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Abstract
Background: Therapeutic alternatives have been the subject of research for the treatment of persistent pulmonary hypertension 

of the newborn (PPHN). The use of tadalafil has shown to be a promising alternative to sildenafil. To analyze the evolution of eight 
newborns with PPHN admitted to an intensive care unit (ICU), which underwent therapeutic use of tadalafil in a daily dose of 
1.5mg/kg/day every 24 hours.

Methods: Review of medical records to assess several variables of interest performed before and after intervention with 
tadalafil.

Results: The gestational age of neonates ranged from 31 weeks to 40 weeks and 5 days and the birth weight varied from 915 
g to 4290 g. The minimum stay in the neonatal ICU was of five days and a maximum of 68 days. Regarding the main cause of PPHN, 
meconium aspiration syndrome (MAS) was accounted in three cases, followed by 2 cases for pneumonia and other causes such as 
respiratory distress syndrome (RDS); RDS associated with pneumonia and cytomegalovirus pneumomia (1 case of each). Three 
infants presented PPHN moderate to severe, according to the echocardiographic report. Use of nitric oxide (NO) varied from 4 to 18 
days. Use tadalafil ranged from 1 to 18 days.

Conclusion: The use of tadalafil to control PPHN proved successful.  However, further clinical studies to evaluate the safety and 
efficacy of this drug are needed.
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Introduction
The Persistent Pulmonary Hypertension of the Newborn 

(PPHN) is a condition characterized by inefficient transition from 
fetal pulmonary circulation to neonatal pulmonary circulation [1]. 

This is due to persistently elevated pulmonary vascular resistance, 
which does not suffer proper reduction after birth, thus requiring 
maintenance of right-left extrapulmonary shunts through the oval 
foramen and patent arterial channel [2]. The established framework 
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prevents adequate pulmonary circulation and satisfactory blood 
oxygenation, causing arterial hypoxia [3]. It is estimated that the 
average incidence of PPHN is about 1.2-4.6 per 1000 live births 
with all-cause mortality of 20,6% in low and middle resources 
countries. For the other side, in the United States, the incidence of 
PPHN is estimated to be 0.18%, with one-year mortality of 7.6%. 
Preterm infants may also be affected, but the occurrence in this 
group is underestimated [4]. PPHN can be classified as primary 
or secondary to several neonatal cardiorespiratory diseases, such 
as respiratory distress syndrome (RDS), meconium aspiration 
syndrome (MAS), transient tachypnea of the newborn, congenital 
diaphragmatic hernia, congenital heart diseases, sepsis, pneumonia 
and birth asphyxia [5].

The treatment of this medical condition is based on routine use 
of nitric oxide and sildenafil [6].  However, alternative therapies 
have been subjects of research. In this work the use of tadalafil for 
controlling PPHN in 8 newborns admitted to a Neonatal Intensive 
Care Unit (NICU) was emphasized. This study aimed to demonstrate 
the benefit of the use of tadalafil in PPHN in eight newborns of 
the NCIU of the Saint John Baptist Hospital in the municipality of 
Macae, State of Rio de Janeiro, Brazil. These cases of PPHN have 
used tadalafil as part of the treatment, replacing sildenafil.

Materials and Methods
Local of the Study

This study was conducted in the neonatal intensive care unit 
(NICU) of the Saint John Baptist Hospital in the municipality of 
Macae, State of Rio de Janeiro, Brazil.

Study type 

This was a case series study consisting of 8 babies presenting 
with PHHN and treated with tadalafil. An analysis of the medical 
records relating to cases of PPHN of the Neonatal Intensive Care 
Unit (NICU) was also performed.

Inclusion Criteria 

a)	 Cases of PPHN in which the treatment using Tadalafil in a 
daily dose of 1.5mg/kg/day every 24 hours were introduced.

b)	 Babies presenting with PPHN which was attended in the 
NICU since December 2014 to March 2015.

Exclusion Criteria

a)	 Babies presenting any kind of severe malformations.

b)	 Babies presenting with PPHN out of the time scheduled.

Instrument and procedures for data collections 

a)	 Select the cases to be studied.

b)	 Analysis of medical records.

c)	 Identify variables of the study: age, gender, weight, 
gestational age, days in hospital, Cause of persistent pulmonary 

hypertension of the newborn, Echocardiography, days of use of 
inhaled nitric oxide, days of use of tadalafil, Oxygen variation 
of blood pressure, Partial variation of carbon dioxide pressure, 
Variation in oxygen saturation, Oxygenation index before and 
after the use of nitric oxide and Tadalafil.

Statistical analysis 

The cases and their variables were analyzed in the Excel 
program (Microsoft®).

Ethics

The study was sent to the Research Ethics Committee of the 
Faculdade de Medicina de Campos through the Plataforma Brasil 
system, and were approved on march 2017.

Results
Of the eight newborns evaluated in the study, five were males 

and three females. Neonates were of gestational age ranging 
between 31 weeks and 40 weeks and 5 days and the birth weight 
ranged between 915 g and 4290 g. The minimum stay in the neonatal 
ICU was of 5 days and a maximum of 68 days. The meconium 
aspiration syndrome was the major cause of PPHN included in 
the study, corresponding to three cases, followed by pneumonia, 
which included two patients. Other causes of persistent pulmonary 
hypertension in newborns analyzed in the study were: respiratory 
distress syndrome, respiratory distress syndrome associated 
with pneumonia and cytomegalovirus, and respiratory distress 
syndrome associated with pneumonia Seven of eight newborns 
underwent echocardiogram in the hospital. The results were normal 
in 2 newborns that underwent echocardiography after treatment 
with tadalafil and nitric oxide. Among other echocardiographic 
findings, patent oval foramen, mild PPHN, moderate PPHN, PPHN 
severe, and moderate / severe PPHN, were obtained. The use of 
nitric oxide ranged from 4 days to 18 days. 2 newborns used nitric 
oxide for 4 days (25%) and 2 used for 5 days (25%). The use of 
tadalafil ranged from 1 day to 18 days. Regarding the final clinical 
outcome, 5 newborns were discharged and 3 evolved to death 
(Table 1).

Discussion
This study was performed mainly in term infants (75%) of 

normal weight (75%). Pneumonia alone was the most common 
cause of PPHN (50%) or associated with respiratory distress 
syndrome or meconium aspiration syndrome. Several studies have 
associated some risk factors to the pathogenesis of PPHN just like: 
parenchymal changes pneumonia, sepsis, transient tachypnea 
of the newborn, meconium aspiration syndrome (MAS), chronic 
fetal distress and pulmonary hypoplasia resulting from congenital 
diaphragmatic hernia, being MAS the most common cause [6]. A 
case-control study also identified as risk factors for PPHN:  black 
or Asian male individuals, and also maternal factors such as body 
mass index greater than 27 kg / m2, diabetes, asthma and born by 
cesarean section [8].
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Table 1: Data from analysis of medical records.

Cases Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8

DB Dec-17-14 Jan-23-15 Apr-25-15 Jun-26-15 Dec-09-15 Jan-03-16 Jan-23-16 Mar-03-16

GENDER M F M F M F M M

WEIGHT 4290g 2080g 2610g 2690g 3665g 3050g 915g 3365g

GA 38/39 sem 34s 03d 
(TII) 38 sem 37/38 sem 40s 05d 39 sem 31 sem 37 sem

DIH 7 21 27 12 5 28 68 16

CPPHN MAS RDS PNM/RDS PNM MAS MAS PNM/CMV/RDS PNM

ECO PPHN moderate PPHN light POF Normal* PPHN serious _ PPHN  Moderate/serious Normal*

DNO 5 4 7 5 4 18 9 8

DT 1 5 7 6 4 18 10* 12

∆PAO2 13 - 81 31 - 192 58 - 256 45 - 169 54 - 340 40 - 119 37 - 203 43 - 345

∆PACO2 26 - 93 23 - 58 22 - 49 23 - 37 15 - 50 42 - 78 28 - 65 22 - 62

∆SATO2 5 - 93% 35 - 100% 79 - 100% 80 - 100% 98 - 100% 69 - 98% 61 - 100% 86 - 100%

OIB/OIA 23,4 / 13,5 14,3 / 8,0 22,4 / 3,8 24,4 / 5,2 20,4 / 3,9 16,2 / 11,0 24,5 / 5,5 16,2 / 3,0

OUT Death Discharge Discharge Discharge Death Discharge Death Discharge

Footnotes: 
DB: Date of birth
GA: Gestational age.
DIH: Days in hospital.
PPHN: Persistent pulmonary hypertension of the newborn.
CPPHN: Cause of persistent pulmonary hypertension of the newborn.
*: Echocardiography performed after using Tadalafil and nitric oxide.
-: Echocardiography not performed
ECO: Echocardiography
DNO: Days use of nitric oxide
DT: Days use of Tadalafil.
∆PAO2: Oxygen variation of blood pressure.
∆PCO2: Partial variation of carbon dioxide pressure
∆SATO2: Variation in oxygen saturation
OIB/OIA: Oxygenation index before and after the use of nitric oxide and Tadalafil
OUT: Outcome.
TII:  Twin 2
RDS: Respiratory distress syndrome.
MAS: Meconium aspiration syndrome.
PNM: Pneumonia

POF: Patent oval foramen

CMV: Cytomegalovirus

Considering the newborns studied, all underwent therapy with 
inhaled nitric oxide (iNO). Of these, four subjects remained with 
the iNO treatment for 4 to 5 days; 3 individuals, between 7 and 9 

days and 1 subject for 18 days. It is known that nitric oxide is an 
endothelium-derived factor and by activating the guanylate cyclase, 
increases the levels of cyclic guanosine 3 ‘, 5’-monophosphate, 
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causing vasodilation and also appears to increase the partial 
pressure of oxygen (PaO2). When inhaled, vasodilation pulmonary 
vasculature and presents minimal effect on the systemic circulation. 
Nitric oxide improves ventilation / perfusion by redirecting the 
blood of an area with a low rate to regions where gas exchange is 
normal [9-12]. The tadalafil used as drug therapy in the newborns 
assessed in this study is a medicament for oral administration and 
a phosphodiesterase-5 inhibitor approved for the treatment of 
pulmonary hypertension. In Brazil, tadalafil is approved for first-
line treatment for acute pulmonary hypertension in adults [13]. 
In newborns, tadalafil has been used to treat PPHN as an adjuvant 
with inhaled nitric oxide (iNO). There are some reviews that 
describes the better efficacy, safety and cost in newborns, especially 
in comparison to sildenafil [4,14-17]. However, multicenter studies 
evaluating the use of tadalafil in neonates with PPHN are still 
needed.

Among those involved in the study, there was a significant drop 
in the oxygenation index (OI) and increased partial pressure of 
oxygen (PaO2) before and after the use of tadalafil associated with 
the use of inhaled nitric oxide. Reduction in the oxygenation index 
ranged from 32% to 83%. The increase in PaO2 ranged from 66% 
to 87%. The improvement in these parameters is consistent with 
some studies that evaluated the same parameters in neonates with 
pulmonary hypertension treated with sildenafil [18-20].

When assessing the outcome obtained, a positive result was 
observed in 5 individuals discharged in the period between 16 
and 28 days. Of the 3 patients who presented an unfavorable 
outcome, one had PPHN pneumonia, cytomegalovirus (CMV) and 
respiratory distress syndrome. The other two deaths occurred at 
5 and 7 days of hospitalization, both associated with meconium 
aspiration syndrome (MAS). The association between isolated 
cytomegalovirus infection and development of pulmonary 
hypertension in neonates is rare when other causes are excluded. 
It is suggested that the mechanism for the pathophysiological 
development PPHN is pneumonitis virus [21]. About 10 to 15% 
of infants with meconium aspiration syndrome developed PPHN 
with high mortality rate. The genesis seems to be pulmonary 
vasoconstriction due to inflammation [22].

The fact that there isn´t a control group to assess the efficacy 
and effectiveness of tadalafil compared to standard therapy 
recommended for newborns with PPHN was considered a flaw in 
the study, being necessary to compare the impact on improvement 
in oxygenation in time of hospitalization and outcome. The research 
involved a small sample. Thus, it is necessary to conduct multi-
center studies involving more infants affected by PPHN.

Conclusion
The management of persistent pulmonary hypertension of the 

newborn (PPHN) remains challenging, contributing to the increase 
of morbidity and mortality in the neonatal period when improperly 
performed, in addition to requiring immediate invasive measures 

of Brazilian neonatal ICUs. The use of tadalafil as a main therapeutic 
drug for this clinical condition has shown promising in this study. 
However, we need more randomized controlled trials to evaluate 
the safety and efficacy of this intervention.
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