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Sildenafil in the Management of Pulmonary
Hypertension in Newborn

Mohammad Abdullah Al Mamun

Introduction

Pulmonary hypertension in the newborn is a
complicated, often a life threatening disease. It has
been a difficult condition to treat for a long time and
characterized by an increased pulmonary vascular
resistance, right-to-left shunt at atrial and ductal
level with severe hypoxemia.! The incidence of
Persistent Pulmonary Hypertension of Newborn
(PPHN) in term or near-term infants is reported to
reach around 2-6.8 per 1000 live births with a
mortality of 10% to 20%.2%3 It occurs when the high
pulmonary vascular resistance characteristic of fetal
circulation fails to decrease at birth, resulting in
right to left shunting of blood through fetal channels,
diminished pulmonary blood flow and profound
hypoxaemia.

For the majority of PPHN cases aggressive support
of cardiac function and perfusion, with volume and
inotropic agents to enhance cardiac output and
systemic O, transport is essential.#> The principal
goal of PPHN treatment is selective pulmonary
vasodilatation. Pulmonary vasodilators such as
magnesium sulfate, sildenafil, bosentan,
prostacyclin and specific agents like inhaled nitric
oxide (iINO) is effective. Although iNO and
extracorporeal membrane oxygenation (ECMO) are
the gold standards of the PPHN therapy, they are
expensive therapeutic modalities associated with
technical difficulties in developing countries, making
it necessary to search for cheaper therapies, assuring
quick effectiveness and stabilization of the patient
going through a very high-risk situation.®” However,
any single therapy can not be labelled as a magic
bullet for PPHN, more clinical trials are required to
demonstrate the efficacy and safety of available
therapeutic options as well as to develop newer
strategies targeted to the wunderlying
pathophysiology.8

Sildenafil has been used for the treatment of
pulmonary hypertension in adult.? It is
recommended in children by European Society of
Cardiology (ESC) for pulmonary hypertension, for
those aged 1-17 years.1? But its use in neonate is
controversial.l! Role of sildenafil in the treatment
of PPHN was first reported in 2002.12 Initially there
was criticism regarding its use. But it was justified
by others at that time as there was no option for the
attending neonatologist in face of non-availability
of iNO and ECMO.!3 Recent studies also concluded
that sildenafil can offer a less expensive but effective
alternative treatment.!%15

Sildenafil has been shown to selectively reduce
pulmonary vascular resistance in humans. Several
controlled studies document improved oxygenation
measured by pulse oximetry, significant
improvement in oxygenation index (OI) as well as
echocardiographic evidence of reduced pulmonary
arterial pressures and significant decrease in
mortality following the administration of sildenafil
in newborns with PPHN.16.17 Meta-analysis
including randomized trials of sildenafil compared
with placebo in PPHN also found significant
reduction in mortality.!® Fatema et al'®, Mamun et
al20 and Wadud et al?! found that sildenafil is very
effective in the treatment of PPHN among
Bangladeshi neonate. This review of the recent
literature focuses on effectiveness of sildenafil in
newborns with pulmonary hypertension.

Mechanism of action of sildenafil

Sildenafil is a selective phosphodiesterase type 5
(PDE-5) inhibitor which potentiates the downstream
effects of Nitric oxide (NO). NO induces smooth
muscle relaxation and vasodilation through its
effects on the cyclic guanosine monophosphate
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(cGMP) pathway. In pulmonary vascular smooth
muscle NO is synthesized by nitric oxide synthase
(NOS) from the terminal nitrogen of L-arginine. NO
stimulates soluble guanylatecyclase (sGC) to
increase intracellular cGMP and mediate pulmonary
vasodilatation. cGMP breakdown into GMP by PDE-
5 enzyme. Sildenafil inhibit the hydrolytic
breakdown of cGMP to GMP and thus prolongs the
activity of endogenous NO and potentiate cGMP
mediated pulmonary vasodilation (Fig 1).

NO pathway

Oxygen, estrogen ' Ligand (ATP,VEGF)

Receptor
Endothelium \ eNOS

L-Arginine —f L-Citrulline

NO

N
GTP
/1

GMP cGMP

A\

Phosphodiesterases-5 <—— Sildenafil

/|

Smooth Muscle
Guan Cyclase

Fig 1 NO signaling pathways in the regulation of
pulmonary vascular tone.

Dosage, administration, safety, response and
duration of therapy of sildenafil

Time of maximum action and duration of the effect
varies depending on the dose, the route of
administration and the clinical situation in which
sildenafil has been used. The most used route is
oral, can be used IV and the duration of the effect
goes from 20 minutes to 6 hours afterward.2223
Oral sildenafil is fairly well tolerated, although
absorption can be erratic at times. If intravenous
preparation is not available, it can be given orally.24
It can also be administered intratracheally at a dose
of 0.75 or 1.5 mg/kg per dose which can induce a
rapid decrease in mean pulmonary arterial
pressure, occurred as soon as 2 minutes and lasted
for 120 minutes.2®

The optimal dose of oral sildenafil in neonates and
children is still not entirely clear. The British
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National Formulary for Children advises starting
doses of 0.5 mg/kg/dose up to a maximum of 2 mg/
kg/dose every 6 hours.26:27 In neonate dose of
sildenafil is 0.5 mg/kg/dose 6 hourly and considering,
if there is no response, increase the dose up to a
maximum of 2 mg/kg/dose.!® Because of a relatively
short half-life, sildenafil may be given 4 hourly
although it is usually administered 6 hourly.2®

Clinical indicators of a successful response would
be improved oxygenation indices, a >10% increase
in Sa0, with a reduced differential between pre and
post ductal values, a 3 kPa increase in PaO,, ability
to wean FiO,, an increase in the a/APO, ratio and a
decrease in OI. Duration of treatment is not yet well
defined and one approach is to observe the individual
response and stop the medication after a clear
response and improvement. The treatment should
also be discontinued after 6-8 doses if there is no
improvement and reduction in dose or cessation of
treatment is necessary if hypotension develops
despite inotropic support.28

Side effects and complications

As for safety profile, systemic reviews of 49 studies
concerning the safety of sildenafil administration
revealed no evidence of serious adverse events in
infants.?? Considering sildenafil’s mechanism of
action, which decreases pulmonary arterial
pressure, concerns have been raised that sildenafil
could cause serious systemic hypotension and
severe haemodynamic instability. Sildenafil was
first considered as an anti-hypertensive agent. So
one must watch the systemic blood pressure closely,
although this has been rarely a problem.!* There
have been reports of hypotension when it is used
in conjunction with nitric oxide.?® Common side
effects of sildenafil treatment are usually non-life-
threatening including vomiting, pyrexia, cough,
diarrhoea and nasopharyngitis (nasal
stuffiness).273132 Severe adverse effects like
stridor, raised intra-ocular pressure and
ventricular arrhythmias may also occur.32
Additionally, the vasodilatation induced by the
blockage of PDE-5 inhibitors can lead to nasal
congestion, dyspepsia as well as flushing and can
also lead to headaches.??

Another controversial aspect of sildenafil is its
activity on the PDE-6 receptors localized in the rod
and cone cells of the eye and whether or not the
drug affects the normal development of the visual
function of preterm neonates. There has been no



proven evidence of a direct link between sildenafil
therapy and ocular complications but visual
disturbances and photophobia has been observed in
some subjects.30:34

Antenatal sildenafil in experimental
congenital diaphragmatic hernia (CDH)

Congenital diaphragmatic hernia is an orphan
disease with high neonatal mortality and significant
morbidity. An important cause for this is pulmonary
hypertension. Prenatal sildenafil administration to
expectant mothers prevented fetal and neonatal
vascular changes leading to pulmonary hypertension
in several animal models, and is, therefore, a
promising approach.3® Antenatal sildenafil
improved lung structure, increased pulmonary
vessel density, reduced right ventricular
hypertrophy, and improved postnatal NO which
induced pulmonary artery relaxation. Antenatal
sildenafil was not associated with adverse effect on
retinal structure/function and brain development.
Antenatal sildenafil improves pathological features
of persistent pulmonary hypertension of the
newborn in experimental CDH and does not alter
the development of other PDE-5-expressing organs.36

Is pretern neonate are at risk of retinopathy
of prematurity after using sildenafil?

Sildenafil is 10 times more selective for PDE-5 as
compared to PDE-6. PDE-6 is found in the retina. If
used in extremely preterm neonates, sildenafil may
increase the risk of severe retinopathy of
prematurity. Fang et al?? in a retrospective, case-
controlled study in neonates born before 30 weeks
gestation showed sildenafil use did not increase the
risk of retinopathy of prematurity.

Is sildenafil effective in BPD associated
pulmonary hypertension

Sildenafil has been shown to enhance the lung
alveolarization and vascularization in newborn
animal models after lung injury and has possible
therapeutic potential for the prevention of BPD.
Systematic review shows that in the treatment of
BPD-associated pulmonary hypertension in preterm
infants, sildenafil may be associated with
improvement in pulmonary artery pressure and
respiratory scores.?® Abounahia et al3? found oral
sildenafil did not benefits in the prevention of BPD
or death in the extreme and very preterm infants.
A retrospective series of 25 patients with BPD aged
<2 years showed hemodynamic improvement in
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pulmonary hypertension in majority cases, with
minimal adverse events.*0

Is sildenafil more effective with iNO in
management of PPHN?

Early use of oral sildenafil as an adjunctive therapy
together with iNO in cases of PPHN was well
tolerated and found to be more effective. Sildenafil
may serve as a useful adjunct for infants with poor
iNO responsiveness.®*! Combination therapy with
iNO and sildenafil leads to a synergistic effect for
pulmonary vasodilation, because under conditions
of elevated cGMP concentration, sildenafil acts as a
more powerful vasodilator by preventing breakdown
of the high concentration of cGMP.42

Is sildenafil more effective than MgSO, in
management of PPHN?

Uslu et al*? in a prospective, randomized and
controlled study, found that sildenafil was more
effective than MgSO , in the treatment of PPHN with
regard to time to adequate clinical response,
duration of mechanical ventilation with fewer
requirements for inotropic support. Shaltout et al**
found sildenafil is a more effective therapeutic option
in the treatment of PPHN as compared to MgSO,.
Mamun et al?? found magnesium sulphate and
sildenafil both are effective in improvement of
oxygenation and reduction of pulmonary vascular
resistance. Sildenafil was more effective than
magnesium sulphate with regard to improvement
of oxygenation among Bangladeshi neonate.

Is sildenafil more effective than Bosentan in
management of PPHN?

Bosentan is a non-selective endothelin-1 (ET-1)
receptor antagonist acting on both ET-A and ET-B
receptors. Wadud et al?! found sildenafil and
bosentan both are effective in improvement of
oxygenation and reduction of pulmonary vascular
resistance. But sildenafil was found more effective
than bosentan in improvement of oxygenation
among Bangladeshi neonate with PPHN.

Is sildenafil alone is more effective than sildenafil
plus bosentan in management of PPHN?

One study was performed by Nazia et al*® to
compare the effect of sildenafil alone and sildenafil
with bosentan on severity of tricuspid regurgitation
and duration of hospitalization in new-borns with
PPHN. The combined use of sildenafil and bosentan
is more effective than sildenafil alone for control of
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pulmonary hypertension in resource limited centres.
Goissen et al*® reported a successful use of sildenafil
as an adjunct therapy to iNO and bosentan in
newborns with PPHN complicating transposition of
the great arteries.

Is sildenafil more effective than inhaled
iloprost in management of PPHN?

A study was performed to examine the effectiveness
and safety of oral sildenafil and inhaled iloprost
delivered by jet nebulizer in mechanically ventilated
term newborns with PPHN. Iloprost appeared to be
more effective than sildenafil in the treatment of
PPHN with regard to time to adequate clinical
response, ventilatory parameters, duration of drug
administration, duration of mechanical ventilation,
duration of return to normal values of respiratory
failure indices, use of MgSO,, as a second vasodilator
and requirement for support with inotropic agents.
No side effects on blood pressure or homeostasis was
observed. These suggested that inhaled iloprost may
be a safe and effective treatment choice in newborn
infants with PPHN.4

Is sildenafil more effective than tadalafil in
management of PPHN?

Tadalafil and sildenafil can similarly reduce severity
of tricuspid regurgitation (TR), main pulmonary
artery (MPA) diameter, mean pulmonary artery
pressure (MPAP), and right ventricular end-diastolic
diameter (RVEDD).47

Use of sildenafil in Pulmonary hypertension
after use of ibuprofen

Pulmonary hypertension after prophylactic and
therapeutic use of ibuprofen for ductal closure have
been reported in some cases.*® In such cases,
Sildenafil as pulmonary vasodilators is found

effective.49

Conclusion

Sildenafil is an effective treatment in neonate with
a significant increase in the oxygenation, decrease
pulmonary vascular resistance and a reduction in
mortality with no clinically important side effects
in PPHN. At this stage, sildenafil may be considered
as a first-line treatment in settings where iNO,
HFOV and ECMO are unavailable. More controlled
multicenter study is needed to evaluate the safety,
efficacy and long term outcome of treatment.
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