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ABSTRACT 
Objective: To design a simplified minimally invasive algorithm for strategic diagnostic approach towards 
pancytopenia by evaluating the etiological spectrum of pancytopenia in a tertiary care hospital. 
Material and Methods: It was a retrospective study which was conducted at Fauji Foundation Hospital 
Rawalpindi. The duration of study was 3 years, i.e. January 2022 - January 2025. Patients of both 
genders and all ages who were diagnosed as having pancytopenia were included in the study. All 
pancytopenia were verified on peripheral smear. Results of other diagnostic workup done to identify the 
etiology of pancytopenia including reticulocyte count, malarial parasite (MP), serum iron profile, vitamin 
B12 levels, red blood cell (RBC) folate, blood cultures etc. and of different imaging techniques were 
noted. 
Results: Out of total 216 patients 174 were females and 42 were male. Non-malignant cases in patients 
presented with pancytopenia were 181. Whereas 35 cases (16.2%) showed various malignant disorders. 
Among the non-malignant disorders, the most common etiology was infections (27%) followed by 
megaloblastic anemia (19%). In malignant disorders acute lymphoblastic and acute myeloid leukemia 
comprised the largest bulk (40%). Non-diagnostic marrows were 37%. After a thorough evaluation of 
generated data, a simplified algorithm is designed to opt for a strategic approach towards diagnosis of 
pancytopenia.  
Conclusion: Among various causes of pancytopenia, megaloblastic infections and aplastic anemia were 
the most common causes. Thorough and logical evaluation and strategic diagnostic approach following 
algorithm will help to reduce mortality and morbidity in patients presenting with pancytopenia. 
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INTRODUCTION 

Pancytopenia is not a diagnosis itself but is 

characterized by a decrease in all three cell 

lineages (Hemoglobin (Hb), Total leucocyte 

count (TLC) and Platelets (Plt). It is defined as 

hemoglobin level <than 12 g/dL in females and 

<13gm/dl in males, total leucocyte count (TLC) < 

4 × 109 /L / absolute neutrophil count (ANC) < 

1.5 × 10 9 /L, and platelet count < 100 × 109 /L 

[1]. Common clinical features usually include 

fatigue, infections and bleeding. Although the 

etiology of pancytopenia is extensive, but 

nutritional deficiencies are the commonest. 

Vitamin B12 deficiency results in defective DNA 

synthesis and megaloblastic anemia eventually 

leading to pancytopenia [2]. Similarly, folate 

deficiency and certain medications such as 

methotrexate can result in megaloblastic anemia 

and pancytopenia. Copper deficiency or zinc 

excess are fewer common causes leading to 

pancytopenia [3]. Aplastic Anemia results in 

pancytopenia due to hypocellular bone marrow 

and reduced production of all three cell lineages. 

Other differentials, especially in younger patients 

include, inherited bone marrow failure 

syndrome, such as Schwachman–Diamond 
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syndrome, Fanconi anemia, and dyskeratosis 

congenita [4]. However, splenomegaly and 

lymphadenopathy are unusual in Aplastic 

Anemia, and in their presence, infections should 

be considered instead. Aplastic anemia is 

diagnosed by bone marrow aspiration and 

trephine biopsy [5].  

Hemophagocytic lympho-histiocytosis (HLH) is a 

rare but fatal disease of overactive histiocytes 

and lymphocytes. In view of the fatality of 

disease early detection and immediate treatment 

is required [6]. Radiation therapy can lead to 

Bone marrow Hypoplasia [7]. Severe acute 

respiratory syndrome by coronavirus 2 (SARS-

CoV-2) also reported resulting in pancytopenia 

[8, 9]. Various infections such as parvovirus B19 

and human immunodeficiency virus (HIV), 

Leishmaniases and Hepatitis C infection can 

also impair bone marrow production, thus 

leading to pancytopenia [10, 11]. 

Bone marrow infiltration by inherited storage 

disorder such as Gaucher disease may result in 

pancytopenia [12]. Various malignancies 

including lymphoma, leukemia, multiple 

myeloma, metastatic tumors and different 

granulomatous diseases can lead to 

pancytopenia by causing bone marrow 

infiltration [13,14]. Drug toxicities by 

chemotherapeutic agents and other drugs 

including chloramphenicol, dapsone, 

carbamazepine and carbimazole can lead to 

pancytopenia [15].    

Pancytopenia is a significant diagnostic 

challenge due to its broad spectrum of 

underlying causes. While numerous etiologies 

have been overused, there remains a notable 

scarcity of literature particularly at the local, 

regional, and national levels [16]. In the absence 

of standardized protocols, clinicians often resort 

to individualized diagnostic approaches, 

frequently involving invasive procedures such as 

bone marrow examinations, even when they 

may not be immediately warranted. 

This study aims to develop a minimally invasive 

diagnostic algorithm tailored according to the 

demographic and etiological patterns observed 

in patients presented with pancytopenia in our 

population. By establishing a context-specific 

approach, this research intends to assist 

pathologists and clinicians in reaching accurate 

diagnosis more efficiently, thereby reducing 

unnecessary laboratory workload, minimizing 

the financial burden on patients, and curbing the 

overuse of invasive investigations. Ultimately, 

this study seeks to enhance diagnostic precision 

and streamline patient care in cases of 

pancytopenia within our healthcare setting. 

 

MATERIAL AND METHODS 

This was a retrospective observational study 

which was conducted in the department of 

Hematology, Fauji Foundation Hospital 

Rawalpindi. Ethical approval was taken from the 

institutional ethical review board (Ref No 

983/RC/FFH/RWP dated 11th August 2020). The 

study was carried out from January 2022 to 

January 2025. Patients of all ages and both 

genders were included in the study. Data was 

exported from Sysmex analyzer and was 

processed in excel. Hospital software was used 

to retrieve radiological and laboratory data 

including CBC, peripheral smear findings with all 

other ancillary investigations. All blood samples 

received in the Hematology section of the FFH 

for Complete blood counts (CBC) from the in-

patient and outpatient department during this 

time span were processed on Fully automated 

Hematology Analyzer Sysmex XN-1000 series. 

All CBC showing pancytopenia (hemoglobin <13 

g/dL in males and 12gm/dl in females, a platelet 

counts of <100 × 10 9/L and an absolute 

neutrophil count of <1.5 × 109/L) were verified 

on peripheral smears. Patients with a known 

diagnosis of pancytopenia or on chemotherapy 

or radiotherapy were excluded from the study. 

Reticulocyte count was also performed on 

Sysmex XN-1000 series. Morphological details 

of all peripheral smears stained with Leishman 

stain were noted. Details regarding presence or 

absence of blasts, malarial parasites, any red 

cell or white cell inclusions and platelet clumping 

were reported. Results from a comprehensive 

range of investigations were recorded, including 

serum iron profile, lactate dehydrogenase 

(LDH), vitamin B12 levels, red blood cell (RBC) 

folate, blood cultures, liver function tests (LFTs), 
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renal function tests (RFTs) and autoimmune 

panels. Infections in our study were categorized 

based on clinical diagnosis supported by lab 

confirmation. Viral infections included dengue 

(confirmed by NS1 antigen), infectious 

mononucleosis (confirmed by EBV serology), 

COVID-19 (RT-PCR), and other viral infections 

as identified through relevant serological tests. 

Bacterial infections included typhoid fever 

(confirmed by positive blood culture), while 

fungal infections included candidiasis (confirmed 

by fungal culture).  

In addition, data for chronic viral hepatitis 

serology and HIV screening, Quantiferon Gold, 

and GeneXpert for tuberculosis were also 

documented. Imaging findings from ultrasound 

and CT scans, as well as results from bone 

marrow aspiration and trephine biopsies were 

systematically included 

Data was scrutinized on SPSS version 21.0. 

Statistical analysis comprised of descriptive 

stats (mean, standard deviation (SD), 

Confidence interval (CI), frequency distribution 

and percentages) 

 

RESULTS  

After excluding diagnosed cases, patients on 

chemotherapy or repeat samples of the same 

patient in the tenure of their admission, the 

undiagnosed/new pancytopenia cases were 

found to be 216. 

Patients of all age groups were included in the 

study meeting the prerequisites. Gender 

distribution shown in (Table-I). Pancytopenia 

cases were divided into three groups according 

to the age bracket i.e. above 50years, between 

30-50 years and below 30 years. 50% (108) 

cases of all pancytopenia cases were noted in 

patients of either gender above 50 years of age 

whereas in the 50% below 50 years, the second 

peak was noted in patients below 30 years i.e. 

60 cases (Table-II). The incidence of non-

malignant cases in patients with pancytopenia 

was 181 (83%) whereas 35 cases (16.2%) 

showed malignant disorders. The most common 

non-malignant etiology has been found to be 

infection (27%) followed by megaloblastic 

anemia (19%) with acute leukemia group 

including acute lymphoblastic and acute myeloid 

leukemia comprising the largest bulk (40%) in 

malignant cases presented with pancytopenia. 

(Figure I and II) The mean and standard 

deviation of WBC, Hemoglobin and platelet of 

non-malignant group is shown in table-III. As per 

results in malignant disorders Mean Hemoglobin 

found out to be 6.79 gm/dl, Mean TLC was 2.08 

x 10^3/uL and Mean Platelet count calculated 

was 41.46 x 10^3/ul. Out of total patients, Bone 

Marrow Biopsy was performed on 70 patients. 

Percentage of patients with diagnostics bone 

marrow findings was 63%, while the number of 

patients in which bone marrow biopsy was not 

required was found to be 37%. Table 4 shows 

Outcomes of Bone Marrow Examination in 

Pancytopenia with Diagnostic Yield, while Table 

5 depicts those patients with pancytopenia who 

possibly underwent unjustified procedures. 

Keeping in view the above-mentioned results a 

simplified algorithm has been designed for 

devising a strategic and logical approach 

towards pancytopenia (Figure-III) However 

Sequence of investigations can be tailored 

according to the clinic-pathological consensus of 

physicians. 

Chronic disease includes chronic liver disease, 

chronic hep B and C viral infections, chronic 

kidney disease, diabetes mellitus and 

neurological disorder. 
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Table-I: Gender distribution in pancytopenia patients. 

Total number of cases Pancytopenia in female Pancytopenia in males 

216 174 42 

100% 80.5 19.5 

 
Table-IIA: Age specific mean values, standard deviations and confidence interval of WBCs and HGB among Malignant and non-malignant cases. 

Stratum 
Non 

malignant 
Malignant 

Non-Malignant 
cases 

WBC Mean + SD 
(10^3/uL) 

A 

Malignant 
cases 

WBC Mean + 
SD (10^3/uL) 

B 

WBC 95 % CI 
(10^3/uL) 

A & B 

Non-Malignant 
cases 

HGB Mean + SD 
(g/dL) 

A 

Malignant cases 
HGB Mean + SD 

(g/dL) 
B 

HGB 95 % CI 
(g/dL) 
A & B 

<30 60 6 2.46 0.97 1.95 0.98 (2.22, 2.71) 7.43 2.03 7.93 1.70 (7.00, 7.86) 

30-50 35 6 2.26 1.23 2.39 0.78 (1.93, 2.60) 7.31 1.54 5.85 1.12 (6.67, 7.95) 

>50 86 23 2.55 0.94 2.03 1.11 (2.35, 2.76) 7.37 1.84 6.73 1.70 (7.03, 7.72) 

 
Table-II B: Age specific Mean values, Standard Deviations and Confidence interval of PLT among Malignant and Non-Malignant Cases 

Stratum 
Non 

malignant 
Malignant 

Non-Malignant cases 
PLT Mean + SD (10^3/uL) 

A 
 

Malignant cases 
PLT Mean + SD (10^3/uL) 

B 

PLT 95 % CI 
(10^3/uL) 

A & B 

<30 60 6 44.7 23.84 40.83 27.62 (38.84, 50.56) 

30-50 35 6 43.54 28.02 45.16 32.18 (34.41, 52.67) 

>50 86 23 46.18 26.74 40.65 31.96 (40.26, 52.11) 

 
Table-III: Mean, standard deviation and *confidence interval of WBC, HGB and PLT in common non- malignant pancytopenia patients. 

Category 
No of 

Patients 

WBC Mean + SD with 95% CI 
(10^3/uL) 

HGB Mean +   SD with 95% CI 
(g/dL) 

PLT Mean +   SD with 95% CI (10^3/uL) 

Mean SD CI Mean SD CI Mean SD CI 

Non-malignant (all) 181 2.469 1.013 (2.32, 2.62) 7.382 1.849 (7.11, 7.65) 45.182 25.952 (41.38, 48.99) 

Mixed deficiency 

anemia 
17 2.586 1.081 (2.03, 3.14) 8.612 1.350 (7.92, 9.31) 47.941 25.420 (34.87, 61.01) 

Chronic Disease 26 2.043 0.931 (1.67, 2.42) 7.469 1.867 (6.72, 8.22) 37.231 24.417 (27.37, 47.09) 

Megaloblastic anemia 34 2.581 0.913 (2.26, 2.90) 7.076 2.029 (6.37, 7.78) 53.088 25.547 (44.17, 62.00) 

Infection 24 2.646 1.190 (2.14, 3.15) 7.379 1.631 (6.69, 8.07) 45.750 26.049 (34.75, 56.75) 

*Although this study is descriptive and not intended to compare groups statistically, 95% confidence intervals were included to provide an estimate of precision around mean laboratory values. 
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Table-IV: Outcomes of bone marrow examination in pancytopenia: Diagnostic yield. 

Disease No of Patients 

Acute Leukemia 11 

Primary myelofibrosis 5 

Hypocellular Marrow 5 

Lymphoproliferative disorder 4 

Aplastic anemia 4 

Myelodysplastic syndrome 3 

Chronic myeloid leukemia 2 

Metastasis 2 

Cancer 2 

Plasma cell leukemia 1 

Multiple Myeloma 1 

Paroxysmal Nocturnal Hemoglobinuria 1 

Hemophagocytic Lymphohistiocytosis 1 

Congenital Dyserythropoietic Anemia 1 

Tuberculosis 1 

 

 

Table-V: Outcomes of Bone Marrow Examination in Pancytopenia: *Possibly unjustified procedures. 

Disease No of Patients 

Megalobastic anemia 9 

Mixed deficiency anemia 5 

Iron deficiency anemia 1 

Reactive changes 4 

Hypersplenism 2 

Autoimmune Disease 2 

Chronic liver disease 2 

Drug Induced 1 

 

 

 
Figure-I: Incidence of malignant cases among 

Pancytopenic patients. 

 

 
Figure-II: Incidence of non-malignant cases among 
pancytopenia patients. 
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Figure-III: Diagnostic algorithm for pancytopenia. 

Algorithm for pancytopenia: NRBC.S: Nucleated red blood cells. LFT, S: Liver function tests, RFT, S: Renal function tests, ESR: 

Erythrocyte Sedimentation rate, CRP: C-reactive proteins: cytomegalovirus, CT: computed tomography, DAT: direct antiglobulin 

test, EBV: Epstein–Barr virus, Hb: hemoglobin, HIV: human immunodeficiency virus. PNH: Paroxysmal nocturnal 

Hemoglobinuria, MDS: Myelodysplastic syndrome 

1. Detailed History 
2. Thorough Physical examination  
3. Rule out drug induced/Chemotherapy & radiation induced pancytopenia 

 

 
Peripheral smear & Reticulocyte count 

1. Rule out pseudo thrombocytopenia 
2. Report 

a) Morphological details (blasts, dysplasia, inclusions, parasites) 
b) Comment on any other abnormalities 

 
 

Pancytopenia 

(hemoglobin <12 g/dL in females and <13gm/dl in males, platelet counts of <100 × 10 9/L and an absolute neutrophil 
count of <1.5 × 109/L) 

Normal Reticulocyte count and Normal Peripheral 
smear 
Rule out infective/inflammatory disorders 
Differential diagnosis: 

• Viral infections: Hep B, Hep C, HIV, EBV, CMV, 

parvovirus B19 

• Bacterial infections (e.g. tuberculosis) 

• Autoimmune disorders (ANA, dsDNA) 

• Leishmaniasis (bone marrow exam) 

• HLH (ferritin, triglycerides, bone marrow) 

• Storage disorders (bone marrow exam) 

 

Reticulocytopenia 
Peripheral smear 

Macrocytes and ovalocytes, Hyper segmented 
neutrophils 

Megaloblastic Anemia? 

• Check serum B12, folate levels, LDH 
 
Other causes: 

• Bone marrow failure syndromes: Aplastic anemia / 
Hypoplastic MDS 

• Infiltration (malignancy, fibrosis, infection) 
Next step: 

• Bone marrow exam 

• Cytogenetics 

Normal reticulocyte count + Abnormal peripheral 
smear 
Findings: 

• Blast cells 

• Promyelocytes/faggot cells (APL) 

• Acute leukemia (ALL, AML) 

• Dysplasia (MDS, copper deficiency) 

• Leukoerythroblastic blood picture (infiltrative / 
myelophthisic processes) 

• Atypical lymphocytes (Infectious mononucleosis / 
EBV (± CMV), Heterophile (Monospot) and EBV 
serology (VCA IgM/IgG) 

• Villous lymphocytes, Hairy Cell Leukemia 
Next step: 

• Bone marrow exam 

• Immunophenotyping/cytogenetics 

• Imaging (CT scan, ultrasound) 

Reticulocytosis 
Morphology: Macrocytic / normocytic / normochromic 
anemia 
Causes: 

• Hemolytic anemias (autoimmune, hereditary, PNH) 

• Hypersplenism 

• Recovery after B12/folate therapy 
Special tests: 

• Serum LDH, bilirubin 

• Direct Coombs test 

• Flow cytometry for PNH (CD55/CD59) 
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DISCUSSION  

Pancytopenia is not a clinical disorder itself but a 

manifestation of various underlying illnesses. 

Decreased production of hematopoietic cells, 

such as aplastic anemia, bone marrow 

infiltration from hematological and non-

hematological malignancies, various 

autoimmune disorders, hypersplenism, 

ineffective erythropoiesis such as megaloblastic 

anemia and hemolytic anemia, and different 

infections are a few of the many possible 

mechanisms behind the development of 

pancytopenia [17,18]. In a study conducted by 

Sreenivas et al., a total of 100 patients were 

included. According to the results of this study, 

megaloblastic anemia (64%) and aplastic 

anemia were found to be the commonest causes 

of pancytopenia. Other causes observed were 

chronic liver disease, hematological 

malignancies, infections like HIV and malaria. 

This contrasts with our study, in which infections 

were found to be the most common cause and 

aplastic anemia was found to be the second 

most common cause. According to the results of 

this study, only 10% of cases were diagnosed 

with aplastic anemia, whereas in our study, 14% 

of cases were diagnosed with aplastic anemia. 

Only one patient with pancytopenia associated 

with leukemia was identified in this study. 

However, in our study, a significant number of 

cases of malignancies were found to be 

associated with pancytopenia [19]. In a study 

conducted by Inayat et al., out of the total 

participants, 74 males (61.7%) and 46 females 

(38.3%) presented with pancytopenia. In 

contrast to our study, megaloblastic anemia was 

the most common cause, accounting for 48 

(40%) of the cases. The second most common 

cause identified was infection-related changes in 

20 (16.7%) patients, and the third most common 

cause was aplastic anemia [20]. In our study, 

40% of cases were attributed to megaloblastic 

anemia. The results of our study were consistent 

with findings from other studies, including one by 

Zulfiqar et al., in which 29.6% of cases were 

reported as megaloblastic anemia [21]. Another 

study conducted in Pakistan by Farooque et al. 

also revealed that the leading cause of 

pancytopenia was megaloblastic anemia [17].  

A study conducted by Ullah et al. on a pediatric 

population with a sample size of 131 revealed 

that the most prevalent etiology was aplastic 

anemia, found in 47 (35.9%) of the cases, while 

the second most common cause of 

pancytopenia was megaloblastic anemia, 

diagnosed in 24 (18.3%) patients. In contrast to 

our study, their target population was pediatric, 

whereas in our study, most participants were 

adults [22]   

According to the study by Vargas-Carreto et al., 

the common causes identified leading to 

pancytopenia were megaloblastic anemia, 

aplastic anemia, and hypersplenism. 

Malignancies included myelodysplastic 

syndrome and acute myeloid leukemia. Various 

viral and bacterial infections, autoimmune 

disorders, and certain medications were also 

identified as common causes of pancytopenia. 

Different life-threatening clinical conditions, such 

as disseminated intravascular coagulopathy 

(DIC), hemophagocytic lymphohistiocytosis 

(HLH), and paroxysmal nocturnal 

hemoglobinuria (PNH), were also identified in 

patients presenting with pancytopenia. This 

further supports the notion that the 

geodemographic distribution of etiologies varies, 

underscoring the need for a population-specific 

approach to diagnosis and highlighting 

differences from international studies (23). In our 

study, the mean hemoglobin (Hb) level in non-

malignant patients was 7.3 g/dL, the total 

leukocyte count (TLC) was 2.4 x 10^3/µL, and 

the mean platelet count was 45.1 x 10^3/µL. In 

contrast, for malignant cases, the mean Hb was 

7.9 g/dL, the mean TLC was 1.9 x 10^3/µL, and 

the mean platelet count was 40.8 x 10^3/µL  

Diagnostic Algorithm designed in this study is 

based on etiological spectrum extracted from the 

data over the span of three years in a tertiary 

care hospital. Moreover, no such algorithm has 

been designed to date at national level.  

Data evaluation in our study revealed 37% 

unnecessary/ avoidable bone marrow aspiration 

and trephine biopsies which could have been 

avoided if strategic approach was opted for 
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diagnosis. This finding advocates the potential of 

the algorithm to optimize diagnostic workup. 

Minimally invasive diagnostic approach can be 

helpful in avoiding unnecessary hospital stay, 

financial burden on patients, trauma of invasive 

procedure and delay in treatment. We 

recommend clinicians consider adapting this 

algorithm into their diagnostic workup 

particularly in resource-constraint environments 

This algorithm has been shared with clinicians 

and their feedback response will be monitored 

as how it has helped them in making diagnosis 

of patients with pancytopenia with minimally 

invasive investigations. 

 

LIMITATION OF THE STUDY 

1. It was a single center study 

2. Internal validation was only done by 

identifying unnecessary bone marrows in 

patients and it remained limited being a 

retrospective study.  

3. The designed algorithm has not been 

tested prospectively, and its diagnostic accuracy 

including sensitivity and specificity needs to be 

established through proper evaluation. 

Also, clinical decision making as well as 

individual patient variables must always support 

algorithm-based decisions. 

 

RECOMMENDATION 

Further multicenter studies on national level 

should be conducted for a validation of the 

diagnostic algorithm devised in this study. 

 

CONCLUSION 

Pancytopenia is a common diagnostic challenge 

encountered by clinicians. Establishing the 

underlying etiology is crucial, as various causes 

can lead to pancytopenia and must be identified 

before a final diagnosis can be made. Non-

malignant causes are more frequently 

associated with pancytopenia than malignant 

ones. It is recommended that minimally invasive 

diagnostic algorithm can be followed for 

diagnosis of underlying cause of pancytopenia. 

These initial tests should aim to identify common 

causes before proceeding to more invasive 

diagnostic procedures, such as bone marrow 

examination or imaging techniques. 
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