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ABSTRACT
Introduction: Around 5% of the world’s population is expected to have some degree and type
of thalassaemia. Beta thalassaemia (BT) occurs due to a deficient production of the beta-globin
chain of haemoglobin. Extramedullary haematopoiesis (EMH) is one of the complications of BT,
mainly observed in minor/intermedia subtypes. EMH is the production of blood cells outside the
marrow as a compensatory response to longstanding hypoxia. Due to chronic transfusions, it is
not expected in patients with beta-thalassaemia major (BTM). However, there are increasingly
reported cases of EMH in BTM. The incidence of EMH in BTM is thought to be <1%. We aim to
pool the available data and provide cumulative evidence on the occurrence of EMH in
BTM patients.
Methods: This is a systematic review of case reports, series, and retrospective studies that pre-
sented data on the occurrence of EMH in BTM patients. Data were recorded and analyzed in
Microsoft Excel 2016 and SPSS 26. The protocol has been registered in PROSPERO:
CRD42021242943.
Results: Data from 253 cases of EMH in BTM patients were extracted with a mean age of
35.3 years. Mean haemoglobin at presentation with EMH was 8.2mg/dL. Lower limb weakness
was the most common presenting feature (N¼ 23) (paraspinal EMH). Magnetic resonance imag-
ing (MRI) was the most widely used diagnostic modality (226). Overall, blood transfusion was
the commonest reported treatment (30), followed by radiotherapy (20), surgery (15), hydrox-
yurea (12), steroids (6), and exchange transfusion (2). An outcome was reported in 20% of
patients, all recovered, except one who died as a result of nosocomial infection.
Conclusion: EMH is rare in BTM and can occur in any organ system with varied clinical features.
MRI can effectively diagnose EMH, and conservative management has similar results compared
to invasive treatments. Larger studies, focussing on outcomes may enhance guidelines on pre-
ventive and therapeutic strategies for managing EMH in BTM.

KEY MESSAGES

� Extramedullary haematopoiesis is a rare complication in beta thalassaemia. Although it is
more common in non-transfusion dependent thalassaemia, increasingly reported cases sug-
gest a higher prevalence of EMH in TDT than what is known before.

� There are no clear guidelines on the management of EMH in TDT, with reported patients
showing similar outcomes with conservative invasive treatment modalities.

� More extensive and preferably prospectively designed studies are required focussing on the
management of EMH and its outcomes in patients with TDT to formulate evidence-
based guidelines.
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Introduction

Hemoglobinopathies are the most common mono-
genic diseases worldwide, characterized by autosomal
recessive inherited defects affecting the synthesis of
normal haemoglobin, mainly HbA. Approximately
1–5% of the global population are carriers of a genetic
thalassaemia mutation. b-thalassemias can be subdi-
vided into two main types depending on the clinical
features: Thalassaemia Major (TM) patients, who are
transfusion-dependent thalassaemia (TDT), and
Thalassaemia Intermedia (TI) patients, who are non-
transfusion-dependent thalassaemia (NTDT). TDT refers
to the group of patients who require regular blood
transfusions for survival from early life, including
severe forms of haematological phenotypes of b thal-
assaemia, e.g. homozygous b0 thalassaemia, b0/bþ,
b/db, and others. Regular red blood cell (RBC) transfu-
sions improve anaemia, compensatory bone marrow
expansion, bone changes, and splenomegaly, restore
physiological growth throughout childhood and
ensure survival. The most serious disadvantage of life-
saving transfusions is the inevitable transfusion-related
iron input and organ deposition [1].

The majority of the complications of TDT are
related to iron overload and bone-deforming marrow
expansion with extramedullary haematopoiesis (EMH)
[2–8]. EMH involves the development and advance-
ment of blood cells in locations other than the long
bones, such as the pelvis, spine, and sternum, outside
of the bone marrow cavity. EMH is a compensatory
response to poor bone marrow function, which can
result in the production of ectopic haematopoietic
components outside of the bone marrow and periph-
eral circulation. EMH aspires to resemble natural bone
marrow. It is more prevalent in individuals with thalas-
saemia intermedia who are not transfused, and it is
less common in poorly transfused b-TM patients
whose erythropoiesis is not properly controlled by
transfusions [9]. However, it is also present in other
haematological diseases, such as myelofibrosis, polycy-
thaemia vera, leukaemia, lymphoma, and sickle cell
anaemia. EMH can be seen in upto 20% of NTDT
patients compared to those with TDT, where the inci-
dence is <1% [10]. EMH has been reported in nearly
every organ but is frequently seen in hepatosplenic
areas, potentially producing foetal haemoglobin.

Non-hepatosplenic EMH is seen in various anatom-
ical locations including but not limited to the lungs,
gastrointestinal tract, urinary tract, adrenal glands,
prostate, peritoneum, skin, breast, central nervous sys-
tem, and paravertebral areas. The most common site
involved by EMH in thalassaemia patients is the spinal

column, particularly the thoracic region. The reason
for the increased frequency of EMH around the spinal
column, and more specifically at the thoracic levels, is
unknown. However, early diagnosis of EMH as an epi-
dural or paraspinal lesion is important since chemo-
therapy and radiotherapy are effective therapeutic
options in most patients who suffer few if
any, symptoms.

The diagnosis and treatment of EMH are critical for
avoiding cord compression and lasting neurological
abnormalities, as well as lowering the risk of irrepar-
able neurologic damage in paraspinal regions.
Treatment options are controversial and specific treat-
ment may not be required unless symptoms accom-
pany EMH. Treatment options for thalassaemia
patients with EMH depend on the location and mass
effect symptom, including hyper transfusion, surgical
excision, radiotherapy, hydroxyurea, or various combi-
nations therapy [10,11]. The main aim of this review is
to pool all the available data on the presentations and
management of EMH in the context of TDT, providing
summary statistics.

Patients and methods

Literature search

A systematic literature search was performed for
articles using PubMed, Google Scholar, and Scopus for
any date up to December 2020, for all the articles
describing EMH in the context of TDT, following the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines for systematic
reviews [12]. All of the articles in English were ana-
lyzed by two authors individually. Our predefined
search term comprised of patients with transfusion-
dependent thalassaemia who developed extramedul-
lary haematopoiesis. The following search term was
used: “beta-thalassemia major” OR “transfusion-
dependent thalassemia” OR “TDT” and “Extramedullary
hematopoiesis” OR “non-medullary hematopoiesis”.
The extracted articles were screened by title and
abstract, following an in-depth screening of the rele-
vant studies.

Study selection

Our inclusion criteria included all articles in the
English language describing patients (pediatric and
adult) who had a confirmed diagnosis of beta thalas-
saemia major and developed EMH, confirmed radio-
logically and/or via biopsy. Articles that did not
present new data were excluded from our review. Any
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patient with EMH but non-transfusion dependent were
excluded from the study. Additionally, patients with
TDT but an unconfirmed diagnosis of EMH were also
excluded. Eligible studies (N¼ 72) reported the EMH in
TDT and included case reports, case series, and retro-
spective studies (Figure 1). The quality of the added
cases was analyzed by two reviewers independently
(FA and ES) using the Joanna Briggs Institute case
report appraisal checklist for inclusion in systematic
reviews [13]. In case of disagreements in quality
assessment and article screening, a third reviewer
(MAY) independently analyzed the disputed articles
to conclude.

Data collection

Epidemiological parameters, clinical findings, labora-
tory investigations, sites of EMT, treatments are given,
and outcomes were noted in all the cases where avail-
able. Data were recorded and analyzed in Microsoft
Excel 2016 and SPSS 26 using summary statistics

(means/medians, and numbers with percentages).
Data was collected by Four reviewers independently
(FA, ES, PI, and MA).

Results

A total of 253 cases of EMH were reported in patients
with BTM. Our literature review identified two retro-
spective studies (one with 167 cases and one with 15
cases) and 70 case reports. Table 1 summarizes the
demographic and clinical findings among the
253 patients.

The mean age at presentation with EMH was
35.3 ± 0.5 years. Fifty-seven (57.7%) were males. Most
of the reported cases were from Italy (66%), followed
by Iran (2.8%). Ethnic background was not reported in
26% of patients. The mean haemoglobin (Hb) at pres-
entation was 8.2 ± 2.1mg/dL. The involved sites of
EMH were around the spinal cord (N¼ 222, 87.7%) fol-
lowed by the skull (N¼ 6, 2.4%), inside the spinal
canal (N¼ 5, 1.97%), and intracranial (N¼ 4, 1.6%).
Adrenal glands were involved in six patients (2.4%).
Other rare sites of EMH included thorax (N¼ 3, 1.2%),
mediastinum (N¼ 1, 0.4%), liver (N¼ 2, 0.8%), and
spleen (N¼ 1, 0.4%), and the site of EMH was not
mentioned in three patients (1.2%).

Presenting features were not specified in a majority
(N¼ 184, 72%) of cases (including the two retrospect-
ive studies) [14,15]. In the remaining patients, the
authors reported a spectrum of presentation features.
Thirty-two patients presented with clinical features of
spinal cord compression. We found a small number of
patients with symptoms of compression compared to
the total number of patients with EMH around the
spine. This is mainly because, in the two retrospective
studies, which had 182 patients, the patients did not
have any symptoms of EMH [14,15]. Lower limb weak-
ness was reported in 23 (9.0%) patients. Nineteen
(7.5%) patients presented with local pain at the site of
EMH, whereas 3 (1.18%) presented with urinary incon-
tinence. Ten patients (4%) presented with the finding
of mass, either visible or incidental, on examination or
imaging (Figure 2).

Various diagnostic modalities were used, either
alone or in combination, to identify the EMH.
Magnetic resonance imaging (MRI) was the most com-
monly used diagnostic method (N¼ 226, 89.3%), fol-
lowed by computed tomography (CT) scans (N¼ 25,
9.9%). A histopathological diagnosis was made in only
nine patients (3.6%). Other rare modalities used to
identify EMH included positron emission tomography
(PET) scan (N¼ 4, 1.6%), single-photon emission

Figure 1. Prisma flowchart with details of the article screen-
ing process.
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computerized tomography (SPECT) scan (N¼ 3, 1.2%),
ultrasound (N¼ 3, 1.2%), myelogram (N¼ 1, 0.4%) and
X-ray (N¼ 1, 0.4%).

Not all patients required therapy and/or treatment
was not described in 174 (68.8%) patients. Although
therapy and/or treatment were not required for all
patients, they were reported in 85 (33.5%) patients.
The treatments were given either alone or in combin-
ation. Blood transfusion (BT) to increase the pre-trans-
fusion Hb level was the commonest reported
treatment (N¼ 30, 11.8%), followed by radiation ther-
apy (RT) (N¼ 20, 7.9%), surgery (N¼ 15, 5.9%),
Hydroxyurea (HU) (N¼ 12, 4.7%), steroids (N¼ 6, 2.4%),
and ET (N¼ 2, 0.8%) (Table 1).

An outcome was described in only 52 patients
(20.5%). Among these patients, all recovered without
any mortality, except one patient. The patient who
died was an 11-years old female who had TDT and
developed EMH as a homogeneous opacity of the left
hemithorax. The patient developed hemothorax after
thoracocentesis was performed, and eventually died as
a consequence of nosocomial infection [16]. Table 2
summarizes the treatment lines in these patients with
reported outcomes.

Discussion

Thalassaemia is one of the commonest encountered
hemoglobinopathies, with an annual addition of
40,000 new cases and more than 80 million carriers
[17]. EMH occurs in various bone marrow disorders
and is most seen in thalassaemia. This review illus-
trates an updated comprehensive review about EMH
in TDT in comparison to other non-transfusion-
dependent thalassemias (NTDT). The main idea that
inspired us to conduct the review was our experience
with two such cases in Qatar’s National Centre for
Cancer Care and Research. The first patient was an 18-
year-old male known to have TDT and regularly fol-
lowed with BT every three weeks. The patient did not
have any symptoms of anaemia, and the haemoglobin
was above 8mg/dL at presentation. However, he pre-
sented with lower back pain and a spastic gait. EMH
was diagnosed on MRI (Figure 3). As there are no
guidelines on the management of EMH, invasive non-
invasive methods were contemplated, and the patient
eventually underwent RT with a good outcome [18].
The second case was 31 years old female with TDT
who presented with low back pain. Her Hb at presen-
tation was 9.8mg/dl. EMH was diagnosed as extra-
dural masses on MRI (Figure 4). However, a
confirmation was made via biopsy, which revealed
erythroid, megakaryocytes, and myeloid precursors
(Figure 5) [19]. The patient eventually underwent sur-
gery with a resolution of her presenting features. Up
to date, there are no clear guidelines for the best
method/s of diagnosis or management (medical, radio-
logical surgical, and invasive or non-invasive). These
symptomatic patients with EMH require scientific
attention for appropriate and timed management of
complication/s associated with EMH.

Extraosseous and paraosseous EMH are the two
forms of EMH [20]. Extraosseous haematopoiesis
occurs in organs containing multipotent stem cells,
such as the spleen and liver, and produces haemato-
poietic foci that are not associated with bone marrow.

Table 1. Demographic characteristics of BTM patients
with EMH.
Characteristics Results (N¼ 253)

Gender
Males 144 (56.9%)
Females 103 (40.7%)
Not reported 6 (2.3%)

Mean age at presentation of EMH (years) 35.3 ± 0.5
Ethnicity (N, %)
Not reported 64 (25.6%)
Italian 167 (66%)
Iranian 7 (2.8%)
Greek, Chinese, African 2 (0.8%)
Pakistani, Palestinian, Emirati, Iraqi, Qatari,

Liberian, Australian, Mediterranean, Cambodian
2 (0.8%)
2 (0.8%)
1 (0.4%)

Mean haemoglobin (mg/dL) 8.2 ± 2.1
Site of EMH (N, %)
Not reported 3 (1.2%)
Around the Spinal cord 222 (87.7%)
Skull 6 (2.4%)
Spinal cord 5 (1.9%)
Intracranial 4 (1.6%)
Thorax 3 (1.2%)
Spleen 1 (0.4%)
Liver 2 (0.8%)
Mediastinum 1 (0.4%)
Adrenal gland 6 (2.4%)

Diagnostic tests (N, %)
Not reported 4 (1.6%)
MRI 226 (89.3%)
CT Scan 25 (9.9%)
Biopsy 9 (3.6%)
PET scan 4 (1.6%)
SPECT 3 (1.2%)
Ultrasound 3 (1.2%)
Myelogram 1 (0.4%)
X-ray 1(0.1%)

Treatment (N, %)
Not available 174 (68.8%)
Blood transfusions to increase pre-transfusion Hb 30 (11.8%)
Exchange transfusion 2 (0.8%)
Hydroxyurea 12 (4.7%)
Steroids 6 (2.4%)
Radiotherapy 20 (7.9%)
Surgery 15 (5.9%)

Outcome
Not reported 201 (79.4%)
Recovered 52 (20.5%)
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This is evident in diseases like myelofibrosis and thal-
assaemia, which hinder the marrow from producing
enough RBCs. Splenomegaly or hepatomegaly, which
can present as early satiety, bloating, pressure, or
stomach discomfort, is common in patients. Para osse-
ous EMH, in contrast to extraosseous EMH, arises sur-
rounding the bone as a result of hyperactive marrow
herniation [20]. It is more evidently seen in Sickle cell
anaemia and thalassaemia as the erythroid marrow
turnover is faster. Clinically, para osseous EMH may go
unnoticed until enough cells form a tumor-like mass
that causes symptoms [21].

The main pathophysiology of EMH lies in the mech-
anism of regulatory feedback in the erythropoietic
cells. Although patients with TDT are regularly trans-
fused, there remains subclinical anaemia as Hb levels
are not targeted to be in the normal range. The
chronic anaemic state creates hypoxic signals,

resulting in increased erythropoietin production (EPO).
This rise in the level of EPO activates the EPO receptor
Janus kinase-2 pathway (EPOR-JAK2). The primary end
result of this pathway is intended to be an increased
level of erythrocyte production from the erythrocyte
precursors. However, in cases where there is ineffect-
ive erythropoiesis, EMH occurs as a compensatory
response to the increased signalling (Figure 6) [22]. In
addition to the well-known and apparent complica-
tions of EMH due to the mass-effect and anatomic
sites involved, recent data links EMH to a proathero-
genic state. The haematopoietic stem and progenitor
cells (which are the precursors of erythroid cells lead-
ing to EMH) also produce monocytes and other circu-
lating inflammatory cells, which result in the
augmentation of atherosclerosis. The process of EMH
also alters the metabolism of lipids and cholesterol-
efflux pathways, ultimately resulting in atherogenesis
[23]. Given the well-known disease burden secondary
to atherosclerosis and its complications, it is vital to
further understand this link between EMH and athero-
genesis further.

EMH usually regresses or disappears after treatment
with different modalities, i.e. blood transfusions, ste-
roids, and hydroxyurea. However, RT or surgical inter-
vention can be required in some clinical symptoms
requiring immediate intervention. In this review, we
found that the highest number of EMH in TDT is
reported from Italy. The MIOT network (an Italian
cooperative group of nine MRI sites and 70 thalassae-
mia centers) conducted one study in 2015 [14]. EMH
was detected in 167 patients with BTM. The mean age

Figure 2. Frequency of reported presenting features of EMH in BTM patients.

Table 2. Treatment lines among the patients with a
reported outcome.
Treatment Count (N¼ 52)

In various combination
Blood transfusion 27 (51.9%)
Exchange transfusion 1 (1.9%)
Hydroxyurea 11 (21.1%)
Steroids 6 (11.5%)
Radiotherapy 19 (36.5%)
Surgery 12 (23%)
Exclusive treatment
Blood transfusion 6 (%)
Hydroxyurea 1 (%)
Steroids 1 (%)
Radiotherapy 5 (%)
Surgery 12 (%)
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was 38.93 ± 6.10. This is comparable to the mean age
reported in our review (35.3 years). In our review, 144
patients (56.9%) were males. Similarly, Ricchi et al.

reported EMH in 91 males (54.4%) of their patients
with no statistical difference between males and
females [14]. The differences in mean ages and gender

Figure 3. MRI spine: intraspinal epidural extramedullary masses T2 (lowered border) to T9 (arrows in A and B). Anterior displace-
ment and compression of the cord in the thoracic spine is secondary to the compression by the EMH (arrow in C at T7 level)
reaching upto the left neural foramen (arrow in D at T10 level). Note. Image taken from Clinical Case reports from a previously
published article [18]. The licence of the article (CC-BY) permits unrestricted reuse of the published work.

Figure 4. MRI spine: (A) Sagittal T2 WI showing a diffuse low-signal intensity of the bone marrow of a well-defined isointense
mass (5.3� 3 cm) in the presacral region (blue arrow). A second mass (2� 1 cm) in anterior extradural space posterior to S1 level
(Blue arrow). (B) Mass enhancement seen in the axial postcontrast fat-saturated image at the presacral area (Blue arrow). (C) Axial
postcontrast fat-saturated image at S1 level showing anterior extradural mass with slightly high signal intensity (blue arrow) at
the midline, with displacement of the S1 nerve roots laterally. Note. Image taken from Clinical Case reports from a previously pub-
lished article [42]. The licence of the article (CC-BY) permits unrestricted reuse of the published work.
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distributions can be attributed to the different study
designs and patient populations. However, it can be
concluded that EMH in BTM presents mainly
in adulthood.

These findings suggest that the demographics of
EMH in TDT are distinct compared to those with
NTDT. In BT intermedia, studies have reported a male
to female ratio of up to 5:1 [24]. The mean age of
presentation with EMH in NTDT was lower than TDT.
Yumei Huang et al. reported a mean age of 27.5 years
[25]. EMH is related to chronic and prolonged anaemia
that leads to ineffective erythropoiesis. In TDT,
patients’ repeated-timed transfusion therapy reduces
erythroid marrow stimulation and expansion, prevent-
ing and/or delaying the occurrence of EMH in BTM
compared to NTDT.

A previous study found a mean pre-transfusion Hb
of 9.63 ± 0.91 g/dL at the presentation in TDT patients
presenting EMH compared to the pre-transfusion Hb

of 8.2 ± 2.1 g/dL in our review [14]. In our review, the
mean pre-transfusion Hb was lower than the minimum
pre-transfusion recommended Hb of 9 g/dL. The mean
Hb levels among TDT patients on transfusion were
similar to those with NTDT and EMH [25]. Similarly,
data from NTDT with EMH confirmed that the thoracic
and dorsal regions were the most frequent localiza-
tions (98.8%). Our review found that the spinal and
paraspinal involvement occurred in 89.7% of patients
with TDT and EMH. However, our review revealed
other rare sites of EMH in TDT. These include the skull,
adrenal glands, liver, lungs, and parotid glands
[26–31]. It is important for the physicians to be aware
of these rare involvements to make a correct diagnosis
timely. Furthermore, the modality of diagnosis and the
management strategies may depend on the
site involved.

Our review showed that EMH in TDT patients could
be diagnosed incidentally without symptomatology. In

Figure 5. (A) Haematoxylin and eosin-stained slide showing lymphoid tissue comprising tiny lymphocytes with scattered megakar-
yocytes (arrows), and clusters of myeloid and erythroid cells (circled). (B) Immunohistochemical stain “CD61” highlighting the cyto-
plasm of megakaryocyte in brown chromogen. (C) Immunohistochemical stain “MPO”, highlighting the myeloid precursors. (D)
Immunohistochemical stain “Hemoglobin A”, highlighting the erythroid precursors. Note. Image taken from Clinical Case reports
from a previously published article [42]. The licence of the article (CC-BY) permits unrestricted reuse of the published work.
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one study, 15 patients were diagnosed with EMH inci-
dentally while having scans for other reasons [15]. On
the other hand, symptomatic patients presented with
variable complaints. Presentation of these patients
relied mainly on the anatomic site involved [25]. The
commonest presentation reported was lower limb
weakness. Other presentations included headaches,
hearing impairment, vision loss, nocturia, tooth decay,
and chest pain [27,32–36]. These presentations
appeared quite atypical when considering EMH; hence
there is a high chance of missing the diagnosis.
Therefore, physicians shall be aware of these atypical
presentations in thalassemic patients.

The optimum pre-transfusion Hb levels for TDT rec-
ommended by Thalassaemia International Federation
are at least 9 g/dL in non-cardiac patients, whereas a
higher minimum level (11 g/dL) in patients with car-
diac complications. A lower pre-transfusion Hb than
recommended can lead to complications of TDT
related to under transfusion (mainly EMH), whereas
maintaining a higher than recommended Hb can lead
to transfusion-related complications, such as iron over-
load, osteoporosis, and pulmonary hypertension [37].
Studies have shown that despite clear guidelines, only
a small number of TDT patients maintain the recom-
mended pre-transfusion Hb levels. This percentage
was as low as 38% in one study [38]. This might be
due to more established over transfusion complica-
tions compared to less explored under transfusion
complications, including EMH. Blood markers (such as

nucleated red blood cells or soluble transferrin recep-
tors) should be recorded before transfusions in TDT
patients to assess their pre-transfusion states. Index of
Ineffective Erythropoiesis (plasma concentration of sol-
uble transferrin receptor divided by the absolute
reticulocyte count) is a new and probably more accur-
ate marker of the pre-transfusion state in such
patients which is proposed and not yet validated [39].
Although in the added studies in this review, the
authors did not present the parameters which could
be used to assess the optimal pre-transfusion states, a
mean Hb level of 8.2 ± 2.1 g/dL suggests that the
majority of patients were not in an optimum pre-
transfusion state which was required to avoid compli-
cations, such as EMH. More studies on EMH in TDT
can help identify its true prevalence and outcomes so
that the treating physicians can be more cautious in
maintaining an optimum (rather than under-trans-
fused) state in their TDT patients.

To our knowledge, there is no evidence-based regi-
men that recommends the best treatment approach
to patients with EMH in TDT. Potential management
options included hydroxyurea, blood transfusion, ster-
oid, radiotherapy, surgical decompression, or a com-
bination of these modalities. In most of the added
cases, the reasons to choose one therapy over the
other were not clearly mentioned. However, generally
conservative management (blood transfusion to over-
come the under-transfused state which caused the
EMH) has opted in patients with minor or no symp-
toms. In contrast, more aggressive and curative
approaches (steroids, cytoreductive therapies, radio-
therapy, surgery) were used in cases with severe or
debilitating symptoms or critical sites of EMH, such as
paraspinal with neurological compromise. If the
patients are in an under-transfused state (especially
without any manifestations of iron overload), long-
term management should focus on optimizing pre-
transfusion Hb levels to >9 g/dL [40]. The rest of the
management should be individualized based on the
EMH location and presentation. As the haematopoietic
tissue is susceptible to radiation, low-dose radiation is
a potentially curative treatment option for EMH [41].
Patients who cannot receive blood transfusions or
where radiotherapy seems ineffective may benefit
from cytoreductive therapy, such as HU. Usually, surgi-
cal removal of EMH mass is the last resort generally or
maybe the first line only in patients presenting with
alarm signs, such as spinal cord compression with
neurological manifestations.

One study recommended HU as the first line of
management for EMH in BT patients [28]. All of the

Figure 6. The pathophysiology of EMH in BTM. Concept
reused with permission from Yang et al. [22].
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treatments mentioned above have been tried, either
alone or in combination with each other. Choosing
the management lines mainly relies on the site of
involvement, the severity of symptoms, and physician
and centre expertise. We could not find any study
comparing different therapeutic approaches and their
outcomes in BTM patients who developed EMH. Our
review found similar results (wherever outcomes were
reported) with conservative and invasive methods.
Therefore, it is imperative to study the effects of the
treatment options (non-invasive invasive) prospectively
so physicians may have clear guidelines based on the
best treatment options. If the invasive methods, such
as RT or surgical removal show no better results com-
pared to non-invasive methods (blood transfusion and
HU), patients can avoid surgery and RT complications.
However, this question can only be answered with
more clear therapeutic data from well-designed pro-
spective studies. Our data showed that surgery was
commonly used as an exclusive treatment in 12 of the
EMH cases; however, a good outcome was reported
following both surgical approach and other conserva-
tive tactics.

The main strength of our review lies in the fact that
it is its extensive revision of data on TDT patients who
had EMH. This review shows that although EMH is not
as common in TDT compared to NTDT, it can repre-
sent a significant medical problem that requires atten-
tion and proper management. However, there are
limitations of our study as well. We could not perform
statistical analysis on outcomes based on various treat-
ment modalities used mainly because of a lack of out-
comes in the studies. Unfortunately, outcomes were
not reported in the two retrospective studies and
some case reports. In addition, a lot of data (N¼ 70)
was derived from case reports and series, which may
affect the external validity of the review.

Conclusion

Although rare, EMH may occur in patients with TDT
and lead to significant clinical problems. The age of
presentation appears to be higher than seen in NTDT.
The most common site of EMH in TDT patients is
around the spine. However, EMH can affect various
organ systems. Both conservative and invasive treat-
ment lines are being used to manage EMH in TDT
patients, with no fair comparison of their outcome. As
EMH is increasingly observed in TDT patients, it is
imperative to study this phenomenon extensively,
focussing on management and outcomes to find out
guidelines for their management. Treating physicians

should aim to attain the recommended pre-transfusion
levels of Hb to at least 9 g/dL to avoid EMH. Treating
physicians should also actively look for EMH in TDT
patients, especially those unable to achieve the min-
imum recommended pre-transfusion Hb levels, to
catch and manage EMH early and effectively with an
individualized treatment plan.
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