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Abstract 

Background: Bronchopulmonary dysplasia is one of the most common disorders in premature infants 

and this study aimed to investigate the role of sildenafil in the treatment of neonatal chronic lung 

diseases. 

Methods: In a placebo-controlled clinical trial study, a total of 40 neonates were included and 

randomly divided into control and intervention groups; sildenafil tablets were used at a dose of 2mg 

per kg for 8 hours in the intervention group and placebo with the same characteristics in the control 

group. After a period of 10 days, oxygen demand, type of respiratory support, changes in pulmonary 

artery pressure, Length of hospital stay, and systemic blood pressure changes were measured. 

Results: Duration of admission significantly decreased in the intervention group (P value = 0.006). 

For the neonates in the control group from approximately 11 days after the start of treatment 

(11/47±9/19) and for those in the intervention group from approximately 8 days after the start of 

treatment (8/21±3/84), respiratory support with positive pressure was changed to respiratory support 

with free flow oxygen. No severe systolic or diastolic blood pressure change was observed in any of 

the groups. Decrease in pulmonary pressure was significantly higher in the intervention group than 

that in the control group (21/1% and 68/4%, respectively) (P value: 0.003). 

Conclusion: The results of the study showed that sildenafil significantly reduced the length of 

hospital stay, the duration of the need for respiratory support and oxygen administration, and 

corrected the pulmonary pressure. No specific side effects were found. 
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1- INTRODUCTION 

Premature birth is a leading cause of 

morbidity and failure to rescue among 

infants worldwide. Prematurity 

complications are actually responsible for 

more than 35 percent of the 3.1 million 

deaths across the world in a single year, 

which is only secondary to pneumonia as 

the leading cause of death in children 

under 5 years of age (1, 2){Lemons, 2001 

#1}. Bronchopulmonary dysplasia (BPD) 

is a common side effect in very premature 

infants with an occurrence of 5-68%, 

which is growing significantly along with 

reduction in gestational age and birth 

weight, and affects 30-40% of infants 

under 1500 g at baseline (3, 4). BPD is 

also caused by lung damages caused by 

factors such as maternal intrauterine 

growth retardation, lack of prenatal 

corticosteroids, Chorioamnionitis, 

postpartum ventilation, hyperoxia, or 

inflammation that causes bronchospastic 

disease, poor development, and pulmonary 

artery hypertension (PAH) (2, 5). Initially, 

BPD was defined as lung injury due to the 

mechanical ventilation and oxygen 

therapy, which can be found most 

commonly in preterm infants born at 28 to 

35 weeks of the postmenstrual age (PMA). 

Advances in neonatal and obstetric care, 

such as receiving prenatal corticosteroids 

and surfactant replacement therapy, have 

led to a change in disease phenotype and 

have been seen in premature infants who 

can survive to less than 24-28 weeks of 

gestation (5). Therefore, the definition of 

chronic lung disease in the context of 

impaired alveolar development and the 

arterial bed of the immature lung is 

defined according to the need for oxygen 

at 36 weeks of gestation or the need to 

receive oxygen for more than 28 days (5). 

Chronic lung disease at 36 weeks of age is 

more likely to be classified as mild (no 

oxygen supplementation), moderate (less 

than 30% oxygen supplementation), or 

severe (oxygen supplementation greater 

than 30% and / or need positive pressure 

support) (6, 7). Despite remarkable 

advances in prenatal and neonatal care, 

BPD is one of the leading causes of 

prematurity complications and has a 

significant impact on individuals, 

communities and health resources (8). By 

increasing the survival of such premature 

infants, efforts are being made to limit the 

consequences relevant to BPD. Managing 

BPD is a major challenge for physicians, 

and the development of BPD is associated 

with Delayed brain neurodevelopment and 

an increased risk of readmission due to 

respiratory problems. Survivors of BPD 

usually have respiratory injuries and 

complications in adulthood (8-12). 

Sildenafil is a potent inhibitor of cyclic 

guanosine monophosphate (cGMP) 

pathway that elevation of its level in the 

body eventually leads to a decrease in the 

intracellular calcium levels and 

suppression of the proliferation of smooth 

muscle cells. Thus, in animal models, 

sildenafil is effective in maintaining 

angiogenesis, enhancing alveolarization, 

and right ventricular hypertrophy, inner 

wall thickness, pulmonary vascular 

resistance, and inflammatory response, 

reduction making sildenafil as an 

attractive option for reducing the 

pulmonary pressure and enhancing the 

alveolization and effective drug in 

controlling the chronic neonatal lung 

disease (13-14). To determine the positive 

effect of sildenafil in the control and 

treatment of chronic lung disease, the 

effectiveness and safety of this treatment 

in infants needs further investigations. 

Due to the fact that the side effects of 

sildenafil have been shown in different 

studies, designing a study to identify the 

efficacy and side effects of sildenafil in 

infants with chronic lung disease seems 

necessary to complement the findings of 

other studies. Also, considering the 

pathophysiology of different causes of 

chronic lung disease in preterm infants 
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and the possibility of different effects of 

treatment based on etiology, we decided to 

design a placebo-controlled study in 

patients with chronic lung disease and 

investigate the role of sildenafil in the 

treatment of chronic lung disease. 

2- METHODOLOGY 

After obtaining the approval of the 

Research Ethics Committee of Tabriz 

University of Medical Sciences (ethics 

code IR. TBZMED. REC. 1398.488) and 

also registering in IRCT with the code 

(IRCT201601020258), this study was 

designed as a placebo controlled clinical 

trial, so that a total of 40 neonates 

(admitted to Al-Zahra Hospital with a 

diagnosis of chronic lung disease) were 

included in the study, observing the 

inclusion and exclusion criteria. The 

duration of the study was 12 months, from 

August 2018 to August 2019. The 

neonates were divided into control and 

intervention groups (receiving medication 

and placebo) by the use of computer 

randomization based on the 

Randomiser.org program.  

2-1. Inclusion and Exclusion criteria 

Inclusion criteria included chronic lung 

disease, neonatal hemodynamic stability 

(absence of hypotension, peripheral 

perfusion disorder and tachycardia), 

absence of gastrointestinal disorders 

(gastric stasis - abdominal distension and 

vomiting) and written consent by the 

patient's parents to participate in the study. 

Exclusion criteria were the need for 

oxygen at 36th week of intrauterine age for 

known causes other than chronic lung 

disease and feeding intolerance (presence 

of gastric stasis-abdominal distension and 

vomiting). In each group, neonates were 

divided into 3 groups of mild, moderate 

and severe, based on the severity of 

chronic lung disease and were randomly 

assigned to the intervention and control 

groups. Patients were then evaluated for 

demographic variables such as age and 

sex, as well as the severity of the 

underlying disease and pulmonary artery 

pressure. All patients underwent routine 

and necessary care, such as respiratory 

support and oxygen. After confirming 

pulmonary pressure increase in pulmonary 

arteries by echocardiography (EOGE 

SONO site echocardiography device made 

in the United States) performed by a 

pediatric cardiologist, sildenafil 50 mg 

tablet (Abidi Company) with a dose of 2 

mg per kg every 8 hours in the 

intervention group and placebo in the 

same shape and same color in the control 

group began for the neonates. To 

standardize the drug dissolved in breast 

milk and non-drug breast milk (placebo 

group), the infants were given milk at each 

feeding. The patients were constantly 

monitored for the possible complications 

such as systemic hypotension and feeding 

intolerance. After a period of 10 days, 

variables such as oxygen demand (FiO2), 

type of respiratory support, pulmonary 

artery pressure changes (measured by 

echocardiography), length of hospital stay 

and systemic blood pressure changes were 

measured, in patients in the intervention 

and control groups. In addition, if any 

serious side effects were observed in the 

intervention group, sildenafil was 

discontinued immediately. 

Pulmonary pressure below 25 mm Hg was 

considered as normal pressure, 25 to 40 

mm Hg as mild pulmonary pressure, 40 to 

50 mm Hg as moderate pulmonary 

pressure and above 50 mm Hg as severe 

pulmonary pressure. Pulmonary pressure 

was measured on the starting day of the 

treatment (before medication) and 10 days 

after treatment by a pediatric cardiologist 

through standard methods. 

2-2. Data analysis 

Data were analyzed using SPSS software 

version 22. The normality of the data was 

assessed using the Kolmogorov-Smirnov 

test. The frequency (percentage) was used 

to describe the qualitative data and the 
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median (25th and 75th percentiles) was 

used for the quantitative abnormal data. 

Chi-square test was used to analyze the 

qualitative data and Fisher's exact test was 

used if there were no conditions for using 

this test. Independent t-test was used to 

analyze quantitative data in two normal 

groups. Also, paired t-tests were used to 

analyze quantitative data in two time 

sequences in two normal groups. 

Statistically significant level was 

considered as 5%. 

3- RESULTS 

40 neonates were first selected for the 

purpose of the study, but 2 of them were 

excluded due to failure to complete the 

treatment because of parents' 

dissatisfaction to continue the study. The 

Demographic and Pulmonary Pressure 

Characteristics of the participants in the 

intervention and control groups are 

compared in Table 1. Among all the 

variables of gender and studied pulmonary 

pressure status, only the rate of 

improvement in pulmonary pressure in the 

intervention group was significantly 

higher than that in the control group (P-

value = 0. 003); however, there was no 

statistically significant difference between 

the two groups in pulmonary pressure 

differences on the first day and pulmonary 

pressure after the end of the treatment (P-

value> 0.05) (Table 1) (Fig. 1 and 2).  

Also, according to Table 2, among all 

variables of patients' conditions and 

recovery process during the study period, 

the duration of hospitalization after the 

start of treatment (P-value = 0. 006), the 

duration of respiratory support in the form 

of free flow oxygen (P-value = 0.001) and 

the duration of cessation of respiratory 

support (P-value = 0. 003) in the control 

group were significantly longer than those 

in the intervention group; on the other 

hand, there was no statistically significant 

difference between the intervention and 

control groups (P-value> 0.05) in the 

variables of treatment age, gestational age 

and duration of Fio2 reaching 21%. 

In the intervention group, all variables of 

(FiO2) (P-value = 0.001), systolic blood 

pressure (P-value = 0. 001), diastolic 

blood pressure (P-value = 0. 001) and 

heart rate (P-value = 0. 029), one day after 

treatment, were significantly less than 

those in the first day. Also, in the 

intervention group, except for the heart 

rate variable, the other variables of (FiO2) 

(P-value = 0.037), systolic blood pressure 

(P-value = 0. 001) and diastolic blood 

pressure (P-value= 0. 001) after the end of 

treatment were significantly lower than 

those on the first day. 
 

Table-1: The Comparison of Demographic and Pulmonary Pressure Characteristics of the 

intervention and control groups 

Characteristics 
Group 

P-value 
Intervention Control 

Sex, n (%) 
Male 7 (36.8) 9 (47.4) 

 
Female 12 (63.2) 10 (52.6) 

Pulmonary pressure of the first 

day, n (%) 

normal 2 (10.5) 4 (21.1) 0.607** 

Mild 10 (52.6) 10 (52.6)  

Medium 7 (36.8) 5 (26.3)  

Severe 0 (0.0) 0 (0.0)  

Pulmonary pressure after the end 

of treatment, n (%) 

Normal 13 (68.4) 6 (31.6) 0.069** 

Medium 4 (21.1) 10 (52.6)  

Severe 0 (0.0) 0 (0.0)  

Improvement pulmonary pressure, n (%) 13 (68.4) 4 (21.1) 0.003* 
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Table-2: The patients’ conditions and recovery process during hospitalization 

*P-value by independent sample t-test 

**P-value by pair sample t-test 

 

 

Fig. 1: The pulmonary pressure changes in the control group 

Characteristic 
Groups P-

value Intervention Control 

Age of starting treatment (day) 29.47 (±2.14) 29.47 (±0.84) 0.212* 

Gestational age of birth (week) 28.32 (±1.66) 26.68 (±1.25) 0.479* 

Duration of hospitalization after starting treatment (day) 21.00 (±9.36) 35.26 (±13.55) 0.006* 

Duration of reaching of fiO2 to 21% 8.42 (±3.92) 8.11 (±8.38) 0.400* 

Duration of start of respiratory support as oxygen free flow 8.21 (±3.84) 11.47 (±9.19) 0.001* 

Duration of discontinuation of respiratory support 

FIO2 
16.21 (±5.89) 22.95 (±6.51) 0.003* 

FiO2 of the first day 38.53 (±14.68) 29.11 (±11.92)  

FiO2 of the end of treatment 22.22 (±2.98) 26.48 (±9.47)  

P-value within group 0.001** 0.037**  

Systolic blood pressure 

Systolic blood pressure of the first day 71.32 (±5.48) 61.32 (±4.36)  

Systolic blood pressure after the end of treatment 57.63 (±4.82) 57.74 (±4.24)  

P-value within group 0.001** 0.001**  

Diastolic blood pressure 

Diastolic blood pressure of the first day 51.84 (±4.15) 44.21 (±3.82)  

Diastolic blood pressure after the end of treatment 42.37 (±3.86) 40.00 (±3.33)  

P-value within group 0.001** 0.001**  

Heart rate 

Heart rate of the first day 136.32 (±8.47) 133.84 (±8.64)  

Heart rate after the end of treatment 129.79 (±5.62) 134.79 (±9.57)  

P-value within group 0.029** 0.777**  
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Fig. 2: The pulmonary pressure changes in the intervention group 
 

4- DISCUSSION 

Because of some evidences of the 

positive effects of sildenafil on controlling 

and treating the chronic lung disease in 

infants and also because of controversial 

findings on the side effects of sildenafil in 

previous studies, this study aimed to 

investigate the role of sildenafil in the 

treatment of chronic lung disease in 

infants. 

The results of the present study showed 

that sildenafil significantly reduced the 

duration of admission, and need for 

respiratory support as well as reducing 

oxygen administration and pulmonary 

pressure. On the other hand, the results of 

the present study showed that treatment 

with sildenafil had no significant effect on 

the rate of changes in FiO2, the timeline 

for reaching Fio2 level to 21% and the 

patients' heart rate, but it reduced further 

systolic and diastolic blood pressure. 

However, no severe systolic or diastolic 

blood pressure was observed in any of the 

patients and this reduction in systolic and 

diastolic pressure was not clinically 

significant. 

The findings of the present study were in 

line with previous studies. In a study by 

Mourani et al. on 25 infants with PPHN 

and chronic lung disease, the results 

showed that chronic treatment with 

sildenafil (mean treatment duration of 40 

days) improved hemodynamics in 22 

patients (88%). In these patients, the ratio 

of pulmonary artery pressure to systemic 

systolic pressure decreased by at least 

20%. Out of 25 patients, 5 patients died 

during follow-up and treatment with 

sildenafil in 2 patients was stopped due to 

side effects (recurrent erection and NEC) 

(15). However, in the present study, these 

side effects (recurrent erection and NEC) 

were not observed. 

Khorana et al., In a study on 11 infants 

diagnosed with PPHN, showed that the 

oxygenation index progressively 

decreased after the addition of sildenafil to 

supportive therapies (16). In the present 

study, although sildenafil had little effect 

on FiO2, in line with the study by Khorana 

et al., it reduced the need for respiratory 

support. In the study by Khorana et al., 

sildenafil was discontinued on one patient 

due to hypotension, and one patient died 

during treatment. This study identifies 
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systemic hypotension as the most 

important challenge of sildenafil use. 

However, in the present study, despite a 

relative decrease in systolic and diastolic 

pressure, no cases of systemic hypotension 

were observed. 

In a study by Sayed et al., on 27 patients 

diagnosed with PPHN, the effects of 

sildenafil treatment were evaluated. 

Clinical response to sildenafil was 

observed in 78% of patients. Decreased 

oxygenation index, increased arterial 

oxygen pressure and decreased FiO2 

occurred significantly in patients. 

However, this treatment was not effective 

in 6 patients and one of them died due to 

sepsis. None of the patients experienced 

significant hypotension (17). In contrast to 

this study, in the present study, sildenafil 

had no significant effect on FiO2. This 

may be due to the significant difference in 

FiO2 levels between the two groups at the 

time of enrollment. Despite the random 

grouping of patients, the mean FiO2 in the 

intervention group was significantly 

higher than the control group and the 

effect of sildenafil in these patients may 

not be able to show the rates of changes in 

FiO2. 

Kadmon et al., reviewed the medical 

records of 25 infants with PH-related BPD 

at the Pediatric Pulmonary Hypertension 

Clinic between 2008 and 2014, and 

similar to the findings of the present study, 

they showed that treatment for BPD in 

which the patient's condition was 

exacerbated by pulmonary hypertension 

(PH), PH-specific drugs, mainly sildenafil, 

were associated with improved clinical 

and hemodynamic parameters and low 

mortality (18). 

Nyp et al. designed a study to determine 

the effects of sildenafil citrate on gas 

exchange in neonates with 

bronchopulmonary dysplasia (BPD) 

related to PH. Sildenafil citrate was used 

for 21 preterm infants with BPD-related 

PH. Similar to the present study, it was 

reported that a significant reduction in 

right ventricular systolic pressure was 

observed after the start of sildenafil citrate 

administration. Seven infants showed a 

more than 20% reduction in right 

ventricular peak systolic pressures (19). 

Wardle et al. examined whether sildenafil 

alone or in combination with other known 

therapeutic agents is effective in 

improving the pediatric PH with BPD or 

not. This study similarly to the present 

study showed that sildenafil in the 

treatment of this disease is safe and also 

effective. The study also showed that if 

continued during the PH impairment 

period, the drug could improve survival 

from 61% to 81% in 12 months (20). 

Herbert et al., in another study provided 

evidence that if consuming that drug 

continued until complete PH recovery, 

mortality in patients with BPD might be 

reduced. Treatment with sildenafil at a 

maximum dose of 2 mg/kg every 6 hours 

can be considered in neonates with PH-

BPD. It seems that this drug has positive 

hemodynamic benefits, a safe and 

appropriate profile, and the use of this 

drug is recommended in combination with 

other treatments. However, the author 

reported that because of the lack of 

evidence for an unbiased approach and 

possible accurate mortality data in other 

articles, prescribing should be limited to 

specialist units and physicians, ideally 

experienced in dealing with BPD and PH, 

and in other cases treatment options are 

limited (21). 

In another study, Park et al., studied 

sildenafil clinically to improve the 

pulmonary function in patients with BPD. 

Based on the pharmacological action of 

sildenafil, an increase in cyclic guanosine 

3', 5'-monophosphate (cGMP) in lung 

tissue has been suggested as a precursor to 

beneficial effects, but this mechanism is 

not well understood at the molecular level. 

Here, the Author explored the possibility 
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that sildenafil helped the pulmonary 

system to adapt to hyperoxic stress.  

The most common side effects of 

sildenafil are nausea and vomiting, 

abdominal pain, and coughing; however, 

migraines and sleep disturbances can also 

be provoked. It is noteworthy that Vi-PDE 

has previously been associated with retinal 

dysfunction, however, an 8-month 

evaluation has shown no evidence of this, 

although discontinuation in the 

development of visual impairment and 

contraindication to sildenafil in patients 

with inherited retinal damage or hearing 

are recommended (23). In a study on 43 

patients with PH-BPD, only two disorders 

were reported that led to discontinuation 

of the drug. The systemic hypotension was 

observed in an infant at a dose of 0.5 

mg/kg/day; but after 3 days of 

contraindication this dose is tolerated and 

can be titrated to 4 mg/kg/day (24). 

Although a decrease in systolic and 

diastolic blood pressure was observed in 

our study, no cases of hypotension or 

other side effects of sildenafil were found 

among the neonates in the present study. 

Limitations of the study  

Low sample size and study on neonates in 

one setting are the main limitations of this 

study. It is, thus, suggested that this study 

be performed in a multi-center manner 

with a wider number of patients for more 

reliable documentation. It is also 

suggested that in future studies, these 

patients be followed up for medium and 

long-term outcomes. 

5- CONCLUSION 

The results of the present study 

showed that sildenafil significantly 

reduced the duration of hospitalization, 

and need for respiratory support. 

Moreover, it led to a significant reduction 

in oxygen administration and pulmonary 

pressure. Also, no specific side effects of 

sildenafil were found in this study. 

Therefore, sildenafil can be considered as 

a safe and effective drug in infants with 

chronic lung diseases. 
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