major (TM) and thalassemia inter-

media (TI) lack specific molecular correlates, but encom-

pass a wide spectrum of clinical, as well as laboratory

abnormalities [1]. At the severe end of the spectrum are

patients whose clinical course is characterized by profound

anemia, who present to medical attention in the first year

of life, and who subsequently require regular transfusions

for survival, the condition known as TM. But many

patients with inheritance of two mutant beta alleles have a

milder illness, with a broad range of severity including, at

least in early childhood, a virtually asymptomatic state.

Patients in this group who present to medical attention in

later childhood and remain largely transfusion-independent

are said to have TI [1]. However, transfusion-independence

in TI does not come without its own side effects. Inef-

fective red cell production by the bone marrow (ineffective

erythropoiesis) forces expansion of the hematopoietic tis-

sue outside the marrow medulla and leads to hematopoietic

compensatory involvement, mostly in the form of masses,

of other regions in the body—the phenomenon termed

extramedullary hematopoiesis (EMH) [2]. Among the

various body regions reported, paraspinal involvement

deserves special attention due to the debilitating clinical

consequences and challenges in diagnosis and manage-

ment. Experience to date comes from scattered case reports

and small cases series.
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This review comprehensively revisits these reports for

data on the pathophysiology, clinical consequences, diag-

nosis, and treatment of paraspinal EMH in patients with TI,

aiming to orient spinal surgeons to this increasingly

reported problem.

Pathophysiology and paraspinal involvement

Extramedullary hematopoiesis is a physiological compen-

satory phenomenon occurring because of insufficient bone

marrow function that becomes unable to meet circulatory

demands [2]. EMH is seen in many hematological diseases,

such as myelofibrosis, polycythemia vera, leukemia, lym-

phoma or after bone marrow irradiation [3–11]. However,

its occurrence in chronic hemolytic anemias remains

highest, particularly in transfusion independent-TI [2, 12].

Almost all body sites may be involved including the

spleen, liver, lymph nodes, thymus, heart, breasts, prostate,

broad ligaments, kidneys, adrenal glands, pleura, retro-

peritoneal tissue, skin, peripheral and cranial nerves, and

the spinal canal [13–17]. These sites are believed to nor-

mally engage in active hematopoiesis in the fetus during

gestation. This pathway normally stops at birth, but the

extramedullary hematopoietic vascular connective tissues

retain the ability to produce red cells under conditions of

longstanding ineffective erythropoiesis [18] (Fig. 1).

The origin of the spinal epidural hematopoietic tissue is

still controversial. It has been hypothesized that this tissue

could be extruded through the trabecular bone of the ver-

tebral body with a circumferential involvement of the

vertebra, or it may have extended through the thinned

trabeculae at the proximal rib ends [19–21]. Others have

proposed some embryological hematopoietic cell remnants

within the epidural space, which would be stimulated along

the course of chronic anemia. Development of hemato-

poietic tissue from branches of the intercostal veins has

also been suggested [22], while others still attribute the

masses to embolic phenomena [23, 24]. Early in its evo-

lution, the paraspinal extramedullary site of hematopoiesis

reveals immature and mature cells mainly of the erythroid

and myeloid series and dilated sinusoids containing pre-

cursors of red cells. The lesions eventually become inactive

and reveal some fatty tissue and fibrosis or massive iron

deposits [19].

There is some predilection for the site of spinal cord

involvement by the hematopoietic tissue. The thoracic

region and to a lesser extent the lumbar region are the most

commonly involved sites. The reason for this predilection

is uncertain, but because the subarachnoid space and the

spinal canal are narrow in the thoracic region, which also

has limited mobility [25, 26], small intraspinal hemato-

poietic tissue may cause compression of the spine at this

level. This is in contrast with other regions of the cord in

which such tissues must reach larger sizes to exert enough

pressure on the spinal cord and cause symptoms [27, 28].

Clinical incidence, presentation, and consequences

The incidence of EMH in patients with TI may reach up to

20% compared to polytransfused TM patients where the

incidence remains \1% [2, 29, 30]. A paraspinal location

for the hematopoietic tissue occurs in 11–15% of cases

with EMH [12, 31]. Since the first case described by Gatto

et al. [32] in 1954, a large number of cases has been

reported in the literature [12, 18–20, 23–28, 30, 31, 33–69].

Paraspinal EMH mainly presents as pseudotumors, which

may cause a variety of neurological symptoms due to

spinal compression. However, it is believed that more than

80% of cases may remain asymptomatic and the lesions are

usually discovered incidentally by radiologic techniques

[26, 47, 48]. Probably the development of neurologic

symptoms depends on the chronicity of the disease with

neurologic symptoms most frequently being reported dur-

ing the third and fourth decades of life [64], although few

reports described presentation as early as the first decade of

life [23, 63, 69]. The male to female ratio reaches 5:1 [64]

(Fig. 2). Various clinical presentations have been reported

including: back pain, lower extremity pain, parasthesia,

abnormal proprioception, exaggerated or brisk deep tendon

reflexes, Babinski response, Lasegue sign, paraparesis,

paraplegia, ankle clonus, spastic gate, urgency of urination,

and bowl incontinence. The size and location of lesions and

the extent of spinal cord involvement determine the

severity, acuteness, and multiplicity of signs and

symptoms.

Diagnosis

Early diagnosis of EMH will affect the course of man-

agement and may reduce the incidence of irreversible

neurologic damage that would otherwise occur with pro-

longed undiagnosed cord compression [70]. The medical

history remains important to rule out other entities in the

differential diagnosis of epidural masses including meta-

static malignant disease, lymphoma, multiple myeloma,

vascular anomalies, or epidural abscess [71].

In the past, the diagnosis of paraspinal EMH in patients

with TI was suspected from the typical osseous abnor-

malities found on chest radiographs [37, 72] or was con-

firmed after surgical removal of the mass [62]. Plain

radiographs often reveal well-demarcated paraspinal mas-

ses [36, 44] and bony changes associated with chronic

anemia such as trabeculation, widened ribs, or thickened
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calvaria [36]. Bony destruction or pathological fractures

are usually absent (Fig. 3a). In the early 1980s, several

reports demonstrated that computed tomography was a

more preferred diagnostic imaging method (Fig. 3b). 99-

mTc bone scan has also been used to diagnose paraspinal

EMH [73] but the diagnosis within the epidural space may

be difficult due to the proximity to bone marrow [49].

Myelography is declining in popularity because of its

invasiveness, the need for cisternal puncture in cases of

complete block preventing passage of radiographic contrast

[40, 73] and reports of neurological deterioration following

the procedure [24, 38].

Currently, magnetic resonance imaging (MRI) has

eventually replaced all these methods and is considered the

method of choice for the diagnosis and follow-up evalua-

tion of spinal cord compression cases resulting from EMH

[42, 43, 45, 49, 55, 72, 75]. MRI can clearly show ana-

tomical details with high quality including both site and

extent of the masses within the spinal canal, while pro-

ducing soft tissue delineation with high sensitivity. Active

recent hematopoietic extramedullary lesions have rich

vasculature while inactive older lesions have more fatty

tissue and iron deposits [18, 19, 49, 76]. If the patient is

treated with blood transfusions, the lesion may decrease in

size and appear on MRI with massive iron deposition [18,

77, 78]. Fatty degeneration is most probably related to

oxidative stress leading to lipid peroxidation of cell
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membranes and production of oxygen free radicals. This is

probably the reason why foci with fatty content are

observed in non-transfused, non-chelated patients in whom

conditions of oxidative stress occur more often than in

transfused and iron-chelated TM patients. Although iron

deposition and fatty replacement of the foci are inactive

procedures, they seem to never coexist, probably because

of the different oxidative stress conditions [18]. Active

lesions show intermediate signal intensity in both T1 and

T2 weighted MR images (Fig. 3c). Gadolinium enhance-

ment is minimal or absent differentiating it from other

epidural lesions such as abscesses or metastases [49, 55].

Older inactive lesions show high signal intensity in both T1

and T2 weighted MR images due to fatty infiltration or low

signal intensity in both T1 and T2 weighted MR images

due to iron deposition [71, 79–81].

Differential diagnosis is often easy, when the lesion is

multifocal (paravertebral and epidural) or bilateral, due to

characteristic iron deposition or fatty replacement and the

characteristic topography. The only diagnostic problem

exists with the solitary, unilateral active lesion. Mesen-

chymal tissue tumors or tumors from neural tissue elements

should be included in the differential diagnosis but the

clinical history of congenital hemolytic anemia should lead

to the correct diagnosis [18, 76].

Although biopsy remains the gold standard for estab-

lishing a tissue diagnosis [82], it is an invasive procedure

that carries the risk of catastrophic hemorrhage and is

therefore not usually advocated [22, 74]. It should be

reserved for older patients with a high probability of

malignant disease and for cases in which the clinical and

radiological picture is equivocal [69].

Management

Because of its rarity, no evidence-based guidelines for the

treatment of paraspinal pseudotumors caused by EMH

exist. Management options include blood transfusion,

radiotherapy, surgical decompression, hydroxyurea, or a

combination of these modalities. Therapy usually depends

on the severity of symptoms, size of the mass, patient’s

clinical condition, and previous treatment.

Because the EMH encountered in TI patients is only a

compensatory mechanism for the chronic anemia, correc-

tion of this anemia with initiation of recurrent blood

Fig. 3 Imaging of extramedullary hematopoiesis. a Chest X-ray

demonstrating expanded anterior rib ends consistent with medullary

hyperplasia. A paraspinal mass is seen in the right lower zone (white
arrow). With permission from reference [62]. b Computed tomog-

raphy scan showing inactive paraspinal extramedullary hematopoietic

lesion with increased density compared to soft tissue due to iron

deposition (black arrowheads). With permission from reference [18].

c Magnetic resonance image of cervical and thoracic spine. T2-

weighted sagittal image showing thoracic cord compression by

extramedullary intraspinal epidural hematopoietic mass from T2 to

T10 (white arrows). With permission from reference [83]

c
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transfusions can decrease the need for EMH; thus resulting

in relative inactivity of these tissues, and leading to the

shrinkage of the mass size, decompression of the spinal

cord, and neurologic improvement. The initial response

results primarily from a decrease in blood flow to these

tissues even before reduction in the size of the mass can be

detected [26, 59]. It has been used as the principal treat-

ment modality. Some authors have reported cases of EMH

treated exclusively by this treatment as a first choice [26,

34, 43, 51, 59, 83] or in cases where surgical decompres-

sion or radiotherapy were contraindicated, e.g. pregnancy

[34, 58] or severe anemia [46]. The target hemoglobin level

is usually[10 g/dl. Blood transfusion was even considered

as a diagnostic test since only cases of cord compression

secondary to EMH could respond transfusion therapy [26].

However, blood transfusion is not a harmless procedure

with infectious risks, iron overload, and alloimmunization

being clearly recognized. Moreover, several reports

showed that improvement is usually, slow, insufficient and

only temporary [23, 44, 53, 55, 63, 83]. Moreover, while

blood transfusion may prevent further progression of EMH,

some proposed that it is unable to reverse preexisting cord

compression. Its role in the management of patients with

symptoms of acute onset may therefore be limited [26, 46].

Thus, many advocate using blood transfusion only as an

adjunct to surgery (preparation and/or postoperative

course) as correction of the hemoglobin level can be

helpful in the immediate pre-operative period in order to

insure an optimal oxygenation of the spinal cord during the

surgery [38, 39, 49, 64]. The combination of blood

transfusion and radiotherapy has also been reported as a

therapeutic option, either for cases of recurrence after using

either treatment method alone or as an initial treatment

regimen [44, 52].

Low-dose radiation as a monotherapy has been reported

to yield excellent results in up to 50% of patients with

neurological improvement observed soon as 3–7 days after

initiation of treatment [27, 40, 44, 66]. Hematopoietic tis-

sue is extremely radiosensitive and undergoes shrinkage

after radiotherapy, with a decrease in volume by as much

as 16.4% [67]. Dosages reported in the literature range

from 900 to 3,500 cGy [27, 37, 40, 43, 64]. A high risk of

recurrence [37], up to 19–37%, is the main drawback of

radiotherapy [40]. Fortunately, these recurrences are often

amenable to further doses. The risks of radiotoxicity on an

already compressed and injured spinal cord remain a con-

cern [44, 84–86]. Tissue edema associated with radiation

could sometimes result in neurological deterioration during

the initial phase of treatment [38, 82], which is minimized

by concomitant high-dose steroid therapy. The immuno-

suppressive effect of radiotherapy should be monitored

with frequent peripheral blood counts as the resultant

pancytopenia may further aggravate the condition [12, 37,

58, 82]. In patients who need rapid therapeutic response

due to severe neurological symptoms, radiotherapy might

be considered the primary treatment. In addition to primary

treatment, radiotherapy is commonly employed as a post-

operative adjunct following laminectomy to reduce the

likelihood of recurrence [27, 28, 30, 31, 49, 64]. Moreover,

successful combination therapy of low-dose radiation and
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blood transfusion or hydroxyurea has also been reported

[26, 37, 40, 43, 69].

Laminectomy is currently indicated in cases of acute

presentation which do not respond to adequate transfusion

or radiotherapy [12, 40, 49, 74]. Surgery confers the ben-

efits of immediate relief of cord compression and histo-

logical diagnosis [49]. Disadvantages include risk of

bleeding associated with the high vascularity of the mass in

question and the risks of operating on anemic individuals

who are predisposed to shock, incomplete excision in cases

of diffuse involvement [24, 35, 38], instability [24] and

kyphosis associated with multilevel laminectomy [55, 62,

64]. Another drawback is that the procedure is not always

possible or desirable due to diffuse nature of the mass and

the possibility of recurrence. Furthermore, immediate total

resection of extramedullary hematopoietic masses can lead

to clinical decompensation and deterioration because these

masses play a crucial role in maintaining an adequate

hemoglobin level [40]. For these reasons, surgery should be

reserved for cases of acute, progressive, and severe neu-

rologic deterioration.

Hydroxyurea is a ribonucleotide reductase enzyme

inhibitor. By reducing the globin chain imbalance

through stimulating synthesis of fetal hemoglobin and

cytoreduction, hydroxyurea contributes to a decrease

ineffective erythropoiesis and the associated EMH [57,

61]. Patients with spinal EMH have been successfully

treated with hydroxyurea alone [56, 61], especially in

thalassemic patients who are unable to receive blood

transfusions due to alloimmunization [87]. It was also

used in conjunction with transfusion [56, 57, 88] and

radiotherapy [53, 57].

Although treatment recommendations may be derived

from the aforementioned reports (Fig. 4), management

should remain individualized. Whereas significant improve-

ment has been made in our understanding of the molecular,

pathophysiological, and clinical characteristics of TI, the lack

of clear treatment guidelines still presents a challenge. Large

randomized clinical trials are thus called for to evaluate the

efficacy and safety of different treatment modalities, as

mono- or combined therapy, to control paraspinal EMH in

this patient population and prevent disabling morbidity.
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