International Journal of Medicine
pISSN 1468-3814 | eISSN 2667-7008
https://theinternationalmedicine.conV

Original Researcher Article DOI: 10.61336/im/26-08-201
Evaluation of Paediatric Pancytopenia Through Haematological Parameters
and Bone Marrow Aspiration: An Observational Study.

Dr. Angelee Keisham?, Dr. Gajendra Pal Singh Uike?, Dr. Ankit Kumar3, Dr. Neetu Sharma*
1PG 3rd year Resident, Department of Pathology, Gajra Raja Medical College, Gwalior (M.P.)
2Professor and Head, Department of Pathology, Gajra Raja Medical College, Gwalior (M.P.)

3PG 3rd year Resident, Department of Pathology, Gajra Raja Medical College, Gwalior (M.P.)
4Professor, Department of Pediatrics, Gajra Raja Medical College, Gwalior (M.P.)

Abstract

Background: Pancytopenia in children represents a significant haematological challenge
with a heterogeneous etiological spectrum ranging from reversible nutritional
deficiencies to life-threatening marrow failure syndromes and malignancies. Early
identification of reversible causes such as nutritional anaemia can dramatically improve
outcomes, while prompt diagnosis of aplastic anaemia or leukemia allows for early
referral and initiation of definitive therapy. Aim: To find the aetiology of paediatric
pancytopenia through a comprehensive evaluation of haematological parameters,
vitamin profiles, and bone marrow aspiration. Methods: An observational study was

Correspondence: conducted at a tertiary care center over 1.5 years, including 96 paediatric patients (aged
Dr. Angelee Keisham. <19 years) presenting with pancytopenia. Evaluation included clinical assessment,
PG 3rd year Resident, complete blood counts, reticulocyte counts, peripheral blood smears, serum vitamin B12

Department of Pathology, Gajra |and folic acid levels, and bone marrow aspiration. Data were analyzed using appropriate
Raja Medical College, Gwalior statistical methods (p<0.05 considered significant). Results: The majority of patients
(M.P) were in the 11-15 years age group (47.92%). Pallor was the predominant clinical
presentation (95.83%). Haematological profiling revealed severe cytopenias, with a mean
haemoglobin of 6.08 + 1.48 g/dL and a low mean reticulocyte count of 0.44 + 0.21%.
Macrocytic anaemia was the most common peripheral smear finding (42.71%). Vitamin
B12 and folic acid deficiencies were highly prevalent (64.58% and 67.71%, respectively),
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whereas megaloblastic anaemia dominated in adolescents (11-19 years). Conclusion:
Nutritional megaloblastic anaemia is the leading, treatable cause of paediatric
pancytopenia in this setting, underscoring the critical need for routine vitamin B12 and
folate screening. However, the substantial burden of aplastic anaemia and acute
leukaemia necessitates prompt bone marrow evaluation to prevent diagnostic delay and
guide definitive management.
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INTRODUCTION

Pancytopenia represents a significant haematological abnormality characterized by the simultaneous reduction of
erythrocytes, leukocytes, and platelets below the lower limit of normal for age and sex.[1] Rather than constituting a disease
entity in itself, pancytopenia is a clinicopathological manifestation of a wide array of underlying processes that primarily
or secondarily involve the bone marrow.[2] In the paediatric population, the occurrence of pancytopenia is of particular
clinical importance, as it reflects a spectrum of conditions ranging from reversible nutritional deficiencies and transient
infection-induced marrow suppression to severe, life-threatening disorders such as acquired aplastic anaemia and
haematological malignancies.[3,4] Children typically present with non-specific clinical features— including pallor,
prolonged fever, asthenia, and bleeding manifestations— making a high index of suspicion and systematic evaluation
essential for timely diagnosis and therapeutic intervention.[5,6]

The etiological profile of pancytopenia in children differs markedly from that observed in adults, necessitating age-specific
diagnostic strategies.[7,8] In developing nations, paediatric pancytopenia is strongly influenced by nutritional and
environmental determinants, with nutritional megaloblastic anaemia frequently emerging as a predominant aetiology.[9,10]
Conversely, in tertiary referral settings, serious marrow pathologies such as acute lymphoblastic leukemia (ALL) and
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aplastic anaemia contribute substantially to the disease burden.[11,12] Unlike adult leukemias, which often present with
marked leucocytosis, paediatric acute leukemias frequently manifest with pancytopenia due to rapid and extensive marrow
infiltration, complicating early clinical differentiation.[13,14]

The initial evaluation of pancytopenia relies heavily on complete blood counts (CBC), reticulocyte response, and peripheral
blood smear examination to characterize the severity and morphological patterns of the cytopenias.[15,16,17] However,
definitive etiological diagnosis frequently necessitates bone marrow evaluation. Bone marrow aspiration provides direct
morphological insight into marrow cellularity, architectural preservation, lineage maturation, and the presence of atypical
or infiltrative elements, successfully distinguishing between ineffective haematopoiesis, marrow failure, and malignant
replacement.[18,19,20]

Within the context of nutritional cytopenias, deficiencies in vitamin B12 and folic acid lead to impaired DNA synthesis
and profound intramedullary precursor apoptosis, manifesting as ineffective haematopoiesis.[4,14] Despite being
completely reversible with appropriate supplementation, megaloblastic pancytopenia can closely mimic malignant or
aplastic states clinically and haematologically, highlighting a critical diagnostic gap that must be addressed rapidly to avert
unnecessary invasive procedures and morbidity.[4,21] The present study was designed to evaluate the aetiology of
pancytopenia in the paediatric age group through a detailed analysis of haematological parameters, peripheral smear
morphology, serum vitamin B12/folate status, and bone marrow aspiration findings. The primary aim was to diagnose and
establish the aetiology of pancytopenia, with specific objectives to evaluate bone marrow findings and determine the
relationship between serum vitamin B12 and folic acid status in affected children.

Therefore, the present study aimed to evaluate the aetiological spectrum of paediatric pancytopenia through a structured
assessment of haematological parameters, peripheral smear morphology, serum vitamin B12 and folate status, and bone
marrow aspiration findings in a tertiary care setting.

Aim and objectives

The primary aim of this study was to determine the aetiological spectrum of paediatric pancytopenia through an integrated
assessment of peripheral haematological parameters and bone marrow aspiration. The specific objectives were twofold:
first, to characterise the morphological patterns and diagnostic yield of bone marrow aspiration in identifying underlying
bone marrow pathologies; and second, to investigate the prevalence of, and correlation between, serum vitamin B12 and
folate deficiencies within this clinical cohort.

MATERIALS AND METHODS

Study Design and Study Setting: This prospective and retrospective observational study was conducted in the Department
of Pathology in collaboration with the Department of Paediatrics at Gajra Raja Medical College and JA Group of Hospitals,
Gwalior, India. These institutions serve as major tertiary care referral centers.

Study Period and Duration: The study spanned a period of one and a half years, from April 2024 to September 2025.

Study Population and Sampling: The target population comprised paediatric patients presenting with confirmed
pancytopenia. A calculated sample size of 96 participants was established based on previously published prevalence data
for aplastic anaemia (28.3%) in paediatric pancytopenia, utilizing a 5% level of significance and 9% absolute error.
Sampling was performed by consecutively enrolling all eligible cases meeting the inclusion criteria during the study period.

Inclusion and Exclusion Criteria: The study included paediatric patients up to 19 years of age whose routine CBC
demonstrated pancytopenia (defined as a simultaneous reduction in haemoglobin, total leukocyte count, and platelet count
below age-appropriate reference ranges) and who subsequently underwent peripheral blood smear and bone marrow
examination. Patients currently receiving chemotherapy, those with a history of recent blood transfusion, and individuals
aged over 19 years were excluded to eliminate confounding variables and morphological artifacts.

Study Procedures: Following detailed clinical history and physical examination (assessing for pallor, fever, weakness,
bleeding manifestations, hepatomegaly, splenomegaly, and lymphadenopathy), peripheral blood samples were collected in
EDTA-anticoagulated vials. Haematological parameters were analyzed utilizing an automated 3-part haematology analyzer
(Z3 series). Peripheral blood smears were manually prepared, stained with Leishman stain, and evaluated microscopically
for red cell morphology and the presence of atypical cells. Reticulocyte counts were calculated manually. Serum vitamin
B12 and folic acid levels were quantified using standard biochemical assays prior to marrow evaluation.
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Bone marrow aspiration was performed from the posterior superior iliac crest under local anaesthesia with strict aseptic
precautions. Aspirated marrow smears were stained with Leishman stain and independently assessed for cellularity,
myeloid-to-erythroid ratio, lineage maturation, and the presence of abnormal cells or dysplasia.

Statistical Analysis Plan: Data were entered into Microsoft Excel and analyzed using SPSS software version 22.0.
Continuous numerical variables were expressed as mean + standard deviation (SD). Categorical variables were presented
as frequencies (n) and percentages (%). Associations between categorical variables were assessed utilizing the Chi-square
(?) test. A p-value of <0.05 was considered statistically significant.

Ethical Considerations: The study protocol obtained formal approval from the Institutional Ethics Committee (IEC) of
Gajra Raja Medical College, Gwalior. Written informed consent/assent was secured from the parents or legal guardians of
all participating children prior to inclusion.

RESULTS
Table 1. Age distribution of study participants
Variable Number of Participants | Percentage (%) | Chi-square, p- value
(n=96)

1-5 years 10 10.42
Age range | 6-10 years 29 30.21 > =36.58,p<0.001
(inyears) |11 15years | 46 47.92

16-19 years 11 11.46
Gender Male 43 44.79

Female 53 55.21 v =1.04,p=0.31
TOTAL 96 100

A total of 96 paediatric patients with pancytopenia were evaluated. The demographic distribution demonstrated a
significant age-related variance, with the highest frequency of cases observed in the 11-15 years age group (47.92%), and
the lowest in the 1-5 years age group (10.42%) (p<0.001). There was a slight female preponderance (55.21% vs. 44.79%);
however, this gender distribution was not statistically significant (p=0.31).

Table 2. Haematological Parameters of Study Participants (Mean + SD)

Parameter Mean | SD
Hb (g/dL) 6.08 | 1.48
WBC (10%/pL) 226 | 0.78
Platelets (10¥/pL) | 35.23 | 18.20
MCV (fL) 8757 | 10.91
MCH (pg) 29.22 | 3.27
RDW-CV (%) 18.76 | 8.73
Retic count (%) 0.44 0.21

The cohort exhibited severe cytopenias across all lineages. The mean haemoglobin was 6.08 + 1.48 g/dL, indicating
profound anaemia. Mean leukocyte and platelet counts were significantly depressed at 2.26 + 0.78 x 103/pL and 35.23 +
18.20 x 103/uL, respectively.

Table 3. Distribution of Types of Pancytopenia in Peripheral Smear Pattern among Study Participants

Types of pancytopenia

Number (n=96)

Percentage (%)

Chi-square, p- value

Normocytic Normochromic

32

33.33

Macrocytic

4

42.71

Dimorphic

9

9.38

2 =54.30, p < 0.001
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Microcytic Hypochromic 8 8.33
Others (mixed nutritional, leukemia) | 6 6.25
TOTAL 96 100

Morphologically, macrocytic anaemia was the most frequent peripheral smear pattern (42.71%), followed by normocytic
normochromic anaemia (33.33%) (p<0.001).

Table 4. Distribution of Atypical Cells, Vitamin B12 and Folic Acid in Peripheral Smear among Study
Participants

Variable Number (n=96) | Percentage (%) | Chi-square, p- value
Atypical cells Present 12 12.50
Absent 84 87.50 x> =54.00, p <0.001
Vitamin B12 Deficient 62 64.58 ¥ =8.17,p=0.004
Normal 34 35.42
Folic acid Deficient 65 67.71 ¥ =12.04,p <0.001
Normal 31 32.29
TOTAL 96 100

Atypical cells were absent in the majority of peripheral smears (87.50%), though present in 12.50% of the cohort.
Biochemical evaluation revealed a high prevalence of nutritional deficiencies. Vitamin B12 deficiency was confirmed in
64.58% of the participants, while folic acid deficiency was present in 67.71%.

Table 5. Association between Vitamin B12 Levels and Folic Acid Status

Normal folic acid | Folic acid deficiency | Chi-square, p- value
Normal 27 7 ¥ =53.45,p<0.001
vitamin B12
Vitamin B12 | 4 58
deficiency

Ahighly significant association was observed between the two; 58 out of 62 patients with Vitamin B12 deficiency exhibited
concurrent folic acid deficiency (p<0.001).

Table 6. Bone Marrow Findings among Study Participants

Bone Marrow Findings Number of Participants | Percentage (%) Chi-square, p- value
(n=96)

Megaloblastic 35 36.46 ¥ =39.38,

Aplastic 27 28.13 p <0.001

Mixed nutritional Anemias 8 8.33

Acute Leukemia/ ALL 12 12.50

Infective Etiology / Reactive | 8 8.33

Plasmacytosis

Other (IDA, Megakaryocytosis) | 6 6.25

TOTAL 96 100

Bone marrow examination established definitive aetiologies for the pancytopenic presentations. Megaloblastic anaemia
was the most frequent diagnosis (36.46%), followed closely by aplastic anaemia (28.13%) and acute leukemia/ALL
(12.50%).
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Table 7. Distribution of Clinical Features among Study Participants

Clinical features Number of Participants | Percentage (%) | Chi-square, p- value
(n=96)

Weakness 57 59.38 v =122.39, p <0.001
Fever 60 62.50

Pallor 92 95.83

Lymphadenopathy 18 18.75

Splenomegaly 34 35.42

Hepatomegaly 18 18.75

Petechiae 13 13.54

TOTAL 96 100

Clinically, pallor was nearly universal (95.83%), followed by fever (62.50%) and generalized weakness (59.38%).
Organomegaly, including splenomegaly (35.42%) and hepatomegaly (18.75%), was also noted.

Table 8. Age-wise Most Common Type of Pancytopenia and Bone Marrow Findings

Age Range Number of patients | Common type of pancytopenia | Common bone  marrow
(n=96) aspirate finding

1-5 years 10 Normocytic Normochromic Acute Leukemia/ ALL

6-10 years 29 Normocytic Normochromic Aplastic

11-15 years 46 Macrocytic Megaloblastic

16-19 years 11 Macrocytic Megaloblastic

Age-stratified analysis revealed distinct etiological patterns: younger children (1-5 years) predominantly presented with
normocytic normochromic smear patterns secondary to acute leukemia, whereas the 6-10 years group was largely affected
by aplastic anaemia. Conversely, adolescents (11-19 years) primarily exhibited macrocytic pancytopenia resulting from
megaloblastic marrow changes.

Bone Marrow Aspiration Findings
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DISCUSSION

The accurate evaluation of pancytopenia in the paediatric age group remains a major clinical challenge due to the condition's
broad etiological spectrum and overlapping morphological manifestations. The primary objective of this study was to
diagnose the aetiology of paediatric pancytopenia utilizing a synthesis of haematological parameters, vitamin profiling,
and bone marrow aspiration. Our findings unequivocally establish nutritional deficiency— specifically megaloblastic
anaemia secondary to combined B12 and folate depletion— as the predominant cause of pancytopenia in this demographic,
followed closely by aplastic anaemia and acute leukemia.

Demographic analysis revealed a significant predisposition for pancytopenia in the 11-15 years age cohort (47.92%). This
adolescent skew likely reflects periods of accelerated growth, heightened physiological demands, and often, marginal
dietary intake leading to nutritional exhaustion. In contrast to our findings, Duong et al. (2020) in Vietnam observed peak
incidences in much younger cohorts (6 months to 6 years), where hemophagocytic lymphohistiocytosis (58.3%) and acute
lymphoblastic leukemia (26.0%) were the primary culprits.[22] This divergence underscores the profound influence of
regional nutritional standards, underlying population genetics, and tertiary referral biases on the epidemiology of paediatric
cytopenias.[5,9] Furthermore, our study identified a slight, albeit statistically insignificant, female preponderance
(55.21%). While some previous Indian studies, such as those by Khan et al. (2018) in Kashmir and Chandel et al. (2025)
in Uttar Pradesh, reported a mild male dominance,[23,19] the gender neutrality in our cohort suggests that biological sex
is not a primary mechanistic determinant for pancytopenia in our study population.

Haematological evaluation in our cohort highlighted severe tri-lineage depression. The mean haemoglobin was critically
low (6.08 + 1.48 g/dL), correlating clinically with the near-universal presentation of pallor (95.83%). The presence of a
depressed reticulocyte count (0.44 + 0.21%) across the cohort clearly pointed to a primary bone marrow production failure—
either through hypocellularity, ineffective haematopoiesis, or malignant infiltration— rather than peripheral consumptive
processes.[15,16] Peripheral smear examination offered essential qualitative direction. Macrocytic morphology was the
most frequently observed pattern (42.71%), strongly aligning with the marrow diagnosis of megaloblastic anaemia. This
finding is consistent with Kumar et al. (2023) from Eastern India, who noted macrocytic predominance coupled with a
64% incidence of megaloblastic marrow.[24]

The biochemical assays in the current study elucidate the prominent role of micronutrient deficiencies in Indian paediatric
cytopenias. Vitamin B12 deficiency was found in 64.58% of children, and folate deficiency in 67.71%. Crucially, we
demonstrated a highly significant association (p<0.001) between the two parameters; 93.5% of children with B12
deficiency exhibited concurrent folate depletion. This combined nutritional deficit drives severe ineffective erythropoiesis
and intramedullary haemolysis, manifesting as prominent anisocytosis (RDW-CV 18.76 + 8.73%) and mixed
morphological patterns.[25] Similar complex nutritional intersections were reported by Sahay and Ramesh (2018), where
combined deficiency states surpassed isolated deficiencies as the principal aetiology of pancytopenia.[10]

Bone marrow aspiration proved indispensable, confirming megaloblastic anaemia as the single most common aetiology
(36.46%). This finding is highly comparable to the data reported by Agrawal et al. (2021) in Jhansi (49.23% megaloblastic)
and Shah et al. (2017) in Gujarat (35%).[26,27] However, our data sharply contrast with the study by Sana and Rashid
(2022) in Karachi, Pakistan, where acquired aplastic anaemia represented an overwhelming 49% of paediatric pancytopenia
cases.[28] In our cohort, aplastic anaemia was the second most frequent finding (28.13%), highlighting the persistent threat
of primary marrow failure syndromes in the paediatric age group.
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Importantly, our data highlight critical age-specific etiological transitions. Children between 1 and 5 years predominantly
displayed normocytic normochromic smear patterns, with bone marrow evaluation confirming acute leukemia (ALL) as
the dominant underlying pathology in this sub-cohort. This aligns with paediatric oncology paradigms where young
children with ALL may present sub-acutely with marrow replacement and pancytopenia rather than classic
leucocytosis.[13] As age advanced into the 6-10 years bracket, aplastic states became paramount. In adolescents (11-19
years), the physiological stress of puberty intersected with dietary inadequacy, shifting the paradigm heavily toward
megaloblastic anaemia. This stratification provides a highly practical clinical heuristic for paediatricians initiating
diagnostic work-ups.

The presence of atypical cells on peripheral smears (12.50%) correlated perfectly with the ultimate bone marrow diagnosis
of acute leukemia (12.50%), reinforcing the smear's utility as an initial gatekeeper. Nevertheless, the absence of atypical
cells in 87.50% of the pancytopenic cohort emphasizes that peripheral blood alone is insufficiently sensitive to exclude
early marrow infiltration or failure, mandating bone marrow aspiration for definitive structural and functional
assessment.[2,20]

Strengths and Limitations

The primary strength of this study lies in its comprehensive, multimodal diagnostic approach, integrating clinical findings,
haematological indices, vitamin assays, and marrow morphology in a standardized cohort of 96 paediatric patients. The
inclusion of the B12/folate correlation analysis adds robust pathophysiological insight into the mechanisms of macrocytic
pancytopenia in adolescents. However, the study has notable limitations. The single-center, hospital-based design
introduces inherent referral bias, potentially skewing the severity of the presenting aetiologies. Additionally, while bone
marrow aspiration was diagnostic in most cases, adjunctive diagnostic modalities— such as trephine biopsy, flow cytometry,
and cytogenetic profiling— were not uniformly employed. These tools are often critical for sub-classifying hypocellular
myelodysplastic syndromes or complex constitutional marrow failure syndromes, representing an avenue for future
investigation.

CONCLUSION

Paediatric pancytopenia in our tertiary care setting is predominantly driven by reversible nutritional deficiencies,
particularly combined Vitamin B12 and folate depletion, which manifests most frequently as megaloblastic anaemia in
adolescents. However, a substantial proportion of young children present with pancytopenia secondary to life-threatening
marrow failure (aplastic anaemia) or malignant infiltration (acute leukaemia). This duality highlights the clinical imperative
for a structured diagnostic protocol. While complete blood counts and peripheral smears provide initial directional clues,
prompt bone marrow aspiration remains the definitive diagnostic gold standard, ensuring that critical malignant or aplastic
conditions are not overlooked and that easily reversible nutritional cytopenias are managed swiftly and appropriately.
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