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A B S T R A C T 

Background and aim: Thrombocytopenia is a common hematological disorder characterized by the abnormal 

development of megakaryocytes, a crucial component of bone marrow. This study aims to analyze age-wise 

distribution, causes, megakaryocytic alterations, and dysplastic and non-dysplastic changes. 

Material and methods: This was a cross-sectional observational study conducted at the Department of Pathology, 

RNT Medical College, Udaipur, over six months. Bone marrow aspiration smears from 68 cases of 

thrombocytopenia were received and stained with Giemsa stain for 15-20 minutes. The examination was conducted 

under a light microscope to determine the number and morphology of megakaryocytes, and the findings were 

analyzed. 

Results: The commonest cause of thrombocytopenia was found to be acute leukemia (35.3%), followed by 

megaloblastic anemia (25%). The age-wise distribution of all cases showed a maximum number of cases belonging 

to the 21-30-year age group (26.5%). Cases with ITP presented with an increased number of megakaryocytes 

(100%). The decreased number was seen in the majority of cases of MDS (75%) and acute leukemia (62.5%). The 

total number of cases with dysplastic changes was 18 (26.5%), and that of non-dysplastic changes was 33 (48.5%). 

Conclusions: Megakaryocyte alterations in bone marrow aspirates from patients with thrombocytopenia underscore 

their clinical significance despite their small proportion in cellularity. A comprehensive evaluation is crucial for 

understanding the relationship between megakaryocyte alterations and the factors that cause thrombocytopenia, 

thereby enabling the development of effective treatment options. 

 

1. Introduction 

Megakaryocytes (MKs), which arise from hematopoietic stem cells 

(HSCs), are the precursor cells responsible for producing and releasing 

platelets into the bloodstream. Mature MKs produce circulating platelets by 

acquiring the necessary cytoplasmic structural and functional characteristics 

for platelet function.[1] Thrombocytopenia is characterized by a platelet count 

of less than the normal range (150,000 – 450,000 per cubic millimeter). This 

hematological condition can be caused by various factors, including 

megaloblastic anemia, acute leukemia, dimorphic anemia, idiopathic 

thrombocytopenic purpura (ITP), chronic myeloid leukemia (CML), 

lymphoproliferative disorder, myelodysplastic syndromes (MDS), multiple 

myeloma, and bone marrow metastasis.[2] Although megakaryocytes 

constitute only a small fraction (0.5%) of the marrow cellularity, their 

maturation is closely linked to their natural microenvironment. The number 

of megakaryocytes is expressed as a number per 10 low power field (LPF) 

and is further subdivided into absent (no megakaryocytes seen in 10 LPF), 

decreased (1/5–10 LPF), normal (1/1–3 LPF), and increased (>2/LPF).[2] Any 

defect in the stages of megakaryopoiesis can result in dysmegakaryopoiesis 

and thrombocytopenia. Dysmegakaryopoiesis is characterized by various 

megakaryocytic alterations in the bone marrow aspirates and includes both 

non-dysplastic and dysplastic features.[3] Nondysplastic features included 

immature forms, emperipolesis, platelet budding, cytoplasmic vacuolization, 

and bare megakaryocyte nuclei. Dysplastic features included hyperlobated 

nuclei, micromegakaryocytes, and hypogranular forms.[4] Dysplastic changes 

are seen in megakaryocytes in non-myelodysplastic hematological conditions 

such as megaloblastic anemia, immune thrombocytopenic purpura (ITP), 

infection-associated thrombocytopenia (IAT), hypersplenism, dimorphic 

anemia, acute myeloid leukemia (AML), acute lymphoblastic leukemia 

(ALL), bone marrow metastasis and blast crisis of chronic myeloid leukemia. 

These changes are exceptionally well documented in thrombocytopenia 

related to myelodysplastic syndrome (MDS).[5] Minimum of 30 

megakaryocytes have to be evaluated on BMA smears, and dysplastic 

alterations are considered significant only when 10% or more of 

megakaryocytes observed show the changes. Despite this, there is limited data 

on the prevalence of dysplastic changes in megakaryocytes in non-

myelodysplastic hematological conditions.[6] Although megakaryocytes make 
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up only a small portion of bone marrow cells, they are just as critical as 

erythroid and myeloid cells in bone marrow assessments. Recognizing their 

significance could enhance clinical approaches to regulating platelet 

production and function. A comprehensive evaluation is essential for 

identifying how changes in megakaryocytes contribute to different causes of 

thrombocytopenia, enabling more effective treatment strategies. Therefore, 

the current study aimed to identify the various causes of thrombocytopenia 

and to gain a better understanding of megakaryocytic alterations in various 

conditions that lead to thrombocytopenia, thereby improving diagnostic 

accuracy. 

 

2. Material and Methods 

Study design 

This was a cross-sectional observational study that was conducted after 

approval by the Ethics Committee of Rabindranath Tagore Medical College 

and MB Hospital, Udaipur. 

 

Study site 

Department of Pathology, Rabindranath Tagore Medical College and MB 

Hospital, Udaipur.  

 

Study period 

Six months. 

 

Inclusion criteria 

All the cases of thrombocytopenia diagnosed on a HORIBA hematology 

analyzer (Platelet count <1,50,000/mm3) and confirmed subsequently by 

peripheral blood smear examination.   

 

Exclusion criteria 

Cases showing evidence of pseudo-thrombocytopenia, inadequate 

material, or receiving chemo/radiotherapy.  

 

Procedure 

• Prior informed consent was taken from all the patients. Detailed clinical 

histories, physical examinations, past medical histories, family histories, and 

radiological investigations were also collected for these patients. Diagnosis of 

thrombocytopenia was made after evaluation of CBC and PBF. 

• Corresponding bone marrow aspiration smears were received in our 

department and stained by Giemsa stain for 15-20 mins. After rinsing in 

distilled water, the slides were examined under a light microscope according 

to standard guidelines.  

• The number of megakaryocytes was assessed by counting them across 

10 low-power fields (LPFs). They were classified as absent if no 

megakaryocytes were seen in 10 LPFs, decreased if one was observed in 5-

10 LPFs, normal if one was observed in 1-3 LPFs, and increased if more than 

two were seen per LPF.  

• Morphological features of megakaryocytes were studied at 100X 

magnification. A minimum of 30 megakaryocytes were examined for 

alterations, including non-dysplastic features like immature forms and 

cytoplasmic vacuolization, as well as dysplastic features such as multiple 

separate nuclei, micromegakaryocytes and hypogranular forms. 

• The findings of the BMA smears were documented in a tabular form. 

The age-wise distribution of cases presenting with thrombocytopenia, their 

causes, as well as the number and morphology of the megakaryocytes were 

studied and tabulated after detailed microscopic examination. 

 

3. Results 

In the present study, out of the 68 patients, 41 (60.3%) were males and 

27 (39.7%) were females. The majority of cases were observed in the 21–30 

years age group, accounting for 18 cases (26.5%), followed by the 0–10 years 

group with 16 cases (23.5%). The 11–20 years age group comprised 11 cases 

(16.2%). Cases in the 41–50 and 51–60 years age groups were 8 (11.8%) and 

6 (8.8%), respectively. The 31–40 years group contributed 5 cases (7.3%). At 

the same time, only 5.9% of the cases were seen in individuals above 60 years 

of age, including 3 cases (4.4%) in the 61–70 years group and 1 case (1.5%) 

in the 71–80 years group. The most typical cause of thrombocytopenia for 

which bone marrow aspiration was sought was acute leukemia (35.3%) 

followed by megaloblastic anemia (25%), dimorphic anemia (10.3%), 

idiopathic thrombocytopenic purpura (8.8%), myelodysplastic syndrome 

(5.9%), multiple myeloma (4.4%), lymphoproliferative disorder (4.4%), 

CML – Blast Crisis (2.9%) and metastatic deposits (2.9%) (Table 1). 

 

Table 1. Causes of thrombocytopenia. 

Bone Marrow Aspiration 

Impression 

No. of Cases 

(Total-68) 
Percentage (%) 

Acute Leukemia 24 35.3 

Megaloblastic Anemia 17 25 

Dimorphic Anemia 7 10.3 

ITP 6 8.8 

MDS 4 5.9 

Multiple Myeloma 3 4.4 

Lymphoproliferative Disorder 3 4.4 

CML – Blast Crisis 2 2.9 

Metastatic Deposits 2 2.9 

 

Cases of acute leukemia presented with either a decreased number 

(62.5%) or absent megakaryocytes (37.5%), whereas megaloblastic anemia 

cases showed either normal (58.8%) or increased (41.2%) number. Most cases 

of dimorphic anemia (71.4%) and multiple myeloma (66.7%) showed a 

normal number, whereas all cases of ITP presented with an increased number 

of megakaryocytes. The decreased number was observed in the majority of 

MDS cases (75%) and all cases of Lymphoproliferative disorder, CML-Blast 

Crisis, as well as metastasis (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 



 INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN DENTAL AND MEDICAL SCIENCES 7 (2025) 53–57 55 

  

Table 2. Number of megakaryocytes seen in LPF (10x) 

Bone Marrow 

Aspiration Impression 
Normal Increased Decreased Absent Total 

Acute Leukemia 0(0%) 0(0%) 15(62.5%) 9(37.5%) 24 

Megaloblastic Anemia 10(58.8%) 7(41.2%) 0(0%) 0(0%) 17 

Dimorphic Anemia 5(71.4%) 0(0%) 1(14.3%) 1(14.3%) 7 

ITP 0(0%) 6(100%) 0(0%) 0(0%) 6 

MDS 1(25%) 0(0%) 3(75%) 0(0%) 4 

Multiple Myeloma 2(66.7%) 0(0%) 0(0%) 1(33.3%) 3 

Lymphoproliferative Disorder 0(0%) 0(0%) 3(100%) 0(0%) 3 

CML – Blast Crisis 0(0%) 0(0%) 2(100%) 0(0%) 2 

Metastatic Deposits 0(0%) 0(0%) 2(100%) 0(0%) 2 

Our study identified both dysplastic and non-dysplastic alterations in 

megakaryocytes. (Table 3). Among the dysplastic features commonly 

observed were micromegakaryocytes, hypermutated nuclei, and forms that 

were hypogranular. Commonly observed nondysplastic features included 

hypolobated forms and cytoplasmic vacuolation. Hypolobated forms were 

observed in cases of acute leukemia (37.5%), ITP (33.3%), MDS (25%), and 

multiple myeloma (66.7%), whereas hyperlobated megakaryocytes were seen 

in cases of megaloblastic anemia (29.4%). Hypogranulation was noted in 

cases of acute leukemia (8.3%), multiple myeloma (33.3%), metastatic 

deposits (50%), and in all cases of CML-Blast Crisis. Micromegakaryocytes 

were a feature of the majority of cases of MDS (75%) and ITP (66.7%), as 

well as all cases of CML-Blast Crisis. Cytoplasmic vacuolization, which was 

present in a total of 20 cases, suggests heightened megakaryocyte turnover. 

 

 

Table 3. Morphological changes in megakaryocytes. 

Bone Marrow 

Aspiration Impression 
Normal Hypolobation Hyperlobation Hypogranular Forms 

Micro 

Megakaryocytes 

Cytoplasmic 

Vacuolation 

Acute Leukemia (n=24) 4(16.7%) 9(37.5%) 0(0%) 2(8.3%) 0(0%) 9(37.5%) 

Megalo-blastic Anemia (n=17) 6(35.3%) 0(0%) 5(29.4%) 0(0%) 0(0%) 6(35.3%) 

Dimorphic Anemia (n=7) 3(42.8%) 0(0%) 0(0%) 0(0%) 0(0%) 4(57.1%) 

ITP (n=6) 0(0%) 2(33.3%) 0(0%) 0(0%) 4(66.7%) 0(0%) 

MDS (n=4) 0(0%) 1(25%) 0(0%) 0(0%) 3(75%) 1(25%) 

Multiple Myeloma (n=3) 0(0%) 2(66.7%) 0(0%) 1(33.3%) 0(0%) 0(0%) 

Lymphoproliferative Disorder (n=3) 3(100%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 

CML –Blast Crisis (n=2) 0(0%) 0(0%) 0(0%) 2(100%) 2(100%) 0(0%) 

Metastatic Deposits (n=2) 1(50%) 0(0%) 0(0%) 1(50%) 0(0%) 0(0%) 

 

The diseases were further analyzed based on the percentage of dysplastic 

and non-dysplastic changes observed (Table 4). The total number of cases 

with dysplastic changes was 18 (26.5%), and that of non-dysplastic changes 

was 33 (48.5%). Both (100%) cases of CML – Blast Crisis showed dysplastic 

changes, followed by 75% cases of MDS, 66.7% cases of ITP, 50% cases with 

metastatic deposits, 33.3% cases of multiple myeloma, 29.4% cases of 

megaloblastic anemia and 8.3% cases of acute leukemia. In contrast, 

conditions like dimorphic anemia and lymphoproliferative disorder showed 

no dysplastic changes. 
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Table 4. Frequency of dysplastic and non-dysplastic changes in various hematological conditions. 

Bone Marrow Aspiration Impression Dysplastic Changes Non-Dysplastic Changes 

Megakaryocytes 

Showing no 
Alterations 

Total 

Acute Leukemia 2(8.3%) 18(75%) 4(16.7%) 24 

Megaloblastic Anemia 5(29.4%) 6(35.3%) 6(35.2%) 17 

Dimorphic Anemia 0(0%) 4(57.1%) 3(42.8%) 7 

ITP 4(66.7%) 2(33.3%) 0(0%) 6 

MDS 3(75%) 1(25%) 0(0%) 4 

Multiple Myeloma 1(33.3%) 2(66.7%) 0(0%) 3 

Lymphoproliferative Disorder 0(0%) 0(0%) 3(100%) 3 

CML – Blast Crisis 2(100%) 0(0%) 0(0%) 2 

Metastatic Deposits 1(50%) 0(0%) 1(50%) 2 

Total Cases 18(26.5%) 33(48.5%) 17(25%) 68 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) Increased number of megakaryocytes, (b) A hyperlobated 

megakaryocyte seen in a case of megaloblastic Anemia, (c) A micro 

micromegakaryocyte seen in a case of CML – Blast Crisis, and (d) 
Hypolobated megakaryocyte (100x). 

 

4. Discussion 

Normal platelet formation occurs through megakaryocyte DNA 

replication without cell division (endomitosis), resulting in a large, lobulated, 

and polyploid nucleus. Various growth factors, including thrombopoietin, 

work together with other hematopoietic cytokines and transcription factors to 

stimulate the maturation and development of megakaryocytes. A defect at any 

stage of megakaryopoiesis can lead to dysmegakaryopoiesis and 

thrombocytopenia.[7] Dysplastic megakaryocytes are characterized by having 

hyperlobated nuclei, micromegakaryocytes, and hypogranulation. 

Micromegakaryocytes are identified by their small size (<15 µ), comparable 

to a large lymphocyte or monocyte, and typically possess a single or bilobed 

nucleus. Hyperlobated nuclei refer to nuclei with an abnormal or excessive 

number of lobes. Hypogranular forms are defined by a pale grey or clear 

cytoplasm with few or no granules.[1] Immature forms, cytoplasmic 

vacuolization, emperipolesis, and budding are considered non-dysplastic 

features. Immature megakaryocytes are identified by their scant bluish 

cytoplasm and lack of lobulation. Cytoplasmic vacuolization indicates 

degenerative processes, such as apoptosis and para-apoptosis, which 

ultimately lead to vacuolization.[8] In the present study, out of the 68 patients, 

41(60.3%) patients were males and 27(39.7%) patients were females. These 

findings were similar to those reported by Gupta et al.[8] The age incidence of 

cases in our study showed two peaks belonging to group categories 0-10 years 

and 21 to 30 years, which was in concordance with the study conducted by 

Iqbal et al.[2] The most common cause of thrombocytopenia for which bone 

marrow aspiration was sought was acute leukemia (35.3%). These findings 

are comparable with the study done by Vinayakamurthy et al. and Kutum et 

al.[4, 7] Megakaryocyte number was either decreased (62.5%) or absent 

(37.5%) in cases of acute leukemia and these findings were similar to those 

of Iqbal et al. and Deepika et al.[2, 9] A study conducted by Tejinder Singh 

Bhasin et al., revealed an increase in the number of megakaryocytes in all 

cases of ITP and similar findings were observed in the present study.[1] All 

cases of lymphoproliferative neoplasm (n=3) in our study showed a decrease 

in the number of megakaryocytes, which was in concordance with the study 

done by Sharma R et al.[6] Decrease in the number of megakaryocytes seen in 

both cases of metastatic deposits. This was in contrast to the observations 

made by Vinayakmurthy et al. In our study, as metastatic tumor cells infiltrate 

the bone marrow, replacing normal hematopoietic cells, megakaryocyte 

precursors are also replaced, leading to a decrease in their number. In the 

present study, a common dysplastic feature observed in megakaryocytes of 

ITP was the presence of micromegakaryocytes (66.7% of cases), similar to 

observations made by Tirumalasetti et al.[10] This may be a result of platelet 

production in response to immune-mediated destruction. The accelerated 

megakaryopoiesis leads to abnormal, smaller megakaryocytes as a 

compensatory mechanism. In contrast, Gupta et al. reported that the most 

frequent morphological changes in ITP cases were hypolobation and 

hypogranular forms.[8] Hyperlobated megakaryocytes were seen in 29.4% of 

cases of megaloblastic Anemia, which was in concordance with the findings 

of Sharma et al. and Tirumalasetti et al.[6, 10] This is due to delayed DNA 
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maturation than cytoplasmic maturation. Both cases of CML-Blast crisis 

exhibited dysplastic features, with micromegakaryocytes and hypogranular 

forms being evident. These findings were consistent with those reported by 

Gupta et al.[8] In the present study, hypolobated (immature) megakaryocytes 

were observed in 66.7% of cases of multiple myeloma, 37.5% of cases of 

acute leukemia, 33.3% of cases of ITP, and 25% of cases of MDS. Cases of 

the above disorders were also presented with hypolobated forms in a study 

conducted by Iqbal et al.[2] Such forms arise from abnormal megakaryocyte 

maturation due to bone marrow dysfunction. These conditions disrupt normal 

development, leading to fewer nuclear lobes in megakaryocytes. The above 

findings emphasize that specific morphological patterns, including dysplastic 

changes such as micromegakaryocytes in CML and ITP and hyperlobation in 

megaloblastic anemia, can serve as valuable clinical indicators. Furthermore, 

non-dysplastic changes, such as hypolobated forms, are also frequent findings 

in conditions like acute leukemia, multiple myeloma, and MDS. In addition 

to morphological abnormalities, the quantitative assessment of 

megakaryocytes also holds diagnostic significance, with an increase in their 

number often observed in conditions such as ITP and megaloblastic Anemia 

and a decrease typically noted in acute leukemia, MDS, and 

lymphoproliferative disorders. The morphological evaluation of 

megakaryocytes remains a crucial, cost-effective adjunct to ancillary 

investigations, particularly in resource-limited settings. Therefore, our results 

underscore the importance of meticulous bone marrow assessment in the 

diagnostic workup of thrombocytopenia, as thrombocytopenia itself can result 

from either increased peripheral destruction or decreased marrow production, 

making it essential to correlate platelet counts with underlying marrow 

findings. 

 

5. Conclusion 

Megakaryocyte alterations observed in bone marrow aspirates from 

patients with thrombocytopenia across various hematological disorders 

indicate that, despite representing a small fraction of the bone marrow's 

cellularity, megakaryocytes should be regarded as equally important as 

erythroid and myeloid cells during bone marrow evaluations as they provide 

a cost-effective and efficient approach to diagnosing various 

thrombocytopenic disorders allowing for targeted management. Although this 

study offers significant insights, further research with a larger sample size 

would help validate these findings and facilitate a more comprehensive and 

detailed analysis. 

 

Limitations 

A key limitation of our study is the relatively small sample size, which 

may limit the statistical power of our findings. 
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