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Background

Summary

Myelodysplastic syndrome is a rare, chronic hematological disease characterized by heterogeneous
clinical presentations. Subtypes of myelodysplastic syndrome are characterized by different
survival times and ability to transform into acute myeloid leukemia.

The objective of the study included the assessment of the relationship between the images obtained
by magnetic resonance scans of lumbar spine and the clinical symptoms of the disease in patients
diagnosed with myelodysplastic syndrome, as well as the assessment of the correlation of the
images with the phase of transformation into acute myeloid leukemia.

The study-related tests were carried out in Specialist Hospital No. 1 in Bytom between 2006 and
2011 and involved 53 patients aged 55+77, divided into groups according to the diagnosed subtype
of myelodysplastic syndrome. The study also included the prognosis of overall survival and time to
transformation into AML on the basis of valid classifications.

The spinal magnetic resonance scans were obtained from medical documentation. The analysis
included images obtained using T1- and T2-weighted sequences in sagittal, transverse and frontal
planes in all patients, images obtained using the STIR sequence from 21 patients as well as 40
images obtained after contrast administration.

The statistical analysis of the results was carried out using STATISTICA software.

The obtained results demonstrated that the magnetic resonance scans revealed statistically
significant changes in the images of bone marrow in vertebral body scans; with a decrease in
the intensity of MRI signals correlated with the RAEB subtype, particularly with transformation
into acute myeloid leukemia as well as with the high IPSS risk score with regard to the time of
survival and transformation into acute myeloid leukemia. The research-related test results indicate
the importance of magnetic resonance imaging in diagnostics and the assessment of the disease
dynamics.

myelodysplastic syndrome * MRI of the spine * marrow imaging
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myelodysplastic syndromes, is associated with abnormalities

in differentiation, maturation and survival or hematopoietic

Myelodysplastic syndromes (MDSs) are clonal hematopoietic stem cells, manifesting in refractory cytopenia with unilin-
stem cell disorders characterized by heterogenous clinical eage or multilineage dysplasia frequently requiring hemat-
presentation. Ineffective hematopoiesis, characteristic for opoietic transfer or causing severe recurring infections that
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require hospitalization [1-4]. The average incidence of mye-
lodysplastic syndromes is 4 cases per 100,000 patients per
year; the disease is more common in males and about 80% of
new cases are diagnosed in subjects above the age of 60 [5-7].

In terms of their etiology and pathogenesis, myelodys-
plastic syndromes may be classified as primary or second-
ary. Primary myelodysplastic syndromes are characterized
by lack of noticeable causal factors, and their incidence is
associated with genetic predisposition and somatic muta-
tions within stem cells [8-10]. The secondary, or treatment-
related myelodysplastic syndrome (t-MDS) is associated with
previous anticancer treatment and is observed in patients
after chemotherapy or radiation therapy [11,12]. Factors that
might impact the occurrence of myelodysplastic syndromes
include numerous chemical substances, such as benzene,
toluene, herbicides, pesticides, tobacco smoke, hair dyes,
silica dusts or heavy metal compounds. The disease may also
be caused by cytostatic drugs, e.g. alkylating agents, topoi-
somerase II inhibitors, purine analogs, hydroxycarbamide, as
well as by physical factors such as ionizing radiation [5,13].

Chromosome disruptions are detected in 40-70% of
patients with primary MDS and in 80-95% of patients with
secondary MDS. These include mainly unbalanced chromo-
some aberrations not pathognomic for MDS and observed
also in acute myeloid leukemias [14].

The first classification of myelodysplastic syndrome — FAB
- was developed by French-American-British Cooperative
Group and based on cytological evaluation of peripheral
blood smear and the cytology of bone marrow [15,16]. The
new MDS classification system, i.e. the WHO system modi-
fied in 2008, lists 7 subtypes of MDS [9,17,18]. The most
commonly diagnosed forms of myelodysplastic syndrome
include RA and RAEB subtypes [9].

An important element of the course of MDS is the risk of
transformation into acute myeloid leukemia [17,19]. The
risk can be as high as 100% in patients with unfavorable
prognostic factors. In 1997, the international prognostic
scoring system (IPSS), facilitating prognosis of mean overall
survival and mean time to transformation into acute mye-
loid leukemia, was developed [20,21].

Magnetic resonance imaging (MRI) is a method of continu-
ously increasing usefulness in clinical practice. MRI makes
use of high static magnetic forces (usually 30,000-60,000
times stronger than the magnetic field of the Earth); the
scanning process also involves emission of radiofrequen-
cy energy pulses [22]. The magnetic resonance imaging of
human body is based on the protons of hydrogen nuclei
that align with the lines of a uniform external magnetic
field. The patient is placed in a strong magnetic field and
subjected to a radiofrequency pulse, absorbing it and emit-
ting it afterwards [23]. The radiofrequency pulse emit-
ted by human body is recorded by the receiver coils of
the device, and then converted into an image. The ener-
gy absorbed by the object makes part of the protons flip
their magnetic moments from parallel to antiparallel to the
external magnetic field. The process of protons regaining
their initial state is called relaxation; it is responsible for
the differentiated images of various tissues [24].

The magnetic resonance technique generates images
based on the signal changes in several sequences depend-
ent on time variables for individual types of tissue struc-
tures, thus allowing for the assessment of soft tissues [25],
fluid structures and adipose tissue remodeling. Magnetic
resonance imaging is the only imaging technique facilitat-
ing the assessment of bone marrow and detection of bone
marrow remodeling in myeloproliferative diseases; it also
allows to detect and evaluate infiltrations and tumors in
the spinal canal region [26-30], which accounts for its usa-
bility in hematology and oncology.

The magnetic resonance imaging of bone marrow con-
sists in detection of differences in the intensities of signals
originating from adipose tissue and water which are the
components of yellow and red marrow [31,32]. The inten-
sity of the magnetic resonance signals of bone trabecu-
lae is low due to the lack of mobile protons; at the same
time, the trabecular structure affects the magnetic reso-
nance image by generation of a local magnetic field [33,34].
Hematopoietic elements account for as much as 60% of
the cellular composition of red marrow, while the yellow
bone marrow is composed mainly of adipocytes, account-
ing for 95% of all cells [33]. Water accounts for ca. 15% of
yellow marrow content and ca. 40% of red marrow con-
tent, while fat accounts for ca. 80% of yellow marrow con-
tent and ca. 40% of red marrow content. This structure is
best imaged in using spin echo sequences or selective fat
saturation sequences [33,35]. In images acquired using the
T1-weighted spin echo sequence, most commonly used for
bone marrow imaging, the yellow marrow fat has the sig-
nal intensity similar to that of the subcutaneous adipose
tissue, while the red marrow, which contains more water,
is hypointensive compared to the yellow marrow. Imaging
using this sequence also makes use on the hyperintensity
of the red marrow signals compared to these of the mus-
cle tissue [32-34]. In the T2-weighed sequence, tissues
with higher water content are characterized by higher sig-
nal intensities compared to tissues with low water content
[35]. Similar as in the case of the T1-weighed sequence,
the yellow marrow image acquired using the T2-weighed
sequence is similar in terms of intensity to the subcutane-
ous adipose tissue, while the intensity of the red marrow
signals is higher than in T1-weighted images and similar
to the intensity of the yellow marrow [32]. Figure 1 pre-
sents a T1-weighted magnetic resonance scan obtained in a
patient not diagnosed with myelodysplastic syndrome. The
T2-weighted sequence is less important in the evaluation
of bone marrow pathologies due to lower differences in
relaxation times and signal intensities between individual
marrow, leading to lower usefulness in diagnosing infiltra-
tive lesions [35]. Figure 2 presents a T2-weighted magnetic
resonance scan obtained in a patient not diagnosed with
myelodysplastic syndrome. Of much importance in the
magnetic resonance diagnostics of the bone marrow are
sequences with selective tissue (in this case, fat) suppres-
sion - the suppressed tissue is shown as dark shading in
the images. Thus, an inversion recovery, fat-suppression
sequence STIR provides high contract between yellow
marrow and pathological processes [35,36]. Magnetic reso-
nance imaging facilitates visualization of pathophysiologi-
cal changes within the bone marrow, such as bone marrow
atrophy and hypoplasia with hematopoietic elements being
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Figure 1. T1-weighted magnetic resonance scan obtained in a patient
not diagnosed with myelodysplastic syndrome.

replaced by adipocytes in the course of hematological dis-
orders, as well as treatment-related bone marrow edema
(following radiation therapy or chemotherapy) due to non-
specific increase in the water content in the course of
inflammatory or malignant diseases, as well bone marrow
ischemia or reconversion of the yellow marrow into the
red fat (in certain hematological disorders characterized by
increased demand for hematopoiesis) [36]. Remodeling and
infiltration of bone marrow are oftentimes detected much
earlier than lesions visualized using standard radiographic
techniques.

Assumptions and objectives

The goal of the study is to assess the relationship between
the images obtained in the magnetic resonance scans of
lumbar spine and the clinical symptoms of the disease in
patients diagnosed with myelodysplastic syndromes, to
examine the correlation of radiograms with the myelodys-
plastic syndrome subtypes, particularly with the phase of
transformation into acute myeloid leukemia and to assess
whether magnetic resonance imaging could be a valuable
tool in the diagnostics of myelodysplastic syndrome.

Material and Methods

The assessments were conducted in years 2006-2011 in
the Oncology Ward and the Internal Diseases Ward of the
Specialist Hospital No. 1 in Bytom. The study group con-
sisted of 53 patients diagnosed with myelodysplastic syn-
drome of varied clinical presentation. The study popula-
tion included individuals aged 50 to 77 years, including 22
women (41.5%) and 31 men (58.5%). Patients were divided
into subgroups according to the diagnosed subtype of the
myelodysplastic syndrome. The first group consisted of
patients diagnosed with refractory thrombocytopenia (11
patients, accounting for 20.7% of study population); the
second group consisted of patients with refractory anemia
(9 patients, 17% of the study population); the third group
consisted of patients diagnosed with refractory cytopenia
with multilineage dysplasia (16 patients, 30.2 of the study

Figure 2. T2-weighted magnetic resonance scan obtained in a patient
not diagnosed with myelodysplastic syndrome.

population), while the last group consisted of patients with
refractory anemia with increased percentage of blast cells
in the bone marrow (17 patients, 32.1% of study popula-
tion). The groups did not differ significantly in gender and
age distribution.

Based on the medical documentation of patients, the dis-
ease was classified according to the FAB and the WHO cri-
teria using the results of bone marrow aspiration biopsy
and peripheral blood counts with leukocyte differentiation.
The study also included the prognosis of survival times and
transformability into AML on the basis of valid classifica-
tions, i.e. the IPSS.

The spinal magnetic resonance scans were obtained from
medical documentation. The scans were performed in a
hospital or an outpatient setting. Indications for the mag-
netic resonance scan included suspected tumor infiltration
within the lumbar spine in 9 patients (33.3%) and suspected
pathological fracture in this region in 18 patients (66.7%).

Lumbar spine MRI scans were performed at the “Voxel”
Magnetic Resonance Lab at the Specialist Hospital No. 1 in
Bytom using a 1.5 T GE SIGNA LX HS and SIGNA EXCITE,
apparatus with a dedicated quadrature coil. The FSE,
frFSE and frFSE+fs sequences were used to acquire T1
and T2-weighed images in sagittal, transverse and frontal
planes. The contrast medium (Magnevist 0.2 mL/kg body
weight) was administered intravenously in 40 patients
(75.5%); in 13 patients (24.5%), examination was performed
without contrast administration. In patients who received
the contrast agent, the FSE, frFSE and frFSE+fs sequenc-
es were used once again to acquire T1 and T2-weighed
images. The decision to administer the contrast medium
was made by the radiologist performing the MRI scans
following the analysis of images acquired using T1 and
T2-weighed sequences. The reporting radiologists analyzed
the signal intensity and uniformity in studied sequences
along with the features of uniform or focal enhancement
of signals following contrast administration. A region of
interest (ROI) encompassing vertebral bodies excluding
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Figure 3.T1-weighted magnetic resonance scan obtained in a
patient diagnosed with the RA subtype of myelodysplastic
syndrome.

endplates was defined to calculate the relative intensity
of the signal. The analysis included images obtained using
T1- and T2-dependent sequences in sagittal, transverse and
frontal planes in all patients (100%), images obtained using
the STIR sequence from 21 patients (39.6%) as well as 40
images (75.5%) obtained after contrast administration.

The obtained results were collected in an Excel spreadsheet
and exported into the STATISTICA software to perform
statistical calculations. Average age and standard devia-
tion values were calculated for patients in all study sub-
groups. Since the age distribution did not follow the normal
distribution curve, the comparisons between groups were
made using a non-parametric Mann-Whitney U-test. The
frequency of MRI signals was calculated as the function
of the examined factors. The frequencies were then com-
pared using a chi-square test. Statistical significance was
assumed for P<0.05.

Results

Signal intensity suppression was observed in 22 patients
(41.5%) in the T1-FSE MRI scan of the lumbar spine. Signal
enhancement was observed in the study in 23 patients
(43.4%), while non-uniform signal intensity was observed
in 8 patients (15.1%). The T2-FSE sequence enhanced the
signal intensity in 23 patients, accounting for 43.4% of
study population; suppression of signal intensity was
observed in 21 patients (39.6%), while non-uniform sig-
nal intensity was observed in 9 patients (17%). STIR
images were acquired in 21patients, accounting for 39.6%
of patients. Analysis of the images acquired using this
sequence revealed enhanced signal intensity in 12 patients
(57%), suppressed signal intensity in 5 patients (23.8%) and
non-uniform intensity signals in 4 (19.1%) patients.

In the second part of the study, the contrast medium
(Magnevist 0.2 mL/kg body weight) was administered intra-
venously in 40 patients (75.5%), and image analysis was
repeated. Significant signal enhancement was observed
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Figure 4. T2-weighted magnetic resonance scan obtained in a
patient diagnosed with the RA subtype of myelodysplastic
syndrome.

following contrast administration in 22 cases (41.5%), slight
signal enhancement was observed in 9 patients (17.0%)
while no signal enhancement was observed following con-
trast administration in the remaining 9 patients (17.0%).
Combined T1- and T2-weighted images were also analyzed.
In dubious cases where one sequence led to signal enhance-
ment or suppression while the other revealed non-uni-
form signal intensity, all scans obtained for that particular
patient were analyzed again by the radiologist. Markedly
different magnetic resonance images were observed for
individual diagnostic subtypes. The higher the stage of the
disease, the larger was he percentage of suppressed signals
in the MRI scans. In 11 patients (20.7%) diagnosed with
refractory thrombocytopenia, 100% of T1- and T2-weighted
lumbar spine images, when analyzed together, showed
an enhancement in signal intensity. Similar results were
obtained in 9 patients (17%) diagnosed with the RA sub-
type. Figures 3 and 4 present example T1- and T2-weighted
magnetic resonance images illustrating the aforementioned
results and acquired in a patient diagnosed with myelodys-
plastic syndrome of the RA subtype. Among the 16 subjects
(30.2%) diagnosed with RCMD, the scans revealed signifi-
cant signal suppression in 7 cases (43.8%), signal enhance-
ment in 3 cases (18.7%) and non-uniform signal intensity
in 6 cases (37.5%) Patients diagnosed with both grade I and
grade II RAEB (32.1%) are characterized by significant MRI
signal suppression, as evidenced by 13 scans (76.5%), with
only 4 scans (23.5%) revealing non-uniform intensity of sig-
nals in the combined analysis of both sequences. Figures
5 and 6 present example T1- and T2-weighted magnetic res-
onance images acquired in a patient diagnosed with myelo-
dysplastic syndrome of the RAEB II subtype and character-
ized by significant signal suppression in both sequences.

Risk category was calculated for every patient in the
study as regarded the overall survival and transformabil-
ity of transformation into acute myeloid leukemia using
the IPSS score. The largest group consisted of IPSS score
0, low-risk patients: 36 individuals (67.9%); the group with
the overall score of 0.5 corresponding to the medium-1 risk
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Figure 5.T1-weighted magnetic resonance scan obtained in a patient
diagnosed with the RAEB Il subtype of myelodysplastic
syndrome.

consisted of 7 patients (13.2%); the score of 1.5 correspond-
ing to medium-2 risk was measured in 8 patients (15.1%),
while the score of 2.5 corresponding to high risk was
measured in 2 patients (3.8%). In the group of IPSS score
0, low risk patients, MRI scans were characterized most
frequently by the enhancement of signals in the combined
analysis of T1- and T2-weighted sequences (23 patients,
53.9%); signal suppression was observed in 7 patients
(19.4%), and non-uniform signal intensity was observed
in 6 patients (16.7%). Patients with medium-1 risk and the
overall score of 0.5 were most frequently characterized
by non-uniform signal intensity in the combined analy-
sis of T1 and T2-weighted images (4 patients, 57.1%); in 3
patients (42.9%) signal suppression was observed. Patients
with medium-2 risk and the overall score of 1.5 showed
suppressed intensity of signals in the combined analysis of
both sequences in 100% of cases (8 patients). Patients with
high risk and the overall IPSS score of 2.5 were character-
ized by suppressed signal intensity in the combined analy-
sis of both T1 and T2-weighted images in 100% of cases
(2 patients). Since the numbers of patients in individual
risk groups were low, the patients were divided into two
subgroups according to their prognosis of overall survival
and transformability into AML. The first group consisted
of patients with the IPSS score of: 0-36 patients (67.9%),
while the other group consisted of patients with the IPSS
score of >0 - patients (32.1%). In patients with the IPSS
score of >0 suppressed intensity of MRI signals was sig-
nificantly more common and observed in 76.5% of cases
(13 patients); non-uniform signals were observed in 23.5%
of cases (4 patients). At the same time, in patients with
the IPSS score of 0, suppression of signal intensity was
observed in 19.4% of cases (7 patients), non-uniform sig-
nal intensity was observed in 16.7% of cases (6 patients),
while signal enhancement was observed in a vast majority
of cases (23 patients, 63.9%).

10 patients with the RAEB subtype (58.8%) were diagnosed
with grade IT RAEB with features of blastic transformation,

Figure 6. T2-weighted magnetic resonance scan obtained in a patient
diagnosed with the RAEB Il subtype of myelodysplastic
syndrome.

while 7 patients (41.2%) were diagnosed with grade I
RAEB; patients in this group presented no signs of blas-
tic transformation. Features of blastic transformation
were detected in 18.9% of the entire study population (10
patients). No signs of blastic transformation were observed
in 81.1% of cases (43 patients). In the group of patients
without signs of blastic transformation, magnetic reso-
nance imaging signal suppression was observed in 23.3%
of cases (10 patients), with no signal suppression being
observed in 86.8% of scans (33 patients). In this group of
patients, 53.4% of images (23 subjects) were characterized
by enhanced signal intensity, while non-uniform signal
intensity was observed in 23.3% of images (10 subjects). In
the group of patients with blastic transformation, signal
intensity suppression was observed in 100% of magnetic
resonance images.

Discussion

Differences in clinical presentation and diagnostic param-
eters between individual subtypes of myelodysplastic
syndrome led to the development of numerous prognostic
scales taking into account different prognostic factors with
regard to overall survival and time to transformation into
acute myeloid leukemia [7,37].

The most popular prognostic scale, IPSS, was designed on
the basis of the following variables: peripheral cytopenia,
percentage of blast cells in the bone marrow and patient's
caryotype. This allowed to divide patients into four risk
groups with regard to the overall survival and time to pro-
gression into AML [20,38,39], determine the average sur-
vival (in years) in patients before and after 60 years of age,
as well as to prognosticate the time to progression into
acute myeloid leukemia (in years) [15,20,40].

The patients were divided into two categories according to
their IPSS score: the low risk group (including IPSS low and
medium 1 risk patients) and the high risk group (including
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IPSS medium 2 and high risk patients). The researchers
have established different algorithms for the management
of patients in both groups, starting from symptomatic
treatment of cytopenia, through the use of immunosup-
pressants and high-dose chemotherapy to bone marrow
transplants based on the overall condition of patients and
the likelihood of progression into AML [41-43]. The above
scale is poorly correlated with overall survival or trans-
formability into acute myeloid leukemia in patients with
secondary myelodysplastic syndromes who constitute a
large percentage of patients [44].

Scales used to date were not based on imaging results.
However, according to the literature, bone marrow chang-
es observed in the magnetic resonance images acquired
in patients with hematological diseases may be observed
earlier then changes diagnosed by classic radiography
and leading to vertebral damage or pathological fractures
[33,45].

In the available literature, authors describing the magnetic
resonance image of the bone marrow point out the rela-
tionship between the image and the amounts of the yellow
and the red marrow as well as on the number of bone tra-
beculae [33,34,46]. The intensity of yellow bone marrow
signals in T1- and T2-weighted sequences is similar to that
of the subcutaneous adipose tissue, while the intensity of
the red bone marrow in T1-weighted images is lower than
that of the yellow marrow and, at the same time, higher
than that of the muscles and intervertebral discs. The
intensity of the red bone marrow signals in T2-weighed
images is higher than in T1-weighted images, similar to
the intensity of the yellow marrow and lower than the
intensity of signals obtained in imaging of fluid structures
[30,31,33,47,48]. The short inversion time inversion recov-
ery (STIR) sequence differentiates between both marrow
structures as the fat signal is suppressed in this sequence
and thus the intensity of the red marrow signal may be
higher than that of the yellow marrow signal. Therefore,
some authors point to the T2 and STIR sequences as being
more sensitive for detection of numerous pathological
changes within the bone marrow [16,49].

According to the literature, the best regions for the imag-
ing of bone marrow include vertebral bodies, where the
red marrow is maintained in high quantities throughout
the human life and certain long bones (femoral or humeral
bone) [30,32,34,36].

An important element of changes occurring within the
bone marrow is the reverse transformation of yellow mar-
row into red marrow associated with increased demand on
hematopoietic processes [46]. The process reverses physi-
ological transformations, starting in the axial skeleton to
spread onto the peripheral skeleton. The changes may be
caused by chronic anemia, advanced chronic concomitant
diseases and diseases associated with bone marrow dis-
placement or infiltration [33,48].

Administration of contrast medium is considered useful
for differentiation between normal marrow and neoplas-
tic lesions which are intensely enhanced following admin-
istration of the contrast medium, contrary to the normal

hematopoietic bone marrow which is little or not enhanced
following contrast administration [33,47].

In patients with erythrocytopenia who require numerous
blood transfers, excess iron is accumulated in the reticulo-
endothelial system of the spleen, liver and bone marrow.
This leads to the suppression of red marrow signals in
all imaging sequences, as described in the literature. The
changes in signal intensity are observed mainly within the
axial skeleton, i.e. the vertebral bodies [31,50,51].

Radiograms of patients with leukemic infiltrations are char-
acterized by features of bone atrophy, radiolucent bones
and bone structure densification bands. Such lesions can be
observed mainly in acute leukemias in children (50-70%),
and sometimes in adults; however, they are rare in chronic
leukemias [32]. The reported leukemic infiltrations in mag-
netic resonance images are diffuse and located within the
axial skeleton due to the involvement of red bone marrow.
The T1-weighted sequence images are characterized by
suppressed signal intensity, while the T2-weighted images
are varied, sometimes showing significant signal enhance-
ment. According to the authors, the STIR sequence allows
for better assessment of leukemic lesions compared to the
T2 sequence due to suppression of the fat signal and hyper-
intensity of the signal of the lesion [52,53].

The magnetic resonance technique facilitates monitoring
the treatment of leukemic lesions [54]. Observation of sig-
nal intensity enhancement in T1-weighted images may sug-
gest good response to chemotherapy.

Blastic transformation-free time follow-up in 42 patients
with myelodysplastic syndromes (average follow-up time
was 18 months), who were subjected to magnetic reso-
nance imaging of the femoral bone marrow led to the con-
clusion that MRI may provide much information relevant
for prognosis and further management of MDS [55].

The reviewed literature also contained a comparison of
magnetic resonance images of femoral bone marrow in
patients with a plastic anemia and hypoplastic myelodys-
plastic syndrome. The obtained results of enhanced signal
intensity in STIR sequence images of diffuse lesions in
patients with myelodysplastic syndrome or aplastic anemia
allowed to conclude that such magnetic resonance signals
transformation of the disease into an aggressive form [56].

The magnetic resonance imaging of femoral bone marrow
of 85 patients, 27 of whom were diagnosed with myelod-
ysplastic syndrome produced images varying variability
depending on the diagnosed MDS subtype and prognosis.
Study patients with MDS were divided into groups accord-
ing to their FAB-based classification of myelodysplastic syn-
drome. It was determined that the vast majority of patients
with good prognosis and diagnosis of RA and RARS had the
following marrow structures visualized in their MRI scans:
normal or fatty marrow, fatty marrow with a follicular
structure or with diffuse remodeling and STIR signal inten-
sity similar or suppressed compared to that of the mus-
cle tissue. In patients with poor prognoses and diagnosed
with RAEB and RAEB-t, structures with diffuse or uniform
remodeling were observed, with STIR signals enhanced as
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compared to those of the muscle tissue. Similar images were
observed in most patients who experienced transformation
into acute myeloid leukemia during the study [57].

Similarly, a study published in 2009 in Polish Journal of
Radiology demonstrated statistically significant changes
in the bone marrow of lumbar vertebral bodies in patients
diagnosed with myelodysplastic syndrome. The observed
changes in the intensity of signals from 10 patients diag-
nosed with myelodysplastic syndromes pertained to T1, T2
and T2 f.s. sequences and were compared to the intensity
of signals in a control group. In the T1-weighted sequence,
signal suppression was observed in the study group com-
pared to the control group, while no significant changes
were observed in the T2- weighted and T2 f.s. images.
Significant signal enhancement was observed in the
T1-weighed sequence following contrast administration.
The authors underscore the high potential use of magnetic
resonance imaging in hematological diagnostics [58].

Based on the bibliographic data and the cited studies one
may conclude that the magnetic resonance imaging is of
potentially high importance in diagnostics and monitor-
ing of patients with myelodysplastic syndromes, as the
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