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ABSTRACT 
Objective: To evaluate the diagnostic utility of Immature reticulocyte fraction as an early indicator of bone marrow 
regenerating activity in pancytopenia. 
Material and Methods: A retrospective observational study was conducted in Fauji Foundation Hospital 
Rawalpindi and AL-Khidmat Razi hospital from Jan 2022 to Jan 2025.  Ethical approval was taken from the ethical 
review committee. Patients of all ages and both genders who were diagnosed with pancytopenia were included in 
the study. Diagnosed patients of malignancies already taking chemotherapy or radiotherapy were excluded from 
the study. All pancytopenia were verified on peripheral smear. Values of % of retics, Immature reticulocyte fraction 
(IRF), and absolute reticulocyte count were recorded. Results of other diagnostic workups done to identify the 
etiology of pancytopenia including malarial parasite (MP), biochemical profiles, bone marrow examination, 
radiological investigations and other ancillary investigations were recorded. 
Results: The regenerative group showed the highest mean   IRF (16.88 ± 10.28), followed by infiltrative cases 
(14.01 ± 9.12). The hypo-proliferative group had significantly lower values (2.42 ± 1.84). A one-way ANOVA 
confirmed these differences to be statistically significant (p < 0.001). ROC analysis demonstrated fair-to-good 
discriminative capacity (AUC = 0.739), and cut-off exploration highlighted that thresholds in the 6.5–7.0% range 
offer an optimal balance of sensitivity and specificity while maintaining high negative predictive value. 
Conclusion: IRF is an effective early indicator of bone marrow erythropoietic activity. It should be a regular part of 
diagnostic work-up for pancytopenia to prevent invasive procedures for evaluation of pancytopenia. 
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INTRODUCTION 

Pancytopenia is the most common clinical-

hematological entity but not a disease itself. It is 

characterized by a decrease in red blood cells, white 

blood cells and platelets (Hb,12gm/dL in females, 

<13gm/dl in males, TLC<4X109/L and plt 

<100x109/L). Severity and variability in clinical 

manifestation depends upon the spectrum of 

underlying etiologies leading to pancytopenia [1]. 

Among various underlying causes of pancytopenia 

megaloblastic anemia, aplastic Anemia and infections 

are commonest. Certain drugs like methotrexate can 

result in megaloblastic anemia and pancytopenia [2]. 

The management and prognosis of pancytopenia 

depend on identifying and addressing the root cause. 

A systematic approach is essential to determine the 

etiology of pancytopenia [3]. Most cases of 

pancytopenia are often referred to hematologists for 

detailed evaluation, as the range of potential 

diagnosis in patients with pancytopenia is challenging 

[4]. Bone marrow examination is widely accepted as 

a crucial diagnostic modality for identifying the 

underlying cause of pancytopenia [5]. According to 

Maria Shaikh et al reticulocyte indices can play a 

critical role in diagnosing numerous hematological 

disorders including pancytopenia [6].  Reticulocytes 

are immature red blood cells and changes in their 

count reflect the level of erythropoietic activity or 

potential dysfunction [7]. Reticulocyte indices are 

crucial in diagnosing numerous hematological 

conditions as these are non-invasive markers of 

underlying hematological activity or dysfunction [8]. 

Modern automated hematology analyzers can 

provide a cost-effective and efficient method for 

analyzing advanced reticulocyte indices with high 

accuracy. The basic mechanism in this automated 

analyzer is optical scatter or fluorescence to assess 

reticulocytes after reacting red blood cells with 

fluorescent dyes or nucleic acid stains to stain any 

remaining RNA in the reticulocytes. Advanced 

reticulocyte indices, such as the immature 

reticulocyte fraction (IRF), mean reticulocyte volume 
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(MRV), and High fluorescence reticulocyte count 

(HFR), can also help in assessing causes of 

pancytopenia by providing valuable insights into the 

bone marrow's erythropoietic activity [9]. The term 

IRF indicates the least mature fraction of 

reticulocytes. It defines the ratio of immature 

reticulocytes to the total number of reticulocytes. It is 

an early and sensitive index of bone marrow 

erythropoietic activity. IRF helps in differentiating 

anemias based on erythropoietic response and 

typically falls within the range of 0.11-0.38 [14]. 

Pancytopenia is mostly due to treatable causes 

including infections and malnutrition. Their early 

identification and timely intervention can help lower 

mortality rates [10]. However, globally bone marrow 

examination is preferred diagnostic tool for evaluating 

the cause of pancytopenia. In the west, various 

studies have been conducted highlighting the 

significance of IRF as an initial tool for evaluating the 

cause of pancytopenia. But there is scarcity of 

literature in Pakistan in this context. Therefore, the 

rationale of our study is to contribute to the evidence 

regarding the use of IRF as an early and non-

invasive diagnostic tool in identifying the underlying 

etiologies of pancytopenia. This data will help to 

prevent any unnecessary invasive investigations. 
 

MATERIAL AND METHODS 

This was a hospital based retrospective observational 

study. Ethical approval was taken from the 

institutional ethical review board (Ref No 

1027/RC/FFH/RWP dated 14th December 2024). 

Total duration of study was three years i.e. from 

January 2022-2025.  Patients of both genders and all 

ages which were evaluated for pancytopenia and 

referred from both inpatient and outpatient 

departments were included in the study. Patients who 

were already taking chemotherapy and radiotherapy 

were excluded from the study. Data extraction was 

done by exporting data of three years from Fully 

Automated Hematology Analyzer XN-1000.After 

extraction, data was processed in excel. All Complete 

Blood Counts (CBC), peripheral smear findings, 

biochemical profiles, serological tests results, 

radiological investigations including Ultrasound and 

CT-Scan, bone marrow examination reports and 

other ancillary laboratory investigations were 

retrieved and recorded.  All CBC showing 

pancytopenia (hemoglobin <13 g/dL in males and 

12gm/dl in females, a platelet counts of <100 × 10 

9/L and Total leucocyte count (TLC) <4.0x109/l were 

verified on peripheral smears. Thorough details of 

Reticulocyte indices including Reticulocyte %, 

absolute reticulocyte count, and Immature 

reticulocyte fraction (IRF) were recorded.  

Morphological findings and details regarding 

presence or absence of blasts, malarial parasites, 

any red cell or white cell inclusions and platelet 

clumping were reported. Sample Size and Sampling 

Method 

This was a retrospective observational study 

including all eligible pancytopenia cases from 

January 2022 to January 2025 (N = 215). A priori 

sample-size calculation was not required for 

complete enumeration; however, the achieved 

sample exceeds n ≈ 196 needed to detect a medium 

effect (f = 0.25) with 95% confidence and 80% power 

in one-way ANOVA (G*Power 3.1). The sampling 

technique was non-probability consecutive sampling 

of all eligible records. IBM SPSS version 26 was 

used for data analysis. Mean SD was calculated of all 

continuous variables (age, WBC, RBC, hemoglobin, 

platelet count, IRF %) and categorical variables 

(gender, morphological category, bone marrow 

status) as n (%). Shapiro–Wilk test and Q–Q plots, 

one-way ANOVA and Tukey post-hoc tests were 

used for statistical analysis. Receiver operating 

characteristic (ROC) analysis evaluated the ability of 

IRF to predict the need for bone marrow examination. 

Sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV), and accuracy 

were computed from 2×2 contingency tables, taking 

bone marrow examination as the gold standard. A 

two-sided p < 0.05 was considered statistically 

significant. 
 

RESULTS  

All data was analyzed using IBM SPSS version 26. 

Continuous variables (age, WBC, RBC, hemoglobin, 

platelet count, IRF %) were summarized as Mean ± 

SD, and categorical variables (gender, morphological 

category, bone marrow status) as n (%). Normality of 

quantitative variables was assessed using the 

Shapiro–Wilk test and Q–Q plots (p > 0.05 = 

approximately normal). Because assumptions were 

satisfied, one-way ANOVA compared mean IRF 

across morphological categories, with Tukey post-

hoc tests for pairwise differences. Receiver operating 

characteristic (ROC) analysis evaluated the ability of 

IRF to predict the need for bone marrow examination. 

Sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV), and accuracy 

were computed from 2×2 contingency tables, taking 

bone marrow examination as the gold standard. A 

two-sided p < 0.05 was considered statistically 

significant. 



Less puncture, more precision: Immature reticulocyte fraction as an emerging diagnostic tool for pancytopenia 

 

Pak J Pathol. 2025; Vol. 36 (4): 294-299   296 

 

A total of 215 patients with pancytopenia, fulfilling the 

study criteria, were included in the final analysis. The 

dataset was derived from a larger pool of 171,634 

complete blood count (CBC) records obtained from 

hematology analyzers at Fauji Foundation Hospital 

and Al Razi hospitals. After applying pancytopenia 

criteria (WBC < 4 ×10³/µL, Hb < 10 g/dL, PLT < 100 

×10³/µL), 552 potential cases were identified. 

Matching clinical and bone marrow procedure data 

retrieved from the institutional results portal yielded 

296 cases, of which 217 were unique after removing 

duplicates. Following data cleaning for completeness, 

215 cases with valid immature reticulocyte fraction 

(IRF) values were retained for detailed analysis. The 

subsequent results describe the demographic and 

hematological characteristics of this study population, 

followed by an evaluation of the diagnostic utility of 

IRF in predicting bone marrow examination 

requirements. 

The mean age of the study population was 44.9 ± 

22.3 years (range: 1–87 years). Hematological 

parameters showed marked cytopenias, with a mean 

WBC count of 2.41 ± 1.02 ×10³/µL, RBC count 2.54 ± 

0.79 ×10⁶/µL, hemoglobin 7.30 ± 1.83 g/dL, and 

platelet count 44.7 ± 26.7 ×10³/µL. The immature 

reticulocyte fraction (IRF) demonstrated a wide 

distribution, ranging from 0.0% to 53.9%, with a mean 

of 14.2 ± 10.5% (Table-I). 

Based on morphological categorization, patients were 

grouped into the following three major diagnostic 

categories: 

Hyper-regenerative (Peripheral Destruction / 

Recovery: IRF typically >7.0%, suggesting 

preserved marrow response, commonly seen in 

cases of hemolysis, sepsis recovery, nutritional 

deficiency under treatment, or transient suppression. 

Infiltrative Marrow Disorders: Intermediate or 

variable IRF (~10–15%), seen in conditions where 

the marrow is partially replaced or suppressed (e.g., 

malignancy, fibrosis, granulomatous infiltration). 

Hypo-proliferative Marrow: IRF consistently <5.0%, 

indicating impaired erythropoiesis, as in aplastic 

anemia, MDS, or drug-induced suppression or 

nutritional anemia.  

The majority of cases (n = 138; 64.2%) were 

classified as Hyper-regenerative, followed by 

Infiltrative (n = 47; 21.9%) and Hypo-proliferative (n = 

30; 14.0%) (Table-III). 

Out of total 215 patients, Bone marrow aspiration/ 

biopsy was performed in 77 cases (35.8%), while 138 

patients (64.2%) did not undergo the procedure IRF 

demonstrated marked variation across morphological 

groups (Table-IV). The Hyper-regenerative group 

showed the highest mean IRF (16.88 ± 10.28), 

followed by Infiltrative cases (14.01 ± 9.12), while the 

Hypo-proliferative group had significantly lower 

values (2.42 ± 1.84). A one-way ANOVA confirmed 

these differences to be statistically significant (p < 

0.001). Normality for IRF was confirmed (Shapiro–

Wilk p = 0.072), supporting the use of parametric 

ANOVA; the result (F (2, 212) = 43.7, p < 0.001) 

indicates that at least one group mean IRF differs 

significantly from the others. 

The diagnostic accuracy of IRF in predicting the need 

for bone marrow examination was assessed using 

ROC analysis. The area under the curve (AUC) was 

0.739 (95% CI: 0.665–0.813, SE = 0.038, p < 0.001), 

reflecting fair-to-good discriminative ability. The ROC 

curve is shown in Figure-I. Bone marrow examination 

status (performed = 1, not performed = 0) was taken 

as the gold standard for confirming hypo-proliferative 

marrow failure. We treated the test as positive when 

IRF < 7% (predicting need for bone marrow) and 

negative when IRF ≥ 7%. At the decision threshold 

IRF ≥ 7.0%, the contingency matrix was (Table IV) 

sensitivity = 85.5%, specificity = 50.6%, PPV = 

49.1%, NPV = 86.2%, and accuracy = 63.1%. The 

high NPV indicates that patients with IRF ≥ 7% are 

unlikely to have hypo-proliferative marrow failure and 

may not require immediate invasive bone marrow 

examination. 

Selected cut-off values for IRF were examined to 

evaluate diagnostic accuracy (Table 5). At a 

threshold of ≥ 5.0%, sensitivity reached 100% with a 

negative predictive value (NPV) of 100%, though 

specificity was limited (46.8%). A cut-off around 6.5–

7.0% provided a more balanced performance, with 

sensitivity maintained at 85–88% and specificity near 

50%, while preserving high NPV (86–88%). At higher 

thresholds (≥ 10.0%), specificity improved (58.4%) 

but sensitivity declined (73.9%), lowering overall 

accuracy. 

Table-I. Descriptive statistics of baseline hematological parameters. 

Variable N Minimum Maximum Mean Std. Deviation 

Age (years) 215 1 87 44.95 22.34 
WBC (×10³/µL) 215 0.01 3.98 2.41 1.02 
RBC (×10⁶/µL) 215 0.41 4.61 2.54 0.80 
Hemoglobin (g/dL) 215 1.6 9.9 7.30 1.83 

Platelets (×10³/µL) 215 2 96 44.72 26.68 
IRF (%) 215 0.0 53.9 14.24 10.49 
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Table-II: Distribution of study population by morphological category 

Morphological Category n % 

Infiltrative 47 21.9 
Hypo proliferative 30 14.0 
Hyper-regenerative (Peripheral Destruction / Recovery) 138 64.2 
Total 215 100.0 

 
Table III. Descriptive statistics of IRF across categories 

Morphological Category Mean IRF (%) Std. Deviation n 

Infiltrative 14.01 9.12 47 
Hypo proliferative 2.42 1.84 30 
Hyper-regenerative (Peripheral Destruction / Recovery) 16.88 10.28 138 
Overall 14.24 10.49 215 

 
Table: IV IRF and ROC Curve analysis 

Outcome Bone marrow performed (1) Not performed (0) Total 

IRF < 7% (test +) 66 68 134 
IRF ≥ 7% (test −) 11 70 81 
Total 77 138 215 

 
Table-V: Diagnostic accuracy of IRF at selected cut-off points. 

IRF Cut-off (≥) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) 

5.0 100.0 46.8 51.2 100.0 65.9 
6.5 88.4 48.1 48.7 88.1 62.5 
7.0 85.5 50.6 49.1 86.2 63.1 

10.0 73.9 58.4 49.8 80.0 64.0 

 

Figure-I: ROC Analysis results (SPSS). 

 
DISCUSSION  

Bone marrow aspiration and trephine biopsy are 

commonly used as a primary diagnostic tool in 

evaluation and diagnosis of different causes of 

pancytopenia.  IRF is an early and excellent 

indicator of bone marrow regenerative activity 

and differentiating various underlying etiologies 

of pancytopenia and often rises before the 

absolute reticulocyte count increases [11]. 

In our 215 patients, IRF clearly differed across 

morphological groups. Mean IRF was lowest in 

hypo proliferative marrow, intermediate in 

infiltrative disorders, and highest in hyper-

regenerative states. This difference was 

statistically significant by one-way ANOVA (p < 

.001). This pattern fits what IRF measures: IRF 

is a numerical indicator of RNA content of 

reticulocytes. The quantity of RNA in immature 

reticulocytes is more extensive than mature 

reticulocytes. Therefore, increased IRF implies 

early bone marrow reconstruction from response 

to treatment in anemias, chemotherapy, and 

conditioning regimens of stem cell trans-

plantation. And usually increases before a boost 

in absolute reticulocyte count [12]. 

A study conducted by Ray et al revealed that 

value of IRF value was highest in hematological 

neoplastic conditions and cases with peripheral 

destruction of blood cells (acute blood loss and 

hypersplenism) as compared to aplastic anemia, 

nutritional anemia, and chronic diseases, and 

aplastic anemia 13.Where’s as in our study the 

regenerative group encompassing nutritional 

anemias, and response to therapy  showed the 

highest mean IRF (16.88 ± 10.28), followed by 

infiltrative cases (14.01 ± 9.12), while the hypo 

proliferative group had significantly lower values 

(2.42 ± 1.84). The reason of differences in 

results might be the commonest cause of 

anemia in our setup is nutritional deficiency. 
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In a study conducted by Das J et al A, a total of 

154 cases of pancytopenia were obtained.  Most 

common etiology detected was megaloblastic 

anemias in which IRF was 0.45. In this study 

highest IRF was seen in hematological 

neoplastic conditions and cases with peripheral 

destruction of blood cells (acute blood loss and 

hypersplenism) whereas low IRF value was 

found in chronic disorders, nutritional anemias 

and aplastic anemia [14].  

Das et al. used reticulocyte indices (retic %, IRF, 

MRV) to separate specific anemia types and 

reported cut-offs for megaloblastic and iron-

deficiency anemia. Our study did not evaluate 

MRV or retic % and focused instead on IRF for 

bone-marrow triage in pancytopenia, so direct 

numeric comparison is not appropriate. 

Chakma K et al studied IRF value in patients 

with thalassemia trait and iron deficiency 

anemia. However, in our study all diagnosed 

cases of pancytopenia were evaluated. 

Moreover, they have evaluated the significance 

of all reticulocyte indices MFR, LFR & HFR. 

However, we have evaluated the significance of 

IRF in pancytopenia.  

In their study the cut-off value of IRF for 

detecting Thalassemia trait was found to be 

15.85-21.50%. IDA was >21.50% and for 

Thalassemia major it was < 15.85% [15]. IRF is 

also an effective diagnostic tool for 

differentiating different types of anemias [16,17].  

Mehdi et al performed a comparative analysis of 

IRF significance between regenerative and a-

regenerative anemias. It was concluded that IRF 

value for microcytic hypochromic anemia was 

found to be 19.06 ± 7.95, in macrocytic anemias 

it was 12.24 ± 7.67 and in Normocytic 

normochromic anemia it was 14.87 ± 8.84. The 

ROC curve analysis showed an optimal IRF cut-

off of 15% which distinguishes regenerative from 

a-regenerative anemias, with a specificity of 

61.8% and sensitivity of 94.4%. The area under 

the curve (AUC) was 0.840, indicating good 

diagnostic ability [18].  

In our study IRF was evaluated as a triage tool 

for diagnosing underlying causes of 

pancytopenia and to opt for strategic diagnostic 

approach. Our ROC analysis for “bone marrow 

performed” showed fair-to-good accuracy (AUC 

= 0.739; 95% CI [0.665, 0.813]; p < .001). At an 

IRF cut-off of ≥ 5.0%, sensitivity and negative 

predictive value (NPV) were 100%, but 

specificity was limited (46.8%). A threshold 

around 6.5–7.0% gave a better balance 

(sensitivity 85–88%, specificity ~50%), while 

keeping NPV high (86–88%). At ≥ 10.0%, 

specificity improved (58.4%) but sensitivity fell 

(73.9%). In clinical terms, using a threshold near 

7% could help identify patients who are unlikely 

to have hypo proliferative marrow failure and 

who might not need immediate bone marrow 

especially those in the hyper-regenerative 

group. In our series, applying such IRF-guided 

triage could have avoided an estimated 30–35% 

of the 77 bone marrow procedures, with clinical 

follow-up maintained. 

 

LIMITATION OF STUDY 

This study was conducted in two different 

centers in the same region. Large data from 

various centers and regions can be used for 

further evaluation of results. 

 

CONCLUSION 

Immature reticulocyte fraction (IRF) is cost 

effective, simple, quick, reliable and reproducible 

tool. It is precise and sensitive indicator of bone 

marrow erythropoietic activity. It can be 

effectively used for differentiating different 

causes of pancytopenia. Thus, unnecessary 

invasive diagnostic procedures like bone marrow 

examination can be prevented.   
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