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ABSTRACT   
Bone marrow examination (BME) remains one of the most critical diagnostic tools in pediatric 
hematology, providing valuable insights into a wide range of hematological disorders. This paper 
reviews the role of bone marrow aspiration and biopsy in diagnosing and prognosticating pediatric 
hematologic conditions, including leukemia, anemia, idiopathic thrombocytopenic purpura (ITP), and 
various infections. The review synthesizes findings from multiple studies, with a focus on the 
diagnostic utility of BMB in pediatric populations, its complementarity with bone marrow aspiration 
(BMA), and its role in assessing disease progression and treatment response. The paper also explores 
the challenges of bone marrow examination in resource-limited settings and the necessity of 
prospective studies to refine clinical guidelines. 
 
Keywords: Bone marrow biopsy, Pediatric hematology, Anemia, Leukemia, ITP, Diagnostic tool, 
Prognosis, Disease progression. 

 
INTRODUCTION   

Bone marrow Examination is an essential 

procedure in paediatric haematology, 
particularly in diagnosing various haematologic 

disorders that affect children. These include 

both malignant conditions like leukaemia and 
non-malignant conditions such as anaemia, 

thrombocytopenia, and marrow-related 
infections. Bone marrow biopsy establishes 

information about tissue structure that is 

unavailable when performing a bone marrow 
aspiration independently. Complete assessment 

of marrow architecture coupled with cellularity 
counts plays an essential role in disease staging 

and treatment outcome evaluation and patient 

prognosis determination.A wide range exists 
among paediatric blood disorders, including 

both common nutritional deficiencies in children 
and the rare and serious disease of leukaemia. 

Acute lymphoblastic leukaemia (ALL), which 
stands as the main paediatric cancer, requires 

bone marrow examination testing for both 

medical diagnosis and determining minimal 
residual disease levels. This paper discusses 

bone marrow examination approaches for 
paediatric haematologic condition diagnosis 

and clinical prediction through an analysis of its 

diagnostic value and prognostic indication 
along with treatment impact. Medical 

professionals have recognised bone marrow 
aspiration (BMA) and bone marrow biopsy 

(BMB) as a highly dependable method for 
diagnosing paediatric haematologic disorders 

for many years. The body contains spongy bone 

tissue within its major bones, which functions 

as a necessary base for blood cell production. 
Doctors perform bone marrow aspiration and 

bone marrow biopsy as diagnostic techniques 
to extract and study bone marrow. Through 

these medical procedures doctors assess blood 

cell and bone marrow conditions since they 
enable cancer detection along with unknown 

origin fever identification.The procedure of 
bone marrow aspiration creates a bone needle 

used to extract fluid from the bone marrow, 

while bone marrow biopsy relies on a bone 
needle to collect the solid tissue portions. The 

procedure of bone marrow aspiration functions 
best when used together with bone marrow 

biopsy for a complete diagnostic assessment. 
Healthcare professionals name the combined 

techniques a bone marrow exam.The medical 

diagnosis of different conditions depends 
heavily on the data obtained through bone 

marrow exams. The diagnostic evaluation 
through bone marrow tests identifies multiple 

blood conditions, including anaemia, 

leukopenia, leucocytosis, pancytopenia, 
thrombocytopenia, leukaemia, lymphoma, and 

multiple myeloma. These assessment methods 
serve two main purposes: to evaluate disease 

development and evaluate treatment success 
while examining unusual fever conditions. 

 
Role of Bone Marrow Examination in 
Pediatric Hematologic Disorders 
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The diagnostic tool known as bone marrow 

examination (BME) serves essential functions 
for pediatric haematology purposes to 

determine conditions and their levels and track 
treatment results of various haematologic and 

non-hematologic diseases. The diagnostic 

procedure provides essential information in 
evaluations of leukaemia, anaemia, 

thrombocytopenia and infections. BMB serves a 
necessary dual purpose to validate clinical 

diagnoses while detecting how deeply the 
disease has progressed and measuring 

treatment response mainly in blood cancer 

patients. 
 
Role of Bone Marrow Examination in 
Pyrexia of Unknown Origin (PUO) 

Medical studies confirm that Pyrexia of 

Unknown Origin (PUO) presents as one of the 

complex diagnosis situations (Beresford and 
Gosbell, 2016) [2]. Under such circumstances 

the evaluation depends heavily on bone 
marrow biopsy (BMB) to identify basic disease 

origins including suspected haematologic 

malignancies and infections and inflammatory 
conditions that standard tests cannot detect. 

According to Beresford and Gosbell (2016) [2], 
BME stands vital for detection in these cases 

because it shows the actual bone marrow state 
to dismiss systemic infections and malignant or 

inflammatory condition involvement. Through 

biopsy doctors obtain essential information 
about marrow conditions including 

hypercellularity as well as blast cells and 
infected marrow since these abnormalities 

usually remain undetectable with alternative 

diagnostic methods. Other tissue biopsies hold 
essential diagnostic value for PUO diagnosis 

according to Beresford and Gosbell (2016) [2]. 
PUO biopsy offers multiple functions which 

include the diagnosis of infectious or malignant 

origins of disease while helping practitioners 
choose suitable treatments. Through biopsy 

tests doctors gain capability to choose correct 
treatment tactics which include antibiotic 

medications as well as chemotherapy drugs 
combined with immunosuppressants and 

specific disease-oriented therapeutic 

approaches. Tissue biopsies become essential 
for diagnosing unknown fever sources which 

enable doctors to deliver maximum effective 
treatment outcomes. The identification of PUO 

demands biopsy because it remains an 

essential diagnostic and therapeutic 
assessment strategy after non-invasive 

diagnoses prove inadequate according to 
Beresford and Gosbell (2016). 

 
Leukemia Diagnosis and Staging   

BME serves crucial diagnostic functions to stage 

and identify leukemia conditions especially 

acute lymphoblastic leukemia (ALL) as this 
remains the leading cancer in pediatric blood 

cell malignancies. According to Ali et al. (2015) 
[1] BMB serves as an essential tool for leukemia 

diagnosis especially when BMA produces poor 

or limited test samples. Professional diagnosis 
through BMB essentiality includes detecting 

leukemia blasts because they indicate acute 
lymphoblastic leukemia progress. BMB 

facilitates detailed bone marrow inspection to 
diagnose malignant cell infiltration because 

these assessments guide treatment decisions 

and staging accuracy according to Patil et al. 
(2016)[11]. BME helps track minimal residual 

disease which proves essential for predicting 
relapse situations as well as deciding the 

necessary additional therapeutic choices. 

Patients' outcomes are strongly affected by 
disease persistence detection following initial 

treatment stages according to Majumdar et al. 
(2015) [9]. 

 
Anemia and Nutritional Deficiencies   

Medical practitioners often submit BME samples 

to diagnose nutritional anemia stemming from 
iron deficiency anemia together with 

megaloblastic anemia and vitamin B12 or folate 

deficiencies in patients. BME enables healthcare 
providers to obtain vital marrow cellularity data 

and blood cell development details which leads 
to differential anemia diagnosis according to 

Malviy et al. (2024) [10]. BME stands as a 

diagnostic tool that determines which type of 
anemia affects pediatric patients through 

assessment of hypoplastic marrow cases found 
in both iron deficiency and megaloblastic 

anemia conditions. Majumdar et al. (2015) [9] 

demonstrated that bone marrow examination 
represents an essential diagnostic method for 

both anemia identification and nutritional 
anemia management since it helps doctors 

make proper diagnostic assessments and 
treatment selection. 

 
Thrombocytopenia and ITP   

Medical professionals need BMB testing to 

identify thrombocytopenia origins in pediatric 

patients who suffer from idiopathic 
thrombocytopenic purpura (ITP). Patil et al. 

(2016) maintained that bone marrow biopsy 
stands as the key diagnostic method for ITP 

diagnosis specifically for patients who display 

unusual clinical symptoms or do not show 
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positive responses to first-level treatments 

[11]. This bone marrow examination 
demonstrates both the platelet production level 

and identifies additional potential sources of 
thrombocytopenia which could be leukemia or 

myelodysplastic syndromes. Physicians use 

BMB to establish whether thrombocytopenia 
results from primary ITP or from other 

secondary conditions since different treatments 
apply to various causes. The article written by 

Gupta et al. (2008) [5] emphasized that bone 
marrow examination serves as a fundamental 

tool to distinguish between primary and 

secondary cases of thrombocytopenia so 
healthcare providers can deliver suitable 

therapeutic plans accordingly. 
 
Infections and Non-Hematologic 
Malignancies   

Using bone marrow examination (BME) 
providers detect various types of infections and 

non-hematologic malignant cells that have 
infiltrated bone marrow tissue. BMB has proven 

valuable for diagnosing malaria and kala-azar 

after peripheral blood smears produce 
inconclusive results according to Kumar et al. 

(2020)[8]. The analysis of BME reveals 
evidence of infectious agent infiltration in the 

bone marrow thus enabling doctors to make 
accurate diagnoses and form proper treatment 

strategies. Kanneganti et al. (2023) [7] 

concluded that BME should be considered 
essential during PUO investigations since 

routine examinations fail to identify the original 
cause of fever [7]. The evaluation of bone 

marrow for infiltration by neuroblastoma or 

metastatic disease helps medical professionals 
forecast disease outcomes and decide 

treatment approaches. According to Hines-
Thomas et al. (2010) [12], BMB is effective for 

Hodgkin’s lymphoma diagnosis because it 

determines marrow involvement that affects 
staging and treatment decisions. 

 
Bone marrow Examination functions as the 

fundamental diagnostic procedure for pediatric 
blood disorders and other solid tumor 

evaluations. Bone marrow examination obtains 

its vital role from the work of four demonstrated 
studies with Ali et al. (2015),[1] Patil et al. 

(2016),[11] Majumdar et al. (2015),[9] and 
Malviy et al. (2024), [10] in the diagnosis of 

leukemia and anemia and thrombocytopenia 

together with the assessment of marrow 
infiltration for infections and non-hematologic 

malignancies. Healthcare providers utilize bone 
marrow biopsy results to determine patient 

diagnosis along with staging and therapeutic 

response assessment of their condition by 
evaluating cellular content and functional state 

along with marrow structural information. 
Additional capabilities of BME help detect both 

disease remnants after treatment and discover 

hidden fever causes which expands its 
usefulness in medical practice. Bone marrow 

biopsy constitutes a necessary diagnostic tool 
in pediatric facilities due to its capacity to guide 

treatment choices which yield superior patient 
outcomes. 

 

Prognostic Role of Bone Marrow Examination 
Bone marrow examination by healthcare 

professionals leads to pediatric leukemia and 
lymphomas diagnoses along with 

improvements in forecasting patient outcomes. 

The spread of leukemia cells within bone 
marrow tissue controls the expected results for 

patients. The analysis of bone marrow tissue 
through BME procedures provides medical staff 

with leukemic cells detection capabilities to 
predict patient survival statistics alongside 

potential disease relapses. Treatment results 

along with cancer progression for pediatric 
patients primarily depend on the bone marrow 

involvement levels which appear at diagnosis. 
Clinical practitioners use this procedure to 

establish risk groups in Hodgkin's lymphoma 

patients along with other pediatric hematologic 
malignancies which allows them to adapt 

treatments based on their diagnostic findings. 
 

Doctors rely on bone marrow examination as 

their primary tool for diagnosing and predicting 
pediatric hematology conditions because it 

leads to proper identification of various 
hematological and non-hematological diseases. 

This technique holds essential value for 
leukemia diagnosis and classification and 

anemia severity assessment together with 

detection of both thrombocytopenia and 
infections. Bone marrow biopsy provides 

survival risk assessment and disease 
progression prediction to healthcare 

professionals during patient evaluation. 

Through bone marrow examination doctors 
acquire insights regarding suitable treatments 

and detect crucial clinical markers. Medical staff 
can maintain BME as a fundamental clinical 

process for diagnosing pediatric hematologic 
disorders because of its diagnostic strength. 

 
MATERIALS AND METHODOLOGY 
Study Design 
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The main purpose of this research project 

evaluates the diagnostic utility and predictive 
value of bone marrow examination (BME) for 

pediatric hematological conditions. There was 
an analytical research conducted on the clinical 

outcomes of BME testing which examined 

patients from age 1 to 15 with suspicions about 
hematological or non-hematological diseases. A 

period study was conducted on patient records 
maintained at Mahavir Cancer Sansthan in 

Patna, Bihar for the months spanning from 
January 2023 through December 2023. The 

study focused on bone marrow examination 

diagnosis effectiveness alongside treatment 
planning consequences for patient outcomes. 

The purpose of this work is to evaluate BME 
applications in pediatric hematology along with 

clarifying the role of BME in clinical decisions 

made for patient care management strategies. 
 
Inclusion and Exclusion Criteria 
Inclusion Criteria: 

1. Patients aged one to fifteen years old who 

received bone marrow procedure for 

suspected hematological diagnoses became 
part of this study. 

2. The study includes patients who received a 
bone marrow examination diagnosis of 

hematologic malignancies and anemia and 
thrombocytopenia and non-hematological 

confirmed disorders by bone marrow 

examination. 
3. Peripheral blood smear results and clinical 

presentation accompany the available 
review of clinical data for each patient along 

with follow-up therapeutic responses. 

 
Exclusion Criteria: 

1. Patients 1-15 years. 

2. The analysis was not possible for children 
whose bone marrow specimens proved 

insufficient (dry taps and inadequate biopsy 
samples were noted). 

3. Cases excluding bone marrow biopsy from 
their final diagnosis and those without 

prognostic and treatment response data 

upon availability. 
 

Study Settings and Data Collection 

The research study occurred at Mahavir Cancer 
Sansthan in Patna, Bihar, throughout January 

2023 to December 2023. Child patients who 
need additional testing are evaluated at 

secondary care facilities to reach proper 

haematological disorder diagnoses. Analysis of 
medical records took place at Mahavir Cancer 

Sansthan in Patna, Bihar during the time span 
from January 2023 to December 2023. Records 

evaluation at Mahavir Cancer Sansthan covered 

patient structural data and medical histories, 
CBC testing outcomes as well as examination 

results of peripheral blood samples and data 
from bone marrow procedures and biopsies. 

 
For Each Patient, The Following Data Were 
Extracted: 

a. Demographic Information: Age, and clinical 

presentation. 
b. Clinical Indications for Bone Marrow 

Examination: Symptoms (fever, pallor, 

lymphadenopathy, hepatosplenomegaly), 
signs (splenomegaly, pallor), and underlying 

suspected conditions (leukemia, anemia, 
ITP, etc.). 

c. Diagnostic Information: Bone marrow 
aspiration and biopsy findings, including 

cellularity, maturation stages of blood cells, 

presence of malignant or abnormal cells, 
and any evidence of marrow infiltration. 

d. Prognostic Information: Risk classification 
(low, intermediate, or high risk), disease 

staging (for leukemia and lymphoma), and 

treatment regimens assigned based on bone 
marrow findings. 

e. Follow-up and Outcome Data: Treatment 
response, relapse rates, and survival 

outcomes.  
 

Bone Marrow Aspiration and Biopsy 
Procedures 

Both bone marrow aspiration and biopsy were 
performed according to standardized protocols 

for pediatric patients.  
 
Bone Marrow Aspiration (BMA):   

Standard 18-gauge needles were used for 
aspiration through local anesthesia at the 

posterior iliac crest. Marrow material collection 

during the procedure required the usage of 
suction pressure. The immediately collected 

aspirations went to slides for smear preparation 
followed by Leishman’s staining for cytological 

observation. 

 
Bone Marrow Biopsy (BMB):   

The physician collected the bone marrow 

specimen from the posterior iliac crest through 
Jamshidi needle extraction. The hospital fixed 

and processed the biopsy specimens before 
they embedded them in paraffin. Hematoxylin 

and Eosin (H&E) stain served to color the tissue 
sections taken from the biopsy. Additional tests 

such as Prussian blue and Reticulin stain and 

Masson’s Trichrome became needed to confirm 
particular pathologies involving storage 

disorders and myelofibrosis. 
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Data Analysis 

The collected data were analyzed using 
descriptive statistics. The following methods 

were employed: 

a. Demographic and Clinical Characteristics: 
Frequency and percentage distributions 

were used to describe the patient 
population’s age, sex, and clinical 

symptoms. 

b. Diagnostic Outcomes: The proportion of 
patients diagnosed with different 

hematological disorders (such as leukemia, 
anemia, ITP) based on bone marrow 

examination findings was calculated. 
c. Prognostic Outcomes: Survival analysis was 

performed using Kaplan-Meier methods to 

estimate relapse-free survival and overall 
survival. Subjects who survived without 

relapse or death had their survival period 
censored at the latest date of their follow-

up. 

d. Statistical Tests Used Chi-square Tests To 
Evaluate Categorical Variables On Specific 

Disorder Existence Differences Between 
Male And Female Groups. A Wilcoxon-Mann-

Whitney test determined if age levels 
differed between the patient groups with 

continuous data. 

e. Analysis of bone marrow aspirate and bone 
marrow biopsy methods studied their 

agreement level. The assessment identified 
cases of insufficient findings from individual 

assessments to determine the diagnostic 

powers of joint examination when 
performed simultaneously. 

 
Ethical Considerations 

As per our institutional policy, ethical clearance 

is exempted for retrospective,systemic analysis 
and meta analysis. Written informed consent 

came from the legal guardians or parents of 

every pediatric patient before performing bone 
marrow aspiration or biopsy on them. 

  
Data Extraction 

The research examined necessary data about 

study design and sample sizes while acquiring 
diagnostic results along with clinical advantages 

together with diagnostic performance from 
selected research papers. The diagnostic value 

of bone marrow examination (BME) for 

pediatric hematology received analysis through 
multiple research investigations. The research 

by Majumdar et al. (2015) [9] took place in 
Kolkata at a pediatric center to analyze how 

BME could diagnose hematological cancers and 

anemia in children. Bone marrow examination 

shows effectiveness in diagnosing different 

blood diseases that affect children according to 
research findings. A study published by Patil et 

al. (2016) [11] evaluated bone marrow 
examination utility in pediatric medical 

diagnosis through the verification of its 

performance for detecting cancerous and non-
cancerous diseases. The diagnostic findings 

obtained through BME enable both disease 
development assessment and therapeutic 

monitoring based on their stage determination. 
Ali et al. (2015)[1] studied the comprehensive 

applications of BME and its associated 

clinicohematological features in children for 
successful leukemia diagnosis and identification 

of aplastic anemia and myelofibrosis while 
generating essential data for selecting 

treatments. Bone Marrow Aspiration showed 

exceptional ability according to Shams et al. 
(2018) [12] for detecting pancytopenia and 

bicytopenia in child patients. Clinical diagnosis 
of blood disorders in pediatric patients worked 

most effectively since pediatric cases present 
unique blood condition types that require 

specific differentiation. The researchers at 

Fatima et al. (2018)[3] conducted their study at 
a pediatric center in Hyderabad India which 

revealed Bone Marrow examination served as a 
fundamental tool in India for detecting 

leukemia and aplastic anemia at various 

medical institutions. Research confirms that 
Bone Marrow Examination proves necessary for 

pediatric hematological disease diagnosis 
because it delivers exact disease detection 

results. 

 
RESULTS AND DISCUSSIONS 

Bone marrow aspiration stands as the essential 

diagnostic procedure for pediatric patients who 
might have blood disorders in the field of 

hematology science. The diagnostic value of 
BME persists because it permits researchers to 

identify hematological malignancies in addition 
to diagnosing anemia and pancytopenia cases. 

Medical examination results show that Bone 

Marrow Examination functions well for pediatric 
diagnosis by providing essential medical data 

that leads to suitable treatment decisions. 
Bengali Medical Express (BME) demonstrated 

its effectiveness for leukemia and anemia 

diagnosis in the research studies conducted by 
Majumdar et al. (2015), Patil et al. (2016) and 

Ali et al. (2015) [9][11][1]. Bengali Medical 
Express successfully diagnosed pediatric 

pancytopenia patients while identifying their 
various hematological issues according to 

Shams et al. (2018) [12]. 
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The clinical significance of BME encounters a 
major obstacle due to its invasive nature when 

treating pediatric patients. The diagnostic 
techniques of genetic testing together with flow 

cytometry and advanced imaging technology 

are expected to provide alternative approaches 
to BME evaluation specifically in select 

conditions while BME continues as an essential 

tool in pediatric hematology. 
Future research needs to enhance both the 

safety aspect of diagnostic aspiration 
procedures and cut down on complications 

while investigating less invasive diagnostic 

methods that provide similar accuracy to 
prevent aspiration risks.

 
TABLE 1: Age-Wise Distribution (Total Cases = 90) 

Age group Number of cases Percentage (%) 

1-5 year 20 22.22 

6-10 years 29 32.22 

11–15 years 41 45.55 

Total 90 100 

 

 
 

The data table 1. The age groups reported 

different distributions of patients which produce 
substantial variation. A total of 45.56% of 

suicide cases belong to the 11-15 years age 
group which stands as the highest group. The 

age group of 6-10 years follows after 11-15 

years where both sections contain 32.22% of 

total cases. The 1-5 years group demonstrates 

the lowest participant rate since their cases 
account for 22.22% of the overall number. The 

study includes 90 cases showing that most 
cases occur among adults above age 11 who 

fall into the 11-15 years group.

 
TABLE 2: Indications to Perform Bone Marrow Examination in Children (N = 90) 

Indication Total Percentage (%) 

Evaluation of cytopenias 38 42.22 

Suspected/to rule out haematological malignancy 32 35.55 

To evaluate remission in malignancies involving the marrow 12 13.33 

Pyrexia of unknown origin (PUO) 3 3.33 

Suspected storage disorder 2 2.22 

Miscellaneous 3 3.33 

 

20

29

41

90

Graph -1 Age wise distribution

1-5 year 6-10 years 11–15 years Total
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Primary indications for conducting bone 

marrow examinations on children are revealed 
through the data in Table 2. The assessment of 

cytopenias stands as the leading purpose for 
bone marrow testing at 42.22% of cases while 

suspected or exclusion of haematological 

malignancy occurs for 35.56% of cases. The 
requirement of assessing malignant remission 

in marrow-involved diseases accounts for 
13.33% of bone marrow examination purposes 

in children. The diagnosis of PUO and the 

confirmation of storage disorders comprise 
3.33% of reasons for bone marrow testing 

along with all remaining rare cases which make 
up another 3.33%. The research shows that 

bone marrow examinations performed on 

children mostly focus on diagnosing cytopenias 
while also excluding possible haematological 

malignancies as the primary investigation 
sources.

 
TABLE 3: Distribution of main presenting symptoms 

Symptom Number of cases Percentage (%) 

Fever 37 41.11 

Bleeding manifestations 23 25.55 

Generalized weakness 14 15.55 

Abdominal pain 07 7.77 

Breathlessness 09 10 
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"Graph 2: Indications for Bone Marrow Examination 

in Pediatric Patients (n = 90)"

Evaluation of cytopenias

Suspected/to rule out
haematological malignancy

To evaluate remission in
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"Graph 3: Distribution of Primary Presenting Symptoms and 

Number of Cases"
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The data from Table 3 highlights the main 

presenting symptoms among the cases. The 
most common symptom is fever, which is 

observed in 41.11% of the cases, making it the 
primary indication for seeking medical 

attention. The second most frequent symptom 

is bleeding manifestations, reported in 25.56% 
of the cases. Generalized weakness is also 

relatively common, appearing in 15.56% of the 

cases. Other symptoms such as breathlessness 

and abdominal pain are less frequent, with 
breathlessness accounting for 10.00% and 

abdominal pain being present in only 7.78% of 
the cases. This indicates that fever and 

bleeding manifestations are the primary 

concerns among the cases, while symptoms like 
breathlessness and abdominal pain are 

observed less frequently.
 

TABLE 4: Distribution of main presenting signs 

Symptom Number of cases Percentage (%) 

Pallor 30 33.33 

Splenomegaly 21 23.33 

Hepatomegaly 18 20 

Lymphadenopathy 11 12.22 

Jaundice 10 11.11 

 

 
 

The data from Table 4 reveals the main 
presenting signs in the cases. Pallor appears as 

the leading sign and it manifested in 33.33% of 

patients indicating its high frequency in this 
group. Splenomegaly appears as the second 

most prevalent sign after pallor because it 
affects 23.33% of patients while hepatomegaly 

occurs in 20.00% of cases. Jaundice along with 

lymphadenopathy occur less frequently as both 
conditions affect 12.22% of patients with 

jaundice being observed in 11.11% of the 

cases. The evaluation shows pallor stands out 
as the most prominent sign followed by 

splenomegaly and hepatomegaly as more 
frequent findings than lymphadenopathy and 

jaundice.

 
TABLE 5: Distribution of cases based on etiology 

Sr. No. Diagnosis 
No. of cases / 

Percentage 
Percentage (%) 

1 Acute leukemia 23 25.55 

2 Infections 15 16.66 

3 Nutritional anemia 12 13.33 

4 Aplastic anemia 09 10 

5 ITP 05 5.55 

6 Haemolytic Anemia 9 10 

7 Marrow in lymphoma 3 3.33 

8 CMPD favouring CML 3 3.33 

9 Eosinophilia 2 2.22 

10 Relapse of leukemia 2 2.22 

11 Suspected HLH 1 1.11 

30

21
18

11
10

"Graph-4: Distribution of Primary Presenting Signs 

and Number of Cases"

Pallor Splenomegaly Hepatomegaly Lymphadenopathy Jaundice
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12 Storage disorder 1 1.11 

13 Myelodysplastic syndrome 1 1.11 

14 Erythroid hypoplasia 1 1.11 

15 JMML 1 1.11 

16 Myelofibrosis 1 1.11 

17 Suspected TAR syndrome 1 1.11 

 

 
 

The diagnostic data in Table 5 shows that acute 

leukemia represents the most frequent 
recorded case by reaching 25.56% of all 

observations. The data shows infections and 
nutritional anemia each diagnosis 16.67% and 

13.33% of patients in the study. Both aplastic 
anemia and haemolytic anemia each represent 

10.00% of the cases. The remaining 3.33% of 

diagnoses involved immune thrombocytopenic 
purpura (ITP) and marrow involvement in 

lymphoma together with chronic 
myeloproliferative disorder favoring chronic 

myelogenous leukemia (CMPD). The 

uncommon diagnosis group includes 
eosinophilia and account for 1.11% of total 

anemia cases alongside suspected 
hemophagocytic lymphohistiocytosis (HLH) and 

relapse of leukemia and storage disorder and 
other diagnoses at a rate of 1.11%. The 

majority of detected hematological disorders 

stem from acute leukemia and standard 
hematological ailments based on this statistical 

data since rarer medical conditions represent 
declining fraction of cases. 

 

DISCUSSION 

The research analyzed different clinical and 
hematological conditions affecting children 

while inspecting the primary symptoms, clinical 

signs, bone marrow assessment triggers, and 
case origin causes. The five tables present 

results containing essential information about 
which conditions are commonly found along 

with their population distribution 
demographics.  

 
Age-wise Distribution of Cases   

The cases in Table 1 predominantly occur 

within the 11-15 years age group where 

45.56% of patients were diagnosed while 
32.22% and 22.22% of cases were found in the 

6-10 years age group and 1-5 years age group 
respectively. Older children aged 11-15 appear 

most often in reported cases of the studied 

conditions among all age groups. The research 
findings support the hypothesis which explains 

how specified hematological and systemic 
conditions appear more often in late childhood 

and early adolescence phases because of 
developing immune and hematopoietic 
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systems. Healthcare services have become 

more accessible to older children and create 
increased awareness of their medical needs and 

they therefore show higher incidence of such 
conditions. 

 
Main Presenting Symptoms   

The analysis shows fever stands as the major 

presenting symptom recorded in 41.11% of the 

affected patients. Many hematological 
conditions lead to fever as a typical body-wide 

symptom according to this data. The second 
most prevalent symptom in patients is bleeding 

manifestations affecting 25.56% of patients 
and is linked to hematological conditions 

including leukemia and anemia alongside 

thrombocytopenia. The complaint of 
generalized weakness appears in 15.56% of 

patients particularly among patients dealing 
with chronic anemia. Abdominal pain with a 

frequency of 7.78% together with 

breathlessness affecting 10% of patients 
indicated possible complications such as 

splenomegaly and haemolytic anemia where 
systemic involvement leads to discomfort and 

respiratory symptoms. Data shows that fever 
along with bleeding symptoms demonstrate the 

severe widespread nature of conditions that 

healthcare professionals investigate. 
 
Main Presenting Signs   

The presenting sign of pallor was found to be 
the most common at 33.33% among the 

studied cases according to Table 4. Anemia 
characterizes the presence of pallor and these 

symptoms mostly emerge from various blood-

related disorders including leukemia and 
aplastic anemia and nutritional anemia. 

Patients frequently presented with enlarged 
spleen (23.33%) and liver (20.00%) during 

assessment since these findings often appear in 

leukemia or haemolytic anemia and other 
malignant or chronic conditions affecting these 

organs. Research evidence confirms that spleen 
and liver enlargement frequently develops 

among patients with conditions that disturb 
bone marrow blood cell manufacturing 

processes. Apart from these less common 

signs, lymphadenopathy affected 12.22% of 
patients and jaundice occurred in 11.11% of 

participants whose medical conditions 
demonstrated systemic processes, particularly 

in cases of haemolytic anaemia, lymphoma and 

leukemia that display swollen lymph nodes and 
yellow skin color. 

 
Indications for Bone Marrow Examination   

Table 2 summarizes the main reasons that lead 

healthcare providers to perform a bone marrow 
examination on children. The assessment of 

cytopenias served as the primary reason for 
conducting bone marrow examination since 

42.22% of performed tests focused on 

cytopenias evaluation. Medical studies 
demonstrate that cytopenias including anemia 

and thrombocytopenia together with 
leukopenia manifest as common clinical signs of 

hematological disorders especially leukemia 
and aplastic anemia and also nutritional 

anemia. Bone marrow examination played an 

essential role in diagnosing leukemia and 
lymphoma as 35.56% of cases were evaluated 

for suspected or to rule out hematological 
malignancy. The evaluation of remission in 

malignancies and pyrexia of unknown origin 

(PUO) as well as suspected storage disorders 
remained relatively uncommon among the 

diagnostic procedures. Medical evaluation of 
bone marrow proves essential for diagnosing 

different blood-related diseases and monitoring 
their course. 

 
Etiology of Cases   

Table 5 provides details regarding the number 

of diagnosed cases according to their specific 

origin classification. Acute leukemia stood as 
the primary medical diagnosis which affected 

25.56% of patients. Acute leukemia stands out 
as the dominant hematologic malignancy which 

affects children because it appears frequently 

among this age group. The second most 
reported underlying cause of diseases involved 

infections at 16.67% while  nutritional anemia 
occurring at 13.33% along with aplastic anemia 

at 10.00% of diagnosed cases. The 

development of hematologic conditions heavily 
depends on bone marrow function and 

nutritional status as both nutritional anemia 
(13.33%) and aplastic anemia (10.00%) often 

occurred alongside other hematologic 
conditions. The less common etiologies  

included ITP as well as haemolytic anemia and 

lymphoma-mediated bone marrow 
involvement. Systemic disorders present with 

overlapping clinical symptoms including 
suspected HLH, myelodysplastic syndrome, and 

suspected TAR syndrome. Therefore, 

healthcare providers need to perform extensive 
diagnostic examinations because these 

conditions lie within the broad range of 
hematological diseases. 

 
CONCLUSION   
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These tables give a complete summary which 

demonstrates how age together with 
symptomatic presentations and diagnostic 

methods aid the management of pediatric 
hematologic conditions. Among pediatric 

patients acute leukemia along with cytopenia 

and fever present as the most frequent 
conditions that show the extreme complexity 

and severity of hematological and systemic 
conditions. Accurate diagnosis and proper 

management depend on early diagnostic 
workup along with comprehensive bone 

marrow examination according to the 

supporting data. 
 
Limitations and Future Directions 

The system functions well as a diagnostic tool 
although it contains critical usage limitations. 

Physical discomfort along with anxiety affect 
children when doctors perform the invasive 

process to detect BME. Paramedic skills of BME 

depend on proper clinician collection of 
representative samples to verify test accuracy 

which also relies on sampling methods and 
sample quality. Researchers should create 

additional diagnostic methods that would 
complement BMB through molecular diagnostic 

techniques and high-end imaging techniques. A 

wide range of clinical facilities spanning various 
geographic areas should conduct research to 

enhance accurate pediatric diagnosis since 
medical procedures for this patient 

demographic need additional advancement.. 
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