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Abstract

Background: Persistent pulmonary hypertension of the newborn (PPHN) occurs in post-term neonates with an incidence of 1 in
500 - 1,500 live births. The survival rate is approximately 69% after conventional management of infants suffering from PPHN. Ex-
tracorporeal membrane oxygenation (ECMO) therapy improves survival up to 86%.
Methods: A total of 32 neonates with PPHN participated in this study. These neonates were randomly assigned into two 16-case
groups: group A received tadalafil while group B received sildenafil. A random simple sampling method was used for the selection
of subjects. The severity of tricuspid regurgitation (TR), main pulmonary artery (MPA) diameter, mean pulmonary artery pressure
(MPAP), and right ventricular end-diastolic diameter (RVEDD) were assessed by echocardiography before and 6 months after treat-
ment.
Results: MPAP decreased after treatment in both groups, but the mean of changes in PAP in the two groups was not significantly
different (P = 0.48). Both tadalafil and sildenafil significantly reduced the TR severity, RVEDD, and MPA diameter (P < 0.05), but the
mean of the changes in TR, RVEDD, and MPA in both groups was similar (P = 0.05).
Conclusions: Tadalafil and sildenafil can similarly reduce MPAP, TR severity, RVEDD, and MPA diameter.
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1. Background

Postnatal pulmonary hypertension is a rare sporadic
disease in neonates and infants, and is associated with
high morbidity and mortality. Few studies have focused on
this population (1). PPHN is defined as postnatal failure in
the normal cardiopulmonary blood circulation (2) leading
to hypoxia secondary to right-to-left shunt accompanied
with prenatal distress. These signs and symptoms include
asphyxia, tachypnea, respiratory distress, long S2, low Ap-
gar score, meconium acetin, cyanosis, weak cardiac func-
tion, systemic hypotension, and shock (3, 4). Persistent
pulmonary hypertension of the newborn (PPHN) occurs
in post-term neonates (5), with an incidence of 1 in 500 -
1,500 live births (6). In advanced pulmonary hypertension,
structural and functional changes in the pulmonary ves-
sels result in increased pulmonary vessel resistance, right
ventricular failure, and death (1). The goal of medical treat-
ment is to dilate and reverse the abnormal remodeling of
the vascular floor of the lungs and to maintain endothelial
function by the action of prostacyclin, endothelin, and the
nitric oxide (NO) pathway. The therapeutic algorithm and
pulmonary artery hypertension (PAH) in children are vir-
tually similar to those in adults (7-9).

Medical management includes preventing or treating
the active pulmonary vasoconstriction, supporting right
ventricular function, and preventing structural changes
in the pulmonary vessels (1). The treatments currently
used include prostacyclin (10, 11), milierinon (12, 13), NO
(14, 15), and bosentan (16). Since the neurohormonal ac-
tivity of the sympathetic system has been implicated in
pulmonary hypertension, digoxin may also be valuable in
this regard due to its sympathetolytic effects (17, 18). The 5-
phosphodiesterase (5-PDE) inhibitors have been also used
for this purpose (19). These medicines exert some bene-
ficial effects on the vascular system, including vasodila-
tion, inhibition of smooth muscle proliferation, and pre-
vention of platelet accumulation (20). The inhibition of 5-
PDE, which metabolizes cyclic guanosine monophosphate
(cGMP), reduces the pulmonary and systemic pressures un-
der physiologic conditions (21, 22). Additionally, in ani-
mal and human models of pulmonary hypertension, these
drugs decrease pulmonary hypertension to a greater de-
gree through the relatively selective inhibition of the pul-
monary vascular system compared to systemic vascular re-
sistance (23, 24). It was because of these beneficial effects
that sildenafil was used as the first 5-PDE inhibitor (5-PDEI)
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drug for treating pulmonary hypertension that was capa-
ble of improving the cardiac index and exercise capacity
(25). Tadalafil is a 5-PDEI analog with a longer half-life,
of approximately 17.5 hours. It was approved for use in
treating pulmonary hypertension in adults in 2009 (26).
Tadalafil can be used as a safe medicine for improving func-
tional capacity and providing better oxygenation satura-
tion in infants and adults, without significant complica-
tions and with fewer daily doses compared to sildenafil
(27). It has been proposed that tadalafil has benefits simi-
lar to those of sildenafil, with fewer complications in PPHN
patients (28). These findings led us to investigate the ef-
fects of tadalafil in reducing TR severity, mean pulmonary
artery pressure (MPAP), right ventricular end-diastolic di-
ameter (RVEDD), and main pulmonary artery (MPA) diam-
eter in neonates with PPHN, and to compare this drug to
sildenafil.

2. Methods

A total of 32 neonates with PPHN participated in this
study. PPHN was defined as cyanosis in neonates admitted
to the NICU, which continued after 30 minutes of ventila-
tion with 100% O2 via hood. If the PaO2 level was 20 mmHg
in the radial artery and greater than in the umbilical or
femoral arteries, the patient was referred to echocardiog-
raphy for confirmation of a right-to-left or two-sided shunt.
Pulse oximetry of the right hand and foot was performed if
an arterial line was not accessible. If pulse oximetry of the
hand was 5% more than that of the foot, the patient was re-
ferred to echocardiography.

These neonates were randomly assigned into two 16-
case groups: group A received tadalafil and group B re-
ceived sildenafil. A random simple sampling method was
used for subject selection. Sildenafil was administered
orally, 1 mg/kg three times/day. Tadalafil was also admin-
istered orally, 1 mg/kg as a single dose (29).

PAP was measured via echocardiography based on gra-
dient of pulmonary insufficiency (PI) or gradient of TR (tri-
cuspid regurgitation) on Doppler echocardiography. The
severity of TR, MPA diameter, and RVEDD were assessed by
echocardiography before and 6 months after treatment.
TR severity is the volume of blood regurgitated via the tri-
cuspid valve in systole, and is measured by the amount
of color jet seen during color echocardiography. In other
words, mild TR means that the amount of color jet covers
one third of the surface of the right atrium (RA), moderate
TR means that the amount of color jet covers two-thirds of
the RA surface, and severe TR depicts the amount of color
jet when it covers more than two thirds of the RA surface.
MPA diameter and RVEDD were measured on 2D echocar-
diography.

This procedure was performed by one cardiologist,
who was blind to the study. The triple-blind design was
carried out via blinding of the participants, the cardiolo-
gist who performed the echocardiography, and the statis-
tician who analyzed the data. Concealment of treatment
allocation was done before drug administration. No con-
flicts of interest of the authors existed. According to re-
search ethics, this study was approved by the local ethics
committee of Yazd Shahid Sadoughi University of Medical
Sciences.

3. Results

Thirty-two neonates were enrolled in this study based
on the inclusion criteria. The etiology of PPHN was meco-
nium aspiration in 19 (59.3%) neonates, diaphragmatic her-
niation in three (9.3%) neonates, and asphyxia in 10 (31.2%)
neonates. In group A, the mean of changes in MPAP before
and after treatment was 14.56± 8.6 mmHg (P < 0.0001). In
group B, the mean of changes in PAP was 12.75± 5.5 mmHg
(P < 0.0001). Moreover, the mean of changes in MPAP in the
two groups was similar (P = 0.48). Tadalafil significantly re-
duced TR severity (P < 0.0001). Sildenafil also significantly
reduced TR severity (P < 0.0001). The effects of tadalafil and
sildenafil on TR were similar (P = 0.38). Tadalafil decreased
the mean RVEDD by 6.87 ± 3.1 mm (P < 0.0001); however,
the mean RVEDD decreased by 6.25 ± 3.2 mm (P < 0.0001).
This difference was similar in both groups (P = 0.58). Re-
garding MPA diameter, tadalafil reduced it by 4 ± 1.6 mm
(P < 0.0001), while sildenafil reduced it by 3 ± 1.3 mm (P <
0.0001). Therefore, the effects of tadalafil and sildenafil on
decrements of MPA diameter were similar (P = 0.07).

Table 1 shows the similarity of the effects of tadalafil
and sildenafil on MPAP, TR severity, RVEDD, and MPA diame-
ter in neonates with PPHN. No side effects were seen in any
group.

Table 1. Comparison of the Effects of Tadalafil and Sildenafil on MPAP, TR Severity,
RVEDD, and MPA Diameter in Neonates with PPHN

Treatment P Value

Mean changes Group A Group B

Tadalafil Mean (SD) Sildenafil Mean (SD)

MPAP -14.56 (8.6) -12.75 (5.5) 0.48

TR severity -0.87 (0.5) -1.06 (0.68) 0.38

RVEDD -6.8 (3.13) -6.25 (3.23) 0.58

MPA diameter -4 (1.6) -3 (1.3) 0.07
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4. Discussion

The effects of tadalafil and sildenafil on MPAP, TR sever-
ity, RVEDD, and MPA diameter in neonates with PPHN were
similar. Tadalafil has recently been used for treatment of
PAH in humans (19) and can be safely used in children (30).
Tadalafil has been used in adults with similar efficacy, but
its use is not common in children (27). In the present study,
no side effects were seen in any group. Sabri et al. showed
that tadalafil may be a safe drug for children and young
adults with PAH, and did not observe any significant side
effects. Tadalafil also requires fewer daily doses than silde-
nafil (27). Tadalafil and sildenafil showed similar effects on
MPAP, TR severity, RVEDD, and MPA diameter in neonates.
Tadalafil was recently used for treatment of PAH in hu-
mans, including children. In 2009, tadalafil was approved
for PAH treatment (31).

A previous study suggested that the relationship be-
tween the NO pathway and pulmonary circulation was
greater than the effect of NO on the endothelium. This,
along with the mechanism of action of drugs, can justify
these findings (27). In a study by Takatsuki et al., only two
patients stopped taking tadalafil due to side effects, which
included migraines and allergic reactions. Thus, the dis-
continuation rate for tadalafil therapy in children was 6%
(30). In a study by Shiva et al. conducted on 25 patients
aged two months to five years, a significant improvement
was seen in MPAP (P < 0.01) (29). They used tadalafil 1 mg/kg
daily. After changing from sildenafil to tadalafil, a signifi-
cant clinical improvement was seen (P < 0.05). It was also
obvious that the use of an oral tadalafil suspension was safe
and well-tolerated (29). Unlike sildenafil, the longer half-
life of tadalafil makes serum levels more consistent, which
may have an advantage with regard to hemodynamics in
patients with PAH (30). Tessler et al. showed that PAP de-
creased on average by 54% in experimental animals after
administration of 1 mg/kg of oral tadalafil, and cardiac out-
put increased by 88% following tadalafil administration in
newborn piglets (31).

Moreover, Takatsuki et al. extrapolated the pediatric
dose for this study from adult studies. They applied
tadalafil 0.2 mg/kg daily according to estimations from the
aforementioned study (30). In a newborn animal model of
acute pulmonary hypertension, oral tadalafil administra-
tion reduced pulmonary vascular resistance and increased
arterial oxygenation by increasing cardiac output and re-
ducing the lung shunt fraction (31). Our study was the first
to use tadalafil in human newborns, and more research is
needed to explore this issue.
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