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Abstract Bulky extramedullary hematopoiesis, usually
detected in the thorax by imaging techniques, is a well-
known complication in many types of congenital anemias.
Here, we describe 12 cases of congenital dyserythropoietic
anemia with extramedullary hematopoiesis which was
always located in the paravertebral space of the thoracic
spine and in other paraspinal regions in a few cases. All
bulks were originally detected in chest radiographs and
confirmed by imaging techniques such as computed
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tomography and/or magnetic resonance imaging. In some
cases, thoracotomy was performed for suspected malignancy.
Although the true prevalence is not known, paravertebral
masses in patients with CDA of any type are not uncommon
and should be the first differential diagnosis considered when
masses adjacent to the spine are detected in this disorder.

Keywords Congenital dyserythropoietic anemia -
Extramedullary hematopoiesis - Imaging techniques

Introduction

Bulky extramedullary hematopoiesis, usually detected in
the thorax by imaging techniques, is a well-known
complication in many types of congenital anemias. It has
been reported in up to 15% of patients with thalassemia
intermedia [1] and also in hereditary hemolytic anemias,
such as sickle-cell-disease [2], hereditary spherocytosis [3,
4] or pyruvate kinase deficiency[5]. In the majority of cases
it is detected accidentally on routine X-ray of the thorax [6].
Usually it is asymptomatic, but may present a problem of
differential diagnosis and result in extensive diagnostic
procedures, which may prompt thoracotomy if a neoplastic
lesion is suspected.

Here, we report six cases of bulky extramedullary erythro-
poiesis in a cohort of patients with congenital dyserythro-
poietic anemias (CDAs) observed since 1971 and review six
further cases published as case reports in the literature.

Materials and methods

All cases were extracted from the data bank of the German
registry on CDAs. The registry collates all cases of CDA
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Table 1 CDA_UPN: code of the German Registry on CDAs

CDA_UPN  Type Sex Country Age Method site Symptoms  Sx Hemoglobin g/dl
026/01 I F DE 32 X-ray Thorax right, paravertebral No No 9.3
398/01 I F CH 56 X-ray, CT Thorax bi, paravertebral Yes No 11.6
065/01 I F DE 48 X-ray, CT, SPECT  Thorax bi paravertebral, Yes No 7.6
pleura bi presacral

116/01 [13] 1T F IL 55 X-ray Thorax bi paravertebral No No 10.7
116/02 [13] 1I F IL 51 X-ray, CT Thorax bi, paravertebral No No 13
182/01 [15] 1T F CzZ 41 X ray, MRI, CT Thorax bi, LS paravertebral ~ No No 8.0
245/01 [16] 1T M BR 13 X-ray, CT Paravertebral No No 9.1
252/01 I M DE 42 CT Thorax bi paravertebral No No 10
405/01 I F DE 56 X-ray Thorax ?paravertebral No Yes 9.9
322/01 [17] 1L M GB 63 CT Thorax left, paravertebral No Yes 11.5
023/01 [18] 1T F NL 33 X-ray, CT, SPECT  Thorax bi, paravertebral Yes No 7.6
203/01 var M DE 39 X-ray, CT Thorax bi, paravertebral Yes Yes 7.4

Age age (years) when extramedullary bulk was first detected, Country country of residence at time of diagnosis, Bi, bilateral, Sx splenectomy

seen in the departments of pediatric and adult hematology
of the university of Ulm, as well as cases treated by other
institutions known to the registry by correspondence and
subsequent regular follow-up (“Own cases”). Collection
and analysis of data was approved by the ethical committee
of the University of Ulm, Germany. For data privacy
protection, all cases were coded using a unique patient’s
number (CDA-UPN), thereby preventing recurrence of
individual data. Also, patients reported in the literature also
received a CDA_UPN. Due to the interest on this very rare
disorder, many cases were published more than once;
utmost care was taken to exclude double notifications.
Diagnosis including classification of the type of CDA
followed the definition criteria published before [7] and by
detection of mutations in the CDANI gene [8] in cases 026/
01 and 398/01.

In four of our six patients, computed tomography (CT)
and magnetic resonance imaging (MRI) were available as
print outs or digital data. The CT scans were performed
after contrast medium application (portalvenous phase, slice
thickness of 5 mm). In case 252/01, only a chest CT was
performed, in patient 065/01, the CT scan included the
chest as well as the upper abdomen.

In patient no. 203/01, MRI of the cervical spine, the
thorax, and the whole abdomen was acquired with the
following axial sequences: native T1-weighted (FLASH 2
D) and T2-weighted sequences (HASTE) as well as
contrast-enhanced T1-weighted sequences (VIBE) with fat
saturation.

In patient no. 065/01, MRI of the thorax was performed
with the following sequences: T2-weighted turbo spin echo
(TSE) sequence (native) and TI-weighted spin echo
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sequence native and after contrast medium application in
transversal and coronal slices.

Results

Pertinent data of 12 cases from 11 families are shown in
Table 1. Eight and two out of 12 cases are of the less
uncommon types II and I, respectively. In case 203/01 with
additional thrombocytopenia, a GATA1 mutation was
detected. In all cases masses were originally detected by
chest X-ray and confirmed by computed tomography or
magnetic resonance imaging. In case 252/01, a contrast-
enhanced CT was performed for confirmation of pulmonary
embolism after splenectomy at the age of 42 years (Fig. 1);
however, when previous radiographs films where retro-

Fig. 1 CT-scan of a 42-year-old female with CDA II (UPN 252/01)
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spectively analyzed, the mass was already seen at the age of
35 years. Age at which the thoracic mass was first detected
varied between 11 and 52 years.

In three cases, the lesions caused symptoms. In case 065/
01, the large bulks (Fig. 2) probably contributed to the
respiratory problems in addition to anemia and heart failure.
The masses were removed by thoracotomy at the age of
48 years but had regrown, and at the age of 63 years they
reached the same size as before. Bilateral pleural effusions
with respiratory distress were reported in case 023/01; the
patient’s condition improved after thoracocentesis and
additional treatment with low-dose hydroxyurea and trans-
fusions. In patient 398/01, the left-sided lesions caused
neuropathic pain, which disappeared after local irradiation.
In three cases, the detection of intrathoracic masses
prompted thoracotomy before CT became available.

Histology and/or fine needle aspiration cytology was
obtained in three cases The material showed mixed
hematopoiesis, with preponderance of erythroblasts show-

Fig. 2 X-ray of a 63-year-old female with CDA II (UPN 065/01)

ing abnormalities on morphology as seen in the bone
marrow. In case 026/01, a touch imprint made from the
tumor bulk showed identical alterations as seen in the bone
marrow (Fig. 3).

On computed tomography and magnetic resonance
imaging, the paravertebral masses were located paraspinal
and bilateral. On CT, the masses were isointense to the
muscle tissue, relatively homogeneous and show no
significant contrast enhancement. On MRI, the masses
showed a homogenous contrast enhancement. No direct
connection to the bone marrow of the vertebrae body could
be found. The bone marrow in the tumor’s area showed no
alteration in the contrast enhancement compared to the
bone marrow in other spine regions. On T2-weighted
images, the larger masses showed a hyperintense signal in
the central area of the mass (Fig. 4) as a sign of edema.

Discussion

Extramedullary hematopoiesis beyond liver and spleen has
been observed in both neoplastic and benign blood
disorders. Within the latter, masses of extramedullary
hematopoiesis may present in a variety of hereditary
anemias with expansion of the erythroid bone marrow,
such as thalassemia, sickle cell disease, and hemolytic
anemias, particularly in hereditary spherocytosis (HS) [6,
9]. No figures on the prevalence within the different types
of hemolytic anemia are available; the fact that most case
reports describe bulky extramedullary hematopoiesis in HS
may be just due to the higher prevalence of HS as
compared with other types of hereditary hemolytic anemias.

Fig. 3 Imprint of the bulk removed by thoracotomy 32-year-old
female with CDA I (UPN 026/01). May-Griinwald panoptic stain.
large polyploid erythroblast e— erythroblasts with abnormal
chromatin structure @—p
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Fig. 4 MRI sequences of the
thorax from patient no. 065/01.
Left Smooth delined paraspinal
masses with hyperintense signal
in T2 w sequence (axial slice)
into the right paraspinal mass
which corresponds to an edema.
Right Contrast-enhanced T1

w sequence (coronar) with
homogenous contrast enhance-
ment of the masses

Altogether the occurrence in 12 cases with CDAs is
known (Table 1). In a 32-year-old female with CDA I (026/
01), a right-sided large paravertebral tumor was removed by
thoracotomy. The same was true in a female with CDA 11
(065/01). Here, a thoracic mass was removed at the age of
48 years. Eighteen years later the bulk had regrown, as
shown in Fig. 2. Considering the rareness of the CDAs,
with an estimated prevalence of one in 0.5 to one million
families (publication pendent), the number of observations
of bulky extramedullary disease seems to be rather high.
Again, we cannot provide sound data on the prevalence.
Data to be obtained in cases of the German registry does
not include routine CT scans of the thorax. As shown in
case 252/01, chest X-ray alone may fail to detect para-
vertebral bulks and such masses may have remained
undetected in other cases.

In CDAs, bulky extramedullary hematopoesis is usually
confined to the paravertebral space of the thoracic spine,
extending to the pleural space and compressing the lung in
single cases. In one case, foci extended to the upper lumbar
spine and in another case a presacral mass was detected.
This observation favors the hypothesis that this pattern is
rather due to the extrusion of the hyperplastic hemopoietic
(erythroid) marrow rather than deposition of circulating
hemopoietic stem cells, as assumed to occur in non-bulky
hemopoietic foci observed in liver and spleen. However,
the alternative hypothesis that the bulks observed develop
from heterotopic hemopoietic cells is not excluded and is
supported by autopsy findings failing any continuity
between the ribs and the paravertebral masses [10]. We
did not observe compression of the spinal cord by a
paravertebral mass, as described in thalassemia [11, 12].
However, this may also occur in other forms of ineffective
erythropoiesis and therefore this possibility should be
included in the differential diagnosis of neurological
deficits of the lower limbs in patients with CDA.
Extramedullary hematopoiesis is often considered as a
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compensatory mechanism in certain benign (congenital
hemolysis) as well as malignant (myeloid metaplasia,
myelopthisis) forms of chronic anemia. However, at least
for the case of CDA, this is not a satisfying explanation. In
our own cases, hemoglobin concentration at the time the
bulk first was detected varied between 7.6 and 11.6 g/dl. In
a report on three siblings of Moroccan origin with CDA
type II, thoracic masses were detected in two of them,
including one female who even had a normal hemoglobin
[13]. A lifelong erythroid hyperplasia is the most plausible
explanation.

On computed tomography, the paravertebral masses are
typically bilateral, isointense to the muscle tissue, homoge-
neous, and show no significant contrast enhancement [2].
During therapy, the size as well as the density of these
paravertebral tumors may change. Differentiating neuro-
genic tumors such as neurofibromatosis type I or lymphoma
has to be taken into consideration based on chest X-ray and
also CT imaging alone. Additionally, imaging methods can
be necessary to differentiate these masses. Single photon
emission tomography (SPECT) after application of 99-TC-
labeled antineutrophilic antibodies [14] specifically detects
hematopoietic tissue. The combined SPECT/CT technique
provides functional and morphologic information about the
tumors and yields a high accuracy in diagnosis of an
extramedullary hematopoiesis.

In conclusion, physicians who care for patients with
CDA should be aware of the possibility that any masses
detected in the thorax or adjacent to the spine could be
extrusions of the hyperplastic marrow. No surgical inter-
ventions should be done unless there is evidence of
neoplastic features of the lesion. Diligent analysis of the
tissue structure, CT-directed needle aspirates and CT scans
to detect hemopoietic bulk at other sites should be
performed before the decision of a surgical removal is
made in order to avoid iatrogenic damage in a chronic,
nonmalignant disease.
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