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Abstract

Myelodysplastic syndromes (MDS) constitute a heterogeneous group of clonal hematopoietic stem cell disorders, characterized
by ineffective hematopoiesis, peripheral cytopenias, and a risk of progression to acute leukemia. We report the results of a
retrospective descriptive study of 100 MDS cases diagnosed at the hematology laboratory of HMIMYV in Rabat over a 7-year
period (January 2018 to December 2024), using a standardized data collection form for epidemiological, clinical, and biological
data. The main objective of this work was to analyze the diagnostic contribution of bone marrow examination in MDS, specifying
its indications and the main abnormalities observed. The mean age at diagnosis was 69 years (range: 41-93 years), with a
moderate male predominance (sex ratio = 1.38). Clinically, anemic syndrome was the most frequent presenting manifestation
(70%), followed by hemorrhagic manifestations (12%) and infectious manifestations (10%). Biological analysis revealed anemia
in 90% of patients (mean hemoglobin: 9 g/dL), thrombocytopenia in 63% of cases, and leukopenia in 42% of cases. The anemia
was normocytic in 55.6% of cases, macrocytic in 33.3%, and microcytic in 11.1%. Bone marrow examination revealed
dyserythropoiesis in 92% of patients, dysgranulopoiesis in 65% of cases, and dysmegakaryopoiesis in 45% of cases. The median
percentage of bone marrow blasts was 4.89%. According to the 2016 WHO classification, MDS-MLD were the most frequent
(48%), followed by MDS-EB1 (21%) and MDS-EB2 (12%). The results of this study are consistent with national and
international literature data, confirming the central role of bone marrow examination in MDS diagnosis and highlighting the
importance of a multidisciplinary approach for optimal management of these complex hematological malignancies.
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1. Introduction

The myelogram is an essential cytological examination and monitoring of hematologic diseases. It also guides further

used to analyze hematopoietic precursor cells in the bone mar- investigations such as cytogenetics and molecular biology. Its
row. Despite its longstanding use, it remains a cornerstone of  reliability depends on a well-executed pre-analytical phase,
clinical hematology [1], particularly for the diagnosis, staging, including sample collection, smear preparation, and staining.
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Interpretation requires an experienced biologist capable of
correlating clinical, biological, and morphological data.

The myelogram is often performed in response to abnor-
malities found in the complete blood count (CBC), with both
tests being complementary. Myelodysplastic neoplasms
(MDS) are clonal hematologic disorders commonly seen in
older men, with a median age of 72 years. They result in inef-
fective hematopoiesis, leading to cytopenia despite a normally
cellular marrow. Clinically, they cause fatigue, pallor, infec-
tions, fever, bleeding, and bruising. They may progress to
acute myeloid leukemia (AML) [2].

Diagnosis primarily relies on cytological criteria derived
from the myelogram. The present study is a retrospective anal-
ysis of 100 cases of MDS diagnosed at the Mohammed V Mil-
itary Hospital in Rabat over a 7-year period (since 2018). Its
objectives are to describe the epidemiological profiles, iden-
tify the indications for performing a myelogram, analyze ob-
served abnormalities, and establish a classification of MDS.

2. Material and Methods

This retrospective descriptive study involved 100 cases of
myelodysplastic neoplasms (MDS), collected at the Hematol-
ogy Laboratory of the Mohammed V Military Teaching Hos-
pital in Rabat (HMIMYV) over a 7-year period [2018-2024]. It
included patients over 18 years of age, whether hospitalized
or seen as outpatients, who presented with myelograms sug-
gestive of MDS.

The analysis was based on the results of both myelograms
and associated complete blood counts (CBCs), which were
systematically performed together. CBCs were conducted us-
ing the Sysmex XN-3100 analyzer on blood samples collected
in EDTA tubes. Peripheral blood and bone marrow smears
were stained using the May-Griinwald-Giemsa (MGG)
method.

Each patient was informed about the indication, procedure,
and purpose of the myelogram.

Sternal bone marrow aspiration was preferred, with re-
course to the iliac crest in certain cases.

Total cases: n = 100
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Two smear techniques were employed: direct smears and
particle crush preparations. Between 5 and 10 slides were pre-
pared, air-dried, and promptly sent to the laboratory, accom-
panied by clinical and identification documents.

The MGG staining protocol was adjusted to optimize visu-
alization of bone marrow cells.

Smears were examined at low magnification (x10) to assess
cellularity and at high magnification (x100) for morphological
detail. A lineage was considered dysplastic if more than 10%
of its cells exhibited abnormalities.

The percentage of bone marrow blasts was systematically
assessed.

Perls’ staining was performed for all patients to detect ring
sideroblasts (>15% of erythroblasts).

Myeloperoxidase staining was used selectively to help
identify blast cell lineage.

A diagnostic report was issued based on morphological ab-
normalities, blast percentage, patient age, and clinical context.
Additional tests (karyotyping, molecular biology) were pro-
posed when necessary. MDS diagnosis was based on the 2016
WHO classification criteria.

The study highlights the critical role of the myelogram in
the accurate diagnosis of MDS.

3. Results

3.1. Epidemiological Profil

During the study period, from 2018 to 2024, we collected
100 cases of myelodysplastic neoplasm, representing an aver-
age annual frequency of 14.3 cases per year. The mean age of
patients in our series was 69 years, with a range from 41 to 93
years. Age group distribution showed that myelodysplastic ne-
oplasm primarily affected individuals aged 61-70 and 71-80
years, with 32 cases in each group. The other age groups were
less represented, with 6 cases between 41 and 50 years, 13
cases between 51 and 60 years, and 17 cases in patients over
80 years of age (Figure 1).
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Figure 1. Distribution of MDS cases according to age.
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A male predominance was observed among our patients.
Out of the entire study population, 58 patients were male (58%)
and 42 were female [42%], resulting in a male-to-female sex
ratio of 1.38 (Figure 2).

Females
42%

Males
58%

m Males

® Females

Figure 2. Distribution of MDS cases according to sex (N=100).

The majority of the myelograms were performed on hospi-
talized patients from various departments, primarily from the

Clinical Hematology and Internal Medicine departments,
which accounted for 76 and 11 requests respectively. Other
hospital departments were less represented: Cardiology (3 re-
quests), Intensive Care (2), Emergency (2), Gynecology (1),
and Nephrology (1). Additionally, 4 requests concerned non-
hospitalized (outpatient) patients.

3.2. Myelogram Indications

3.2.1. Clinical Indications

In our series, the clinical indications leading to the perfor-
mance of the myelogram were predominantly related to ane-
mic syndrome, which was found in 70% of patients. Hemor-
rhagic syndrome was observed in 12% of cases, while an in-
fectious syndrome was noted in 10% of patients. Tumoral syn-
drome remained rare, accounting for only 3% of cases. Finally,
in 5% of situations, the myelogram was performed following
the incidental discovery of hematologic abnormalities on the
complete blood count, in the absence of suggestive clinical
symptoms (Figure 3).
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Figure 3. Distribution of clinical indications of myelogram.

3.2.2. Biological Indications

(i). Blood Count Abnormalities

In this study, 90% of patients presented with anemia, with a mean hemoglobin level of 9 g/dL. Among them, 6 patients had
levels below 7 g/dL, 54 had levels between 7 and 10 g/dL, and 40 patients had levels above 10 g/dL.
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Figure 4. Distribution of MDS cases according to hemoglobin levels (N=100).

Anemia was predominantly normocytic (55.6%), followed
by macrocytic forms (33.3%) and microcytic forms (11.1%).
The reticulocyte count was low in all patients, indicating
hyporegenerative anemia, with an average of 40,510/mm3.

Thrombocytopenia was observed in 63% of patients, with a
mean platelet count of 62,022/mm?.

Neutropenia was present in 42% of cases, with an average
neutrophil count of 909/mm?.

It is worth noting that:

1) 35% of patients had isolated cytopenia (mainly anemia),

2) 36% had bicytopenia, most frequently the combination

of anemia and thrombocytopenia,

3) Finally, 29% of patients suffered from pancytopenia (in-

volvement of all three blood cell lines).

Isolated
Cytopenia
35%

Pancytopenia
29%

Bicytopenia
36%

Figure 5. Distribution of MDS according to the presence of one or
more peripheral cytopenias (N=100).
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(ii). Blood Smear

All patients included in our study underwent a peripheral
blood smear. In 95% of cases, this examination revealed mor-
phological abnormalities affecting at least one cell lineage.
The main alterations observed were:

1) Dyserythropoiesis, characterized by the presence of poi-

kilocytosis and anisocytosis, found in 97% of patients.

2) Dysgranulopoiesis, manifesting as hyposegmentation

and degranulation of granulocytes, observed in 28% of
cases.

3) The presence of macroplatelets in some patients with

thrombocytopenia.

4) No platelet aggregates were detected on examination of

the blood smears.

3.3. Myelogram Abnormalities

In our series, the bone marrow was either hypercellular or
normocellular in 85% of cases (n = 85), while a hypocellular
marrow was observed in only 15% of patients (n = 15). A pre-
dominance of multilineage dysplasia was noted, found in 88%
of cases (n = 88), whereas unilineage dysplasia affected only
a minority of patients, with a frequency of 12% (n = 12).
Among the morphological abnormalities, dyserythropoiesis
was the most common, present in 92% of cases (n = 92), fol-
lowed by dysgranulopoiesis in 65% (n = 65), and dysmegakar-
yopoiesis in 45% (n = 45).
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Figure 6. Distribution of MDS According to the Type of Dysplasia Observed.

The average bone marrow blast count was 4.89%. The majority of patients (67%) had a blast percentage below 5%, while 21%
had a blast count between 5% and 9%, and 12% had a blast percentage ranging from 10% to 19%. Additionally, Perls' staining
was positive in only 8% of the patients included in the series.
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Figure 7. Distribution of MDS According to Bone Marrow Blast Percentage.
2016 WHO Classification: MDS with excess blasts type 2 in 12% of cases (n=12)
In our series, the distribution was as follows: MDS with ring sideroblasts and multilineage dysplasia in
MDS with multilineage dysplasia in 48% of patients (n=48) 6% (n = 6)
MDS with single-lineage dysplasia in 10% of cases (n=10) MDS with ring sideroblasts and single-lineage dysplasia in
MDS with excess blasts type I in approximately 21% (n = 2% (n=2)
21) MDS with isolated del (5q) in 1% (n=1)

21


http://www.sciencepg.com/journal/ejcbs

European Journal of Clinical and Biomedical Sciences

http://www.sciencepg.com/journal/ejcbs

50+

48 (48%)

401

301

21 (21%)

Number of patients

20¢F

10 (10%)
101

MDS-EB-1

MDS-MLD MDS-SLD

12 (12%)

MDS-EB-2
MDS subtypes

2 (2%) 1(1%) ® (b%)

MDS-U

MDS-RS-MLD MDS-RS-SLD _ MD5-5q-

Figure 8. Distribution According to the 2016 WHO Classification.

4. Discussion

4.1. Epidemiological Profil

Our study, conducted between 2018 and 2024 at the Mo-
hammed V Military Teaching Hospital (HMIMYV) in Rabat,
reported 100 cases of myelodysplastic neoplasms (MDS), cor-
responding to an average annual frequency of 14.3 cases. This
incidence represents a marked increase compared to the study
by Maaroufi [3] (7.6 cases/year), likely due to broader cover-
age and improved detection. Unlike the previous study, our
work included all hospital departments, not just clinical hema-
tology (24% of cases originated from other departments).

This increase also reflects advances in diagnostic capacity
(cytogenetics, molecular biology) and heightened awareness
among clinicians. Compared to other North African series Tu-
nisia (10 cases/year), Algeria (7-8 cases/year) [4-6]—our fre-
quency remains higher. European countries [7-9] report sig-
nificantly greater figures (28 to 41 cases/year), linked to older
populations and systematic access to diagnostic testing. These
discrepancies may also result from different inclusion criteria,
referral pathways, and recruitment biases. The older Japanese
series [10], reporting 6.5 cases/year, highlights temporal and
regional variations. Such disparities underscore the need for
reliable national registries to accurately estimate the true inci-
dence of MDS.

A tool of this nature is essential for better healthcare plan-
ning and resource allocation.

The mean age of patients in our series was 69 years, with
no significant difference between males and females.

MDS predominantly affected individuals aged 61 to 80
years, confirming their geriatric nature.

This mean age is comparable to Tunisian data [4] (68 years),

22

and slightly higher than in previous Algerian (5;6) and Moroc-
can (3) studies. It is markedly higher than averages reported
in Casablanca [11] (50.5 years), sub-Saharan Africa [12], and
Asia [13] (46-57 years). European and North American series
[14, 15] report even higher mean ages (72—76 years), reflect-
ing older populations. These differences can be attributed to
demographic factors, such as life expectancy, which is higher
in developed countries. Access to healthcare and earlier diag-
nosis also influence the age at detection. Environmental or ge-
netic factors may also play a role. The absence of an age dif-
ference between sexes is consistent with several Maghreb
studies. However, some research has shown earlier onset in
women, particularly in Africa and Asia [16, 17].

In our study, men accounted for 58% of cases, with a male-
to-female sex ratio of 1.38, confirming the typical male pre-
dominance in MDS. This trend aligns with Maghreb data [3-
6], which report sex ratios ranging from 1.2 to 1.31, suggest-
ing common regional factors. Internationally, studies from
Spain and Japan [10, 18] show similar ratios, often attributed
to occupational or environmental exposures more common in
men. However, some series, notably from France and Algeria
[5-8], report a slight female predominance, with no clear ex-
planation. Overall, sex ratios remain close to parity (0.86 to
1.44), suggesting that MDS affects both sexes relatively
equally. This supports the concept of a multifactorial patho-
genesis, in which sex is not a major risk factor. Our sex ratio,
consistent with large published series, reflects an epidemio-
logical profile representative of MDS.

4.2. Myelogram Indications

4.2.1. Clinical Indications

In our series, anemic syndrome was the main reason for
consultation, found in 70% of patients. It mainly presented as
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asthenia, exertional dyspnea, and pallor—early warning signs
of MDS. Hemorrhagic (12%), infectious (10%), and tumoral
syndromes (3%) were much less frequent. These findings are
consistent with both national and international series, where
anemia is often reported in over 80% of cases. This predomi-
nance is explained by dyserythropoiesis, a frequent and early
morphological abnormality in MDS.

4.2.2. Blood Count Abnormalities

In our series, anemia was the predominant cytopenia (90%),
exceeding the rates reported by Maaroufi et al. [3] (76%) and
Baiza et al. [11] (96%), while thrombocytopenia (63%) and
neutropenia (42%) were comparable to their findings. The dis-
tribution of cytopenias showed 35% isolated forms, 36% bi-
cytopenias, and 29% pancytopenias—contrasting with Maa-
roufi et al. [3] (50%, 29%, 21%, respectively), but close to the
data from Baiza et al. [11] (34%, 23%, 33%).

Among isolated cytopenias, anemia accounted for 88.6%,
in line with Maaroufi et al. [3] (68.4%), confirming its clear
predominance. Isolated thrombocytopenia (4%) was rare, and
no cases of isolated neutropenia were found—consistent with
the literature, where isolated granulocytic involvement is ex-
ceptional. The mean hemoglobin level (9 g/dL) was lower
than that reported by Maaroufi et al. [3] (10.33 g/dL), but
higher than values reported by Samba et al. [12], Ndiaye et al.

[18] (both 4.9 g/dL), and Guezlane et al. [19] (6.5 g/dL), re-
flecting geographical disparities. These differences may be
due to delayed diagnosis, infectious or nutritional comorbidi-
ties, and unequal access to healthcare.

Morphologically, normocytic anemia predominated
(55.6%), followed by macrocytic (33.3%) and microcytic
forms (11.1%) a distribution similar to that reported by Maa-
roufi et al. [3] (73%, 22%, 13%). This trend is also consistent
with Bernard et al. [7] (60% normocytic), Bibi I [20] (48%),
and Hmissi B et al. [4] (53%), in contrast with earlier macro-
cytic-dominated series from Samba, Merlat, and Lowenthal.
[12, 21, 22] Historically, macrocytosis was closely associated
with MDS due to replication anomalies linked to cellular ag-
ing. The current trend toward normocytosis may reflect earlier
diagnoses or presentations masked by nutritional deficiencies.
The notable presence of microcytosis [11.1%], also observed
by Maaroufi et al. [3] (13%), confirms that microcytosis does
not exclude MDS. It may result from post-transfusion iron
overload or severe dyserythropoiesis. The diversity of anemia
forms in MDS illustrates their pathophysiological heterogene-
ity. These findings highlight the need for a comprehensive di-
agnostic approach, integrating morphology, cytogenetics, and
molecular biology. Finally, inter-study comparisons reveal the
impact of clinical, healthcare, and methodological contexts on
observed profiles.

Table 1. Cytopenias distribution in different studies.

Study Anemia (%)

Our study 90.0 63.0
Maaroufi et al. 76.0 69.0
Baiza et al. 96.0 44.0
Bernasconi et al. 56.6 513
Massimo et al. 41.0 31.0

4.3. Myelogram Abnormalities

In our series, the analysis of morphological abnormalities
revealed a predominance of dyserythropoiesis, observed in 92%
of patients (n=92), followed by dysgranulopoiesis in 65% of
cases (n=65), and dysmegakaryopoiesis in 45% of cases
(n=45). These findings are consistent with the literature,
which confirms dyserythropoiesis as the most frequent mor-
phological abnormality in myelodysplastic neoplasms (MDS).

Our results are comparable to those reported by other au-
thors: the studies by Ehsan et al., Hmissi et al., and H. Maa-
roufi reported dyserythropoiesis in 89%, 86%, and 81.02% of
cases, respectively [3, 23, 24]. This concordance highlights
the importance of dyserythropoiesis as a major diagnostic

Thrombocytopenia (%)

23

Neutropenia/Leucopenia (%)

42.0
38.0
35.0
46.4
36.0

marker of MDS, reflecting the predominant involvement of
the erythroid lineage in this pathology.

Regarding bone marrow blastosis, our study showed a mean
blast percentage of 4.89%. The distribution of patients accord-
ing to blast percentage revealed that 67% had a blast count
below 5%, 21% had blastosis between 5% and 9%, and 12%
had blast counts ranging between 10% and 19%.

These results are close to those of Maaroufi’s study [3],
which reported 64.5% of patients with blast counts below 5%,
21% with counts between 5% and 10%, 10.5% between 11%
and 19%, and only 4% with counts above 20%. This similarity
suggests a comparable patient profile in both series, with a
predominance of low-blast forms.

However, our results differ from those reported in other in-
ternational series. The study by Bernasconi et al. [8] reported
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blast counts below 5% in 58.45% of cases, between 5% and
10% in 12.62%, between 11% and 19% in 18.94%, and over
20% in 9.97% of cases. Similarly, the series by Massimo et al.
[24] reported blast counts below 5% in only 41% of cases, be-
tween 5% and 10% in 38.7%, between 11% and 19% in 12%,
and above 20% in 8% of cases.

These variations may be explained by several factors: pa-
tient selection criteria, disease stage at the time of diagnosis,
and the demographic characteristics of the studied populations.

The predominance of low-blast forms in our series is a fa-
vorable prognostic factor, as these forms are generally associ-
ated with better survival outcomes and a lower risk of leuke-
mic transformation.

Notre étude

Ehsan et al.

Hmissi et al.

Maaroufi

92.0%

85

80

75

Prévalence de la dysérythropoiése (%)

90 95 100

Figure 9. Dyserythropoiesis, most frequent morphological abnormality in MDS: comparison between different studies.

4.4. WHO Classification of MDS

Our study reveals a marked predominance of myelodys-
plastic neoplasms with multilineage dysplasia (MDS-MLD),
accounting for 48% of cases (n=48), which represents nearly
half of our cohort. This finding aligns with the pathophysio-
logical concept of MDS as a clonal disease primarily affecting
multiple hematopoietic lineages.
The observed distribution highlights a clear hierarchy:
1) Dysplastic forms (58%): MDS-MLD [48%] and MDS-
SLD (10%)

2) Forms with excess blasts (33%): MDS-EB1 [21%] and
MDS-EB2 (12%)

3) Forms with ring sideroblasts (8%): RS-MLD (6%) and
RS-SLD (2%)

4) Pure cytogenetic form: MDS-5q-(1%)

Our finding of a predominance of MDS-MLD is echoed in
several other series, such as that of Maaroufi, who reported a
frequency of 59% for MDS-MLD, and Iron et al, who noted
an even higher proportion, reaching 68%. This convergence
suggests that multilineage dysplasia is indeed the most fre-
quent morphological phenotype of MDS, reflecting the wide-
spread involvement of clonal hematopoiesis.

In contrast, the study by Baiza et al. [13] reported only 33%

24

MDS-MLD, significantly lower than our observations. Even
more strikingly, studies by Kelaidi et al. [21] and Bernasconi
et al. [8] identified MDS-EB1 and MDS-SLD, respectively, as
the predominant forms.

5. Conclusion

This retrospective study of 100 cases of myelodysplastic
neoplasms (MDS) at the Military Hospital of Rabat highlights
the central role of bone marrow examination (myelogram) in
diagnosing these hematologic disorders. The analysis reveals
a male predominance, an average age of 69 years, and a high
prevalence of the MDS-MLD subtype. The increasing inci-
dence of MDS is attributed to the improvement of diagnostic
tools. The introduction of cytogenetics and molecular biology
enables more precise diagnosis and personalized management.
Recent scientific advances have enriched classifications and
treatment options, but high-risk cases remain challenging to
manage. A national registry is recommended to better allocate
resources and harmonize clinical practices.

Abbreviations

MDS Myelodisplastic Neoplasms
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WHO World Health Organization
HMIMV Mohammed V Military Teaching
Hospital
CBC Complete Blood Count
MGG May-Griinwald-Giemsa
MDS-MLD MDS with Multilineage Dysplasia
MDS-SLD MDS with Single-lineage Dysplasia
MDS-EB 1 MDS with Excess Blasts Type 1
MDS-EB 2 MDS with Excess Blasts Type 2
MDS-RS-MLD  MDS with Ring Sideroblasts and
Multilineage Dysplasia
MDS-RS-SLD MDS with Ring Sideroblasts and
Single-lineage Dysplasia
MDS-5¢q MDS with Isolated Del (5q)
MDS-U MDS Unclassifiabl
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