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Abstract:  
Background: Leukemias are heterogeneous malignant disorders of the hematopoietic system, characterized by 
clonal proliferation/ maturation arrest of hematopoietic cells. Accurate classification using bone marrow 
aspiration (BMA) is essential for diagnosis, prognosis, and management. 
Aim: To evaluate the morphological spectrum and frequency of leukemias on bone marrow aspiration, with age-
wise distribution and clinical presentation. 
Methodology: A prospective descriptive study was conducted on 142 patients with suspected leukemia at 
Department of Pathology, Darbhanga Medical College and Hospital, Darbhanga, Bihar, India. Clinical features, 
hematological parameters, and bone marrow morphology were recorded. Cytochemistry and immunophenotyping 
were performed in selected cases. Data were analyzed using descriptive statistics. 
Results: Males constituted 54.9% of patients; the most affected age group was 10–20 years (22.5%). Common 
symptoms included fatigue (73.2%), fever (69%), loss of appetite (62%), and weight loss (53.5%). Hematological 
findings showed anemia (64.8%), leukocytosis (60.6%), and thrombocytopenia (54.9%). Acute leukemias were 
most frequent: ALL (26.8%) and AML (23.9%), while CML (19.7%), CLL (7%), and other marrow disorders 
were less common. ALL predominated in younger patients, whereas chronic leukemias appeared mainly in adults. 
Conclusion: Bone marrow aspiration remains a vital diagnostic tool for leukemia. Acute leukemias were common 
in younger populations, while chronic forms prevail in older adults & elderly. Combining clinical evaluation, 
hematology, and morphological assessment ensures accurate diagnosis and guides management. 
Keywords: Leukemia, Bone marrow aspiration, Morphology, Acute lymphoblastic leukemia, Acute myeloid 
leukemia, Age distribution, Clinical presentation. 
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the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited. 
Introduction 

Leukemias are a heterogenous family of malignant 
diseases detected by clonal multiplication/matura-
tion arrest of the hematopoietic cells in the bone 
marrow their presence, peripheral blood, and other 
tissues [1]. The neoplastic proliferations cause the 
substitution of the normal marrow components that 
cause disruption of hematopoiesis and a broad range 
of clinical manifestations. The broad classification 
of leukemias is in terms of their clinical course such 
as acute and chronic and also on the basis of the lin-
eage such as myeloid and lymphoid leukemias [2]. 
This classification has great diagnostic, therapeutic 
and prognostic plans. 

Acute leukemias are malignant neoplasms charac-
terized by presence of more than 20 percent blast in 
the peripheral blood or bone marrow [3]. They pose 
a medical emergency because of the high rate of ad-
vancement and their possible life-threatening com-
plications including severe anemia, infections, and 
bleeding. The acute leukaemia are further classified 
into acute lymphoblastic leukaemia (ALL) and acute 
myeloid leukaemia (ALL), with different morpho-
logical appearances, biological behaviour and treat-
ment regimens. With chronic leukemias, however, 
the course is relatively indolent and characterized by 
more mature looking cells. Chronic myeloid leuke-
mia (CML) is associated with a hypercellular bone 
marrow that may even assume up to 100 percent 
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cellularly with predominance of maturing granulo-
cytic precursors [4]. CLL is characterized by over 30 
percent of marrow infiltration by too small mature 
looking lymphocytes. 

Bone marrow aspiration (BMA) has an important 
role in leukemia diagnosis and classification. It is a 
noninfectious and rather painless procedure that of-
fers direct access to the hematopoietic tissue [5]. 
BMA will enable stained smears to be studied on as-
pirated cells, which will allow more detailed cyto-
logical examination of hematopoietic cells and their 
morphology and allow evaluation of cellularity in 
detail as well as individual hematopoietic elements 
[6]. Regardless of the progress in immunophenotyp-
ing, cytogenetics and molecular diagnostics, bone 
marrow aspiration is a basic and essential diagnostic 
modality, especially in places with limited re-
sources. 

The morphological examination of bone marrow 
smears tends to be the most essential and initial pro-
cedure in the differentiation of different types of leu-
kemias. Precise morphological evaluation does not 
only help with preliminary diagnosis but also con-
ducts further investigations and instant therapeutic 
choices. This is of particular concern to different be-
tween ALL and AML, since the treatment regimens 
and prognosis is distinctly different. Characteristics 
of the lymphoblasts in ALL include condensed nu-
clear chromatin, indistinct nucleoli and paucity of 
cytoplasmic agranular bodies [7]. In contrast, mye-
loblasts observed in AML are delicate in their nu-
clear chromatin, they contain two to four nucleoli 
and relatively large amounts of cytoplasm with fine 
azurophilic granules that are peroxidase positive [8]. 
A close assessment of these morphological differ-
ences can be used to reliably categorize acute leuke-
mias. 

There are also characteristic marrow findings of 
chronic leukemias in aspiration. The bone marrow 
in CML is hypercellular with the entire range of 
granulocytic maturation indicating unregulated pro-
liferation of the myeloid lineage cells [9]. On the 
contrary, CLL shows diffuse or nodular replacement 
of marrow by small mature looks lymphocytes re-
sulting in a range of marrow failure [10]. These pat-
terns are important to recognize in order to diagnose 
and determine disease burden. 

There are incidences and distributions of leukemias 
which depend largely on age. Acute lymphoblastic 
leukemia is more prevalent among children, whereas 
AML is found in all age groups with increasing rates 
in adulthood. Chronic leukemia, especially CML 
and CLL are largely diseases of adulthood and the 
older population. The distribution by age is not only 
indicative of the biological behaviour of these ma-
lignancies but also of the clinical presentation, treat-
ment tolerance, and overall outcome. Thus, the epi-
demiological study of leukemias in various age 

groups can be useful and will help to comprehend 
the trend of the disease within a specific population. 

The clinical manifestation of leukemia is varied and, 
in many cases, non-specific. Bone marrow failure 
symptoms that patients can show include fatigue, 
pallor, fever, frequent infections, and manifestations 
of bleeding [11]. Infiltration of the organs can lead 
to hepatosplenomegaly, lymphadenopathy, bone 
pain, and constitutional symptoms. The distribution 
and intensity of clinical manifestations usually de-
pend on the nature of leukemia and age of a patient. 
The comparison of clinical presentation and bone 
marrow results contributes to the quality of diagnos-
tic results and helps in the overall assessment of the 
patient. 

Tertiary care referral centers in developing countries 
have a large range of hematological malignancies. 
Bone marrow aspiration is an inexpensive and read-
ily accessible diagnostic method [12]. Methodical 
study of the morphology of bone marrow, including 
clinical background information, can aid in deter-
mining the rate and prevalence of various leukemias 
in the local community. These types of studies help 
in improved awareness of the disease burden and 
could help to design diagnostic and therapeutic 
plans. 

In this work, the morphological spectrum and fre-
quency of the different leukemias such as ALL, 
AML, CML, and CLL on bone marrow aspirations 
have been studied. The cases considered in terms of 
age-related distribution and clinical manifestation 
among the patients referred to a tertiary bone mar-
row examination reference center. The proposed 
study will emphasize the importance of bone mar-
row aspiration in the diagnosis of leukemias and will 
record the pattern of leukemic disorders in various 
age groups and thus the study will add valuable in-
formation to the existing literature. 

Methodology 

Study Design: This was a prospective descriptive 
study aimed at evaluating the morphological spec-
trum and frequency of leukemias on bone marrow 
aspiration (BMA), with age-wise distribution and 
clinical presentation. The study was designed to an-
alyze the correlation between clinical features, he-
matological parameters including bone marrow 
findings in leukemic patients. 

Study Area: The study was conducted in the De-
partment of Pathology, Darbhanga Medical College 
and Hospital, Laheriasarai, Darbhanga, Bihar, India. 

Study Duration: The study was carried out over a 
period of 6 months, from April 2025 to September 
2025. 

Sample Size: A total of 142 patients diagnosed or 
suspected with leukemia and subjected to bone 
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marrow aspiration during the study period were in-
cluded in the study. 

Sample Population: Patients of all age groups pre-
senting to the hospital with clinical suspicion of leu-
kemia, such as prolonged fever, pallor, petechiae, re-
current infections, weight loss, and loss of appetite, 
were considered for inclusion. 

Data Collection: Data for the present study was col-
lected prospectively using a structured proforma de-
signed to record demographic details, clinical fea-
tures, hematological findings, and bone marrow 
morphological parameters. A detailed clinical his-
tory was obtained from each patient, including pre-
senting symptoms such as fever, pallor, bleeding 
manifestations, recurrent infections, weight loss, 
and loss of appetite. A thorough physical examina-
tion was conducted with special emphasis on pallor, 
lymphadenopathy, hepatosplenomegaly, and other 
relevant systemic findings. Hematological data were 
collected from laboratory records, including com-
plete blood count parameters and peripheral blood 
smear findings. All relevant clinical and laboratory 
data were documented systematically for further 
analysis. 

Inclusion Criteria 

• Patients of all ages presenting with clinical sus-
picion of leukemia. 

• Patients undergo bone marrow aspiration dur-
ing the study period. 

• Patients providing informed consent for partic-
ipation in the study. 

Exclusion Criteria 

• Patients with inadequate or dry tap bone mar-
row aspirates. 

• Patients with previous hematological malignan-
cies or receiving chemotherapy. 

• Patients not willing to participate in the study. 

Procedure: Peripheral venous blood samples were 
collected under aseptic conditions from all patients 
and subjected to complete blood count analysis us-
ing an automated hematology analyzer. Peripheral 
blood smears were prepared and stained with Leish-
man stain for morphological assessment. Bone 

marrow aspiration was performed under strict asep-
tic precautions using Salah’s or Klima’s needle. In 
adults, the posterior superior iliac crest or sternum 
was used as the preferred site, while the upper end 
of the tibia was used in newborns, infants, and chil-
dren below one year of age. Bone marrow smears 
were immediately prepared, air-dried. The smears 
were subsequently stained with Leishman. Detailed 
cytomorphological evaluation was performed to as-
sess cellularity, erythroid and myeloid series, mye-
loid-to-erythroid ratio, blast percentage, and pres-
ence of abnormal or dysplastic cells. Leukemia 
cases were classified based primarily on morpholog-
ical features, and cytochemical staining and im-
munophenotyping were employed in selected cases 
to aid in confirmation and subtype categorization 
where necessary. 

Statistical Analysis: The collected data were en-
tered into Microsoft Excel and subsequently ana-
lyzed using SPSS version 25. Descriptive statistical 
methods were used to summarize the data. Categor-
ical variables such as types of leukemia, age groups, 
and clinical presentations were expressed as fre-
quencies and percentages. Continuous variables in-
cluding age and hematological parameters were ex-
pressed as mean and standard deviation. The Chi-
square test was applied to assess the association be-
tween categorical variables where appropriate. A p-
value of less than 0.05 was considered statistically 
significant.” 

Result 

Table 1 presents the demographic distribution of 142 
study participants. Males constituted the majority 
with 78 participants (54.9%), while females num-
bered 64 (45.1%). The largest age group was 10–20 
years, comprising 32 participants (22.5%), followed 
by the 21–30 years group with 28 participants 
(19.7%) and 41–50 years with 26 participants 
(18.3%). Participants aged 31–40 years accounted 
for 24 cases (16.9%), 51–60 years for 20 cases 
(14.1%), and those over 60 years formed the small-
est group with 12 cases (8.5%). Overall, Table 1 
shows a slightly male-predominant population, with 
most participants being under 50 years of age.

 
Table 1: Demographic Distribution of Study Participants (N=142) 

Variable Category Frequency (n) Percentage (%) 
Gender Male 78 54.9  

Female 64 45.1 
Age Group (years) 10–20 32 22.5  

21–30 28 19.7  
31–40 24 16.9  
41–50 26 18.3  
51–60 20 14.1  
>60 12 8.5 

Total 142 100 
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Table 2 summarizes the clinical presentation of 142 
patients. The most common symptoms were fa-
tigue/weakness in 104 patients (73.2%) and fever in 
98 patients (69%), followed by loss of appetite in 88 
patients (62%) and weight loss in 76 patients 
(53.5%). Less frequent manifestations included 
hepatosplenomegaly in 58 patients (40.8%), 

recurrent infections in 52 patients (36.6%), pete-
chiae or bleeding in 46 patients (32.4%), and lym-
phadenopathy in 44 patients (31%). Overall, as 
shown in Table 2, the patient cohort predominantly 
presented with constitutional symptoms, with a sub-
stantial proportion exhibiting signs of systemic in-
volvement.

 
Table 2: Clinical Presentation of Patients (N=142) 

Clinical Feature Frequency (n) Percentage (%) 
Fever 98 69 
Fatigue/Weakness 104 73.2 
Weight loss 76 53.5 
Loss of appetite 88 62 
Petechiae/Bleeding 46 32.4 
Recurrent infections 52 36.6 
Hepatosplenomegaly 58 40.8 
Lymphadenopathy 44 31 

 
Table 3 presents the hematological findings of 142 
patients. Anemia was common, with 92 patients 
(64.8%) having hemoglobin levels <10 g/dL, while 
35.2% (50 patients) had hemoglobin ≥10 g/dL. Re-
garding total leukocyte count, 86 patients (60.6%) 
had leukocytosis, 22 patients (15.5%) had leukope-
nia, and 34 patients (23.9%) had normal counts. 

Thrombocytopenia was observed in 78 patients 
(54.9%), whereas 64 patients (45.1%) had platelet 
counts ≥1.5 lakh/cumm. Overall, as shown in Table 
3, the cohort exhibited predominantly anemia, leu-
kocytosis, and thrombocytopenia, reflecting signifi-
cant hematological involvement.

 
Table 3: Hematological Findings (N=142) 

Parameter Category Frequency (n) Percentage (%) 
Hemoglobin <10 g/dl 92 64.8  

≥10 g/dl 50 35.2 
Total Leukocyte Count Decreased 22 15.5  

Normal 34 23.9  
Increased 86 60.6 

Platelet Count <1.5 lakh/cumm 78 54.9  
≥1.5 lakh/cumm 64 45.1 

 
Table 4 shows the distribution of diagnosed hemato-
logical conditions among 142 patients. Acute leuke-
mias were the most common, with Acute Lympho-
blastic Leukemia (ALL) in 38 patients (26.8%) and 
Acute Myeloid Leukemia (AML) in 34 patients 
(23.9%). Chronic Myeloid Leukemia (CML) was di-
agnosed in 28 patients (19.7%), Chronic 

Lymphocytic Leukemia (CLL) in 10 patients (7%), 
and Chronic Eosinophilic Leukemia (CEL) in 4 pa-
tients (2.8%). Multiple Myeloma accounted for 12 
patients (8.5%), while other marrow disorders were 
seen in 16 patients (11.3%). Overall, as depicted in 
Table 4, acute leukemias constituted the majority of 
diagnoses in this study population.

 
Table 4: Distribution of Diagnosed Conditions (N=142) 

Diagnosis Frequency (n) Percentage (%) 
Acute Lymphoblastic Leukemia (ALL) 38 26.8 
Acute Myeloid Leukemia (AML) 34 23.9 
Chronic Myeloid Leukemia (CML) 28 19.7 
Chronic Lymphocytic Leukemia (CLL) 10 7 
Chronic Eosinophilic Leukemia (CEL) 4 2.8 
Multiple Myeloma 12 8.5 
Other marrow disorders 16 11.3 
Total 142 100 

 
Table 5 illustrates the age-wise distribution of major 
leukemia types among 142 patients. Acute Lympho-
blastic Leukemia (ALL) predominated in the 

younger age groups, especially 10–20 years (18 pa-
tients) and 21–30 years (10 patients). Acute Myeloid 
Leukemia (AML) was more evenly distributed 
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across ages, with notable cases in 21–30 years (8 pa-
tients), 31–40 years (6 patients), and 41–50 years (6 
patients). Chronic Myeloid Leukemia (CML) was 
predominantly seen in adults aged 31–50 years (6 
patients in each 31–40 and 41–50 groups). Chronic 
Lymphocytic Leukemia (CLL) occurred mainly in 

middle-aged groups, with cases in 31–60 years, 
while other marrow disorders were distributed 
across all age groups, peaking in 31–50 years. Over-
all, as shown in Table 5, ALL is more common in 
younger patients, whereas chronic leukemias and 
other marrow disorders are seen in older age groups.

 
Table 5: Age-wise Distribution of Major Leukemia Types (N=142) 

Age Group (years) ALL AML CML CLL Others Total 
10–20 18 6 4 0 0 28 
21–30 10 8 6 0 4 28 
31–40 4 6 6 2 6 24 
41–50 4 6 6 4 6 26 
51–60 2 6 4 4 4 20 
>60 0 2 2 0 2 6 
Total 38 34 28 10 16 142 

 
Table 6 summarizes the diagnostic modalities em-
ployed for 142 patients. Complete blood count 
(CBC), peripheral blood smear, and bone marrow 
aspiration were performed in all patients (100%), 
ensuring baseline hematological assessment. Cyto-
chemistry was utilized in 96 patients (67.6%), while 

immunophenotyping was performed in 88 patients 
(62%) to further classify leukemia subtypes. Over-
all, as shown in Table 6, a combination of morpho-
logical, cytochemical, and immunological tech-
niques was employed, with CBC, peripheral smear, 
and bone marrow aspiration universally applied.

 
Table 6: Diagnostic Modalities Used (N=142) 

Diagnostic Tool Frequency (n) Percentage (%) 
CBC 142 100 
Peripheral Blood Smear 142 100 
Bone Marrow Aspiration 142 100 
Cytochemistry 96 67.6 
Immunophenotyping 88 62 

 
Discussion 

The leukemias distribution in the current study was 
slightly male predominant (54.9%), which is in ac-
cordance with the other previous studies that have 
shown that leukemia has a high incidence in males 
when compared to women, but the difference is usu-
ally mild (Singh, 2017) [13]. In terms of age, most 
of the patients were of 10-20 years age group 
(22.5%), then were those of 21-30 years age group 
(19.7%). It is in line with the established pattern of 
acute lymphoblastic leukemia (ALL) often occur-
ring in younger people, especially children and ado-
lescents with the highest rates observed among 15-5 
years of age (Singh, 2017) [13]. This pattern is sup-
ported by our data because ALL was the most prev-
alent in the 1020 years bracket and accounted for 
26.8 percent of the cases. In its turn, acute myeloid 
leukemia (AML) constituted 23.9% of cases and had 
a comparatively wider age distribution, as reports in 
the literature indicate that about 60% of AML cases 
fall into the 40-70 age range, and 40% of them fall 
in the 1030 age range (Singh, 2017). Chronic mye-
loid leukemia (CML) had an incidence of 19.7% of 
the participants and was mostly observed in adults 
aged 21 50 years as it is related to the adult predilec-
tion and the fact that CML normally presents itself 
in the third to fifth decades (Kantarjain & Cortes, 

2013) [14] . The prevalence of chronic lymphocytic 
leukemia (CLL) and chronic eosinophilic leukemia 
(CEL) was relatively low in our cohort (7 and 2.8 
percent, respectively), as well as in established epi-
demiological trends (Singh, 2017) [13].” 

The most frequent presenting symptom clinically 
was fatigue or weakness (73.2%), then fever (69), 
then loss of appetite (62), and weight loss (53.5). 
Bleeding manifestations were also seen in 32.4 per-
cent of patients, recurrent infections and hepatosple-
nomegaly were seen in 36.6 and 40.8 percent of pa-
tients respectively. The least common was lymphad-
enopathy, that was observed in 31 percent of the par-
ticipants. These results are mostly comparable to 
those reported in the literature, whereby both ALL 
and AML are commonly characterized by nonspe-
cific symptoms as depicted by fatigue, fever, pallor 
and bleeding disposition, hepatosplenomegaly and 
lymphadenopathy (Kumar et al., 2004) [15]. On the 
same note, the patients of CML are often character-
ized by weakness, weight loss, and big splenomeg-
aly as were evident in our research (Kumar et al., 
2004) [15]. In CLL, hepatosplenomegaly and lym-
phadenopathy are less uniform and have a rate of oc-
currence around 50-60 per cent, which is also re-
flected by a smaller rate in our own cohort (Kumar 
et al., 2004) [15]. 
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Even Hematological parameters reflected patterns in 
accordance with known values. Here, 64.8% of pa-
tients were found to have hemoglobin below 10 g/dl, 
which implies that anemia was prevalent in 64.8 per-
cent, whereas in 60.6 percent of cases, leukocytosis 
was present, whereas in 15.5 percent of cases, leu-
kopenia was observed, and in 23.9 percent of cases, 
it was normal. Thrombocytopenia, a platelet counts 
of less than 1.5 lakh/cumm, was in 54.9% of the sub-
jects. The trends are in line with the predicted labor-
atory characteristics of acute leukemias, which are 
normally characterized by anemia, fluctuating leu-
kocyte counts, and thrombocytopenia, with the pe-
ripheral blood smears showing over 40 per cent 
blasts (Singh, 2017; Chakraborty, 2010) [13,16]. 
Absolute lymphocytosis above 10 10 9/L is charac-
teristic of CLL, and in classic cases, more than 90 
per cent of the peripheral blood cells are mature lym-
phocytes (Singh, 2017) [13]. Our study results re-
vealed that CML patients experienced significant 
leukocytosis, an event characterized by the total leu-
kocyte of 30500 × 10 9/l, which is consistent with 
literature descriptions, and CEL cases exhibited eo-
sinophilia of more than 1.5 x 10 9/L (Kantarjain and 
Cortes, 2013) [14]. 

A morphological difference between AML and 
CML was that AML showed a clonal proliferation 
of myeloid precursors with decreased differentia-
tion, whereas CML showed uncontrolled prolifera-
tion of mature granulocytes and their precursors. 
These leukemias were differentiated with the help of 
cytochemical and immunophenotypic analyses. 
Myeloperoxidase, Sudan black, and NSE of blasts in 
AML were positive but PAS and acid phosphatase 
of ALL blasts were positive, and classical cyto-
chemical patterns were supported (Singh, 2017) 
[13]. The diagnosis was based on bone marrow as-
piration (BMA), which enabled cytological exami-
nation and differentials counts in detail with the help 
of cytochemistry in 67.6% of samples and immuno-
phenotyping in 62, which was an expression of inte-
gration of conventional and cutting-edge diagnostic 
approaches in line with current practice (Singh, 
2017; Chakraborty, 2010) [13,16]. 

In general, the research presents similarities and dif-
ferences with current literature. The prevalence 
rates, clinical presentation, and laboratory results are 
mostly in line with previous reports; however, minor 
variations in the relative prevalence rates of the dif-
ferent leukemia subtypes (i.e., the increased preva-
lence rate of ALL over AML) may indicate differ-
ences in the epidemiology of the disease depending 
on regions, genetics, and environment. The results 
support the significance of overall hematologic test-
ing, which involves BMA, cytochemistry, immuno-
phenotyping, in the proper diagnosis, prognostica-
tion, and treatment of leukemias in different age 
groups. 

 

Conclusion 

A morphology spectrum and frequency of leukemia 
through the study of bone marrow aspiration showed 
important information regarding the demographic 
patterns, clinical presentation, as well as hematology 
of people who are affected. The patients were both 
male and female with a large age range, which also 
indicates that leukemias may affect any age, yet 
some of them were more common among particular 
age groups. Most patients presented with non-spe-
cific but widespread symptoms which include fa-
tigue, fever, and loss of appetite as well as signs such 
as hepatosplenomegaly, bleeding manifest, and fre-
quent infections, indicating the systemic effect of 
such hematological malignancies. Hematological 
examination revealed that most patients were anae-
mic, abnormal leukocyte counts and thrombocyto-
penia, which is an indication of marrow suppression 
and abnormal hematopoiesis in leukemia. Some of 
the cases diagnosed included acute leukemias and 
acute lymphoblastic leukemia and acute myeloid 
leukemia were a significant percentage with chronic 
leukemias and other marrow disorders being less 
common. The age-wise distribution showed that 
acute leukemias were more prevalent in the younger 
age groups, whereas in older age groups; the chronic 
forms were more prevalent. This paper also high-
lighted the need to use several diagnostic modalities 
that include complete blood counts, peripheral 
smears, bone marrow aspiration, cytochemistry and 
immunophenotyping in order to definitively classify 
and diagnose the specific types of leukemia. In gen-
eral, the presented results point to the manifold clin-
ical and hematological phenotypes of leukemia and 
the importance of sophisticated diagnostic assess-
ment in the selection of effective treatment options. 
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