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Objective: To evaluate the efficacy and safety of different doses of sildenafil for persistent pulmonary hypertension of the newborn (PPHN) with Bayesian random effects network meta-analysis.
Methods: We searched Chinese and English databases for randomized controlled trials (RCTs) concerning sildenafil in newborns with persistent pulmonary hypertension from 1998 to December 2020.
Results: Twenty-two RCTs including over 2131 patients were included. Sildenafil was administered by nasal feeding at 0.3–2 mg/kg every 4–6 h. The network meta-analysis revealed that 1.5 mg/kg of sildenafil led to a significant decrease in pulmonary artery systolic pressure (PASP) compared with 0.3 and 0.6 mg/kg (p < 0.05); 1.5 mg/kg was better than 0.3, 0.5, and 1.0 mg/kg at increasing the partial pressure of oxygen (PaO2) (p < 0.05); 1.5 mg/kg was better than 0.5, 0.6 and 1.0 mg/kg at reducing the partial pressure of carbon dioxide (PaCO2) (p < 0.05); and 1.2 mg/kg was better than 0.3, 0.5 and 1.0 mg/kg at increasing the arterial oxygen saturation (SaO2) (p < 0.05). The surface under the cumulative ranking analysis (SUCRA) results showed that 1.5 mg/kg had the best effect in reducing PASP (SUCRA = 92.0%, moderate certainty evidence) and PaCO2 (91.1%) and increasing PaO2 (SUCRA = 79.3%, moderate certainty evidence), 2.0 mg/kg had the best effect in increasing SaO2 (SUCRA = 88.6%, moderate certainty evidence) and total effective rate (SUCRA = 93.5%, low certainty of evidence)). No severe adverse effects were observed with the different doses of sildenafil.
Conclusion: Different doses of sildenafil can significantly improve PPHN, and 1.5 mg/kg of sildenafil has better clinical efficacy and does not increase the probability of adverse reactions.
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INTRODUCTION
Persistent pulmonary hypertension of the newborn (PPHN) is one of the most serious fatal diseases in the neonatal period; this condition mostly occurs during the transition from fetal to adult circulation. It is characterized by elevated pulmonary vascular resistance (PVR) that leads to labile hypoxia in the immediate postnatal period with or without respiratory distress (Jain and McNamara, 2015). The incidence of PPHN is approximately 1.8–1.9 per 1000 live births in the United States (Steurer et al., 2017) and 1.2–4.6 per 1000 live births in Asian countries (Nakwan et al., 2020) with an overall mortality rate ranging from 7 to 15% (Clark et al., 2000; Steurer et al., 2017) and 20.6% (Nakwan et al., 2020), respectively. PPHN survivors suffer from long-term sequelae including chronic oxygen dependence, stroke, and cognitive, neurodevelopmental and hearing abnormalities (Sharma et al., 2005).
PPHN remains a major cause of morbidity and mortality in neonatal centers across the globe. It is therefore essential to take the available treatment modalities to ensure better outcomes. Phosphodiesterase (PDE) inhibitors have recently been studied as therapeutic agents for PPHN. Sildenafil is the most well-researched PDE5 inhibitor for PPHN. It was approved for the treatment of pulmonary hypertension (PH) in adults in 2005. Notably, sildenafil is not approved for use in PPHN. To date, most case reports and prospective or retrospective studies (Baquero et al., 2006; Mourani et al., 2009) have shown that sildenafil can be used successfully to improve the oxygenation parameters in neonates with PPHN especially in a resource-limited setting where treatments such as extracorporeal membrane oxygenation (ECMO) and inhaled nitric oxide (iNO) are not available. It was well tolerated and was not associated with short-term side effects.
Unfortunately, pharmacokinetic data on the optimal dose regime in neonates are limited. Sildenafil dosing data vary widely between sources for PPHN, and the indications have been derived from data from adults and older children. To date, there is still considerable controversy about the dosage of sildenafil for PPHN, and an optimal dose has not yet been recommended. The European Medicines Agency (EMA) recommends its use at “low doses.” NeoFax, a well-known neonatal drug manual published in 2006, states that a dose of 0.3–1 mg/kg can be given every 6 h for newborns with PPHN. In 2011, the recommended dose of sildenafil was 0.5–2 mg/kg every 6 h with a maximum dose of 3 mg/kg. The British National Formulary suggested including incremental doses ranging from 0.5 to 2 mg/kg every 6 h (Joint Formulary Committee, 2010-2011). The American Heart Association (AHA) and the American Thoracic Society (ATS) suggest a dose of 0.5–1 mg/kg three times daily orally (Abman et al., 2015). In China, sildenafil is administered orally at a dose of 0.5–1 mg/kg every 6 h for PPHN (The Subspecialty Group of Neonatology and Pediatric Society, Chinese Medical Association, 2017). Recently, a growing number of randomized controlled studies (RCTs) have investigated the efficacy of different doses of sildenafil for PPHN. For this reason, we used a network meta-analysis (NMA) to evaluate the efficacy of different doses of sildenafil for PPNH in order to find the optimal sildenafil dose and provide a decision-making basis for PPHN.
METHODS
Participants and Research Type
Newborns from 0 to 28 days postpartum who met the diagnostic criteria for PPHN of pulmonary artery systolic pressure (PASP) > 35 mmHg were included. PPHN can be formed by special anatomical and physiological characteristics in the neonatal period, and can also be secondary to parenchymal lung diseases, meconium aspiration syndrome (MAs), respiratory distress syndrome (RDs), pneumonia or sepsis with or without asphyxia (The Subspecialty Group of Neonatology and Pediatric Society, Chinese Medical Association, 2017). All infants were given continuous mechanical ventilation and different doses of sildenafil treatment by oral or nasal feeding without iNO, vasoactive medications, milrinone or ECMO. RCTs were published in English and Chinese. There were no gender restrictions. The review protocol was registered at the Prospero international prospective register of systematic reviews (registration no. CRD42021260652).
Inclusion and Exclusion Criteria
The inclusion criteria were as follows: 1) newborns with a confirmed diagnosis of PPHN, 2) randomized controlled clinical trials, 3) studies that involved various different doses for PPNH, and 4) outcome indices including pulmonary artery pressure. Studies were excluded for the following reasons: texts that were not in English or Chinese, duplicate publications, case reports or reviews and texts with no observation indicators.
Search Strategy and Selection Criteria
We searched the Wanfang, China National Knowledge Infrastructure (CNKI), China Biology Medicine disc (CBMdisc), PubMed, EMBASE, Web of Science and Cochrane Central Register of Controlled Trials databases for RCTs that examined the efficacy of sildenafil for PPHN from 1998 to December 2020 by using “sildenafil,” “PPHN,” “persistent pulmonary hypertension of the newborn,” “pulmonary hypertension,” “Viagra,” “persistent fetal circulation syndrome,” “persistent fetal circulation,” and “newborn.”
Data Extraction and Quality Assessment
Two independent investigators reviewed the titles, abstracts and full articles that satisfied the inclusion criteria and independently extracted data into a predetermined database. The following information was extracted from each trial: the first author’s name, year of publication, demographic characteristics of participant, sample size, study design, interventions and treatment duration, and observation indicators. We assessed the risk of bias using the Cochrane risk of bias tool version 2 (Cochrane Collaboration, Oxford, England) as low, high, and unclear risk of bias, and any disagreements were resolved by consensus.
Outcome Measures
If the mean and standard deviation (SD) of the change in scores were not directly extracted from the literature, they were calculated by using the following formula recommended by the Cochrane Handbook for Systematic Reviews of Interventions, where SDbaseline and SDfinal represent the SD at baseline and follow-up, respectively, and Corr represents a correlation coefficient that describes the similarity between baseline and follow-up measurements (Higgins et al., 2021). Here, we choose Corr = 0.5 based on the sensitivity analysis result of Corr value.
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A 10% decrease from baseline in PASP or an PASP <35 mmHg was considered effective after the newborn is treated with sildenafil. The calculation method of total effective rate was the proportion of neonates with PASP decreased by 10% or PASP<35 mmHg after sildenafil treatment.
Statistical Analysis
We conducted to pool the results of direct and indirect comparisons using a Bayesian approach. We will fit our model using STATA 14 statistical software (StataCorp, College Station, TX, United States) and Aggregate Data Drug Information System 1.16.8 software (Drug Information Systems, Groningen, Netherlands). The odds ratio (OR) with a 95% confidence interval (CI) was applied to evaluate the end points. For the NMA, ORs with 95% credible intervals (CrIs) were used. The NMA under the Bayesian framework, using Markov chain Monte Carlo (MCMC) random effects model. A consistency model based on the MCMC simulation method was applied by using 50,000 simulation iterations for each four chains with a burn-in period of the first 20,000 iterations. Node-splitting analysis and inconsistency standard deviation (ISD) were then performed to evaluate the consistency of the data. A two-tailed p value of <0.05 was considered to be significant. A value of I2 = 0–50% was considered as low heterogeneity; 50–75% as moderate heterogeneity; and 75–90% as high heterogeneity. If the difference was not statistically significant, it indicates that the direct and indirect comparison results were consistent, and the consistency model was used for analysis. If there were differences, we used inconsistent model analysis. Surface under the cumulative ranking analysis (SUCRA) was used to rank the effects of the treatment regimens. The SUCRA results are expressed as percentages to compare each intervention to an imaginary intervention, which was always the best intervention without uncertainty. Throughout the meta-analysis process, we had followed the Preferred Reporting Project (PRISMA) guidelines for systematic reviews and meta-analysis.
We will also assess the quality of evidence contributing to network estimates of the main outcomes with the GRADE framework, which characterises the quality of a body of evidence on the basis of the study limitations, imprecision, inconsistency, indirectness and publication bias.
RESULTS
Characteristics of the Included Studies
The search strategy identified 1754 studies. Finally, 22 RCTs with over 2,131 patients were included in the analysis (Chen et al., 2012; Li, 2013; Liu and Huang, 2013; Yang et al., 2013; Chen, 2014; Sun and Zhang, 2014; Dong, 2015; Feng, 2015; Li, 2015; Luo et al., 2015; Mo et al., 2015; Tan, 2016; Chen and Wang, 2017; Li and Mo, 2017; Tian, 2017; Wang et al., 2017; Li, 2018; Pan and Wei, 2018; Wang and Li, 2019; Zhao and Bai, 2019; Zhu, 2019; Higgins et al., 2021). The flowchart of the literature retrieval process is shown in Figure 1. The studies were published between 2015 and 2018 and included seven doses: 0.3, 0.5, 0.6, 1.0, 1.2, 1.5, and 2.0 mg/kg. The characteristics of the included RCTs were shown in Table 1. Sildenafil was administered by nasal feeding at 0.3–2 mg/kg every 4–6 h, and the course of treatment was 3–6 days. Eleven studies treated PPHN patients using the brand name drug, seven studies used unspecified manufacturers, and four studies used generic drugs.
[image: Figure 1]FIGURE 1 | Flow chart of literature screening.
TABLE 1 | Baseline characteristics of the included studies.
[image: Table 1]The majority of RCTs had a low risk of bias (Figure 2). The risk of other bias was the most common risk factor for quality assessment; the second risk factor was incomplete outcome data, given the unnecessary of reporting the whole results of a variety of parameters.
[image: Figure 2]FIGURE 2 | Risk of bias assessments within studies.
Network Meta-Analysis Results
The clinical heterogeneity and methodological heterogeneity of the basic characteristics of the included studies were tested. The results showed that there was significant heterogeneity between studies, including Q test (p = 0.001), H value 2.124 [95% CI (1.548, 2.808)], I2 = 65.589%. However, after stratification of factors that may affect heterogeneity such as dosing frequency, duration, study year, and trial design, the heterogeneity test was performed, Q test (p > 0.05), and I2 = 24.245–49.479% indicated that there was no heterogeneity between studies within each layer. The results showed the comparison of each split node, direct comparison and indirect comparison was not statistically significant (p > 0.05), suggesting that there was no evidence that the network model was inconsistent.
Pulmonary Artery Systolic Pressure (PASP)
Twenty-two studies including 2,131 pediatric patients were included in the analysis. Sixteen studies were three-arm trials. Three studies each were two-arm trials and four-arm trials (Figure 3A). The node split method was used to test the consistency of the included studies. The test results showed that there was no significant difference between the direct comparison and indirect comparison (p > 0.05), except between 0.3 and 0.6 mg/kg (p = 0.046). The network meta-analysis was performed using an inconsistency model. The NMA revealed that, compared with 0.3, 0.6 and 1.5 mg/kg showed a significant decrease; compared with 0.6, 1.0 and 1.5 mg/kg showed a significant decrease in PASP (p < 0.05, Table 2). There was no significant difference between other treatments. Surface under the cumulative ranking analysis (SUCRA) showed that 1.5 mg/kg (92.0%, moderate certainty evidence) had the best effect on reducing pulmonary arterial pressure, followed by 1.0 mg/kg (74.6%), while 0.3 mg/kg (1.6%) had the lowest SUCRA value (Table 3; Figure 4A). NMA forest plot for different research combinations and combination effect sizes of PASP was presented in Supplementary Figure S1.
[image: Figure 3]FIGURE 3 | Relations diagram of different dose sildenafil for PPNN.
TABLE 2 | Pairwise comparisons of the efficacy of different doses of sildenafil for PPHN.
[image: Table 2]TABLE 3 | Ranking of different doses of sildenafil for PPHN.
[image: Table 3][image: Figure 4]FIGURE 4 | Index ranking chart of different doses of sildenafil for PPNN.
Systolic Blood Pressure (SBP)
Seven studies including 469 pediatric patients were included in the analysis. Among the RCTs, five studies were three-arm trials. Two studies were two-arm trials (Figure 3B). The node split method showed that there was no significant difference between the direct comparison and indirect comparison (p > 0.05). The network meta-analysis was performed using a consistency model. The NMA revealed that there was not a significant difference in reducing SBP (Table 2). SUCRA showed that 1.5 mg/kg (78.9%, moderate certainty evidence) had the best effect in reducing SBP, followed by 0.3 mg/kg (64.9%) (Table 3; Figure 4C). NMA forest plot for different research combinations and combination effect sizes of SBP was presented in Supplementary Figure S2.
Partial Pressure of Carbon Dioxide (PaCO2)
Fourteen studies including 1,552 pediatric patients were included in the analysis. Nine studies were three-arm trials. Two studies were two-arm trials, and three studies were four-arm trials (Figure 3C). The node split method showed that there was no significant difference between the direct comparison and indirect comparison (p > 0.05), except between 0.3 and 1.0 mg/kg, 0.5 and 1.0 mg/kg, and 0.5 and 2 mg/kg (p < 0.05). The network meta-analysis was performed using an inconsistency model. The NMA revealed that 0.6 and 1.2 mg/kg were better than 0.3, and 1.5 mg/kg was better than 0.5, 0.6 and 1.0 mg/kg in reducing the partial pressure of carbon dioxide (p < 0.05, Table 2). SUCRA showed that 1.5 mg/kg (91.1%, moderate certainty evidence) had the best effect in reducing the partial pressure of carbon dioxide, followed by 2.0 mg/kg (75.8%), while 0.3 mg/kg (0.1%) had the lowest SUCRA value (Table 3; Figure 4C). NMA forest plots for different research combinations and combination effect sizes of PASP (Supplementary Figure S1). NMA forest plot for different research combinations and combination effect sizes of PaCO2 was presented in Supplementary Figure S3.
Partial Pressure of Oxygen (PaO2)
Nineteen studies including 1771 pediatric patients were included in the analysis. Fifteen studies were three-arm trials. Two studies were two-arm trials, and two studies were four-arm trials (Figure 3D). The node split method showed that there was no significant difference between the direct comparison and indirect comparison (p > 0.05). The NMA was performed using a consistency model. The NMA revealed that 0.5, 1.0, 1.5, and 2 mg/kg were better than 0.3 mg/kg; 1.5 and 2.0 mg/kg were better than 0.5, 1.0, and 1.5 mg/kg; 2 mg/kg was better than 0.6 mg/kg; and 1.5 mg/kg was better than 1.0 mg/kg at increasing the partial pressure of oxygen. The differences were statistically significant (p < 0.05, Table 2). In contrast, no difference was found in the rest of the comparisons (p > 0.05, Table 3). SUCRA showed that 1.5 mg/kg (79.3%, moderate certainty evidence) had the best effect in increasing the arterial oxygen pressure, followed by 0.5 mg/kg (77.9%), while 0.3 mg/kg (10.4%) had the lowest SUCRA value (Table 3; Figure 4E). NMA forest plot for different research combinations and combination effect sizes of PaO2 was presented in Supplementary Figure S4.
Arterial Oxygen Saturation (SaO2)
Thirteen studies including 1165 pediatric patients were included in the analysis. Among the RCTs, twelve studies were three-arm trials. One study was a two-arm trial (Figure 3E). The node split method showed that there was not a significant difference between the direct comparison and indirect comparison, except between 0.5 and 1.0 mg/kg and between 0.6 and 1.0 mg/kg (p < 0.05). The network meta-analysis was performed using an inconsistency model. The NMA revealed that 0.5, 1.2 and 1.5 mg/kg were better than 0.3 mg/kg; and 1.2 mg/kg was better than 0.5 and 1.0 mg/kg at increasing the arterial oxygen saturation (p < 0.05, Table 2). SUCRA showed that 2.0 mg/kg (88.6%, moderate certainty evidence), had the best effect in increasing the arterial oxygen saturation, followed by 1.0 mg/kg (75.2%), while 0.3 mg/kg (0.1%) had the lowest SUCRA value (Table 3; Figure 4D). NMA forest plot for different research combinations and combination effect sizes of PaO2 was presented in Supplementary Figure S5.
Clinical Efficacy
Seven studies including 502 pediatric patients reported clinical effectiveness. Six studies were three-arm trials. One study was a two-arm trial, and one was a four-arm trial (Figure 3F). The node split method showed that there was no significant difference between the direct comparison and indirect comparison (p > 0.05). The network meta-analysis was performed using a consistency model. The NMA revealed that 0.5, 1.0, 1.5, and 2.0 mg/kg had higher clinical effectiveness than 0.3 mg/kg; and 1.0, 1.5, and 2.0 mg/kg had higher clinical effectiveness than 0.6 mg/kg (Table 2). SUCRA showed that 2.0 mg/kg (93.5%, low certainty of evidence) had the best effect in terms of clinical efficacy, followed by 1.5 mg/kg (77.0%), while 0.3 mg/kg (5.5%) had the lowest SUCRA value, as discussed earlier (Table 3; Figure 4F).
Adverse Reactions
Four doses in nine articles described adverse reactions, including hypoglycemia (two cases), urticaria (three cases), tachycardia (two cases), and gastrointestinal bleeding (one case). Among them, the 1 mg/kg group and 2.0 mg/kg group experienced four types of adverse reactions. Hypotension did not occur at different doses of sildenafil among the newborns.
Contribution Matrix
The influence of different direct comparisons on the results of NMA showed that the direct comparison of 1.2 and 2.0 mg/kg had the greatest influence on the results of the whole results (10.2%), followed by 0.5 and 1.0 mg/kg group (9.7%).
DISCUSSION
PPHN is an important cause of neonatal death and is considered a complex condition with a more or less unknown pathophysiology. PPHN can be primary (such as severe pulmonary hypoplasia) or can occur secondary to pulmonary parenchymal disease (such as meconium aspiration syndrome, surfactant deficiency, or alveolocapillary dysplasia). In addition, polycythemia, hypoglycemia, sepsis, maternal diabetes mellitus, cesarean section delivery, high maternal body mass index, and maternal use of aspirin, nonsteroidal anti-inflammatory drugs (NSAIDs) and serotonin reuptake inhibitors are among the factors associated with an increased risk of PPHN (Delaney and Cornfield, 2012). The degree of PPHN ranges from mild hypoxia with mild respiratory distress to severe hypoxemia with cardiopulmonary instability.
The purpose of PPHN treatment is to reduce pulmonary vascular resistance (PVR), maintain systemic blood pressure, correct right-to-left shunting and improve oxygenation (Abman et al., 2015; Hansmann et al., 2019). Treatment of PPHN includes mechanical ventilation, oxygen therapy, ECMO, surfactant, vasoactive drugs and so on (Abman et al., 2015; Hansmann et al., 2019). Vasoactive drugs include iNO, endothelin receptor antagonists (ETRAs), prostaglandins (PGE1 or PGI2), phosphodiesterase inhibitors, etc. Among them, iNO is the most investigated choice of treatment and the only approved specific pulmonary vasodilator for newborns (Tanriverdi et al., 2014). However, the high cost of iNO therapy remains an issue of serious concern in resource-limited settings. In addition, up to 30–40% of infants are nonresponsive to iNO (Goldman et al., 1996), and iNO does not reduce mortality or the length of hospitalization. In these settings, PDE inhibitors seem to fill the gap. Sildenafil is the most investigated non-iNO treatment.
Sildenafil is a selective phosphodiesterase 5 (PDE-5) inhibitor and a vasodilator specifically for the pulmonary vasculature that increases the intracellular cAMP and cGMP levels by inhibiting PDE, leading to vascular smooth muscle relaxation in the pulmonary vascular bed (Juliana and Abbad, 2005). Most of the current studies have confirmed the efficacy of sildenafil monotherapy or as an adjunct therapy to iNO for PPHN. The dose and indications have been derived from data from adults and older children. However, controversies about the dose regime, route and time intervals of sildenafil administration still need to be further investigated. In our study, we analyzed seven different doses of sildenafil for PPHN. The results showed that sildenafil administered every 6 h for 3 days within a dose range of 0.3–2.0 mg/kg by nasal feeding can significantly improve clinical symptoms such as dyspnea, cyanosis, blood oxygenation status and PASP in infants. However, the results show that there is a certain dose dependence, and the therapeutic effect becomes more and more significant as the dose increases. Consequently, in terms of reducing PASP, the effect of reducing PASP was more obvious with increasing doses in the range of 1.5 mg/kg, while 2.0 mg/kg showed no difference, indicating that increasing the dose could not further reduce PASP. Similarly, 1.5 mg/kg had the most significant effect in increasing the PaO2 and reducing the PaCO2. Our found that some infants have increased or decreased SBP after treatment, but it is not statistically significant compared to before sildenafil treatment. But the cause of the increase in SBP is unclear. All the RCTs in this study used different doses of sildenafil to compare the clinical efficacy within 3 days, indicating that short-term high-dose sildenafil is more effective than low-dose sildenafil, but the long-term efficacy still needs further research and observation. Barst RJ et al. (Barst et al., 2014) have shown that higher doses of sildenafil can increase the mortality of children with pulmonary arterial hypertension. Similarly, as the dose increased, the effect of increasing the arterial blood oxygen pressure and reducing the partial pressure of carbon dioxide were better, and the SUCRA ranking showed that 1.5 mg/kg had the best effect. In terms of increasing arterial oxygen saturation and clinical effectiveness, the SUCRA ranking showed a better effect at 2.0 mg/kg.
Despite the fact that we have limited knowledge of sildenafil safety in PPHN, previous studies have reported that the most frequently reported adverse reactions (AEs) were priapism, facial flushing, headaches, nasal stuffiness, irritability, diarrhea, vomiting, cough, abnormal vision and upper respiratory tract infection (Beghetti et al., 2017). The AEs increase as the dose increases in adult and children aged 1–17 yr (Rubin et al., 2011), and the majority of AEs were of mild or moderate intensity. Sildenafil coadministered with iNO might reduce the systemic arterial pressure (SAP), while sildenafil alone did not result in such an effect (Beghetti et al., 2017). AEs, such as urticaria and tachycardia were observed in the present work and were of mild to moderate severity, while hypotension did not occur at different doses of sildenafil. This finding demonstrates that sildenafil monotherapy appears to be safe and well tolerated. However, it is necessary to carry out additional studies to assess the side effects in neonates (Ahsman et al., 2010). previously investigated the pharmacokinetics of repeated administration of sildenafil in 11 neonates ranged in postnatal days from 2 to 121 days with pulmonary hypertension. The patients had received sildenafil (0.5 mg/kg) three or four times daily in the intensive care unit (ICU). Based on their research, the pharmacokinetic variability of sildenafil is quite big. The median AUC24 (sildenafil + desmethylsildenafil) was 3,935 ng/h/ml (range 625–13,579 ng/h/ml). However, it is still necessary to carefully adjust the dose.
CONCLUSION
In conclusion, sildenafil is effective and safe for decreasing the PASP in newborns with PPHN. Our research proves that 1.5 mg/kg has the best effect in reducing pulmonary arterial pressure and the partial pressure of carbon dioxide and increasing the arterial blood oxygen pressure without severe adverse effects. However, the limitations of this study were as follows: 1) This study only included literature published in Chinese; other studies in English were not found; 2) the 22 studies included were all RCTs, but the quality of the literature was not high; one study did not describe the method of random sequence generation and allocation concealment; 3) the number of included studies was small, and the results of the publication bias analysis may not be reliable; 4) the follow-up time of the included studies was 1–3 days, which is short, suggesting that follow-up studies need to increase the follow-up time to obtain safety data; and 5) in the study, infants were treated the brand name drug and generic drugs. The brand name drug and generic drug of sildenafil have bioequivalence, but the clinical equivalence of the brand name drug and generic drugs needs further study. Therefore, large RCTs are needed before advocating the clinical use of this agent in neonates with PPHN. Furthermore, the dose route and time intervals of sildenafil administration still need to be further elucidated.
DATA AVAILABILITY STATEMENT
Publicly available datasets were analyzed in this study. The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
Conception and design: CW (2nd author) and LS. Writing, review, and revision of the manuscript: CW, LS, YZ, WS, and CW (5th author). All authors read and approved the current version of the manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2021.697287/full#supplementary-material
Supplementary Figure 1 | Network forest plot of PASP Pulmonary Artery Systolic Pressure (PASP).
Supplementary Figure 2 | Network forest plot of SBP Systolic Blood Pressure (SBP).
Supplementary Figure 3 | Network forest plot of PaCO2 Partial Pressure of Carbon Dioxide (PaCO2).
Supplementary Figure 4 | Network forest plot of PaO2 Partial Pressure of Oxygen (PaO2).
Supplementary Figure 5 | Network forest plot of SaO2 Arterial Oxygen Saturation (SaO2).
REFERENCES
 Abman, S. H., Hansmann, G., Archer, S. L., Ivy, D. D., Adatia, I., Chung, W. K., et al. (2015). Pediatric Pulmonary Hypertension: Guidelines from the American Heart Association and American Thoracic Society. Circulation 132 (21), 2037–2099. doi:10.1161/CIR.0000000000000329
 Ahsman, M. J., Witjes, B. C., Wildschut, E. D., Sluiter, I., Vulto, A. G., Tibboel, D., et al. (2010). Sildenafil Exposure in Neonates with Pulmonary Hypertension After Administration via a Nasogastric Tube. Arch. Dis. Child. Fetal Neonatal. Ed. 95 (2), F109–F114. doi:10.1136/adc.2009.168336
 Baquero, H., Soliz, A., Neira, F., Venegas, M. E., and Sola, A. (2006). Oral Sildenafil in Infants with Persistent Pulmonary Hypertension of the Newborn: A Pilot Randomized Blinded Study. Pediatrics 117 (4), 1077–1083. doi:10.1542/peds.2005-0523
 Barst, R. J., Beghetti, M., Pulido, T., Layton, G., Konourina, I., Zhang, M., et al. (2014). STARTS-2: Long-Term Survival with Oral Sildenafil Monotherapy in Treatment-Naive Pediatric Pulmonary Arterial Hypertension. Circulation 129 (19), 1914–1923. doi:10.1161/CIRCULATIONAHA.113.005698
 Beghetti, M., Rudzinski, A., and Zhang, M. (2017). Efficacy and Safety of Oral Sildenafil in Children with Down Syndrome and Pulmonary Hypertension. BMC Cardiovasc. Disord. 17 (1), 177. doi:10.1186/s12872-017-0569-3
 Chen, L., Zhang, L., and Li, W. (2012). Effectiveness of Different Doses of Sildenafil on Persistent Pulmonary Hypertension of Newborns. Acta Medicinae Universitatis Scientiae et Technologiae Huazhong 41 (2), 210–213. doi:10.3870/j.issn.1672-0741.2012.02.019
 Chen, P., and Wang, N. (2017). Analysis of the Effect and Safety of Sildenafil on Persistent Pulmonary Hypertension of Newborns. Chongqing Med. 46 (13), 1820–1823. 10.3969j.issn.1671-8348.2017.13.030 
 Chen, Y. (2014). The Effect of Different Dosage of Nasogastric Sildenafil for Persistent Pulmonary Hypertension of the Newborn. China Prac Med. 9 (7), 144–145. doi:10.3969/j.issn.1006-1959.2015.40.082
 Clark, R. H., Kueser, T. J., Walker, M. W., Southgate, W. M., Huckaby, J. L., Perez, J. A., et al. (2000). Low-dose Nitric Oxide Therapy for Persistent Pulmonary Hypertension of the Newborn. Clinical Inhaled Nitric Oxide Research Group. N. Engl. J. Med. 342 (7), 469–474. doi:10.1056/NEJM200002173420704
 Delaney, C., and Cornfield, D. N. (2012). Risk Factors for Persistent Pulmonary Hypertension of the Newborn. Pulm. Circ. 2 (1), 15–20. doi:10.4103/2045-8932.94818
 Dong, J. (2015). A Systematic Analysis of Sildenafil on Persistent Pulmonary Hypertension of Newborns. Med. Inf. 28 (40), 67–68. doi:10.3969/j.issn.1006-1959.2015.40.082
 Feng, S. (2015). The Clinical Effect of Different Dosage of Sildenafil for Persistent Pulmonary Hypertension of the Newborn. Contemp. Med. 21 (35), 129–130. doi:10.3969/j.issn.1009-4393.2015.35.086
 Goldman, A. P., Tasker, R. C., Haworth, S. G., Sigston, P. E., and Macrae, D. J. (1996). Four Patterns of Response to Inhaled Nitric Oxide for Persistent Pulmonary Hypertension of the Newborn. Pediatrics 98 (4 Pt 1), 706–713.
 Hansmann, G., Koestenberger, M., Alastalo, T. P., Apitz, C., Austin, E. D., Bonnet, D., et al. (2019). 2019 Updated Consensus Statement on the Diagnosis and Treatment of Pediatric Pulmonary Hypertension: The European Pediatric Pulmonary Vascular Disease Network (EPPVDN), Endorsed by AEPC, ESPR and ISHLT. J. Heart Lung Transpl. 38 (9), 879–901. doi:10.1016/j.healun.2019.06.022
 Jain, A., and McNamara, P. J. (2015). Persistent Pulmonary Hypertension of the Newborn: Advances in Diagnosis and Treatment. Semin. Fetal Neonatal. Med. 20 (4), 262–271. doi:10.1016/j.siny.2015.03.001
 Joint Formulary Committee (2010-2011). Joint Formulary Committee. London, UK: British Medical Association and Royal Pharmaceutical Society of Great Britain; 2010. British National Formulary.
 J. P. T. Higgins, J. Thomas, J. Chandler, M. Cumpston, T. Li, M. J. Page, et al. (Editors) (2021). Cochrane Handbook for Systematic Reviews of Interventions Version 6.2 (Updated February 2021) (London, UK: Cochrane). Available at: www.training.cochrane.org/handbook.
 Juliana, A. E., and Abbad, F. C. (2005). Severe Persistent Pulmonary Hypertension of the Newborn in a Setting where Limited Resources Exclude the Use of Inhaled Nitric Oxide: Successful Treatment with Sildenafil. Eur. J. Pediatr. 164 (10), 626–629. doi:10.1007/s00431-005-1724-x
 Li, H. (2013). Effect Analysis on the Different Doses of Sildenafil on Persistent Pulmonary Hypertension of the Newborn. Matern. Child Health Care China 28 (8), 1269–1272. doi:10.7620/zgfybj.j.issn.1001-4411.2013.28.20
 Li, Y., and Mo, W. (2017). Effect Analysis on the Different Doses of Sildenafil on Persistent Pulmonary Hypertension of the Newborn. Strait Pharm. J. 29 (8), 145–146. doi:10.3969/j.issn.1006-3765.2017.08.076
 Li, Y. (2018). The Efficacy of Different Dosage of Sildenafil for Persistent Pulmonary Hypertension of the Newborn. China Health Care Nutr. 28 (35), 95. doi:10.3969/j.issn.1004-7484.2018.35.102
 Li, Z. (2015). The Effect of Different Doses of Sildenaifl in the Treatment of Neonatal Pulmonary Hypertension. World Latest Med. Inf. 15 (65), 72–74. doi:10.3969/j.issn.1671-3141.2015.65.056
 Liu, Y., and Huang, Y. (2013). The Effect of Different Doses of Sildenaifl in the Treatment of Neonatal Pulmonary Hypertension. Contemp. Med. 19 (33), 140–141. doi:10.3969/j.issn.1009-4393.2013.33.108
 Luo, F., Wen, X., and Qiu, Z. (2015). Clinical Analysis of Different Dose of Sildenafil Treating Neonatal Pulmonary Hypertension. China Mod. Med. 22 (36), 62–64. 
 Mo, G., Jiang, L., and Zhang, X. (2015). Different Dose of Sildenafil Curative Effect for the Treatment of Neonatal Pulmonary Hypertension. China Foreign Med. Treat. 24, 124–125. doi:10.3969/j.issn.1674-0742.2015.24.056
 Mourani, , Sontag, M. K., Ivy, D. D., and Abman, S. H. (2009). Effects of Long-Term Sildenafil Treatment for Pulmonary Hypertension in Infants with Chronic Lung Disease. J. Pediatr. 154 (3), 379–384. doi:10.1016/j.jpeds.2008.09.021
 Nakwan, N., Jain, S., Kumar, K., Hosono, S., Hammoud, M., Elsayed, Y. Y., et al. (2020). An Asian Multicenter Retrospective Study on Persistent Pulmonary Hypertension of the Newborn: Incidence, Etiology, Diagnosis, Treatment and Outcome. J. Matern. Fetal Neonatal. Med. 33 (12), 2032–2037. doi:10.1080/14767058.2018.1536740
 Pan, J., and Wei, Y. (2018). The Efficacy of Different Dosage of Sildenafil for Persistent Pulmonary Hypertension of the Newborn. Mod. Med. Health Res. 000 (012), 64–65. 
 Rubin, L. J., Badesch, D. B., Fleming, T. R., Galiè, N., Simonneau, G., Ghofrani, H. A., et al. (2011). Long-term Treatment with Sildenafil Citrate in Pulmonary Arterial Hypertension: The SUPER-2 Study. Chest 140, 1274–1283. doi:10.1378/chest.10-0969
 Sharma, V., Berkelhamer, S., and Lakshminrusimha, S. (2005). Persistent Pulmonary Hypertension of the Newborn. Matern. Health Neonatol Perinatol 1, 14. doi:10.1186/s40748-015-0015-4
 Steurer, M. A., Jelliffe-Pawlowski, L. L., Baer, R. J., Partridge, J. C., Rogers, E. E., and Keller, R. L. (2017). Persistent Pulmonary Hypertension of the Newborn in Late Preterm and Term Infants in California. Pediatrics 139 (1), e20161165. doi:10.1542/peds.2016-1165
 Sun, S., and Zhang, J. (2014). The Analysis of the Efficacy and Safety of Different Dosage of Sildenafil in the Treatment of Persistent Pulmonary Hypertension of the Newborn. All Health 8 (4), 6–7. 
 Tan, X. (2016). Clinical Effect Observation on Silaenafil in Treatment of Neonatal Pulmonary Hypertension. China &Foreign Med. Treat. 35 (8), 119–120. doi:10.16662/j.cnki.1674-0742.2016.08.119
 Tanriverdi, S., Koroglu, O. A., Uygur, O., Balkan, C., Yalaz, M., and Kultursay, N. (2014). The Effect of Inhaled Nitric Oxide Therapy on Thromboelastogram in Newborns with Persistent Pulmonary Hypertension. Eur. J. Pediatr. 173 (10), 1381–1385. doi:10.1007/s00431-014-2325-3
 The Subspecialty Group of NeonatologyPediatric Society, Chinese Medical Association (2017). Expert Consensus Statement on the Diagnosis and Treatment of Paediatric Pulmonary Hypertension. Chin. J. Pediatr. 55 (03), 163–168. doi:10.3760/cma.j.issn.0578-1310.2017.03.002
 Tian, S. (2017). Clinical Analysis of Different Doses of Sildenafil Taken Orally in the Treatment of Neonatal Persistent Pulmonary Hypertension. J. Baotou Med. Coll. 33 (6), 53–55. doi:10.16833/j.cnki.jbmc.2017.06.023
 Wang, H., and Li, J. (2019). The Effect of Different Dosage of Nasogastric Sildenafil for Persistent Pulmonary Hypertension of the Newborn. Chin. J. Coal Industry Med. 22 (4), 356–360. doi:10.11723/mtgyyx1007-9564201904005
 Wang, Q., Wang, G., and Xing, Z. (2017). The Effect of Different Dosage of Nasogastric Sildenafil for Persistent Pulmonary Hypertension of the Newborn. Gansu Med. J. 36 (9), 750–751. doi:10.15975/j.cnki.gsyy.2017.09.017
 Yang, M., Zhu, X., Jing, S., and Wan, Q. (2013). Sildenafil Could Improve Hypoxia in Newborns with Persistent Pulmonary Hypertension. Chin. J. Healthy Birth Child Care 19 (1), 5–7. doi:10.3969/j.issn.1007-3434.2013.01.002
 Zhang, Y. (2018). The Effect of Different Dosage of Nasogastric Sildenafil for Persistent Pulmonary Hypertension of the Newborn. Chin. Cont Med. Edu 10 (26), 150–151. doi:10.3969/j.issn.1674-9308.2018.26.074
 Zhao, J., and Bai, Y. (2019). The Clinical Efficacy and Safety Different Dosage of Sildenafil in the Treatment of Persistent Pulmonary Hypertension of the Newborn. Med. J. Chin. People's Health 31 (11), 65–66. doi:10.3969/j.issn.1672-0369.2019.11.030
 Zhu, J. (2019). The Efficacy of Different Dosage of Sildenafil for Persistent Pulmonary Hypertension of the Newborn. J. Cardiovasc. Surg. (Electronic Edition) 8 (3), 96–97. doi:10.3969/j.issn.2095-2260.2019.03.085
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Sun, Wang, Zhou, Sun and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-12-697287-t001.jpg
Author year

Zhang 2018 (Zhang, 2018)

Zhu 2019 (Higgins et al., 2021)
Feng 2015 (Zhu, 2019)

Li 2018 (Feng, 2015)

Sun 2014 (Ui, 2018)

Zhao 2019 (Sun and Zhang, 2014)
Pan 2018 (Zhao and Bai, 2019)
Wang 2019 (Pan and Wei, 2018)
Li 2013 (Wang and Li, 2019)

Li 2017 (Ui, 2013)

Chen 2012 (Li and Mo, 2017)

Li 2015 (Chen et al., 2012)

Mo 2015 (Li, 2015)

Luo 2015 (Mo et al,, 2015)

Liu 2013 (Luo et al,, 2015)

Tian 2017 (Liu and Huang, 2013)
Chen 2017 (Tian, 2017)

Dong 2015 (Chen and Wang, 2017)
Yang 2013 (Dong, 2015)

Wang 2017 (Yang et al., 2013)
Chen 2014 (Wang et al., 2017)
Tan 2016 (Chen, 2014)

Intervention

alo/d/f
dg
c/dlg
b/dltig
alclelg
b/dig
alo/d
b/dig
/g
a/o/d
alb/d
clelg
dg
a/o/d
/g
alo/d
b/dig
/g
b/d/g
b/d
o/t
b/

Route of Sample size
administration

Nasal feeding 40/40/40/40
Nasal feeding 68/68
Nasal feeding 20/20/20
Nasal feeding 50/50/50/50
Nasal feeding 10/10/10/10
Nasal feeding 40/40/40
Nasal feeding 56/56/56
Nasal feeding 26/26/26
Nasal feeding 18/18/18
Nasal feeding 26/26/26
Nasal feeding 18/15/18
Nasal feeding 24/24/24
Nasal feeding 50/50
Nasal feeding 50/50/50
Nasal feeding 20/20/20
Nasal feeding 80/80/80
Nasal feeding 20/20/20
Nasal feeding 6/11/8
Nasal feeding 10/10/10
Nasal feeding 40/40
Nasal feeding 25/25/25
Nasal feeding 35/35/35

Frequency

Qsh
Qéh
Q4-6h
Qéh
Qsh
Qsh
Qsh
Qsh
Q4-6h
Qsh
Qsh
Qsh
Q6-12h
Qsh
Q4-5h
Qsh
Qeh
Qsh
Qeh
Qs8h
Qeh
Qsh

Duration

4 days
3-6 days
3-6 days

3days
4-5 days

3 days
3-6 days

3days

3 days

3 days

3 days
3-5 days

3 days

3 days

3 days

5 days

3 days
3-5 days

5 days

3 days
3-5 days
3-5 days

‘Outcome indicators

[ololelo}
ole)
[olelelo}
olo)
[ololelo}
[olololo}
[olololo}
[olololo}
[oleleolololo)
[olololololo)
[elololololo]
olo)

[ol]
[olololololo)
[elelelo]
[olololo}
[elelelole]
[oleleolololo)
[eleololo)
[ololololo]
[elolela)
[ololole)

a: 0.3 mg/kg, b: 0.5 mg/kg, c: 0.6 mg/kg, d: 1.0 mg/k, e: 1.2 mg/kg, f: 1.5 mo/kg, g: 2.0 mg/kg; ® pulmonary artery systolic pressure (PASP), @ systolc blood pressure (SBP), @

partial pressure of oxygen (Pa0.), @ partial pressure of carbon dioxide (PaCO.), ® arterial oxygen saturation (SaO.) ® adverse reaction, @ clinical efficacy.





OPS/images/fphar-12-697287-t002.jpg
Intervention

0.3 mg/kg
0.5mg/kg

0.6 mg/kg
1.0 mg/kg

1.2 mg/kg
1.5 mg/kg

2.0 mg/kg

0.5 mg/kg
06 m/kg

1.0 mg/kg
1.2 mg/kg
1.5 mg/kg
2.0 mg/kg
0.6 mg/kg
1.0 mg/kg

1.2 mg/kg
1.5 mg/kg

2.0 mg/kg

1.0 mgrkg
1.2 mg/kg

1.5 mg/kg
2.0 mg/kg

1.2 mg/kg
1.5 mg/kg
2.0 mg/kg
1.5 mg/kg
2.0 mg/kg

PASP

3.89 (0.00, 6740.91)
0.0 (0.00, 0.00°
4.48(0.00, 186059.44)

0.98 (0.00, 10423.26)
0.00 (0.00, 0.20)*

0.00 (0.00, 1.66)

202.18 (0.2,
206104.25)

0.18 (0.01, 5.65)
6.11(0.00, 120300.74)
0.00 (0.00, 8.70)
6.11(0.00, 120300.97)

0.0 (0.00, 0.91)°

0.03 (0.00, 1887.59)
000 (0.00, 019

0.03 (0.00, 1887.60)

33.85 (0.00,
667976.51)
0.03 (0.00, 48.35)
33.85 (0.00,
667977.78)

0.00 (0.00, 71.12)
1.00 (0.00, 15904.36)

1274.11 (0.01, 15¢)

Pao,

71.90 (2,90, 1779.91
2.97 (0.04, 215.48)
337.21 (16,37, 6948.57)°
370.28 (0.20, 678234.24)
23813.84 (239.79,
2.276+06)"
5188.88 (100.32,
268375.68)"

0.04 (0.00, 2.78)
4.69 (0.41, 53.86)
5.15 (0.00, 9495.04)
331.20 (4.7, 22978.57)°
72.17 (2,52, 2068.98f"
113.60 (2.52, 5113.23)

124.74 (0.08, 190930.02)
8022.2 (50.76, 1.276+06)"

1747.99 (26.35,
115974.34)"

1.10 (0.00, 1763.18)

64.31 (0.02, 226547.83)
14.01 (001, 20316.32)

0.22 (0.00, 27.08)

Sa0,

43,68 (5.13, 371.60°
0.04 (0.00, 54.29)
0.04 (0.00, 54.29)

837.14 (40.71, 17214.65*

9206.58 (226.83,
373679.54)"

19.16 (0.47, 778.83)

0.47 (0.05, 4.18)
19.62 (3.75, 102.75)"

002 (0.00, 1.02)

1.02 (0.02, 59.29)

41.32 (2.72, 62769

Paco,

0.25 (0.00, 70.58)
0.00 (000, 0.0
0.02 (0.00, 97.52)

0.00 (000, .13
0.01 (0.00, 1.33)

0.01 (0.00, 1.35)

11.88 (0.12, 1190.11)
5.34 (0.48, 59.16)
0.04 (0.00, 197.96)
0.00 (000, 0.21)*
0.01 (0.00, 72.82)
0.45 (0.00, 45.34)

0.00 (0.00, 29.14)
0.00 (0.00, 0.04°

0.00 (0.00, 10.72)

0.01 (0.00, 37.22)
0.00 (0.00, 0.04)*
0.00 (0.00, 13.69)
002 (0.00, 373.26)

0.37 (0.00, 1117.36)

15.08 (0.00,
229183.77)

SBP

6.58 (0.41, 105.46)
18.82 (0.34,
1032.84)
1.42 (0.10, 19.31)

2,00 (01, 567.77)
046 (0.02, 11.08)

1.05 (0.05, 22.08)

2.86 (0.05, 158.83)
022 (0.03, 1.80)
0.32(0.00, 106.82)
0.07 (0.00, 1.47)
0.16 (0,01, 1.92)
0.08 (0.00, 3.30)

0.1 (0.00, 37.83)
0.02 (0.00, 2.25)

0.06 (0.00, 2.38)

1.47 (0.00, 448.57)
0.32 (0.02, 5.96)
0.74(0.07, 7.71)

0.22 (0.0, 102.55)

0.50 (0.00, 147.12)

2.28(0.07, 72.56)

Clinical
efficacy

162 (1.27,
2,057
1.13(0.73,
1.704)
173 (1.36,
2207
193 (1.30,
2.86)°
220 (153,
316

0.70 (0.48, 1.03)

1.07 (0.93, 1.24
1.19 (0,84, 1.69)
1.36 (1.00, 1.85)

153 (1.07,
2.18°

170 (117,
2.8y
195 (1.31,
289

1.11 (081, 1.52)
1.27 (0,97, 1.66)

1.14 (0.77, 1.69)

-, 10 data; PASP, puimonary artery systolic pressure; SBP, systolc blood pressure; Pa02, partial pressure of oxygen; PaCO2, partial pressure of carbon dloxide; Sa02, arterial oxygen saturation.

5 < 0.05.





OPS/images/fphar-12-697287-g003.gif





OPS/images/fphar-12-697287-g004.gif





OPS/images/math_qu2.gif
ISD3,

R e

SD hange:

2#Corr*SDpcin *SD fit )





OPS/images/fphar-12-697287-t003.jpg
Intervention PASP Pa0, Sa0, PacO, SBP Clinical efficacy

SUCRA Mean SUCRA Mean SUCRA Mean SUCRA Mean SUCRA Mean SUCRA Mean

(%) Rank (%) Rank (%) Rank (%) Rank (%) Rank (%) Rank
0.3 mg/kg 16 69 10.4 64 01 50 01 7.0 64.9 31 55 57
0.5 mg/kg 57.2 36 7.9 23 349 36 528 38 222 57 463 37
0.6 mg/kg 268 54 67.0 30 510 30 281 53 138 62 15.4 52
1.0 mg/kg 746 25 305 52 752 20 321 5.1 566 49 622 29
1.2 mg/kg 489 44 333 50 - - 70 28 49.1 441 - -
1.5 mg/kg 920 15 793 22 - - o1.1 15 789 424 770 21
2.0 mg/kg 490 44 516 39 886 15 758 25 645 143 %5 13

-, No data; PASP, pulmonary artery systolic pressure; SBP, systolic blood pressure; PaO2, partial pressure of oxygen; PaCO2, partial pressure of carbon dioxide; Sa02, arterial oxygen
saturation; SUCRA, surface under the cumulative ranking.





OPS/images/math_qu1.gif
Mean unee = Meang,, — Mean,, Jine






OPS/xhtml/nav.xhtml
Contents

		Cover

		Clinical Efficacy and Safety of Different Doses of Sildenafil in the Treatment of Persistent Pulmonary Hypertension of the Newborn: A Network Meta-analysis		Introduction

		Methods		Participants and Research Type

		Inclusion and Exclusion Criteria

		Search Strategy and Selection Criteria

		Data Extraction and Quality Assessment

		Outcome Measures

		Statistical Analysis





		Results		Characteristics of the Included Studies

		Network Meta-Analysis Results

		Pulmonary Artery Systolic Pressure (PASP)

		Systolic Blood Pressure (SBP)

		Partial Pressure of Carbon Dioxide (PaCO2)

		Partial Pressure of Oxygen (PaO2)

		Arterial Oxygen Saturation (SaO2)

		Clinical Efficacy

		Adverse Reactions

		Contribution Matrix





		Discussion

		Conclusion

		Data Availability Statement

		Author Contributions

		Publisher’s Note

		Supplementary Material

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Clinical Efficacy and Safety of
Different Doses of Sildenafil in the
Treatment of Persistent
Pulmonary Hypertension of the
Newborn: A Network Meta-
analysis





OPS/images/fphar-12-697287-g001.gif





OPS/images/fphar-12-697287-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





