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Abstract  

Background: Pulmonary arterial hypertension (PAH) is a common disorder in preterm neonates caused by patent ductus arteriosus 

(PDA). Although both sildenafil and bosentan have been shown to improve PAH, there is no study to compare the effect of these 

drugs in improving preterm infants with hemodynamically significant PDA and PAH. This study aimed to compare the therapeutic 

efficacy, safety, and possible side effects of combined therapies with Apotel + Bosentan, Apotel + Sildenafil, and Apotel alone in 

treating PDA and PAH in preterm infants. 

Methods: This clinical trial was conducted on 150 preterm neonates with PDA and PAH. Neonates were then divided into three 

groups and orally administrated with Apotel alone (10 mg/kg), Apotel (10 mg/kg) + Sildenafil (1 mg/kg), and Apotel (10 mg/kg) 

+ Bosentan (1 mg/kg). Echocardiographic examination was performed before and 72h after the intervention.  

Results: Treatments with Apotel, Apotel + sildenafil, and Apotel + bosentan significantly decreased the mean of RV1, RV2, RV3, 

RVEDA, RVESA, RV/LV, TR intensity, TR PG, PI PG, and MPA diameter compared to before intervention (p<0.01). The mean 

of TAPSE after Apotel, Apotel + sildenafil, and Apotel + Bosentan administrations was significantly increased compared to before 

the study, indicating improvement in RV performance (p<0.01). The frequency of BPD and ROP in Apotel group (7.7% and 19.2%, 

respectively) was significantly lower than that in Apotel + sildenafil group (30% and 45%, respectively) and Apotel + bosentan 

(25% and 40%, respectively) groups (p<0.05). 

Conclusion: Oral administration of sildenafil and bosentan improved cardiac index beside its side effects in preterm infants PAH 

and PDA. Future clinical trial studies with larger sample sizes and long-term follow-up on term or near term neonates are 

recommended. 

Trial registration: IR.IUMS.FMD.REC.1399.430 
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Introduction 

Pulmonary arterial hypertension (PAH) is a progressive disorder strongly 

associated with increased mortality or morbidity rates in preterm infants, 

especially those under 34 weeks of gestation age [1]. The prevalence of 

this disorder is reported to be 1 in every 500 live births. The mortality rate 

of infants with PAH in developing countries is 10-20%; however, it is 

higher among patients with no access to essential drugs [2]. In the 

advanced stage, PAH can lead to structural and functional changes in the 

pulmonary arteries and increase pulmonary vascular resistance, 

eventually leading to heart failure and increased mortality rate [3,4]. This 

disorder is usually caused by patent ductus arteriosus (PDA). Limited 

studies investigate PAH causes, its associated risk factors, complications, 

and therapeutic strategies [5]. In PAH, the pulmonary artery's inadequate 

responsiveness to increased oxygen, acute hypoxia, and chronic fetal 

hypoxia can be associated with increased pulmonary artery smooth 

muscle [4,6]. Furthermore, it may be related to partial or complete 

inability of the lungs for proper dilatation and ventilation that is 

consequently associated with contraction of pulmonary artery smooth 

muscle and reduced lumen diameter, enhanced pulmonary artery 

resistance, and higher pulmonary artery pressure [7,8]. 

Despite the relatively high prevalence of PAH associated with PDA in 

preterm infants, there is no appropriate therapeutic pattern for managing 

the disease in these patients. Therefore, finding a suitable treatment option 

for PAH improvement in premature infants is valuable to prolong their 

life. Currently, therapeutic options for PAH are increasing, so that 

multiple drugs have been reported for PAH in different studies. These 

therapeutic drugs can be classified into main classes, including 

prostacyclins or prostacyclin derivatives, nitric oxide (NO) pathway 

regulators, and endothelin-related vasoconstrictors [9]. Sildenafil is a 5-

phosphodiesterase (5-PDE) inhibitor, considered the first drug to improve 

pulmonary arterial pressure [10]. This drug affects cGMP metabolism by 

inhibiting 5-PDE activity and causes vasodilation, smooth muscle 

proliferation, platelet aggregation inhibition, pulmonary and systemic 

tensions, and improvement of cardiac index [11, 12]. Bosentan is another 

pulmonary anti-hypertensive drug that acts as a specific and competitive 

antagonist for endothelin-1 (ET-1) receptor [5]. Previous studies showed 

that endothelin-1 receptor is significantly increased in patients with 

pulmonary artery hypertension and, therefore, it seems that this receptor 

has a crucial pathogenic role in PAH [13]. 

Although both Sildenafil and bosentan have different mechanisms to 

improve or reduce PAH, their therapeutic effect on PAH treatment has 

not been compared yet. Therefore, this clinical trial study aimed to 

compare the efficacy, safety, and side effects of bosentan and Sildenafil 

compared to the standard drug, Apotel, in preterm neonates with PAH. 

Methods  

This blinded clinical trial study was conducted to compare the efficacy, 

safety, and possible side effects of Bosentan and Sildenafil on preterm 

neonates with PDA and PAH. They were born and admitted to the NICU 

at Akbar Abadi Hospital (Tehran, Iran) from 2019 to 2021. The study was 

approved by the Ethics Committee of the Iran University of Medical 

Sciences and registered in the Iranian Registry of Clinical Trials 

(IR.IUMS.FMD.REC.1399.430). In preterm infants with respiratory 

symptoms, arterial oxygen saturation and cyanosis, PDA, and PAH 

confirmation were performed by echocardiographic examinations. Only 

preterm neonates with pulmonary artery pressure of ≥25 mmHg and 

tricuspid valve regurgitation with a gradient of ≥30 mmHg with or 

without the right to left shunt were included in this survey. Infants with 

other cyanosis-related diseases and PAH caused by pneumonia or 

meconium aspiration, seizures, congenital neuropsychiatric disorders, 

metabolic and genetic syndromes, pulmonary hypoplasia syndrome, 

congenital heart anomalies, and other fatal abnormalities were excluded 

from the study. Neonates were then divided into three groups (A, B, and 

C) after matching based on gestational age, age at admission time, weight, 

and sex. In-group A, neonates received Apotel (10 mg/kg) by gavage 

every 6 hours for three days, while infants in-group B received combined 

therapy with Apotel (10 mg/kg) and Sildenafil (1 mg/kg) every 12 hours 

-. Preterm neonates in-group C were orally administrated with a 

combination of Apotel (10 mg/kg) and Bosentan (1 mg/kg) every 12 hours 

for 3days. To evaluate the safety and tolerability of medications, all 

neonates were examined daily for adverse effects, including hypertension, 

gastrointestinal tolerance, pulmonary hemorrhage, and edema until the 

end of treatment. After 72 hours of the drug administration, 

echocardiography parameters examination (including RV1, RV2, RV3, 

RVEDA, RVESA, RV/LV, TR intensity, TR PG, PI PG, and MPA 

diameter) was performed again in all neonates in three groups. 

Furthermore, parameters such as duration of oxygen demand, need for 

aggressive treatments, and course of medication was compared between 

three groups.  

Statistical analysis 

The results of this study were analyzed by SPSS software (Version 19). 

Normalization of data was evaluated using the Kolmogorov-Smirnov test. 

Quantitative data were reported as Mean ± SD. The percentages and 

frequencies of each item between the two groups were compared using 

Crosstabs and Chi-Square tests. Comparison of mean parametric data in 

case of normal distribution was evaluated using ANOVA test; otherwise, 

it was analyzed using a non-parametric test. Pearson correlation test was 

used to examine the relationship between quantitative variables, and 

Spearman correlation test was used to investigate the ranking variables. 

Paired t-test was used to compare the mean of parametric data before and 

after the study in each group. In this study, p-value <0.05 was considered 

statistically significant. 

Results 

In this survey, 150 neonates with confirmed PDA and PAH under 

echocardiography evaluation were recruited into the study. Patients were 

then randomly divided into three groups: Apotel, co-treated Apotel + 

Sildenafil, and Apotel + bosentan. Both groups were matched in terms of 

gestational age, Apgar scores, weight, gravidity, type of pregnancy, and 

gender (Table 1). 

 

p-value Apotel + Bosentan Apotel + Sildenafil Apotel   

0.33 3.80 ± 1.67 3.20 ± 1.0 3.61 ± 1.17 Age (days) 

0.56 32.20 ± 2.26 32.65 ± 2.81 31.76 ± 3.01 GA (weeks) 

0.85 1.81 ± 0.32 1.79 ± 0.32 1.75 ± 0.51 Weight (kg) 

    Gender  

0.87 45% 45% 38.5% Boys (%) 

55% 55% 61.5% Girls (%) 

0.42 5.45 ± 0.88 5.05 ± 1.46 5.57 ± 1.57 Apgar 1 

0.62 9.10 ± 0.78 9.05 ± 1.05 8.84 ± 0.96 Apgar 5 
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Table 1: Comparison of the basic demographic results between three groups 

There was no significant difference in medications and respiratory support status between the three groups (Table 2). 

p-value Apotel + Bosentan Apotel + Sildenafil Apotel   

0.49 2.47 ± 1.61 2.10 ± 1.06 2.77 ± 2.35 Oxygen hood (days) 

0.85 2.11 ± 1.66 2.16 ± 1.42 1.91 ± 0.98 CPAP (days) 

0.95 1.42 ± 0.53 1.55 ± 1.01 1.60 ± 1.41 DUPAP (days) 

0.82 4.49 ± 2.26 3.56 ± 2.07 3.68 ± 2.14 PIP (days) 

    Inotrope  

0.77 19.8% 20.44% 22.36% Yes (%) 

80.2% 79.56% 77.64% No (%) 

Table 2: Comparison of medications and respiratory support between three groups 

The frequency of inotropic therapy among neonates in all three groups was around 20%. The average duration of demands for oxygen and CPAP 

therapies among all three groups was in the range of 2.5 and 2 days, respectively. 

There was no significant difference in the mean duration of gaining birth weight (p = 0.63) and complete oral feeding intolerance (p = 0.59) between 

the three groups (Table 3). 

p-value Apotel + Bosentan Apotel + Sildenafil Apotel   

0.63 4.89 ± 2.38 5.01 ± 2.66 4.89 ± 2.21 Gaining birth weight (days) 

0.59 16.73 ± 12.69 17.46 ± 14.60 13.57 ± 9.32 Oral feeding intolerance (days) 

Table 3: Comparison of the times for gaining birth weight and complete oral feeding intolerance between three groups 

The average duration of reaching birth weight and oral feeding intolerance in neonates of all three groups was in the range of 4-5 days and 13-17 days, 

respectively. Comparison of the mean of echocardiography parameters before and after intervention between all three groups can be seen in Table 4. 

p-value Apotel + Bosentan Apotel + Sildenafil Apotel   

0.99 16.35 ± 1.78 16.33 ± 1.53 16.38 ± 1.86 RV1 before 

0.89 11.64 ± 1.88 11.53 ± 1.58 11.81 ± 2.35 RV1 after 

 <0.001 <0.001 0.007 p-value  

0.27 12.42 ± 1.47 12.41 ± 1.34 13.13 ± 2.14 RV2 before 

0.11 8.42 ± 0.98 8.47 ± 1.34 9.41 ± 2.48 RV2 after 

 <0.001 <0.001 <0.001 p-value 

0.87 25.88 ± 2.26 25.57 ± 2.51 25.49 ± 2.85 RV3 before 

0.69 19.02 ± 2.82 18.64 ± 2.25 19.32 ± 2.77 RV3 after 

 0.003 <0.001 0.001 p-value 

0.88 3.72 ± 0.57 3.66 ± 0.54 3.62 ± 0.85 RVEDA before 

0.98 2.63 ± 0.53 2.60 ± 0.43 2.62 ± 0.53 RVEDA after 

 0.001 <0.001 0.001 p-value 

0.24 2.71 ± 0.62 2.73 ± 0.61 2.45 ± 0.61 RVESA before 

0.63 1.79 ± 0.28 1.79 ± 0.30 1.69 ± 0.5 RVESA after 

 0.029 <0.001 <0.001 p-value 

0.82 0.53 ± 0.09 0.54 ± 0.08 0.53 ± 0.11 TAPSE before 

0.21 0.73 ± 0.18 0.76 ± 0.14 0.67 ± 0.25 TAPSE after 

 0.001 <0.001 0.005 p-value 

0.6 1.60 ± 0.03 1.56 ± 0.16 1.62 ± 0.26 RV/LV ratio before 

0.32 1.04 ± 0.11 1.03 ± 0.12 1.16 ± 0.11 RV/LV raio after 

 0.008 0.009 0.004 p-value 

    TR severity before  

0.81 70% 73.3% 72% Mild  

30% 26.7% 24% Moderate  

- - 4% Severe  

    TR severity after 

0.77 85% 90% 91.7% Mild  

15% 10% 8.3% Moderate  

- - - Severe  

 0.008 <0.001 <0.001 p-value 

0.89 58.80 ± 7.20 58.35 ± 5.49 57.84 ± 7.47 TR PG before 
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0.47 33.40 ± 9.09 33.15 ± 5.61 35.76 ± 8.43 TR PG after 

 <0.001 <0.001 <0.001 p-value 

0.6 28.00 ± 2.73 27.10 ± 2.17 28.38 ± 6.19 PI PG before 

0.73 17.55 ± 3.70 16.70 ± 3.09 17.44 ± 4.33 PI PG after 

 <0.001 <0.001 <0.001 p-value 

0.36 3.86 ± 0.37 3.85 ± 0.3 4.02 ± 0.77 MPA diameter before 

0.15 3.42 ± 0.35 3.37 ± 0.27 3.41 ± 0.33 MPA diameter after  

 <0.001 <0.001 <0.001 p-value 

Table 4: Comparison of echocardiography parameters before and after intervention between all three groups 

No significant difference was observed in the mean of these parameters 

before and after intervention between the three groups. Treatment with 

Apotel, Apotel + Sildenafil, and Apotel + bosentan significantly 

decreased the mean of RV1, RV2, RV3, RVEDA, RVESA, RV/LV ratio, 

the intensity of TR, TR PG, PI PG, and MPA diameter compared to before 

the intervention. In contrast, the mean of TAPSE after Apotel, Apotel + 

Sildenafil, and Apotel + bosentan administration was significantly 

increased compared to before the study. 

Further analysis revealed no significant difference in the mean difference 

of each echocardiography parameter between the three groups (Table 5). 

p-value Apotel + Bosentan Apotel + Sildenafil Apotel  

0.86 4.70 ± 1.71 4.79 ± 1.46 5.01 ± 2.56 RV1 

0.8 4.00 ± 1.24 3.93 ± 1.10 3.73 ± 1.81 RV2 

0.64 6.86 ± 2.22 6.92 ± 1.71 6.37 ± 2.42 RV3 

0.97 1.09 ± 0.42 1.06 ± 0.38 1.05 ± 0.38 RVEDA 

0.27 0.91 ± 0.54 0.94 ± 0.51 0.72 ± 0.41 RVESA 

0.83 -0.22 ± 0.10 -0.21 ± 0.08 -0.20 ± 0.12 TAPSE 

0.55 0.55 ± 0.17 0.52 ± 0.18 0.47 ± 0.33 RV/LV ratio 

0.15 25.40 ± 8.86 25.20 ± 6.06 21.20 ± 9.17 TR PG 

0.91 10.45 ± 4.72 10.40 ± 3.10 10.96 ± 6.14 PI PG 

0.85 0.44 ± 0.04 0.48 ± 0.23 0.46 ± 0.25 MPA diameter 

Table 5: Comparison of mean difference of echocardiography parameters between all three groups 

The comparison of the frequency of side effects caused by each drug therapy is summarized in Table 6. 

p-value Apotel + Bosentan Apotel + Sildenafil Apotel  

0.92 15% 15% 11.5% Sepsis 

0.83 5% 10% 7.7% IVH 

0.013 25% 30% 7.7% BPD 

0.95 10% 10% 7.7% Pulmonary hemorrhage 

0.97 5% 5% 3.8% NEC 

0.88 10% 15% 11.5% GI bleeding 

0.011 40% 45% 19.2% ROP 

Table 6: Comparison of the frequency of side effects between all three groups 

The frequency of BPD and ROP in the Apotel group (7.7% and 19.2%, 

respectively) was significantly lower than that in Apotel + sildenafil 

group (30% and 45%, respectively) and Apotel + bosentan (25% and 

40%, respectively) groups (p<0.05).  

Discussion 

We designed this clinical trial to find whether co-treatment with Bosentan 

+ Apotel and Sildenafil + Apotel can improve the disease severity in 150 

preterm neonates with PDA and PAH who were admitted to the NICU. 

There was a potential risk of heart failure when the left shunt would rise 

to the right as the lung pressure decreased. This concern was minimized 

as the patients were also co-treated with Apotel. Apotel has been used for 

PDA treatment for several years. For example, in a clinical trial study, 

Valerio et al. [14] reported the efficacy and safety of Apotel in the 

treatment of PDA closure in preterms. In another study, Sridharan et al. 

[15] found that treatment with Apotel (15 mg/kg/dose every 6 hours) was 

efficacious in 78.2% of the preterm neonates with PDA. Besides, a lower 

incidence of hepatotoxicity and AKI was observed after treatment with 

Apotel in the patients. In addition to Apotel, other drugs such as Bosentan 

and Sildenafil have also been introduced to control PDA and PAH in 

preterms. For instance, Zeng et al. [16] demonstrated that Sildenafil 

therapy is effective and safe for PAH and PDA treatment. In another 

study, Apostolopoulou et al. [17] showed that bosentan effectively treats 

PAH. Recent studies have also shown that these drugs can treat other 

forms of pulmonary heart diseases such as ventricular septal defect and 

pulmonary atresia [18, 19,20]. We conducted the current survey to find 

out whether the use of combined therapy with Bosentan + Apotel and 

Sildenafil + Apotel in ameliorating the PAH would improve the PDA 

severity or not. We didn't find a significant difference in the mean of 

echocardiography parameters between all three groups either before or 

after the intervention. However, our data demonstrated that all three drug 

classes (Apotel, Apotel + Sildenafil, and Apotel + bosentan) significantly 

improved echocardiography parameters at the end of the study. This result 

indicates that treatment with Apotel alone, Apotel + Sildenafil, and 

Apotel + bosentan has the same effect on improving heart function and 

pulmonary artery pressure in preterm neonates with PDA though adding 

these to in PAH treatment have no more positive effect.  

In patients with hemodynamically significant PDA, the mechanism of 

PAH is because of pulmonary overflow. This condition can be similarly 

seen in VSD patients. The reason that - anti-pulmonary hypertension 

drugs can be helpful in older VSD patients is that pulmonary overflow 

causes damage to the arteries and pulmonary arterioles. This process can 

lead to Eisenmenger if it doesn't control within a maximum of one year. 

But, in infants with hsPDA, much of the high-pressure flow to the lungs 

is accompanied by a relative delay in pulmonary artery maturation as long 

as the duct is open. Once the duct is closed, and the flow is removed, the 

pressure is relieved. In our study, even in the group where Apotel was 

administrated, there was still no case of high blood pressure after the duct 

was closed. We didn't observe certain complications or side effects caused 
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by each drug; however, the frequency of BPD and ROP in the Apotel 

group was significantly lower than the Apotel + Sildenafil and Apotel + 

Bosentan groups. Therefore, these findings indicate that treatment with 

the standard drug, Apotel, is associated with fewer side effects than 

Sildenafil and Bosentan.  

To the best of our knowledge, this is the first study that compared the 

effects of combined therapies with Apotel + Sildenafil and Apotel + 

bosentan in improving PAH and PDA in preterm neonates. Most of the 

available studies have been conducted to investigate the effect of 

Bosentan and Sildenafil therapies in treating idiopathic PAH in preterm 

neonates. For example, Maneenil et al. [21] examined the oral 

administration of bosentan on improving pulmonary hypertension in 38 

newborns. They found that Bosentan therapy caused a significant 

improvement in AaDO2 and SpO2 2 hours after the treatment. The 

oxygen index was significantly reduced in 47.5% of neonates who 

received bosentan after 2 hours. Systolic and diastolic blood pressures 

didn't show significant changes before and after Bosentan therapy. The 

mortality rate in neonates was reported to be 12.5%. Therefore, these 

researchers concluded that oral administration of bosentan effectively 

improves oxygenation status in infants with PH without any specific side 

effects. More recently, Farhangdoust et al. [22] compared the effects of 

bosentan and Sildenafil in treating persistent PAH in neonates. They 

found that bosentan was more effective in treating persistent PAH in 

neonates and reduced the severity of tricuspid valve insufficiency over a 

shorter period than Sildenafil. In another clinical trial study, Steinhorn et 

al. [23] investigated the therapeutic effects of bosentan in improving PAH 

in infants over 34 weeks of age. They observed that bosentan effectively 

improved oxygenation in infants without affecting systolic and diastolic 

pressures compared to placebo. However, anemia was found in some 

infants. The results of this research are somewhat in line with the findings 

of our survey. In our study, Bosentan and Sildenafil effectively improved 

the echocardiography index in preterm infants without serious side 

effects. Mohamed et al. [2] evaluated the effect of bosentan on improving 

PAH in 47 newborns compared to placebo. They demonstrated that 

Bosentan administration significantly improved PAH in newborns 

compared with the placebo group (87.5% vs. 20%). No specific side 

effects were reported in newborns after Bosentan therapy. Thus, they 

found bosentan as an effective and uncomplicated treatment option for 

PAH in infants. The results of this study are in line with our research 

findings. In our research, bosentan improved PAH in infants. A recent 

meta-analysis study evaluated the effect of Sildenafil in improving the 

PAH in neonates [24]. The results showed that Sildenafil has a potential 

role in reducing mortality rate and improving oxygenation in infants with 

PH, which is in line with our findings. 

Similarly, Baquero et al. [25] found that oral administration of Sildenafil 

(1 mg/kg) significantly improved oxygenation and decreased mortality 

rate in infants with persistent PH, without a significant effect on blood 

pressures. More recently, Fatima et al. [26] investigated the effect of 

Sildenafil (2 mg/kg) alone or in combination with bosentan (1 mg/kg) for 

improving persistent PH in newborns. They observed that combined 

therapy with Sildenafil and bosentan significantly reduced TR severity 

compared to Sildenafil alone. The mean hospital stays in the Sildenafil + 

bosentan group was markedly lower than neonates in Sildenafil alone 

group (7.56 days vs. 10.12 days). Therefore, these data indicate that 

although both drugs positively improve PH in infants, combined therapy 

with Sildenafil and bosentan exhibited more potent effects. In our study, 

no significant difference was observed in the efficacy of Sildenafil + 

Apotel and Bosentan + Apotel in reducing TR severity. In another study, 

Dardi et al. [27] investigated the effect of Sildenafil, bosentan, and 

Sildenafil + bosentan on PAH treatment in adult patients. The results of 

3-4 months follow-up showed that combined therapy with Sildenafil + 

bosentan had a more substantial effect in improving PAH, hemodynamic 

and clinical parameters, and patients' life expectancy compared to those 

who received bosentan and Sildenafil alone. Therefore, these data 

emphasize that a combination of bosentan and Sildenafil is more effective 

in treating PAH. In our study, combined therapy with sildenafil + 

bosentan was not investigated, but we didn't find a significant difference 

in Sildenafil + Apotel, bosentan + Apotel's efficacy, and Apostel alone. 

Therefore, according to the results of our research and previous 

accomplished data, oral administration of Sildenafil and bosentan has 

similar efficacy without serious side effects in the treatment of PAH in 

preterm infants. 

Conclusion  

In summary, our findings showed that oral administration of Sildenafil 

and bosentan improves cardiac index without serious side effects in 

preterm infants PAH and PDA. Although BPD and ROP were among the 

most common side effects caused by Apotel + Sildenafil and Apotel + 

Bosentan, no difference was observed in the effectiveness of these drugs 

in treating the disease. Both Apotel + Sildenafil and Apotel + Bosentan 

groups exhibited similar efficacy as Apotel in treating PAH and PDA in 

preterm infants. So pulmonary antihypertensive administration in hs-

PDA, even in developed symptoms, do not suggested and monotherapy 

with apotel seems sufitient.  

Small sample size and short follow-up might be the limitations of this 

study. Future clinical trial studies with larger samples and long-term 

follow-up on term or near-term neonates are recommended.  
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