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Abstract 

Sildenafil is a competitive and selective inhibitor of phosphodiesterase 5. Sildenafil is cleared by hepatic CYP3A (major route) 

and CYP2C9 (minor route) and concomitant administration of potent CYP3A inducers (e.g., bosentan) causes decreases in 

plasma levels of sildenafil. CYP3A4 inhibitors (erythromycin and cimetidine) inhibit sildenafil metabolism prolonging the 

half-life and elevating blood levels of sildenafil. Sildenafil is a pulmonary arterial vasodilator and it has been used in the 

treatment of persistent pulmonary hypertension. The initial oral dose is 250 to 500 µg/kg 4 times-daily in infants and the oral 

dose is 10 to 20 mg thrice-daily in children with a body-weight up to 20 kg or > 20 kg, respectively. Sildenafil has been found 

efficacy and safe in infants and children but it may induce adverse-effects. Following an oral dosing, the absorption rate 

constant is 0.343 h-1, and the elimination half-life is 2.41 hours in children suggesting that sildenafil is rapidly absorbed and 

eliminated. The interaction of sildenafil with drugs and the metabolism of sildenafil have been extensively studied. The 

principal routes of sildenafil metabolism are: N-demethylation, oxidation, and aliphatic dihydroxylation, and the major 

metabolite is N-desmethyl sildenafil. The treatment of infants and children with sildenafil has been extensively studied. 

Sildenafil citrate and sildenafil cross the human placenta and sildenafil migrates into the breast-milk in significant amounts. 

The aim of this study is to review the sildenafil dosing, efficacy and safety, effects, adverse-effects, pharmacokinetics, 

interaction with drugs, metabolism, treatments, and sildenafil placental transfer and migration into the breast-milk. 

Key words: sildenafil, dosing, efficacy and safety, effects, adverse-effects, pharmacokinetics, drug-interaction, 

metabolism, treatment, placenta, breast-milk, infants, children 

Running title: Sildenafil in infants and children 

Introduction 

Mechanism of action of sildenafil 

Sildenafil, which structurally mimics the purine ring of cGMP, is a 

competitive and selective inhibitor of phosphodiesterase 5. Sildenafil has 

a relatively high selectivity (>1,000-fold) for human phosphodiesterase 5 

over other phosphodiesterases. By inhibiting cGMP hydrolysis, sildenafil 

elevates cellular levels of cGMP and augments signalling through the 

cGMP-protein kinase G pathway, provided guanylyl cyclase is active [1]. 

Administration distribution metabolism and excretion of 
sildenafil 

Sildenafil is rapidly absorbed and reaches a peak plasma concentration 1 

hour after oral administration. Sildenafil is cleared by hepatic CYP3A 

(major route) and CYP2C9 (minor route). Sildenafil and its major active 

metabolite, N-desmethyl sildenafil, have terminal half-lives of about 4 

hours in adults. Both the parent compound and the major metabolite are 

highly bound to plasma protein (96%). Metabolites are predominantly 

excreted into the faeces (73 to 88%) and to a lesser extent into the urine; 

non-metabolised sildenafil is not detected in urines or faeces. The 

clearance is reduced in elderly (> 65 years), leading to an increase in the 

AUC values for the parent drug and the N-desmethyl metabolite [1]. 

Clinical use and adverse-effects of sildenafil 

Sildenafil, 5 to 20 mg thrice-daily improves exercise capacity, functional 

class, and hemodynamics. In addition, improved exercise capacity and 

hemodynamic parameters, sildenafil (initiated at 20 mg thrice-daily, 

titrated to 40 to 80 mg thrice-daily) plus long-term epoprostenol therapy 

also resulted in delayed time to clinical worsening of PAH in clinical 

studies. Dose adjustment for reduced renal and hepatic function is usually 

not necessary except for severe hepatic and renal impairment. 

Concomitant administration of potent CYP3A inducers (e.g., bosentan) 

will generally cause substantial decreases in plasma levels of sildenafil. 

The mean reduction in the bioavailability of sildenafil (80 mg thrice-

daily) when co-administered with epoprostenol was 28%. CYP3A4 

inhibitors (e.g., protease inhibitors used in HIV therapy, erythromycin and 

cimetidine) inhibit sildenafil metabolism, thereby prolonging the half-life 

and elevating blood levels of sildenafil. Consistent with its mechanism of 

action, potentiation of cGMP signalling, sildenafil and other 

phosphodiesterase 5 inhibitors potentiate the hypotensive effects of 
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nitrate vasodilators, producing dangerously low blood pressure. Thus, the 

administration of phosphodiesterase 5 inhibitors to patients receiving 

organic nitrates is contraindicated. In any event, the patient’s undergoing 

cardiovascular status and concurrent use of hypotensive agents (e.g., 

nitrate vasodilators, α adrenergic antagonists) must be considered prior to 

use of this class of drugs. Headache (16%) and flushing (10%) are the 

most frequently reported adverse-effects. Patients taking sildenafil or 

vardenafil may notice a transient blue-green tinting of vision due to 

inhibition of retinal phosphodiesterase 6, which is involved in 

phototransduction [1]. Sildenafil is used as a pulmonary artery vasodilator 

in infants and children with primary post-surgical pulmonary 

hypertension. It is also being used to treat persistent pulmonary 

hypertension of the newborn infant, and to wean them from inhaled nitric 

oxide treatment [2]. Sildenafil is used for the treatment of persistent 

pulmonary hypertension, and the retinal vascularity must be established 

before sildenafil is used in extremely preterm infants. Sildenafil is 

contraindicated in infants taking organic nitrates in any form and in 

infants with a known hypersensibility to sildenafil. The monitoring of 

blood pressure and oxygenation should be continuously performed [3]. 

 
Sildenafil molecular structure (molecular weight = 474.6 grams/mole) 

 
N-Desmethyl sildenafil molecular structure (molecular weight = 460.6 

grams/mole) 

Literature search 

The literature search was performed electronically using PubMed 

database as search engine and the following key words were used: 

“sildenafil dosing infants, children“, sildenafil efficacy, safety infants, 

children”, “sildenafil effects infants, children, “sildenafil adverse-effects 

infants, children”, “sildenafil pharmacokinetics infants, children”, 

“sildenafil drug interactions”, “sildenafil metabolism”, “sildenafil 

treatment infants, children”, “sildenafil placental transfer”, and “sildenafil 

migration into the breast-milk”. In addition, the books: The 

Pharmacological Basis of Therapeutics [1], Neonatal Formulary [2], 

NEOFAX® by Young and Mangum [3], and The British National 

Formulary for Children [4] are consulted. 

Results 

Administration schedules of sildenafil to infants and 
children 

Oral treatment to infants [2]. Start by giving 250 to 500 µg/kg 4 times-

daily and increase the dose as required, to no more than 2 mg/kg thrice-

daily. Start with a low dose if there is hepatic or renal impairment. There 

are a few reports of infants who respond benefiting from substantial oral 

treatment for some weeks or months. Intravenous treatment to infants [2]. 

The usual dose is 100 µg/kg as a continuous infusion. Occasionally an 

infusion rate of 200 µg/kg/hour is required. Loading dose of up to 200 

µg/kg given over 30 min has been used but can cause profound 

hypotension. Oral treatment of pulmonary arterial hypertension (initiated 

under specialist supervision) [4] 

Children aged 1 to 11 months. Give initially 250 to 500 µg/kg 6 

times-daily to thrice-daily. Adjust the dose according to the response, and 

start with the lower dose and frequency, especially if used with other 

vasodilators; the maximum dose = 30 mg daily. 

Children aged 1 to 17 years with a body-weight of 20 kg. 
Give: 10 mg thrice-daily. 

Children aged 1 to 17 years with body-weight of 20 kg and 
above. Give: 20 mg thrice-daily. 

Dose adjustments due to interactions [4] 

The manufactures advise to reduce the dose with concurrent use of 

moderate and potent inhibitors of CYP3A4 (avoid treatment with 

ketoconazole, itraconazole, and ritonavir) no specific recommendation 

made for children. Contra-indications to sildenafil treatment [4]. 

Hereditary degenerative retinal disorders, history of non-arthritic anterior 

ischaemic optic neuropathy, recent history of stroke, and sickle-cell 

anaemia. 

Cautions for sildenafil treatment [4] 

Active peptic ulcerations, anatomical deformation of the penis, autonomic 

dysfunction, blending disorders, cardiovascular disease, hypotension 

(avoid if severe), intravascular volume depletion, left ventricular outflow 

obstruction, ocular disorders, predisposition to priapism, and pulmonary 

veno-occlusive disease. 

Efficacy and safety of sildenafil in infants and children 

There is currently no evidence of serious adverse-effects in infants 

exposed to sildenafil. Sildenafil remains a valuable option for the 

treatment of pulmonary hypertension in young infants [5]. Sildenafil used 

for treatment of pulmonary hypertension has potential for reducing 

mortality-rate and improving oxygenation in infants, especially in 

resource-limited settings where inhaled nitric oxide is not available [6]. 

Oral sildenafil is a safe, simple, and effective treatment for persistent 

pulmonary hypertension in newborn infants [7]. Sildenafil treatment for 

16 weeks has no effect on pulmonary vascular resistance index or mean 

pulmonary arterial pressure in children with Down syndrome and 

pulmonary arterial hypertension. Children with Down syndrome may be 

less responsive to sildenafil for pulmonary arterial hypertension [8]. Oral 

sildenafil is a safe and effective alternate for persistent pulmonary 

hypertension following congenital heart surgery in children [9]. Medium 

term Sildenafil therapy improves oxyhaemoglobin saturations and 

exercise tolerance in children with pulmonary hypertension without any 

adverse-effects [10]. Safety data suggest that sildenafil is well tolerated 

among children with idiopathic pulmonary arterial hypertension and 

pulmonary arterial hypertension associated with congenital heart disease 

[11]. 

Effects of sildenafil in infants and children 

Sildenafil is associated with increasing foetal weight at birth [12]. 

Treatment of newborn infants with intravenous sildenafil, during the first 

day of life, is associated with acute improvement in oxygenation in more 

than 40% of infants [13]. Treatment with sildenafil provides a dose-

dependent recovery of neonatal retinal function and structure [14]. Oral 

sildenafil is administered easily and tolerated as well as placebo and 

improves oxygenation index in infants with severe persistent pulmonary 

hypertension [15]. Sildenafil reduces N-terminal pro b-type natriuretic 

peptide levels in all infants with bronchopulmonary dysplasia-associated 

pulmonary hypertension [16]. The use of perioperative sildenafil in 

children has a statistically significant reduction in the mean pulmonary 
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artery pressure without any adverse-effects [17]. Intravenous sildenafil is 

as effective as inhaled nitric oxide and causes pulmonary vasodilator in 

children with congenital heart disease [18]. 

Common or very common adverse-effects in infants and 
children [4] 

Alopecia, anaemia, anxiety, cough, diarrhoea, dizziness, fluid retention, 

gastrointestinal discomfort, headaches, increased risk of infections, 

insomnia, nasal complains, nausea, night sweats, pain, skin reactions, 

tremor, vasodilatation, and vision disorders. 

Uncommon adverse-effect in infants and children [4] 

Arrhythmias, chest pain, drowsiness, dry eye, dry mouth, eye discomfort, 

eye disorders, eye inflammation, fatigue, feeling hot, gynecomastia, 

haemorrhage, hypertension, hypotension, myalgia, numbness, 

palpitations, sinus congestion, tinnitus, vertigo, and vomiting. 

Rare or very rare adverse-effects in infants and children 

[4] 

Acute coronary syndrome, arteriosclerotic retinopathy, cerebrospinal 

insufficiency, glaucoma, haematospermia, hearing impairment, 

irritability, optic neuropathy (discontinue treatment if sudden visual 

impairment occurs), oral hypaesthesia, priapism, retinal occlusion, scleral 

discolouration, seizure, severe cutaneous adverse reactions, sudden 

cardiac death, syncope, and throat tightness. 

Pharmacokinetics of sildenafil in infants 

den Otter et al. [19] studied the pharmacokinetics of sildenafil in 23 

newborn infants, aged 0.3 to 0.9 days, with congenital diaphragmatic 

hernia and pulmonary hypertension who were treated with sildenafil 

loading dose of 0.35 mg/kg (IQR 0.16 mg/kg) for 3 hours, followed by a 

continuous infusion of 1.5 mg/kg daily (IQR 0.1 mg/kg daily). All infants 

received inotropic drug support and were treated with inhaled nitric oxide. 

 

Parameter Base model Final model (RSE 1%) Bootstrap results Median (95% CI) 

Objective function value 1191 1160 1,154 (918 – 1,372) 

TBC of sildenafil (L/h)  6.7 5.2 (19) 5.1 (3.7 – 7.0) 

Age (days) --- 0.58 (26) 0.58 (0.3 – 0.9) 

Vc of sildenafil (L) 75.1 115 (30) 118 (61 – 159) 

Vp of sildenafil (L) 10.0 10.0 (na) NA 

Q of sildenafil (L/h) 44.3 221 (3) 330 (1.9 – 13,719) 

TBC of metabolite (L/h) 24.0 25.9 (12) 26.6 (21.2 – 32.6) 

V of metabolite 1,040 366 (83%) 287 (79 – 999) 

Interindividual variation (%) 

TBC of sildenafil  50.3 51.3 (24%) 24 (5 – 65) 

Vc of sildenafil  32.2 21.0 (55%) 5 (0 - 35) 

TBC of metabolite 37.8 40.5 (25%) 15 (2 - 5) 

Residual variability 

Proportional TBC of sildenafil 0.60 0.50 (10) 0.5 (0.4 – 0.6) 

Proportional metabolite 0.57 0.44 (10) 0.4 (0.5 – 0.5) 

TBC = total body clearance. RSE = relative standard error. Vc = central distribution volume. Vp = peripheral distribution volume. Metabolite = N-

desmethyl sildenafil. IIV = interindividual variability. TBC = TBL (sildenafil)*(weight in kg/70)**0.75*EXO(IIV sildenafil)*(2.4)**0.58. Shrinkage: 

Base model TBC sildenafil 12%. TBC metabolite 26%, Vc 61%; final model TBC 11%. Vc 59%. TBC metabolite 19%. 

Table 1. Pharmacokinetic parameter estimates of the base model, final model, and bootstrap analysis, by den Otter et al. [19]. 

This table shows that Vc of sildenafil is greater than Vp of sildenafil, the 

total body clearance of the metabolite is greater than that of sildenafil, and 

there is a remarkable interindividual of the pharmacokinetic parameters. 

Gonzalez et al. [20] investigated the pharmacokinetics of sildenafil in 34  

premature infants with mean postmenstrual, postnatal ages of 125 days 

(range, 7 to 279), 41.6 weeks (range, 26.0 to 62.7), respectively, and 

weighing 3.41 kg (range, 0.59 to 8.1). Sildenafil was administered 

enterally at a dose of 2.79 mg/kg daily (range, 0.13 to 8.38). 

 Bootstrap (N = 1,000)a 

Parameterb Estimate (%RSE) 2.5th Percentile Median 97.5th Percentile 

Structurally model and covariate effect parameters 

Ka (h-1) 1.59 (88.1%) 0.27 1.09 4.52 

FSil (%) 0.29 (33.0%) 0.19 0.31 0.86 

TBC (L/h/70 kg) 27.8 (51.4%) 10.6 35.5 323 

DV Sil,C (L/70 kg) 116 (16.1%) 28.5 96.2 146 

DVSil,P (L/70 kg) 28.1 (20.4%) 17.2 34.1 182 

Ka, DMS (h-1) 1.3 (49.4%) 0.42 1.00 2.97 

TVF, DMS 1.29 (46.6%) 0.55 1.42 11.59 

TBCDMS/Fmet, DMS (L/70 kg) 135 (62.4%) 49.1 178 1,363 

DVDMS/Fmet, DMS (L/70 kg) 1,670 (22.2%) 1,029 1,808 2,819 

Q (L/h/70 kg) 1.67 (74.3%) 0.65 3.30 40.94 

Percentage TBC reduction with fluconazole use (%) 58.9 (19.1%) 31.2 61.7 76.20 

Exponent (weight effect on clearance parameter)c 0.96 (12.5%) 0.75 1.03 1.48 

Interindividual variability (reported as %CV)d 

TBC 33.3 (45.5%) 11.9 32.2 49.9 

DVSil,C 26.8 (98.6%) 0.27 24.1 73.9 
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TBCDMS/F met, DMS 56.5 (27.3%) 37.0 55.3 73.8 

DVSil,C 48.1 (48.1%) 0.48 43.2 73.2 

Residual error (reported as %CV)e 

Proportional error for sildenafil (%) 45.6 (24.2%) 32.7 45.0 54.6 

Proportional error for DMS (%) 40.7 (19.0%)  40.8 49.2 

Covariance 

Covariance between residual error parameters 0.12f (26.4%) 0.07 0.13 0.20 

TBC = total body clearance. DV = distribution volume. Sil = sildenafil. DMS = N-desmethyl sildenafil. RSE = relative standard error (expressed as a 

percentage). Ka = sildenafil first-order absorption rate constant. Fsil = Sildenafil bioavailability. TBC = Sildenafil total body clearance (assuming 

complete conversion to N-desmethyl sildenafil). DVSil,C = sildenafil central compartment distribution volume. DVsil,P = sildenafil peripheral 

compartment distribution volume. Ka, DMS = N-desmethyl sildenafil first-order absorption rate constant. TVF, DMS = typical value for the 

bioavailability of N-desmethyl sildenafil. TBCDMS/Fmet, DMS = N-desmethyl sildenafil total body clearance. DVMDS/F met, DMS = N-desmethyl 

sildenafil distribution volume. Q = inter compartmental clearance for Sildenafil. 

Table 2. Final population pharmacokinetic model parameter estimates, by Gonzalez et al. [20]. 

a83.4% of bootstrap runs resulted in a successful minimization. bKa (h-1) 

= 1.59. FSil = 0.29. TBC (L/h) = 27.8*(WTi/70kg)0.96*(0.411 [if infant 

received fluconazole])*exp(ɲi,DVSSil,C). DVSil,P (L) = 28.1*(WTi/70 

kg). Ka,DMS (h-1) = 1.3. FDMS*(1-FSil). TBCDMS/Fmet,DMS (L/h) = 

135*(WTi/70 kg)0.96*Exp (ɲTBCDMS/Fmet,DMS). DVDMS/Fmet,DMS 

(L) = 1,670*(WTi/70 kg/*Exp (ɲ DVDMS/Fmet,DMS). And Q (L*/h) = 

1.67*(WTi is the individual participant body-weight. 

cThe same exponent is assumed for all Sil and DMS total body clearance 

parameters. The exponent for the weight effect on the distribution volume 

parameter is fixed to 1. dETA shrinhage (%). TBC = 10.5%. DVSil,C = 

48.0%. TBCDMS/Fmet,DMS = 6.43%. DVDMS/Fmet,DMS = 38.2%. 
eEPS shrinkage (%): Sil: 117%. DMS = 12.0%. fCorrelation coefficient = 

0.65. 

This table shows that sildenafil is rapidly absorbed following enterally  

dosing, the central distribution volume is larger than the peripheral 

distribution volume, the absorption rate of the N-desmethyl sildenafil is 

similar to that of sildenafil, the total body clearance and the distribution 

volume of N-desmethyl sildenafil are greater than those of sildenafil, and 

there is a remarkable interindividual variability of the pharmacokinetic 

parameters. Such variability is accounted by the wide range of the 

postmenstrual, postnatal ages, and body-weight values. 

Pharmacokinetics of sildenafil in children 

Oya et al. [21] studied the pharmacokinetics of sildenafil in 13 children 

with a postnatal age, body-weight, and body-surface of 382+345 days, 

6.67+2.52 kg, and 0.340+0.094 m2, respectively, who underwent cardiac 

surgery for congenital heart disease. Sildenafil was administered orally at 

a dose of 0.5 mg/kg 4 times-daily. 

 

 Children with rapid absorption of 

sildenafil (N = 4) 

Children with reduced or delayed absorption of 

sildenafil (N = 9) Parameter  

Postnatal age (day) 215+283 460+323 

 Drug  

 

Peak conc. (ng/ml) 

Sildenafil 67.9+26.1 19.1+6.5* 

N-desmethyl 

sildenafil 

43.3+26.9 27.2+14.6 

 

AUC0-6 h (ng*h/ml) 

Sildenafil 160+47 53.5+21.3* 

N-desmethyl 

sildenafil 

112+60 65.7+32.2* 

Sild/DMS ratio 4.08+4.85 1.82* 

Table 3. Pharmacokinetic parameters of sildenafil and N-desmethyl sildenafil which are obtained in 13 children with or without rapid absorption of 

sildenafil. Figures are the mean+ SD, by Oya et al. [21]. 

Sil = sildenafil. DMS = N-desmethyl sildenafil. *P-value < 0.05. 

This table shows that children with rapidly absorption of sildenafil have 

higher peak concentration and AUC than children reduced are delayed 

adsorption of sildenafil. 

Olguín et al. [22] investigated the pharmacokinetics of sildenafil in 12 

children with pulmonary arterial hypertension aged 11.1+4.8 years 

(range, 1.4 to15.0) and weighing 14.0+1.5 kg (range, 7.5 to 26.0). 

Sildenafil was administered orally at a dose of 1 mg/kg once-daily. 

Parameter Results 

Absorption rate constant (h-1) 0.343 

Elimination rate constant (h-1) 0.35 

Elimination half-life (h) 2.41+1.18 

Distribution volume (L) 20.1+14.5 

Total body clearance (L/h) 5.85+2.81 

Time to reach peak plasma concentration (h) 0.92+0.30 

Peak plasma concentration (ng/ml)  366+179 

Area under the plasma concentration versus time 2,062+638 

Table 4. Pharmacokinetic parameters of sildenafil which are obtained in 12 children with pulmonary arterial hypertension, Figures are the 

mean+SD, by Olguín et al. [22]. 
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This table shows that sildenafil is rapidly absorbed following oral dosing, 

is rapidly eliminated, and the distribution volume is larger than the water 

volume. 

Interaction of sildenafil with drugs 

When sildenafil is given in combination with fluconazole resulted in a 

geometric mean ratio of 1.01 for simulated AUCss,0‐24 relative to virtual 

infants receiving sildenafil alone and the. Thus the sildenafil dose should 

be reduced by 60% [23]. Lesinurad (200 mg once-daily) is an inducer of 

CYP3A and affects sildenafil exposure. Sildenafil exposure decreases by 

approximately by 34% the peak concentration and AUC when 

administered with multiple-dose of lesinurad 200 mg [24]. Exposure of 

sildenafil increases in presence of boceprevir. A dose adjustment of 

sildenafil is therefore necessary and an initial dose of 25 mg of sildenafil 

is suggested [25]. In men with angina, the blood pressure is reduced when 

sildenafil is co-administered with glyceryl trinitrate for ≥ 8 hours [26]. 

Sildenafil exposure is increased in the presence of darunavir/ritonavir and 

a dose adjustment of sildenafil is warranted when is co-administered with 

darunavir/ritonavir [28]. Both saquinavir and ritonavir modify the 

pharmacokinetics of sildenafil presumably through inhibition of CYP3A4 

and the more pronounced effect of ritonavir may be attributed to its potent 

inhibition of CYP2C9 [29]. The co-administration of ciprofloxacin and 

clarithromycin significantly increases sildenafil bioavailability due to the 

inhibitory effect of ciprofloxacin and clarithromycin on CYP3A4 [30]. 

Co-administration of sildenafil with isosorbide mononitrate or glyceryl 

trinitrate significantly reduces blood pressure than isosorbide mononitrate 

or glyceryl trinitrate alone and sildenafil should not be administered to 

patients taking nitrates [31]. Plasma sildenafil AUC is markedly increased 

in the presence of indinavir compared with controls [32]. 

Metabolism of sildenafil 

The CYP3A4, and to a lesser extent CYP2C9, mediate metabolism of 

sildenafil into N-desmethyl sildenafil [33]. The relative contributions to 

net intrinsic clearance of sildenafil are 79% for CYP3A4, 20% for 

CYP2C9; and < 2% for CYP2C19 and CYP2D6 [34]. CYP2C9 and 

CYP3A4 are the enzymes that metabolize sildenafil [35]. CYP3A5 and 

CYP3A4 play a significant role in the metabolism of phosphodiesterase 

inhibitors including sildenafil [36]. The metabolite formation-rate of 

phosphodiesterase type-5 is inhibited by sildenafil and tadalafil via 

CYP3A4, CYP3A5, and CYP3A7 isoforms [37]. The pharmacokinetics 

of radiolabelled [14C]-sildenafil are consistent with rapid absorption, first-

pass metabolism and the principal routes of sildenafil metabolism are: N-

demethylation, oxidation, and aliphatic dihydroxylation [38]. 

Treatment of infants and children with sildenafil 

 Bronchopulmonary dysplasia is the most common complication in 

preterm infants and often is complicated by pulmonary hypertension and 

sildenafil is used to treat these diseases [39]. Sildenafil is used in treating 

pulmonary hypertension associated with lung and renal hypoplasia in 

infants with congenital diaphragmatic [40]. The low cost, the oral 

availability, and the good tolerability of sildenafil make it a suitable and 

simple alternative therapy for secondary pulmonary hypertension 

including persistent postoperative pulmonary hypertension associated 

with ventricular septal defect [41]. Sildenafil continues to be the major 

treatment option for paediatric pulmonary arterial hypertension in infants 

and children [42]. Pulmonary arterial hypertension is a life-threatening 

disease and sildenafil is one of the therapeutic agents used extensively in 

the treatment of pulmonary arterial hypertension in infants and children 

[43]. Pulmonary arterial hypertension contributes to disability and death 

in children and the treatment with sildenafil has been approval by the 

European Medicines Agency for its paediatric use in Europe and in the 

U.S. by the Food and Drug Administration [44]. Oral sildenafil given in 

low doses controls pulmonary hypertension safely and effectively in 

children undergoing operations to correct congenital heart defects [45]. A 

single dose of sildenafil prevents rebound after withdrawal of nitric oxide 

and reduces the duration of mechanical ventilation in children [46]. 

Sildenafil therapy reduces the mortality-rate of pulmonary arterial 

hypertension in children [47]. 

Transfer of sildenafil across the human placenta 

Of the 150 participants administered sildenafil citrate, 33 post-treatment 

maternal samples and 26 cord blood samples were obtained. The interval 

between sildenafil citrate administration and maternal blood sampling 

was 2.5 hours (range, 1.9 to 3.2) and the interval between last dose of 

sildenafil citrate and cord blood sampling was 5.6 hors (range, 3.5 to 6.7). 

Sildenafil citrate crosses the human placenta in significant amounts [48]. 

At steady state, the foetal-to-maternal transfer ratio of sildenafil is 

0.37+0.03 in healthy placentas versus 0.66 and 0.47 in the 2 preeclampic 

placentas [49]. Transfer clearance of sildenafil in the high dose, during 

the first hour of perfusion, is 3.15 ml/min (range, 2.14 to 3.19 ml/min) for 

the maximum tolerated concentration and 3.07 ml/min (range, 2.75 to 

3.42 ml/min) for the therapeutic concentration (not significant). The 

foetus-to-maternal concentration ratio significantly increases over time, 

up to 0.91+0.16 for the maximal concentration and 0.95+0.22 for the 

therapeutic concentration at the end of the perfusion (not significant). 

Sildenafil crosses the term placenta at a relatively high rate ex-vivo, which 

suggests that there is sufficient placental transfer to reach clinically active 

foetal drug levels at the currently used maternal doses [50]. 

Migration of sildenafil into the breast-milk 

The concentrations of sildenafil and its major metabolite N-desmethyl 

sildenafil are measured in three breast-milk samples. The concentration 

of sildenafil ranges from 1.64 to 4.49 ng/ml and that of N-desmethyl 

sildenafil ranges from 1.18 to 1.82 ng/ml in the breast-milk [51]. 

Discussion 

 Sildenafil, which structurally mimics the purine ring of cGMP, is a 

competitive and selective inhibitor of phosphodiesterase 5. By inhibiting 

cGMP hydrolysis, sildenafil elevates cellular levels of cGMP and 

augments signalling through the cGMP-protein kinase G pathway, 

provided guanylyl cyclase is active. Sildenafil is rapidly absorbed 

following oral dosing and it is cleared by hepatic CYP3A4 (major route) 

and by CYP2C9 (minor route) and the major metabolite is N-desmethyl 

sildenafil which is predominately excreted into the faeces. Concomitant 

administration of potent CYP3A inducers (e.g., bosentan) causes decrease 

in plasma levels of sildenafil and the co-administration of sildenafil with 

CYP3A4 inhibitors (e.g., erythromycin and cimetidine) inhibits sildenafil 

metabolism prolonging the half-life and elevating blood levels of 

sildenafil [1]. Sildenafil is a pulmonary artery vasodilator [2] and it is used 

to treat persistent pulmonary hypotension [3]. Sildenafil is 

contraindicated in infants taking organic nitrates and in infants with a 

known hypersensitivity to sildenafil [3]. Sildenafil may be administered 

orally; the oral treatment consists in 250 to 500 µg/kg 4 times-daily in 

infants [2]. In children, the oral dosage of sildenafil varies with the child 

age and body-weight and it is 10 or 20 mg thrice-daily in children with a 

body-weight up to 20 kg or > 20 kg, respectively [4]. Sildenafil has been 

found efficacy and safe in infants and children [5-11]. Sildenafil is used 

in the treatment of pulmonary hypertension and does not induce serious 

adverse-effect in infants [5], and sildenafil reduces the mortality-rate in 

infants with pulmonary hypertension [6]. Oral sildenafil is safe and 

effective in the treatment of persistent pulmonary hypertension in 

newborn infants [7]. Children with Down syndrome may be less 

responsive to sildenafil for pulmonary arterial hypertension [8]. Oral 

sildenafil is safe and effective for persistent pulmonary hypertension in 

children [9], and sildenafil improves oxyhaemoglobin saturation and 

exercise tolerance in children with pulmonary hypertension [10]. 

Sildenafil is well tolerated in children with idiopathic pulmonary arterial 

hypertension [11]. The effects of sildenafil have reported in infants and 
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children [12-18]. Sildenafil increases foetal body-weight at birth [12] and 

intravenous sildenafil improves oxygenation in infants [13]. Treatment 

with sildenafil recovers neonatal retinal function and structure and these 

effects are dose dependent [14]. Oral sildenafil improves oxygenation 

index in infants with severe persistent pulmonary hypertension [15]. 

Sildenafil reduces N-terminal pro b-type natriuretic peptide levels in 

infants with bronchopulmonary dysplasia-associated to pulmonary 

hypertension [16], and sildenafil reduces the pulmonary artery pressure in 

children [17]. Intravenous sildenafil is as effective as inhaled nitric oxide 

in children with pulmonary vasodilator and with congenital heart diseases 

[18]. Sildenafil induces various adverse-effects which are classified as: 

common or very common, uncommon, or rare or very rare [4]. The 

pharmacokinetics of sildenafil and its metabolite N-desmethyl sildenafil 

have been studied by Otter et al. [19], Gonzalez et al. [20], Oya et al. [21], 

and by Olguin et al. [22]. The absorption rate constant, the total body 

clearance, and the central and peripheral distribution volumes rage in a 

wide interval. Following oral administration, the absorption rate constant 

is 0.343 h-1, the elimination half-life is 2.41 hours, and the time to reach 

peak plasma concentration is 0.92 hours suggesting that sildenafil is 

rapidly absorbed and eliminated [22]. The central distribution volume is 

larger than the peripheral distribution volume [19, 20]. The total body 

clearance and the distribution volume of N-desmethyl sildenafil are 

higher than those of sildenafil. The higher total body clearance of N-

desmethyl sildenafil suggests that this metabolite is cleared more rapidly 

than sildenafil [20]. Following oral administration of sildenafil, the peak 

plasma concentration and the AUC of sildenafil are greater in children 

with rapid absorption than in children with reduced or delayed absorption 

of sildenafil [21]. Sildenafil interacts with drugs [23-32]. When sildenafil 

is co-administered with fluconazole, the sildenafil dose should be reduced 

[23]. Lesinurad is an inducer of CYP3A and decreases sildenafil exposure 

[24], and boceprevir increases the exposure of sildenafil [24]. Sildenafil 

combined with glyceryl trinitrate reduces the blood pressure [25]. 

Darunavir/ritonavir [28] and saquinavir/ritonavir [29] modify the 

sildenafil pharmacokinetics being inhibitors of CYP3A4 and CYP2C9, 

respectively. The co-administration of ciprofloxacin and clarithromycin 

with sildenafil increases the bioavailability of sildenafil due to the 

inhibitory effect of CYP3A4 [30], the combination of sildenafil with 

isosorbide mononitrate or glyceryl trinitrate decreases the blood pressure 

[31], and indinavir increases the plasma AUC of sildenafil [32]. The 

CYP3A4, and to a lesser extent CYP2C9, mediate the metabolism of 

sildenafil into N-desmethyl sildenafil [33, 35]. The relative contributions 

to the intrinsic clearance of sildenafil are 79% for CYP3A4, 20% for 

CYP2C9, and < 2% for CYP2C19 and CYP2D6 [34]. CYP3A5 and 

CYP3A4 metabolize phosphodiesterase inhibitors including sildenafil 

[36], and sildenafil and tadalafil are metabolised by CYP3A4, CYP3A5, 

and CYP3A7 [37]. The principal metabolic routes of sildenafil are: N-

demethylation, oxidation, and aliphatic dihydroxylation [38]. The 

treatment of infants and children with sildenafil has been extensively 

studied [39-47]. Sildenafil treats bronchopulmonary dysplasia which is 

often complicated by pulmonary hypertension in preterm infants [39]. 

Sildenafil is the recommended drug to treat pulmonary arterial 

hypertension [40-45]. A single dose of sildenafil prevents rebound after 

withdrawal of nitric oxide and reduces the duration of mechanical 

ventilation in children [46], and sildenafil reduces the mortality-rate of 

pulmonary arterial hypertension in children [47]. The transfer of sildenafil 

citrate across the human placenta has been studied in-vivo [48] and the 

transfer of sildenafil has been studied in-vitro using the placenta perfusion 

[49, 50]. Sildenafil citrate and sildenafil cross the placenta in significant 

amounts and the foetal-to maternal transfer ratio of sildenafil is 0.37 [49] 

and 0.95 [50]. In literature there is only one study on the migration of 

sildenafil into the breast-milk and it has been reported by Wollein et al. 

[51]. The concentration of sildenafil in the breast-milk ranges from 1.64 

to 4.49 ng/ml and that of N-desmethyl sildenafil ranges from 1.18 to 1.82 

ng/ml. 

In conclusion, sildenafil, which structurally mimics the purine ring of 

cGMP, is a competitive and selecting inhibitor of phosphodiesterase 5. 

By inhibiting cGMP hydrolysis, sildenafil elevates cellular levels of 

cGMP and augments signalling through the cGMP-protein kinase G 

pathway, provided guanylyl cyclase is active. Sildenafil may be 

administered orally and following oral dosing it is rapidly absorbed. 

Sildenafil is cleared by hepatic CYP3A (major route) and CYP2C) (minor 

route) and the major metabolite of sildenafil is N-desmethyl sildenafil. 

Concomitant administration of CYP3A inducers (e.g., bosentan) causes 

decrease in plasma concentration of sildenafil. CYP3A4 inhibitors (e.g., 

protease inhibitors used in HIV therapy, erythromycin and cimetidine) 

inhibit sildenafil metabolism, prolonging the half-life and elevating blood 

concentration of sildenafil. Sildenafil is used as a pulmonary artery 

vasodilator and in the treatment of persistent pulmonary hypertension. 

The initial oral dosage of sildenafil consists in 250 to 500 µg/kg 4 times-

daily in infants. In children, the oral dosage of sildenafil varies with the 

child age and with the body-weight and is 10 or 20 mg thrice-daily in 

children with a body-weight up to 20 or > 20 kg, respectively. Sildenafil 

has been found efficacy and safe in infants and children but it may cause 

averse-effects. The effects of sildenafil have been extensively studied. 

Following oral dosing of sildenafil, sildenafil is rapidly absorbed and 

eliminated; the absorption rate constant is 0.343 h-1 and the elimination 

half-life is 2.41 hours. The total body clearance and the central and 

peripheral distribution volumes range in a wide interval in infants and 

children. Sildenafil interacts with drugs and the treatment of infants and 

children with sildenafil has been extensively studied. Sildenafil citrate 

and sildenafil cross the human placenta and sildenafil migrates into the 

breast-milk in significant amounts. The aim of this study is to review the 

clinical pharmacology of sildenafil in infants and children. 
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