
Immune thrombocytopenic purpura (ITP) is a common cause of thrombocytopenia in pediatric patients,
often requiring differentiation from hypoproductive thrombocytopenia. This study assesses the diagnostic
accuracy of immature platelet fraction (IPF) parameters in distinguishing ITP from hypoproductive
thrombocytopenia.
A cross-sectional study was conducted at Hazrat Ali Asghar Hospital, Tehran, enrolling 165 children under
18 years with confirmed thrombocytopenia (platelet count <150 × 10^9/L). Participants were selected based
on specific inclusion and exclusion criteria. Data were collected using a pre-designed checklist, and
complete blood counts with a particular focus on IPF measurements were performed using the BC-6800
automated hematology analyzer. Clinical diagnoses of ITP and hypoproductive thrombocytopenia were
confirmed via bone marrow examination and immunophenotyping. Statistical analyses included receiver
operating characteristic (ROC) curve analysis to evaluate the diagnostic performance of IPF.
The mean IPF for patients with ITP was significantly higher than for those without (30.5 ± 12.9 vs. 7.4 ± 3.4,
P < 0.001). The ROC curve analysis yielded an area under the curve (AUC) of 0.96, indicating excellent
discriminative ability of IPF. The optimal cutoff value for IPF was determined to be 11.20%, with a sensitivity
of 0.97 and specificity of 0.94. Multivariate analysis confirmed an independent association between higher
IPF levels and ITP diagnosis (adjusted odds ratio = 1.25, 95% CI: 1.10 - 1.43, P < 0.001).
The IPF parameter is a reliable and sensitive diagnostic tool for differentiating ITP from hypoproductive
thrombocytopenia in pediatric patients. This study supports the integration of IPF measurement into clinical
practice to enhance diagnostic accuracy in children with thrombocytopenia.
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INTRODUCTION

Pediatric hematology addresses a range of blood
disorders, with thrombocytopenia being one of the most
prevalent conditions encountered in clinical practice.
Among the various etiologies, immune thrombocytopenic
purpura (ITP) and hypoproductive thrombocytopenia stand
out due to their distinct pathophysiological mechanisms
and implications for management (1). ITP is characterized
by an autoimmune process leading to increased platelet
destruction, while hypoproductive thrombocytopenia
results from insufficient platelet production, often linked to
bone marrow disorders or systemic diseases (2). The
differentiation between these two forms of
thrombocytopenia is crucial as it directly impacts
treatment strategies and clinical outcomes (3, 4). While
bone marrow examination remains the gold standard for
distinguishing between these two causes, recent literature
indicates that immature platelet fraction (IPF) parameters
could be valuable biomarkers in this context (5). IPF is a
parameter that reflects the proportion of young, newly
released platelets in circulation, measured using
fluorescence flow cytometry. This parameter quantifies the
percentage of immature platelets out of the total platelet
population, which can provide insight into the bone
marrow's response to thrombocytopenia. Elevated IPF
levels have been associated with increased platelet
production, indicating a compensatory response in
conditions like ITP, while lower levels may suggest
inadequate production in hypoproductive
thrombocytopenia (6, 7). 
Despite these advances, the majority of existing research
has focused on adult populations, leaving a significant gap
in our understanding of IPF dynamics in children. Pediatric
studies are limited, and the applicability of adult findings
to the pediatric population remains uncertain (6, 8). This
underrepresentation necessitates a focused investigation
into IPF parameters in children, particularly to understand
their role in distinguishing between ITP and
hypoproductive thrombocytopenia (7, 9). The present
study aims to address this gap by comparing IPF
parameters in children diagnosed with ITP to those with
hypoproductive thrombocytopenia. We hypothesize that
distinct differences in IPF profiles will emerge between
these groups, reflecting their underlying
pathophysiologies. By elucidating these differences, our
research seeks to enhance diagnostic accuracy and inform
clinical decision-making in pediatric hematology. This
study not only aims to validate the utility of IPF as a 

diagnostic tool but also aspires to contribute novel insights
that may lead to improved management strategies for
children suffering from thrombocytopenia.

METHODS

Study design and subjects
This diagnostic accuracy cross-sectional study was
conducted at Hazrat Ali Asghar Hospital in Tehran, Iran,
involving children under 18 years of age, with
thrombocytopenia (defined as a platelet count of less than
150 × 10^9/L). The inclusion criteria were being under 18
years of age and having thrombocytopenia confirmed by
two independent samples. Children who had received
platelet transfusions in the previous five days, as well as
those with conditions that could affect IPF values—such as
sepsis, other inflammatory diseases, or the use of
antiplatelet medications—were excluded from the study.

Data collection and measurements
Data were collected using census sampling from October
2020 to August 2022 via a pre-designed checklist that
included demographic and clinical information, such as
age, sex, and the underlying cause of thrombocytopenia.
Blood samples were collected to perform complete blood
counts (CBC) for all patients. A volume of 3 cc of venous
blood was drawn from each patient into CBC tubes
containing EDTA as an anticoagulant. The samples were
gently inverted five times to ensure proper mixing. All
samples were stored at room temperature and analyzed
within eight hours of collection. The CBC was analyzed
using the BC-6800 auto hematology analyzer, employing
fluorescence flow cytometry with the So Cube technology.
In this process, the reticulocyte mode of the device was
activated, allowing for the staining of mRNA within the
cytoplasm of platelets. Fluorescence intensity was
assessed using a laser, with higher fluorescence indicating
a greater presence of immature platelets. Approximately 1
ml of peripheral blood was specifically allocated for
measuring the IPF. The IPF was calculated based on the
proportion of immature platelets and expressed as a
percentage of the total platelets (10). Additionally, CBC
indices such as WBC, Hb, platelet count, and RDW were
measured for all patients. 
The clinical diagnoses of ITP and hypo-productive
thrombocytopenia were confirmed based on bone marrow
examination and immunophenotyping, in accordance with 
the standard criteria outlined by international guidelines
(11-13).
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Sample size estimation
Sample size estimation was based on a presumed effect
size of 0.3, a power of 95%, and a type I error of 5% using
G*Power software version 3.1.3 with the sample size
calculation formula for correlational studies. The total
adequate sample size was determined to be 166
participants.

Ethical considerations
This study was conducted in accordance with the
principles outlined in the Declaration of Helsinki. Ethical
approval was obtained from the Institutional Review Board
at Iran University of Medical Sciences (code:
IR.IUMS.FMD.REC.1400.543). After providing a detailed
explanation of the study's objectives and procedures,
informed consent was obtained from the parents or
guardians of all participating children, with assent sought
from children when appropriate, in accordance with age
and cognitive ability. Confidentiality of participants' data
was strictly maintained throughout the study. All collected
data were anonymized, and identifying information was
securely stored and accessible only to authorized
personnel. In this study, participants were not subjected to
any additional risks beyond those associated with
standard clinical practice.

Statistical analysis
Statistical analysis was performed using the SPSS
software, version 16.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were calculated for all relevant
variables, including demographic data and laboratory
results. Continuous variables were expressed as mean ±
standard deviation (SD), while categorical variables were
presented as frequencies and percentages. To assess the
diagnostic accuracy of IPF parameters in distinguishing
between ITP and hypoproductive thrombocytopenia,
receiver operating characteristic (ROC) curve analysis was
conducted. The area under the ROC curve (AUC) was
calculated to evaluate the discriminative ability of IPF
values between the two groups (with and without ITP).
Optimal cut-off values for IPF parameters were established
using Youden's index, which maximizes the sum of
sensitivity and specificity. Sensitivity, specificity, positive
predictive value, and negative predictive value were
calculated for these cut-off values. To further validate
these findings, a multivariate analysis using logistic
regression was conducted to assess the impact of age,
gender, and disease type on IPF. Additionally, Pearson
correlation coefficients were computed to explore the

relationship between IPF and other continuous variables.
To assess differences in IPF means across groups (e.g.,
ITP, ALL, Aplastic Anemia), one-way ANOVA was utilized,
followed by post-hoc Tukey's HSD test for pairwise
comparisons. Statistical significance was set at a p value
of < 0.05 for all tests.

RESULTS

Participants
A total of 165 children under 18 years of age diagnosed
with thrombocytopenia participated in this study. Among
the participants, 93.94% were aged 1 to 10 years, and
51.52% were male. The majority of participants (52.73%)
presented to the hospital due to bruising, and 46.06% were
diagnosed with ITP. Individual and disease characteristics
of the participants are summarized in Table 1.
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Table 1. Demographic and clinical characteristics of
participants (N=165)

IPF in the diagnosis of ITP
As indicated in Table 2, the mean IPF for patients with ITP
was significantly higher than that for patients without ITP
(30.5 ± 12.9 vs. 7.4 ± 3.4, P < 0.001). Receiver operating
characteristic (ROC) curve analysis was performed to
evaluate the diagnostic accuracy of IPF in distinguishing
between ITP and hypoproductive thrombocytopenia. The
area under the ROC curve (AUC) was calculated to be
0.96, indicating excellent discriminative ability. The
optimal cutoff value for IPF, determined using the
Youden's index, was 11.20%, with a sensitivity of 0.97 and
specificity of 0.94 (Table 3, Figure 1).
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Figure 1. Receiver operating characteristic (ROC) curve for
distinguishing ITP from other causes of hypoproductive
thrombocytopenia
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Table 2. IPF Mean values in patients with and without ITP

Table 3. Diagnostic accuracy of IPF for ITP diagnosis

0.001). Patients with low platelet counts (<50 x 10⁹/L)
demonstrated a significantly higher mean IPF (27.00 ±  
12.00) than those with high platelet counts (>100 x 10⁹/L)
(8.5 ± 5.00). In contrast, a positive correlation was
identified between Hb and IPF (R = 0.288, P < 0.001).
Patients with low Hb levels (<8 g/dL) had a lower mean IPF
(10.50 ± 7.50), while those with high Hb levels (>12 g/dL)
exhibited a higher mean IPF (28.00 ± 11.50). These
findings highlight that IPF levels increase with rising Hb
levels, suggesting a distinct relationship between bone
marrow activity and hemoglobin concentration.
To further validate these findings, a multivariate analysis
using logistic regression was conducted to assess the
impact of age, gender, and disease type on IPF. After
adjusting for these variables, the association between IPF
and ITP remained significant (adjusted odds ratio = 1.25,
95% CI: 1.10 - 1.43, P < 0.001), confirming that higher IPF
levels are independently associated with the diagnosis of
ITP.

Table 4. IPF by individual and disease characteristics

IPF: Immature platelet fraction; ITP: Immune thrombocytopenia;
ALL: Acute lymphoblastic leukemia.

Patient characteristics and their relationship with IPF
Table 4 summarizes the relationship between patient
characteristics and mean IPF values. A significant
difference in mean IPF was observed across different
disease types (P < 0.001). Additionally, significant
correlations were identified between IPF and key  
laboratory parameters, including WBC, Hb, and platelet
count. A negative correlation was observed between IPF
and WBC (R = -0.239, P = 0.002), with patients exhibiting
low WBC levels (<4 x 10⁹/L) showing a higher mean IPF
(25.00 ± 10.00) compared to those with high WBC levels
(>11 x 10⁹/L) (12.00 ± 8.00). Similarly, a negative correlation
was found between IPF and platelet count (R = -0.290, P < 

DISCUSSION

Differentiating ITP from hypoproductive thrombocytopenia
in pediatric patients is crucial for effective management
and treatment outcomes. Our study adds to this important
area by demonstrating the diagnostic accuracy of IPF as a
reliable biomarker. Our findings indicate that the mean IPF
for patients with ITP was significantly higher than for those
without ITP. This result aligns with recent findings by
Asghar et al. (14), who reported that IPF was significantly
elevated in hyperdestructive thrombocytopenia compared
to hypoproductive conditions, with a median IPF of 21% in
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the hyperdestructive group versus 6.5% in the
hypoproductive group, emphasizing IPF's role in reflecting
the underlying pathophysiology associated with increased
platelet destruction. Moreover, our ROC curve analysis
revealed an AUC of 0.96, indicating excellent
discriminative ability for IPF in differentiating ITP from
hypoproductive thrombocytopenia. This finding is
consistent with Adly et al. (15), who suggested that IPF
could serve as a rapid and inexpensive automated marker
for distinguishing thrombocytopenia due to destruction
versus production issues. They identified an optimal cut-
off value for IPF at 9.4%, achieving a sensitivity of 88% and
specificity of 85.7%, which supports our findings that
higher IPF values correlate with ITP. Supporting our
results, Goel et al. (5) found that the mean IPF was
significantly higher in patients with increased peripheral
destruction of platelets (13.4%) compared to those with
decreased production (4.6%). Their study established an
optimal cutoff of 5.95% for differentiating the two
conditions, with a sensitivity of 88% and specificity of
75.9%. This further underscores the utility of IPF as a
diagnostic tool in clinical settings. Additionally, our study
aligns with findings from a recent study conducted by
Shetageri et al. (16), which evaluated the utility of platelet
indices in differentiating hyperdestructive from
hypoproductive thrombocytopenia. Their prospective
analysis involving 315 cases of hyperdestructive
thrombocytopenia and 54 cases of hypoproductive
thrombocytopenia revealed that mean platelet indices
were significantly higher in the hyperdestructive group,
reinforcing the importance of distinguishing these
conditions.
Another significant contribution to this discussion is the
work by McDonnell et al. (9), which highlighted the utility
of IPF in differentiating ITP from bone marrow failure (BMF)
and predicting bleeding risk. Their retrospective study
involving 272 patients found that an IPF greater than 5.2%
effectively distinguished ITP from BMF with 93% sensitivity
and 91% specificity. They also noted that lower absolute
immature platelet numbers correlated with severe
bleeding, indicating that IPF measurement not only aids in
diagnosis but also in identifying patients at increased risk
of hemorrhage. This finding emphasizes the potential
clinical utility of IPF in managing pediatric ITP patients.
Negash et al. (17) corroborate our findings by showing that
platelet indices, including IPF, were significantly higher in
ITP patients compared to those with hypoproductive
thrombocytopenia. Their study demonstrated that IPF
exhibited strong predictive capacities, suggesting that this 

 S. Ansari et al.

495

parameter may enhance diagnostic accuracy and reduce
the need for invasive procedures like bone marrow
aspiration.
In our study, we observed significant negative correlations
between IPF and laboratory parameters such as WBC, Hb,
and platelet count. This relationship suggests that IPF may
reflect the overall hematologic status of the patient, which
is consistent with the observations by Strauss et al. (10),
who noted elevated IPF in acute ITP cases, indicating
accelerated platelet turnover. Furthermore, Ali et al. (18)
demonstrated that the IPF% was significantly higher in
cases of increased platelet consumption, reinforcing the
diagnostic value of IPF in diverse clinical scenarios. The
multivariate analysis in our study confirmed that higher IPF
levels were independently associated with the diagnosis
of ITP, highlighting its practical utility in clinical settings.
Jeon et al. (7) also found that IPF could effectively
distinguish ITP from other causes of thrombocytopenia,
reporting a median IPF of 8.7% in the ITP group versus
5.1% in non-ITP cases. They proposed a diagnostic
predictive scoring model that considers IPF as a critical
parameter, further emphasizing the importance of IPF in
clinical practice. A recent systematic review and meta-
analysis by Walle et al. (19) further supports our findings,
revealing that the pooled mean value of IPF significantly
increased in ITP patients compared to those with
hypoproductive thrombocytopenia. The pooled sensitivity
and specificity of IPF in differentiating the conditions were
notable, reinforcing its role as a reliable, non-invasive
diagnostic tool that can enhance clinical decision-making.
Despite the promising findings of our diagnostic accuracy
cross-sectional study, several limitations should be
acknowledged. First, the cross-sectional design limits the
ability to establish causality, as it captures data at a single
point in time. Second, while our sample size was adequate
for the analysis, the distribution of cases between
hyperdestructive and hypoproductive thrombocytopenia
was unequal, which may affect the robustness of
comparisons. Additionally, variations in laboratory
techniques and equipment across different institutions
may impact the consistency of IPF measurements. Lastly,
the study focused primarily on IPF; thus, other relevant
clinical factors and platelet parameters that may influence
the diagnosis were not extensively analyzed.
In conclusion, our findings validate the utility of IPF as a
non-invasive diagnostic tool in pediatric patients with
thrombocytopenia. By elucidating distinct differences in
IPF profiles between ITP and hypoproductive
thrombocytopenia, we aim to enhance diagnostic 
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accuracy and inform clinical decision-making. Future
research should focus on larger, multicenter studies to
further confirm these findings and explore the implications
of IPF in guiding treatment strategies for children with
thrombocytopenia. This approach will not only improve
patient outcomes but also pave the way for standardized
diagnostic protocols in thrombocytopenia management.

Acknowledgements

Research reported in this paper was supported by Iran
University of Medical Sciences.

REFERENCES

1. Russo G, Parodi E, Farruggia P, Notarangelo LD, Perrotta S, Casale M,
et al. Recommendations for the management of acute immune
thrombocytopenia in children. A Consensus Conference from the Italian
Association of Pediatric Hematology and Oncology. Blood Transfus.
2024; 22(3):253-65. [CrossRef] 

2. Onisâi M, Vlădăreanu AM, Spînu A, Găman M, Bumbea H. Idiopathic
thrombocytopenic purpura (ITP) - new era for an old disease. Rom J
Intern Med. 2019; 57(4):273-83. [CrossRef] 

3. Singh G, Bansal D, Wright NAM. Immune Thrombocytopenia in
Children: Consensus and Controversies. Indian J Pediatr. 2020;
87(2):150-7. [CrossRef] 
 
4. Bonnard G, Babuty A, Collot R, Costes D, Drillaud N, Eveillard M, et al.
Platelet features allow to differentiate immune thrombocytopenia from
inherited thrombocytopenia. Ann Hematol. 2021; 100(11):2677-82.
[CrossRef] 

5. Goel G, Semwal S, Khare A, Joshi D, Amerneni CK, Pakhare A, et al.
Immature Platelet Fraction: Its Clinical Utility in Thrombocytopenia
Patients. J Lab Physicians. 2021; 13(3):214-8. [CrossRef] 

6. Benlachgar N, Doghmi K, Masrar A, Mahtat EM, Harmouche H, Tazi
Mezalek Z. Immature platelets: a review of the available evidence.
Thromb Res. 2020; 195:43-50. [CrossRef] 

7. Jeon MJ, Yu ES, Kang KW, Lee BH, Park Y, Lee SR, et al. Immature
platelet fraction based diagnostic predictive scoring model for immune
thrombocytopenia. Korean J Intern Med. 2020; 35(4):970-8. [CrossRef]

8. Reeves HM, Maitta RW. Immature Platelet Dynamics in Immune-
Mediated Thrombocytopenic States. Front Med (Lausanne). 2020;
7:597734. [CrossRef] 

9. McDonnell A, Bride KL, Lim D, Paessler M, Witmer CM, Lambert MP.
Utility of the immature platelet fraction in pediatric immune
thrombocytopenia: Differentiating from bone marrow failure and
predicting bleeding risk. Pediatr Blood Cancer. 2018; 65(2). [CrossRef] 

10. Strauss G, Vollert C, von Stackelberg A, Weimann A, Gaedicke G,
Schulze H. Immature platelet count: a simple parameter for
distinguishing thrombocytopenia in pediatric acute lymphocytic
leukemia from immune thrombocytopenia. Pediatr Blood Cancer. 2011;
57(4):641-7. [CrossRef]  

11. Neunert C, Lim W, Crowther M, Cohen A, Solberg L Jr, Crowther MA.
The American Society of Hematology 2011 evidence-based practice
guideline for immune thrombocytopenia. Blood. 2011; 117(16):4190-207.
[CrossRef] 

12. Inaba H, Pui CH. Advances in the Diagnosis and Treatment of
Pediatric Acute Lymphoblastic Leukemia. J Clin Med. 2021; 10(9):1926.
[CrossRef] 

13. Shimano KA, Narla A, Rose MJ, Gloude NJ, Allen SW, Bergstrom K, et
al. Diagnostic work-up for severe aplastic anemia in children:
Consensus of the North American Pediatric Aplastic Anemia
Consortium. Am J Hematol. 2021; 96(11):1491-504. [CrossRef] 

14. Asghar MB, Akhtar F, Mahmood A, Rafique N, Rana NA, Khalid UB.
Diagnostic Accuracy of Immature Platelet Fraction (IPF) to Differentiate
Between Thrombocytopenia due to Peripheral Destruction versus Bone
Marrow Failure. J Coll Physicians Surg Pak. 2023; 33(7):760-4.
[CrossRef]  

15. Adly AA, Ragab IA, Ismail EA, Farahat MM. Evaluation of the
immature platelet fraction in the diagnosis and prognosis of childhood
immune thrombocytopenia. Platelets. 2015; 26(7):645-50. [CrossRef] 

AFMN Biomedicine 2025; 42(4):491-497 afmn-biomedicine.comhttps://doi.org/10.65641/afmnai-2025-167

https://doi.org/10.2450/BloodTransfus.501
https://doi.org/10.2478/rjim-2019-0014
https://doi.org/10.1007/s12098-019-03155-4
https://doi.org/10.1007/s00277-021-04651-4
https://doi.org/10.1055/s-0041-1729471
https://doi.org/10.1016/j.thromres.2020.06.048
https://doi.org/10.3904/kjim.2019.093
https://doi.org/10.3389/fmed.2020.597734
https://doi.org/10.1002/pbc.26812
https://doi.org/10.1002/pbc.22907
https://doi.org/10.1182/blood-2010-08-302984
https://doi.org/10.3390/jcm10091926
https://doi.org/10.1002/ajh.26310
https://doi.org/10.29271/jcpsp.2023.07.760
https://doi.org/10.3109/09537104.2014.969220
http://www.afmn-biomedicine.com/
https://doi.org/10.65641/afmnai-2025-167


16. Shetageri SN, Francis R, Parthiban SRR. A study to determine utility
of platelet indices in differentiating hyperdestructive and
hypoproductive thrombocytopenia. J Pathol Nepal. 2024; 14(1): 2123–9.
[CrossRef] 

17. Negash M, Tsegaye A, G/Medhin A. Diagnostic predictive value of
platelet indices for discriminating hypo productive versus immune
thrombocytopenia purpura in patients attending a tertiary care teaching
hospital in Addis Ababa, Ethiopia. BMC Hematol. 2016; 16:18. [CrossRef]

18. Ali I, Graham C, Dempsey-Hibbert NC. Immature platelet fraction as
a useful marker in the etiological determination of thrombocytopenia.
Exp Hematol. 2019; 78:56-61. [CrossRef] 

19. Walle M, Arkew M, Asmerom H, Tesfaye A, Getu F. The diagnostic
accuracy of mean platelet volume in differentiating immune
thrombocytopenic purpura from hypo-productive thrombocytopenia: A
systematic review and meta-analysis. PLoS One. 2023; 18(11):e0295011.
[CrossRef] 

 S. Ansari et al.

AFMN Biomedicine 2025; 42(4):491-497 afmn-biomedicine.com
497

https://doi.org/10.65641/afmnai-2025-167

https://doi.org/10.3126/jpn.v14i1.48614
https://doi.org/10.1186/s12878-016-0057-5
https://doi.org/10.1016/j.exphem.2019.09.001
https://doi.org/10.1371/journal.pone.0295011
http://www.afmn-biomedicine.com/
https://doi.org/10.65641/afmnai-2025-167

