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Extramedullary hematopoiesis: findings on computed
tomography scans of the chest in 6 patients*
Hematopoese extramedular: achados em tomografia
computadorizada do tórax de 6 pacientes
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Abstract
Objective: To present findings on computed tomography scans of the chest indicative of extramedullary hematopoiesis in six patients.
Methods: We retrospectively analyzed computed tomography scans of six adult patients—five males and one female—with a mean age of
36.5 years. Two radiologists independently reviewed the scans, and a consensus was reached in discrepant cases. Results: The most common
finding in the scans was lower paravertebral masses with heterogeneous content (four patients). The scans of two patients showed a solitary
parietal and pleural mass. Conclusions: There are findings in computed tomography scans that are highly suggestive of extramedullary
hematopoiesis, especially when those findings correlate with underlying blood diseases. Such findings, in most of the cases, allow physicians
to dispense with histopathological confirmation.
Keywords: Tomography, X-ray computed; Hematopoiesis, extramedullary; Mediastinum/physiopathology; Anemia, sickle cell.

Resumo
Objetivo: Apresentar os achados na tomografia computadorizada do tórax indicativos de hematopoese extramedular de seis pacientes.
Métodos: Foram estudadas, retrospectivamente, as tomografias de seis pacientes adultos—cinco homens e uma mulher—com idade média
de 36,5 anos. Os exames foram analisados por dois radiologistas, de forma independente, e as decisões finais foram obtidas por consenso.
Resultados: O achado mais freqüente nas tomografias foi o de massas paravertebrais inferiores, de conteúdo heterogêneo (quatro pacientes).
As tomografias de dois pacientes mostravam uma massa solitária parietal e pleural. Conclusões: A hematopoese extramedular apresenta
aspectos na tomografia computadorizada fortemente sugestivos do diagnóstico que, quando correlacionados com a presença de doença
hematológica de base, permitem, na maior parte dos casos, dispensar a comprovação histopatológica.
Descritores: Tomografia computadorizada por raios X; Hematopoese extramedular, Mediastino/fisiopatologia, Anemia falciforme.

Introduction
Extramedullary hematopoiesis (EMH) is considered a
physiological compensatory mechanism, with formation of
normal blood cells outside the bone marrow, occurring when
the bone marrow is unable to meet the physical demand.(1-6)
Frequently, EMH is associated with congenital hemoglobinopathies or with acquired bone marrow replacement
disorders.(1,2) Although any organ can be involved, the liver
and the spleen are the sites most commonly affected.(2,5-8)


Thoracic involvement is less common. When present, it
typically manifests as bilateral lobulated masses occurring
adjacent to the lower portion of the spinal column and
presenting dense soft parts.(1,2,4,5)
The diagnosis of intrathoracic EMH can be made through
conventional radiology, computed tomography (CT) scans,
or magnetic resonance imaging (MRI), when characteristic
radiological findings are present together with a history
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of chronic anemia.(9) The differential diagnosis is
made based on the presence of posterior mediastinal masses. Due to the high vascularization of this
tissue, needle biopsy should be avoided. Therefore,
those imaging techniques become more important
for diagnosis. The objective of this study was to
present tomography findings in six patients with
intrathoracic EMH.

Methods
In this study, we retrospectively analyzed CT
scans of six patients diagnosed with intrathoracic
EMH at five different institutions, located in four
Brazilian states (Rio de Janeiro, São Paulo, Rio
Grande do Sul, and Paraná). Of the six patients, five
were male, and one was female. Ages ranged from
19 to 59 years, with a mean of 36.5 years.
The principal underlying diseases were sickle cell
anemia (three patients), thalassemia (two patients),
and spherocytosis (one patient). Five of the patients
were asymptomatic from a respiratory standpoint,
and one presented cough and chest pain.
The diagnosis was based on the association of
the clinical and biochemical profiles (diagnosis of
the underlying disease), together with the patterns
observed on X-rays and CT scans. However, three
patients presenting less typical tomography profiles
underwent mass biopsy, which allowed histopathological confirmation.
The CT scans were performed in various tomography scanners, axial slices ranging from 5 to
10 mm in thickness, in 10-mm increments, during a
deep inspiration, from the apices to the lung bases.
Tests were performed using a parenchymal window,
with a width of 1,000-1,500 Hounsfield Units (HU)
and a center between −500 and −750 HU. Tests
were also performed using a mediastinal window,
with a width of 300-400 HU and a center between
40 and 60 HU.
Two independent observers reviewed the
scans, and differences of opinion were resolved by
consensus. The study included the evaluation of
the masses in terms of location, distribution, and
density, as well as in terms of other associated
alterations.

Results
Of the six patients evaluated, four presented
lower paravertebral masses. In three cases, the masses

813

were bilateral and relatively symmetric, and, in one,
the mass was unilateral (on the right). Regarding
the content of the masses, the presence of adipose
tissue was confirmed in three patients, and, in one
of them, the quantity of adipose material was quite
significant. In one patient, the masses were homogeneous, with dense soft parts (Figures 1a, 1b, 2a
and 2b).
The remaining two patients each presented
a parietal pleural mass, both on the left, with no
evidence of paravertebral involvement. In one of
a

b

Figure 1 - a) Forty-year-old male patient with sickle cell
anemia. Anteroposterior chest X-ray showing lobulated
opacities, with partially well-defined borders, located
in the retrocardiac region; and b) Forty-year-old male
patient with sickle cell anemia. Computed tomography
scan (mediastinal window) revealing bilateral masses in
the paravertebral regions.
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them, the mass was homogeneous (Figures 3a and
3b), and, in the other, there was associated bone
reaction.
As associated findings, two patients presented
calcifications in the spleen (Figure 4). Both of them
had sickle cell anemia. Two of the six patients had
undergone splenectomy, and two presented normal
a

b

1

2

3

Figure 2 - a) Fifty-nine-year-old male patient with
spherocytosis. Anteroposterior chest X-ray revealing
large, lobulated, retrocardiac masses; and b) Fifty-nineyear-old male patient with spherocytosis. Tomography
scan (mediastinal window) revealing the heterogeneity
of the masses, which present areas with dense soft parts
alternating with areas of fat (negative densities).
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spleen imaging findings. Bone alterations related
to the underlying disease were identified in three
patients.

Discussion
Various hemoglobinopathies, such as thalassemia,
sickle cell anemia, and spherocytosis, as well as
myeloproliferative disorders, such as leukemia,
lymphoma, myelodysplasia, and myelofibrosis,
have been associated with EMH.(1,2,8,10,11) Typically
found in the liver, spleen, and lymph nodes, EMH is
formed by diffuse microscopic areas of hematopoietic tissue.(2,5,6) Other sites less commonly affected
are the kidneys, pleura, skin, ovaries, intestine,
sclera, central nervous system, epidural space, and
adrenal glands.(2,11,12) In our sample, three patients
had sickle cell anemia, two had thalassemia, and
one had spherocytosis.
The pathogenesis of intrathoracic EMH includes
the extrusion of bone marrow stem cells, through
the thin cortex of vertebral bodies and ribs, to the
subperiosteal region, promoted by the negative pressure. Those cells proliferate not only in the extruded
tissue but also in other distant areas, probably due
to the proliferation of hematopoietic tissue embolized from other areas, such as the spleen.(4,11)
Thoracic involvement in EMH is rare.(1,5) When
it occurs, it usually manifests as round, lobulated
masses, with dense soft parts in the posterior
mediastinum, being more common in the lower
paravertebral regions.(1,2,4,5,9) Occasionally, those
masses can appear in the anterior mediastinum or in
the pleura.(4) Pleural effusion has been reported.(2,13)
Four of our patients presented lower paravertebral
masses, and two presented parietal pleural masses.
The presence of masses usually causes no symptoms. Symptoms can appear in cases of marrow
compression due to occupation of the epidural
space, in the presence of spontaneous hemothorax,
or secondary to interstitial involvement, at which
point the patient can develop fatal acute respiratory
failure.(3,4,10,13,14) Five of our patients were asymptomatic, and one presented cough with chest pain.
Radiographically, intrathoracic EMH usually
presents as multiple paravertebral masses, with
dense soft parts, usually bilateral, lobulated, with
well-defined borders, and without accompanying
calcifications or bone erosion.(1,4,5,9) This is important for the differential diagnosis of paravertebral
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Figure 4 - Thirty-four-year-old male patient with
thalassemia. Mediastinal window slice showing a small
paravertebral mass on the right. Note also the alterations
in bone structure secondary to the underlying disease.

Figure 3 - a) Thirty-one-year-old male patient with sickle
cell anemia presenting a homogeneous parietal/pleural
mass on the left; and b) Thirty-one-year-old male patient
with sickle cell anemia. Upper abdominal window slice
showing splenic calcification (autosplenectomy).

neurofibromas, which usually have accompanying
bone alterations.(4,10) However, evidence of bone
lesions related to the underlying disease is a
common finding. On chest X-rays, such masses
usually present an aspect of lobulated, double-contour cardiac silhouette in frontal view, as well as an
aspect of a lobulated mass projected over the lower
vertebral bodies in profile.(13)
On CT scans, masses with dense soft parts,
usually homogeneous, with characteristics similar to
those described using conventional radiology,(1,2,5,6)
and which might or might not be highlighted after
administration of contrast material,(4,10) can be seen.
This imaging method is important for analyzing the
internal structure of the lesions, especially of those

that are rich in fat,(5) in order to identify other paracostal masses, and for detecting bone alterations
associated with certain hematologic diseases, such
as thalassemia and sickle cell anemia.(6) In cases
related to thalassemia, sickle cell anemia, or myeloid
metaplasia, there can be widening of the medullary
cavities of the ribs.(5) All of those aspects were identified in our cases. It is of note that two patients
presented calcifications in the spleen, resulting from
multiple infarcts, with autosplenectomy. Both of
those patients had sickle cell anemia. This finding
can also facilitate the differential diagnosis.
Active, recent lesions are richly vascularized,
whereas old, inactive lesions have more adipose
tissue and iron deposition. Between the two
extremes, there are various combinations of findings, reflecting the different stages of evolution of
the hematopoietic focus. Those histological differences are not represented on CT scans or MRIs.
Recent, active lesions present dense soft parts on
CT scans and intermediate signal intensity on MRIs
(T1- and T2-weighted images). After administration
of contrast material, there is usually some degree
of impregnation in the active lesions. Old, inactive
lesions can show increased density on CT scans, due
to iron impregnation, or negative densities, due to
adipose infiltration. On MRIs (T1- and T2-weighted
images), old, inactive lesions can show high signal
J Bras Pneumol. 2008;34(10):812-816
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intensity, due to adipose infiltration, or low signal
intensity, due to iron deposition.(4,8,12)
In one study,(6) the changes in the density of
the paravertebral masses in a patient submitted
to 5-year follow-up evaluation were monitored by
CT scans. Initially, the masses presented dense soft
parts, later (after splenectomy) undergoing adipose
changes. This transformation was attributed to the
resolution of the hemolytic disease and to the disappearance of the stimulus that favors the formation
of hematopoietic tissue.
Another interesting aspect described was the
diffuse involvement of the lung parenchyma (translated as ground-glass infiltrate on CT scans) and
occlusion of small pulmonary vessels. The autopsy
of this patient revealed immature hematopoietic
elements infiltrating the lung interstitium (a finding
consistent with EMH involving the alveolar walls), as
well as aggregates of hematopoietic cells and platelet
thrombi occluding small pulmonary vessels, probably
originating from other viscera, such as the spleen.(2)
The diagnosis of intrathoracic EMH can be
safely made using a noninvasive technique when
radiological findings are present together with
chronic anemia.(5) Needle biopsy should be avoided,
since hypervascularization can cause hemorrhagic
complications.(4,14) Histopathology usually reveals
well-formed hematopoietic tissue, with normal
maturation of the three cell lines.(14)
The differential diagnosis should be made based
on posterior mediastinal masses, including neurogenic tumors, lymphoma, paravertebral abscess,
extrapleural cysts, lateral meningocele, and mediastinal lymph node hyperplasia, as well as primary and
metastatic malignant neoplasms.(5,9)
The treatment is that of the underlying
disease.(5) Except in cases of medullary compression,
the hematopoietic tissue should not be removed,
since it plays a compensatory role in maintaining
erythrocyte formation at a level that can meet the
physical demand.(4) When the tissue is more extensive, radiotherapy can be indicated.(10,13) Medullary
compression needs to be treated promptly. Pleural
effusion or hemothorax that persist after drainage
usually respond well to thoracic radiotherapy.(13)
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In conclusion, the finding of well-defined, bilateral paravertebral masses in patients with previously
diagnosed blood disease should alert physicians to
the diagnostic possibility of EMH.
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