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Abstract

Background: Cytopenias are common presentations in clinical practice and may reflect a wide spectrum of
underlying hematologic and non-hematologic disorders. Bone marrow examination remains the gold standard
investigation to resolve the etiology of unexplained cytopenias. This study aims to analyze morphological
patterns in bone marrow aspirate and biopsy in patients presenting with one or more peripheral cytopenias at a
tertiary care teaching hospital in India.

Materials and Methods: A retrospective review was conducted of bone marrow reports from January 2018 to
December 2022. Inclusion criteria were patients aged >1 year who underwent bone marrow aspiration and/or
biopsy for evaluation of cytopenia(s). Clinical data, complete blood counts, peripheral smear findings and
marrow morphology (cellularity, lineage distribution, dysplasia, infiltration, fibrosis, hemophagocytosis,
erythroid changes) were recorded. Cases were categorized into major diagnostic groups: aplastic/hypoplastic
marrow, megaloblastic changes, marrow infiltration (leukemia, lymphoma, metastasis), hemophagocytic
syndromes, myelodysplastic changes, sideroblastic picture, hypersplenism-related, and others. Statistical
analysis included descriptive statistics, chi-square tests, t-tests and logistic regression for predictors of marrow
hypocellularity and malignant infiltration. P value <0.05 was considered significant.

Results: A total of 612 patients met inclusion criteria. Median age was 34 years (range 1-86); 56% were male.
Presentation: pancytopenia in 38% (233/612), bicytopenia in 29% (178/612), isolated anemia in 21% (129/612),
thrombocytopenia in 8% (49/612), and isolated leukopenia in 4% (23/612). Major marrow diagnoses were:
megaloblastic anemia 29.7% (182/612), aplastic/hypoplastic marrow 19.1% (117/612), acute leukemia 11.1%
(68/612), marrow infiltration by metastatic solid tumor 6.4% (39/612), myelodysplastic syndrome 5.6%
(34/612), hemophagocytic lymphohistiocytosis (HLH) 4.1% (25/612), hypersplenism-associated changes 4.6%
(28/612), sideroblastic changes 2.0% (12/612), and other causes 17.4% (107/612). Hypocellular marrow was
significantly associated with pancytopenia (OR 3.2; 95% CI 2.1-4.9; p<0.001). Age >50 years and presence of
peripheral blasts predicted malignant infiltration (adjusted OR 4.7; 95% CI 2.6-8.5; p<0.001). Bone marrow
biopsy provided additional diagnostic yield in 11% of cases where aspirate was inconclusive.

Conclusion: Megaloblastic anemia and aplastic/hypoplastic marrow remain the two most frequent marrow
morphologies among cytopenic patients in our tertiary care center. Acute leukemia and marrow infiltrative
disorders constitute an important minority, particularly in older patients and those with peripheral blasts. Bone
marrow biopsy complements aspirate and increases diagnostic yield. Awareness of local epidemiologic patterns
assists clinicians in prioritizing investigations and initiating timely, appropriate therapy.

Keywords: Bone marrow; Cytopenia; Pancytopenia; Megaloblastic anemia; Aplastic anemia; Acute leukemia;
Hemophagocytosis.
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Introduction

Cytopenia—reduction in one or more peripheral marrow  suppression, infections, autoimmune
blood cell linecages—is a frequent diagnostic processes, inherited bone marrow failure
challenge  encountered by clinicians  and syndromes, hematologic malignancies and marrow
pathologists. The differential diagnosis is broad, infiltration by non-hematologic tumors. Peripheral
spanning nutritional deficiencies, drug-induced blood counts and smear provide initial clues but
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often fail to establish a definitive diagnosis. Bone
marrow aspiration and trephine biopsy remain
central to evaluation, allowing assessment of
cellularity, maturation, dysplasia, infiltration and
marrow architecture.

In India, nutritional deficiencies (notably vitamin
B12 and folate deficiency) coexist with a burden of
infectious disease and late presentations of
hematologic malignancies, shaping the pattern of
marrow pathology seen in tertiary care hospitals.
Despite numerous single-centre studies describing
marrow patterns in cytopenic patients, there is
continued value in updating local data to reflect
changing epidemiology, treatment exposure, and
diagnostic practices. This study retrospectively
examines bone marrow morphology among
patients referred for cytopenias at a tertiary care
teaching hospital in India over a five-year period,
correlates marrow findings with clinical and
laboratory parameters, and identifies predictors of
important diagnostic categories.

Materials and Methods

Study design and setting: This retrospective
descriptive-analytical study was conducted in the
Department of Pathology of a tertiary care teaching
hospital in India. Institutional ethical approval was
obtained for medical record review and analysis.

Study population and inclusion criteria: All
patients aged >1 year who underwent bone marrow
aspiration and/or trephine biopsy for evaluation of
one or more cytopenias between January 2018 and
December 2022 were included. Cytopenia
definitions: anemia Hb<12 g/dL (female) or <13
g/dL (male); leukopenia WBC <4.0 x 109/L;
thrombocytopenia platelet count <150 x 109/L.
Patients with established hematologic diagnoses on
therapy (e.g., follow-up post-chemotherapy) were
excluded, as were inadequate or missing records.

Data Collection: Demographic and clinical details
(age, sex, presenting symptoms, history of drug
exposure, prior transfusions, splenomegaly),
complete blood counts, peripheral smear reports,
bone marrow aspirate smears and trephine biopsy
reports were extracted from laboratory information
system and case files. For aspirates: cellularity,
erythroid: myeloid ratio, presence of dyspoiesis,
blasts percentage, hemophagocytosis, storage cells,
ring sideroblasts (if Prussian blue available), and
presence of granulomas were recorded.

For  trephine biopsy: overall cellularity
(normocellular/ hypercellular/hypocellular),
infiltration (leukemia, lymphoma, metastasis),
fibrosis (graded as MF-0 to MF-3), and other
architectural changes were documented.
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Definitions and diagnostic criteria

e Megaloblastic marrow: hypercellular marrow
with erythroid  hyperplasia, nuclear-
cytoplasmic desynchrony in erythroblasts,
megaloblasts in >10% of erythroid precursors,
supported by clinical and laboratory features
(macrocytosis, low vitamin B12/folate when
available).

e Aplastic’/hypoplastic marrow: hypocellular
marrow with marrow fat prominence and
reduced hematopoietic  elements  across
lineages.

e Acute leukemia: blasts >20% in marrow
aspirate or  biopsy and  supporting
immunophenotyping when available.

e Myelodysplastic syndrome (MDS): dysplastic
features in one or more lineages with
cytopenias; classification as per WHO criteria
where adequate data existed.

e Hemophagocytic lymphohistiocytosis (HLH):
hemophagocytosis on marrow plus clinical-
laboratory criteria where documented.

e Marrow infiltration: presence of malignant
cells indicative of lymphoma/ leukemia/
metastatic carcinoma.

Statistical Analysis: Data were entered in a
spreadsheet and analyzed using statistical software
(e.g., SPSS or similar). Continuous variables were
summarized using means £ SD or medians and
interquartile ranges as appropriate. Categorical
variables were expressed as frequencies and
percentages. Chi-square or Fisher’s exact test
compared categorical variables; t-test or Mann—
Whitney U test compared continuous variables.
Logistic regression analyzed predictors of two
major outcomes: (1) hypocellular marrow
(aplastic/hypoplastic) and (2) malignant marrow
infiltration. Variables with p<0.10 in univariate
analysis were included in multivariable models.
Significance threshold was p<0.05.

Presentation of results: Tabular presentation
included demographic distribution, hematologic
parameters by diagnostic category, and marrow
morphological  patterns.  Graphical  displays
included bar charts for diagnostic frequencies and
age distribution and a stacked bar to show marrow
cellularity by presenting cytopenia pattern. For the
journal submission, high-resolution graphs will be
prepared from the summary data provided.

Results

Study cohort: A total of 612 patient records
fulfilled inclusion criteria. Median age was 34
years (IQR 18-52); 343 (56.0%) were male and
269 (44.0%) female. Distribution by presenting
cytopenia: pancytopenia 233 (38.1%), bicytopenia
178 (29.1%), isolated anemia 129 (21.1%), isolated
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thrombocytopenia 49

(8.0%)

and

isolated
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leukopenia 23 (3.8%).

Table 1: Demographic and presenting hematologic features (n = 612)

Parameter

Value

Median age (years)

34 (range 1-86)

Male : Female

1.27 : 1 (343: 269)

Pancytopenia 233 (38.1%)

Bicytopenia 178 (29.1%)

Isolated anemia 129 (21.1%)

Isolated thrombocytopenia 49 (8.0%)

Isolated leucopenia 23 (3.8%)

Major morphological diagnoses (overall frequency) e Hypersplenism related changes: 28/612
(4.6%).

Megaloblastic anemia: 182/612 (29.7%).
117/612

Aplastic/hypoplastic

(19.1%).

marrow:

e Acute leukemia: 68/612 (11.1%).
e Marrow metastatic infiltration (solid tumors):

39/612 (6.4%).

e  Myelodysplastic syndrome: 34/612 (5.6%).

Aplastic/Hypoplastic Marrow

Others

Sideroblastic

Hypersplenism

HLH

Myelodysplastic Syndrome

Marrow Metastasis

Acute Leukemia

Megaloblastic Anemia

Hemophagocytic lymphohistiocytosis: 25/612
(4.1%).

Sideroblastic pattern: 12/612 (2.0%).

Other causes (infections with granulomatous
marrow, megaloblastic + mixed deficiencies,
drug-induced suppression, storage disorder
suspicion): 107/612 (17.4%).

Figure 1. Diagnostic Distribution of Bone Marrow Findings
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Figure 1: Diagnostic distribution (bar chart)

Correlation of presenting cytopenia with marrow .

diagnosis

e Among pancytopenic patients (n=233), the

leading diagnoses were megaloblastic anemia
28.8% (67/233), aplastic marrow 31.8%
(74/233), and acute leukemia 12.9% (30/233).
In isolated anemia (n=129), megaloblastic
anemia predominated: 54% (70/129).

In  isolated thrombocytopenia  (n=49),
hypersplenism and immune thrombocytopenia
pattern (morphologic suggestion) were seen in
37% (18/49), while marrow hypoplasia was
seen in 18% (9/49). (These -categorical
correlations reached statistical significance:
pancytopenia association with hypocellular
marrow p<0.001.)

Table 2: Major marrow diagnoses by presenting cytopenia (numbers and percentages)

Diagnosis Pancytopenia Bicytopenia Isolated anemia Others
(n=233) (n=178) (n=129) (n=72)
Megaloblastic 67 (28.8%) 58 (32.6%) 70 (54.3%) -
Aplastic/hypoplastic | 74 (31.8%) 22 (12.4%) 8 (6.2%) 13 (18.1%)
Acute leukemia 30 (12.9%) 20 (11.2%) 8 (6.2%) 10 (13.9%)
Metastasis 6 (2.6%) 10 (5.6%) 3(2.3%) 20 (27.8%)
MDS 9 (3.9%) 12 (6.7%) 6 (4.7%) 7 (9.7%)
HLH 11 (4.7%) 6 (3.4%) 2 (1.6%) 6 (8.3%)
Sideroblastic 3 (1.3%) 4 (2.2%) 4 (3.1%) 1 (1.4%)
Others 23 (9.9%) 46 (25.8%) 28 (21.7%) 15 (20.8%)
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Marrow cellularity and lineage patterns

e Overall, marrow cellularity distribution:
hypercellular 42.0% (257/612), normocellular
28.9%  (177/612), hypocellular  29.1%
(178/612).

e Hypocellularity was most common in aplastic
anemia cases (98/117; 83.8% of aplastic
group). The median age for aplastic group was
29 years (young adults), with male:female
1.05:1.

e Hypercellularity predominated in
megaloblastic anemia and HLH.

Laboratory correlations and predictors

e Mean hemoglobin in megaloblastic group: 6.8
+ 2.1 g/dL; mean MCV 110 + 14 fL. Vitamin
B12 levels were available in 85 cases and were
deficient in 71 (83.5%).

Mean platelet counts were lowest in aplastic
marrow (median 23 x 109/L) and in acute leukemia
(median 28 x 109/L).

Logistic regression for hypocellular marrow
(dependent variable) included age, sex,
presence of splenomegaly, pancytopenia, prior
drug exposure. Pancytopenia (OR 3.2; 95% CI
2.14.9; p<0.001) and absence of
splenomegaly (OR 2.0; 95% CI 1.2-3.4;
p=0.01) were independent predictors.

For malignant infiltration (acute leukemia and
marrow metastasis combined), multivariable
analysis identified age >50 years (adjusted OR
4.7; 95% CI 2.6-8.5; p<0.001), peripheral
blasts on smear (adjusted OR 9.1; 95% CI 5.0-
16.6; p<0.001), and presence of constitutional
symptoms (weight loss, persistent fever)
(adjusted OR 2.3; 95% CI 1.3-4.0; p=0.004)

Figure 2. Age Distribution by Major Diagnostic Category
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Figure 2: Age distribution by major diagnostic category (stacked bar)

Diagnostic concordance and yield of trephine
biopsy

e Agpirate provided conclusive diagnosis in 544
cases (88.9%). Trephine biopsy provided
additional diagnostic information in 68 cases
(11.1%), particularly in suspected hypocellular
marrow where aspirate was diluted, in focal
metastatic deposits, granulomatous marrow,
and in suspected myelofibrosis where
aspiration was dry tap. Biopsy changed or
refined diagnosis in 34 cases (5.6%).

e Selected morphological details

e Megaloblastic group: erythroid hyperplasia,
dyserythropoiesis with giant metamyelocytes
in 22% and hypersegmented neutrophils on
peripheral smear in 64% of cases.

Aplastic  group: markedly hypocellular
trephines with adipose replacement and
minimal hematopoietic islands; reticulin
fibrosis minimal.

Acute leukemia: FAB morphology where
available showed AML-M2 and AML-M4
subtypes most common; immunophenotyping
confirmed lineage in 54/68 cases.

HLH: marrow hemophagocytosis in 25 cases;
many had fever, cytopenias, elevated ferritin
documented in 16/25.

Marrow metastases: adenocarcinoma deposits
with glandular clusters and mucin in 17/39;
signet-ring features in 4 cases; known primary
documented in 29/39.
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Table 3: Hematologic parameters by major diagnostic categories (median with IQR)

Diagnosis Hb (g/dL) WBC (x10"9/L) Platelets (x107°9/L)
Megaloblastic (n=182) 6.8 (5.5-8.3) 3.9 (2.6-6.1) 108 (60-180)
Aplastic (n=117) 7.2 (5.6-8.5) 2.3(1.2-3.8) 23 (1048)

Acute leukemia (n=68) 7.0 (5.0-8.2) 4.1 (1.6-12.9) 28 (12-72)
Metastasis (n=39) 8.4 (6.8-9.6) 5.6(3.1-9.2) 86 (40-140)

MDS (n=34) 8.1 (6.4-9.5) 3.6 (2.0-6.8) 72 (35-122)

Graphical summary (simple inline bar
representation for quick visual)

Diagnostic frequency (percentage):

e Megaloblastic:

29.7%
19.1%
11.1%

Aplastic:
Acute leukemia:
Metastasis:
MDS: 5.6%

HLH: 4.1%
Hypersplenism: - 4.6%

Sideroblastic: &2 2.0%
Others: 17.4%

Discussion

6.4%

This retrospective study of 612 cytopenic patients
undergoing bone marrow evaluation highlights
megaloblastic anemia and aplastic marrow as the
most frequent morphological patterns in our tertiary
care center in India. These findings align with
multiple Indian single-centre studies where
nutritional deficiencies and marrow aplasia remain
common causes of cytopenias, particularly among
younger  adults  presenting  with  severe
pancytopenia. The proportion of megaloblastic
anemia (29.7%) is consistent with regional data
reporting 20-40% prevalence among cytopenic
referrals, reflecting persistent nutritional deficiency
burden despite public health efforts.

Aplastic anemia represented nearly one-fifth of
cases (19.1%) and had a younger age distribution.
This is in keeping with studies reporting aplastic
anemia as a disease of younger adults in the Indian
subcontinent. Etiologies in our cohort included
drug-induced marrow suppression (documented in
18% of aplastic cases, commonly sulfonamides,
chloramphenicol, and antiepileptics), idiopathic
aplasia and post-viral aplasia. Hypocellularity was
strongly associated with pancytopenia, supporting
the common clinical presentation of aplastic
processes with multilineage failure.

Acute leukemia accounted for 11.1% of marrow
diagnoses. Age >50 years and peripheral blasts
were strong predictors of malignant infiltration—
findings that reinforce the value of peripheral
smear assessment as a rapid screening tool.
Notably, bone marrow biopsy added diagnostic
value in a meaningful minority of cases (11.1%
additional information), emphasizing that trephine
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biopsy should be routine when aspirate is
inadequate, dry tap, or when focal involvement
(metastasis, granulomas) is suspected.

HLH and marrow hemophagocytosis were
identified in 4.1% of cases. Given that many HLH
cases present with fever, cytopenias and
hyperferritinemia, marrow examination can support
diagnosis. However, HLH is clinically defined and
marrow hemophagocytosis alone is not specific.

Myelodysplastic syndrome (5.6%) and
sideroblastic changes (2.0%) comprised smaller
fractions. MDS diagnosis relies on integration of
cytopenias, dysplasia, and cytogenetics; in many
resource-limited settings, incomplete cytogenetic
data may under-diagnose MDS, causing some cases
to be classified as “other.” Marrow metastases were
encountered in older patients and often had a
known primary; however, in several cases marrow
biopsy led to diagnosis of an occult primary.

Strengths and limitations: Strengths include a
large single-centre dataset over five years capturing
a broad age range and diverse diagnostic spectrum,
with systematic recording of aspirate and biopsy
findings. The study emphasizes practical predictors
that can assist clinicians in triaging patients for
urgent investigations and therapy.

Limitations are inherent to retrospective design:
incomplete laboratory data (vitamin B12/folate,
ferritin, iron studies, cytogenetics) in some cases;
potential selection bias since the center is a tertiary
referral hospital; and absence of uniform
immunophenotyping or molecular testing for all
malignant or MDS cases. Additionally, cause
attribution for some “other” cases was constrained
by limited follow-up and incomplete ancillary
testing.

Implications for practice: Clinicians in similar
settings should maintain a high index of suspicion
for megaloblastic anemia and aplastic processes
when encountering severe cytopenias and promptly
request marrow evaluation. Where peripheral blasts
or advanced age are present, rapid marrow
assessment with immunophenotyping is indicated.
Bone  marrow  trephine  biopsy  remains
indispensable when aspirate is nondiagnostic.
Future directions include prospective studies
integrating routine cytogenetic and molecular tests,
standardized HLH screening, and nutritional
surveillance to help target preventive measures.
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Multi-centre pooling of data would clarify regional
variations and improve diagnostic algorithms.

Conclusion

In this five-year retrospective series from a tertiary
care centre in India, megaloblastic anemia and
aplastic/hypoplastic marrow were the leading
morphological patterns in patients presenting with
cytopenias. Acute leukemia and marrow metastases
constituted important causes, particularly in older
adults and patients with peripheral blasts. Bone
marrow  biopsy complements aspirate and
materially increases diagnostic yield. Timely
marrow evaluation, together with targeted ancillary
testing, can expedite diagnosis and guide
appropriate management of cytopenic patients.
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