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Background: The role of platelet indices in the early hours of life and their potential association with patent ductus arteriosus (PDA) have been subjects of investigation in recent studies. This study aimed to investigate the relationship between PAD and platelet indices in newborn.



Methods: A systematic review and meta-analysis and were preformed based on Chinese databases CNKI and Wanfang database, as well as the international databases PubMed, Web of Science, Cochrane Library, and Embase from their inception to January 31, 2024.



Results: This study included 32 literatures, with 20 of English and 12 of Chinese ones. The meta regression analysis showed that neonates with PDA tend to exhibit lower platelet count (PLT) and plateletcrit (PCT), as well as higher platelet large cell ratio (P-LCR) (all P < 0.05), while platelet mass, platelet distribution width (PDW), and mean platelet volume (MPV) remain comparable (all P > 0.05).



Conclusion: PDA neonates might have decreased PLT and PCT, while increased P-LCR. These dynamic shifts in platelet indices provide fresh insights into the pathophysiology of PDA and have potential to serve as important indicators for early identification, disease assessment, and personalized treatment decisions in clinical practice.
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Introduction

Patent ductus arteriosus (PDA) is a common cardiovascular condition in preterm newborns, particularly affecting those with gestational age <32 weeks and birth weight <1,500 g (1). Hemodynamically significant PDA (hsPDA) poses challenges in the management of preterm infants and is associated with various complications (2). The role of platelet indices in the early hours of life and their potential association with hsPDA have been subjects of investigation in recent studies (3–5).

While previous research has explored the relationship between platelet parameters and PDA in newborns, there remains ongoing debate regarding the exact nature of this association. Some studies suggest a potential link between platelet activation, as indicated by platelet distribution width (PDW), and the presence of hsPDA in preterm infants (6–8). However, conflicting results have been reported regarding the association of platelet count (PLT), platelet mass, and mean platelet volume (MPV) with hsPDA. To address this discrepancy, several meta-analyses (3, 9, 10) have been conducted to explore the association between PLT and PDA in preterm infants. These meta-analyses have revealed a marginal yet significant association between low PLT in the early days of life and the development of PDA in very preterm infants. However, the precise nature of this association and its implications for clinical practice remain to be fully elucidated.

In this context, our study aims to contribute to the existing literature by conducting a comprehensive meta-analysis of studies investigating the relationship between platelet parameters and hsPDA in premature infants. By synthesizing data from multiple studies, we seek to provide further insights into the potential role of platelets in the pathogenesis of PDA and their utility as biomarkers for identifying infants at risk of developing this condition. Our analysis includes data from a wide range of studies, allowing us to explore the consistency of findings across different cohorts and provide valuable information for future research and clinical decision-making.



Methods

A protocol was developed prospectively to guide the systematic review and meta-analysis on the association between PDA in newborns and platelet indices. The protocol outlined specific objectives, including identifying relevant studies, determining eligibility criteria for study selection, assessing the quality of included studies, defining clinical outcomes of interest related to hsPDA, and establishing the statistical methodology for data synthesis and analysis. The protocol specified the search strategy to be employed, including the databases to be searched, the keywords and Medical Subject Headings (MeSH) terms to be used, and the inclusion and exclusion criteria for study selection. It also detailed the process for screening and selecting studies, extracting data on platelet parameters and PDA status, and assessing the risk of bias in individual studies.

Furthermore, the protocol outlined the statistical methods to be used for meta-analysis, including the calculation of effect sizes, assessment of heterogeneity between studies, and publication bias analysis. It also described the planned subgroup analyses to explore potential sources of heterogeneity and sensitivity analyses to assess the robustness of the findings. By following this comprehensive protocol, the systematic review and meta-analysis aimed to provide a rigorous and transparent analysis of the association between platelet indices and hsPDA in preterm newborns, contributing valuable insights to the existing literature and informing clinical practice in the management of this common neonatal condition.


Sources

A thorough literature search was conducted using the Chinese databases CNKI and Wanfang database, as well as the international databases PubMed, Web of Science, Cochrane Library, and Embase from their inception to January 31, 2024. The search strategy involved a combination of keywords related to “patent ductus arteriosus or ductus arteriosus or PDA” and “platelet or platelets or platelet count or platelet counts or thrombocyte or thrombocytopenia” and “neonate or infant” (Supplementary Table S1).



Study selection


Inclusion and exclusion criteria for literatures

Inclusion criteria: (1) The published time of the included literature was within the search deadline; (2) The published articles have been peer-reviewed; (3) The study type was cross-sectional study, including cohort study and case-control study; (4) The subjects were confirmed patients with PDA; (5) A control group was set up in the study, and the association between the untreated ductus arteriosus and platelet indexes could be analyzed through the data reported in the study; (6) Blood samples of the child within 7 days after birth; (7) The language of publication is English or Chinese. Exclusion criteria: (1) The measured platelet index was the result of the measurement after treatment; (2) Repeated data research; (3) suffering from other diseases at the same time; (4) Incomplete or unavailable complete data as well as abstracts, reviews, case reports, letters, and duplicate publications. The related research that has registered in the PROSPERO platform are shown in Supplementary Table S2.




Data extraction and assessment of study quality

Two investigators (xxx and xxx) independently extracted data on study design, study quality, demographics (Supplementary Table S3), rate of PDA and/or hsPDA, and PLT. A third reviewer (E.V.) checked the data extraction for completeness and accuracy. In cases in which necessary data were missing from the studies, additional information was requested from the authors. Methodological quality was assessed using the Newcastle-Ottawa Scale (NOS) for observational studies (11). This scale uses a star rating system (range: 0–9 stars) scoring three aspects of the study: selection (0–4), comparability (0–2), and outcomes (0–3).



Statistical analysis

Studies were combined and analyzed using Comprehensive Meta-Analysis v.2.0 software (Biostat Inc., Englewood, N.J., USA). The effect measures estimated were risk ratio (RR) for dichotomous outcomes, and standard mean difference for continuous data. DerSimonian and Laird random-effect models were used to derive random-effect estimates and 95% CI for all outcomes. To identify any study that may have exerted a disproportionate influence on the summary effect, we deleted studies one at a time. Heterogeneity was assessed with the Q statistic and quantified using the I2 statistic. Because of the small number of studies, a funnel plot analysis to assess publication bias was not conducted. Meta-regression, using random effects (method of moments estimator), was performed to explore the following sources of heterogeneity in the relationship among PDA/hsPDA and PLT, plateletcrit (PCT), platelet large cell ratio (P-LCR), platelet mass, PDW, and MPV. Two-sided P-value < 0.05 (0.10 for heterogeneity) was considered statistically significant. The study is reported according to the PRISMA checklist (12).




Results

This study included 32 literatures, with 20 of English and 12 of Chinese ones. The inclusion and exclusion flowchart for the literatures were shown in Supplementary Figure S1. The main characteristics of the included studies are shown in Supplementary Table S4.


Comparison of PLT between newborns with PDA and non-PDA

For comparison of PLT between newborns with PDA and those without PDA, 33 relevant studies were included in the meta-regression analysis. Among these, 22 studies comprising 4,459 newborns, with 1,981 diagnosed with PDA, revealed that PLT levels in PDA infants were significantly lower than those in non-PDA infants [SMD = −0.43, 95% CI: (−0.64; −0.22), P < 0.001]. Heterogeneity test: I2 = 79.5% [69.7%; 86.2%]; H = 2.21 [1.82; 2.69] (refer to Figure 1 and Supplementary Figure S2A). Four related studies including 534 newborns, with 210 cases of PDA and 324 cases of PDA closure, demonstrated that PLT levels in PDA infants were significantly lower compared to infants with PDA closure [SMD = −0.28, 95%CI: (−0.46; −0.09), P = 0.003]. Heterogeneity test: I2 = 0.0% [0.0%; 84.7%]; H = 1.00 [1.00; 2.56] (refer to Figure 1B and Supplementary Figure S2B). Furthermore, seven related studies encompassing 3,445 newborns, with 1,069 cases of hsPDA) and 2,376 non-hsPDA cases, showed that PLT levels in PDA infants were significantly lower than those in non-hsPDA infants [SMD = −0.75, 95%CI: (−1.20; −0.29), P = 0.001]. Heterogeneity test: I2 = 93.5% [89.0%; 96.1%]; H = 3.92 [3.02; 5.09] (refer to Figure 1C and Supplementary Figure S2C).
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FIGURE 1
A forest plot for the comparison of PLT between newborns with (A) PDA and non-PDA; (B) PDA and PDA closure; (C) hsPDA and non-hsPDA.




Comparison of platelet mass between newborns with PDA and non-PDA

Comparing platelet mass between newborns with PDA and non-PDA, five relevant studies were included in the meta-regression analysis. These studies involved a total of 833 newborns, with 394 cases of PDA. Results showed that PDA infants had lower platelet mass than non-PDA infants, although the difference was not statistically significant [SMD = −0.95, 95%CI: (−2.08; −0.18), P = 0.100]. Heterogeneity test: I2 = 97.8% [96.6%; 98.6%]; H = 6.82 [5.44; 8.55] (refer to Figure 2 and Supplementary Figure S3).
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FIGURE 2
Forest plot for the comparison of platelet quality between newborns with PDA and non-PDA.




Comparison of PDW between newborns with PDA and non-PD

To compare PDW between newborns with PDA and non-PDA, 20 relevant studies were included in the meta-regression analysis. Of these, 14 studies with 2,746 newborns, out of which 1,148 had PDA, suggested that PDW levels in PDA infants were higher than those in non-PDA infants, albeit not statistically significant [SMD = 0.09, 95%CI: (−0.13; 0.31), P = 0.415]. Heterogeneity test: I2 = 82.2% [71.2%; 88.9%]; H = 2.37 [1.86; 3.01] (refer to Figure 3A and Supplementary Figure S4A). Six additional studies involving 1,246 newborns, with 520 cases of hsPDA and 726 non-hsPDA cases, indicated that PDW levels in PDA infants were higher than in non-hsPDA infants, yet again without statistical significance [SMD = 0.04, 95%CI: (−0.18; 0.26), P = 0.719]. Heterogeneity test: I2 = 69.9% [29.3%; 87.1%]; H = 1.82 [1.19; 2.79] (refer to Figure 3B and Supplementary Figure S4B).


[image: Figure 3]
FIGURE 3
A forest plot for comparison of PDW between newborns with (A) PDA and non-PDA; (B) hsPDA and non-hsPDA.




Comparison of MPV between newborns with PDA and non-PD

In comparing MPV between newborns with PDA and non-PDA, 23 relevant studies were analyzed via meta-regression. Among these, 14 studies included 2,973 newborns, with 1,241 having PDA. MPV levels in PDA infants were found to be greater than those in non-PDA infants, though the difference lacked statistical significance [SMD = 0.02, 95%CI: (−0.25; 0.30), P = 0.870]. Heterogeneity test: I2 = 85.9% [78.0%; 91.0%]; H = 2.67 [2.13; 3.33] (refer to Figure 4 and Supplementary Figure S5A). Three studies with 515 newborns, 139 of whom had PDA and 376 had PDA closure, showed that MPV levels in PDA infants were slightly greater than in infants with PDA closure, but this difference was not statistically significant [SMD = 0.21, 95%CI: (0.00; 0.41), P = 0.82]. Heterogeneity test: I2 = 0.0% [0.0%; 89.6%]; H = 1.00 [1.00; 3.10] (refer to Figure 4B and Supplementary Figure S5B). Another six studies including 1,246 newborns, with 520 cases of hsPDA and 726 non-hsPDA cases, revealed that MPV levels in PDA infants were marginally greater than in non-hsPDA infants, yet this difference did not reach statistical significance [SMD = 0.11, 95%CI: (−0.33; 0.54), P = 0.638]. Heterogeneity test: I2 = 93.0% [87.5%; 96.1%]; H = 3.78 [2.83; 5.06] (refer to Figure 4C and Supplementary Figure S5C).
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FIGURE 4
A forest plot for comparison of MPV between newborns with (A) PDA and non-PDA; (B) PDA and non-PDA; (C) hsPDA and non-hsPDA.




Comparison of PCT between newborns with PDA and non-PDA

Regarding PCT comparison between newborns with PDA and non-PDA, nine relevant studies were incorporated in the meta-regression analysis. These studies collectively included 1,217 newborns, with 620 diagnosed with PDA. The findings indicated that PCT levels in PDA infants were significantly lower than those in non-PDA infants [SMD = −1.47, 95%CI: (−2.30; −0.63), P = 0.001]. Heterogeneity test: I2 = 97.0% [95.7%; 97.9%]; H = 5.77 [4.82; 6.90] (refer to Figure 5 and Supplementary Figure S6).
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FIGURE 5
Forest plot for comparison of PCT between newborns with PDA and non-PDA.




Comparison of P-LCR between newborns with PDA and non-PDA

Finally, for comparing P-LCR between newborns with PDA and non-PDA, four relevant studies were included in the meta-regression analysis. These studies involved 452 newborns, with 229 cases of PDA. The results showed that P-LCR levels in PDA infants were significantly higher than those in non-PDA infants [SMD = 0.61, 95%CI: (0.04; 1.17), P = 0.036]. Heterogeneity test: I2 = 85.5% [64.4%; 94.1%]; H = 2.63 [1.68; 4.13] (refer to Figure 6 and Supplementary Figure S7).
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FIGURE 6
Forest plot for comparison of P-LCR between newborns with PDA and non-PDA.





Discussion

This study demonstrates that neonates with PDA tend to exhibit lower PLT and PCT, as well as higher P-LCR, while Platelet Mass, PDW, and MPV remain comparable. These alterations in platelet indices not only provide novel insights into the pathophysiology of PDA but also furnish new leads for early diagnosis, disease evaluation, and individualized therapeutic strategies in clinical practice.

Consistent with previous research (3, 13, 14), this study confirms that PDA-afflicted neonates present with decreased PLT and PCT, likely due to the pivotal role platelets play in hemostasis and thrombosis within the cardiovascular system (15, 16). The presence of an open ductus arteriosus may result in abnormal circulation, particularly when shunting occurs between pulmonary and systemic circulations, possibly leading to increased platelet consumption and hence depletion of circulating platelets (17). The decline in PCT may reflect impaired functional capacity of platelets in the closure process of the arterial duct, or over-mobilization causing relative insufficiency locally or systemically. Moreover, altered hemodynamics in infants with PDA could exacerbate shear stress on platelets, accelerating their apoptosis or destruction (18, 19).

Additionally, our findings reveal elevated P-LCR in PDA-positive neonates, suggesting morphological and functional changes in platelets within this population. An increased P-LCR may denote heightened platelet activation status or accelerated platelet turnover in response to abnormal pressure and flow dynamics within the cardiovascular system (20). Alternatively, it might be associated with inflammatory responses, as previous studies have implicated prenatal infections and upregulated inflammatory factors in the etiology of PDA (21), which can influence both platelet production and clearance mechanisms, ultimately contributing to variations in platelet parameters. Furthermore, no significant differences were observed in platelet mass, PDW, and MPV between neonates with and without PDA. This implies that, despite changes in platelet numbers and certain ratios, fundamental quality attributes like PDW and MPV do not show marked discrepancies, suggesting that although the total PLT and certain kinetic parameters are affected, the basic structure and maturation state of platelets are unlikely to be significantly altered due to the presence of PDA.

In addition, considering the diminutive size of platelets, accurate measurement is critical for reliable interpretation of platelet indices in neonates with PDA. PLT and derived indices such as PCT, P-LCR, PDW, and MPV are typically obtained via automated hematology analyzers that use multi-angle laser light scattering or impedance methods to enumerate and characterize these cellular fragments (22). The accuracy of platelet measurements can be influenced by several factors, including pre-analytical variables like sample handling, anticoagulant choice, and timing of blood collection relative to feeding or other interventions (23). Analytical challenges may also arise from the presence of platelet clumping or microclots, which can lead to underestimation of PLT counts and affect derived parameters (24). To mitigate these issues, rigorous quality control measures should be implemented, encompassing standardized protocols for specimen collection and processing, calibration of laboratory equipment, and proficiency testing. Additionally, laboratories should adhere to guidelines set forth by regulatory bodies and professional organizations to ensure optimal performance and reliability of platelet-related assays. In this meta-analysis, we have attempted to account for these variables by including studies that report adherence to strict quality assurance practices and by performing sensitivity analyses to evaluate the robustness of our findings. Future research endeavors should aim to standardize methodologies across studies to further enhance the comparability and reproducibility of platelet index data in neonatal populations.

Moreover, the observed alterations in platelet indices (lower PLT and PCT, elevated P-LCR) suggest their potential utility as adjunct biomarkers for early PDA identification. In clinical settings, echocardiography remains the gold standard for PDA diagnosis, but its accessibility may be limited in resource-constrained regions or in cases requiring rapid screening. Platelet indices, routinely measured in neonatal blood tests, could serve as a cost-effective and readily available triage tool. For example, neonates with thrombocytopenia (low PLT) or elevated P-LCR might be prioritized for echocardiographic evaluation, thereby reducing diagnostic delays. This approach aligns with recent studies advocating for the integration of hematological parameters into neonatal PDA risk stratification models (8). In addition, the dynamic changes in platelet indices may inform clinical decisions regarding PDA management. Hemodynamically significant PDA (hsPDA) often necessitates pharmacological or surgical intervention, but current criteria for defining hsPDA lack consensus. Our findings imply that platelet indices could complement echocardiographic and clinical parameters in risk assessment. Specifically, (1) risk stratification: Lower PLT and PCT may reflect platelet consumption linked to PDA-related inflammation, potentially indicating disease severity. Neonates with severe thrombocytopenia might benefit from earlier intervention. (2) monitoring therapeutic response: Serial measurement of platelet indices post-treatment (e.g., after ibuprofen administration) could help evaluate treatment efficacy. A rebound in PLT or normalization of P-LCR might correlate with ductal closure, offering a quantifiable marker for clinicians. However, these still require a large amount of clinical data for further exploration and validation.

In this study, which exclusively relies on a meta-analysis of observational studies, several limitations must be acknowledged. Firstly, limitations on causal inference. Due to the reliance solely on observational studies, our research cannot definitively establish a causal relationship between PDA in newborns and platelet indices. Observational designs inherently restrict us to describing associations rather than causality, potentially influenced by unmeasured or unknown confounding factors. Secondly, heterogeneity across studies. Despite rigorous screening and meta-analytic procedures, considerable heterogeneity might exist among the included studies with respect to participant characteristics (e.g., gestational age, birth weight, maternal health status), diagnostic criteria for PDA, methods of platelet index measurement, and timepoints of assessment, all of which may compromise the reliability and generalizability of the meta-analysis results. Thirdly, insufficient sample sizes and statistical power. For certain platelet indicators within secondary outcomes or subsets of high-quality studies, smaller sample sizes may lead to unstable effect estimates and reduced statistical power, thereby limiting our comprehensive understanding of the association between PDA and these specific platelet measures. Finally, this study included only articles published in English and Chinese, which may not fully reflect the current body of evidence. Expanding the scope to incorporate research published in other languages would provide a more comprehensive representation of global findings and strengthen the robustness of our conclusions.

In conclusion, this study revealed that, in PDA neonates, decreased PLT and PCT might occur, as well as increased P-LCR. These dynamic shifts in platelet indices provide fresh insights into the pathophysiology of PDA and have potential to serve as important indicators for early identification, disease assessment, and personalized treatment decisions in clinical practice. Looking forward, future research should delve deeper into the specific mechanisms by which platelets are involved in the development of PDA, particularly focusing on the reasons behind increased platelet consumption, functional alterations, and morphological changes. Moreover, observations regarding platelet parameters in PDA newborns can guide the development of more precise early screening methods and individualized intervention strategies.
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