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ABSTRACT 

OBJECTIVE: We aimed to compare the effect of the combined therapy, sildenafil and inhaled nitric

oxide with inhaled nitric oxide monotherapy for the treatment of Pulmonary Hypertension of the

Newborn.

STUDY DESIGN: Newborn infants (gestational age greater than 34 weeks) who were diagnosed with

pulmonary hypertension between December 2008 and 2010 were retrospectively evaluated. Group I

(n=14) received monotherapy with inhaled nitric oxide and Group II (n=9) received combined therapy

with inhaled nitric oxide and oral sildenafil. Primary outcome was to compare the duration of inhaled ni-

tric oxide therapy between groups.

RESULTS: Demographic characteristics were similar between the groups. Combination therapy was as-

sociated with early weaning of inhaled nitric oxide (4.8±1.5 vs. 13.5±7.6 hours). The duration of inhaled

nitric oxide therapy was slightly shorter in combined therapy group (75[24-125] vs. 109[24-210] hours),

however, the difference was insignificant (p=0.2). The incidence of mortality and neonatal outcomes

were similar between the groups (p>0.05).

CONCLUSION: Combined therapy did not result in shorter duration of inhaled nitric oxide therapy.

Further well designed and larger studies that will elucidate the benefits of combination therapies and op-

timal therapy whereinhaled nitric oxide is not available are warranted.  
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Introduction

Persistent pulmonary hypertension of the newborn

(PPHN) is a potentially life-threatening condition which is as-

sociated with increased pulmonary vascular resistance, venti-

lation-perfusion mismatch, and right-to-left shunting resulting

in systemic hypoxia. The prevalence of PPHN has been esti-

mated at 1.9 per 1000 live births (1).

The primary goal of therapy is selective pulmonary va-

sodilatation. Nitric oxide (NO) is one of the selective pul-

monary vasodilators and synthesized from L-arginine by nitric

oxide synthase. Currently, the most common therapy in severe

PPHN is inhaled nitric oxide (iNO) which causes potent, se-

lective, sustained pulmonary vasodilatation (2-4). Despite a

favorable efficacy; outcomes for infants treated with iNO are

not universally helpful. Approximately 30-40 % of infants

treated with iNO do not respond (5). The reasons for poor re-

sponse to iNO are not well known, it may be related to en-

dothelial dysfunction, down-regulation of endogenous nitric

oxide, or multiple etiologies of PPHN. So that, no single treat-

ment is effective in all cases (6). 

Sildenafil, a phosphodiesterase type 5 inhibitor, is an agent

that has been shown to selectively reduce pulmonary vascular

resistance in both animal models and adult humans. It has also

been reported to be successful in the treatment of infants with

PPHN (7,8). Combination therapies are of considerable inter-

est for treatment which fails to respond to monotherapy.
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Although this approach has worked well in adults with pul-

monary hypertension (PAH), there are a few studies using

combination therapy in newborn infants with PPHN (9).

The objective of this study was to compare the effects of

combined therapy (sildenafil and iNO) versus monotherapy

with iNO in newborn infants with PPHN on neonatal mor-

bidities and mortality.

Material and Method
Study population
Newborn infants who were diagnosed with clinical signs

and symptoms of PPHN from December 2008 to December

2010 were retrospectively evaluated. Zekai Tahir Burak

Maternity Teaching Hospital, Neonatal Intensive Care Unit is

a tertiary and also reference center for iNO therapy. Therefore,

the outborn infants who have symptoms of neonatal Hypoxic

Respiratory Failure (nHRF) were transferred to our center.

Among these, infants with severe nHFR and clinical and/or

echocardiographic PPHN were included in this study.  Infants

who have severe asphyxia, congenital heart defect and con-

genital diaphragm hernia were excluded from the study. This

study was approved by the local ethics committee.

Patients were analyzed in two groups based on interven-

tion. Group I consisted of patients who were treated with iNO

monotherapy. Group II consisted of patients who were treated

with combined therapy (iNO and sildenafil). Birth weights (g),

gestational ages (week), gender, mode of delivery, being in-

born/outborn, age at the time of NICU admission (hour), type

of respiratory support required (before/after iNO), severity of

illness (by oxygenation index), length of stay in hospital (day)

were obtained from medical records and nurses’ bedside flow

sheet. Also, recognized maternal, prenatal, and postnatal risk

factors were recorded. Detail of the treatments included age at

iNO therapy (hours) commenced; time of weaning, duration

of iNO therapy was obtained from medical records. 

Definition and criteria of nHRF/PPHN
Neonatal hypoxic respiratory failure was defined as

Oxygenation Index (OI) greater than 25. OI is calculated as:

OI = [(FIO2 X Paw)/PaO2]x100 where Paw is mean airway

pressure.  

Infants manifesting hypoxemia that is disproportional to

the degree of parenchymal lung disease and also have a dif-

ference of 5% or more in pre-ductal and post-ductal SpO2 lev-

els were diagnosed as clinical PPHN. For definitive diagnosis

of PPHN two-dimensional color Doppler echocardiography

was performed with a GE Vivid 7Pro, 10S transducer (GE

Healthcare, Salt Lake City, Utah) by an experienced pediatric

cardiologist. Echocardiographic evidence of PPHN was de-

fined as an estimated peak systolic pulmonary-artery pressure

that was higher than 35 mm Hg as indicated by a tricuspid re-

gurgitated jet flow, a right-to-left shunt on ductus arteriosus or

a patent foramen ovale. 

Guideline of iNO Therapy and Delivery of Gas iNO gas

(Orya Med Ltd, Izmit, Turkey) was delivered from 1000-ppm

cylinder. NO was introduced into inhalation limb of the venti-

lator circuit close to the endotracheal tube with the iNO

Delivery System (iNO ventilator circuit, SLE Limited, UK),

thus mixing with gas in the ventilator circuit. NO and

Nitrogen dioxide (NO2) were measured with monitor SLE

3600 INOSYS (SLE Limited, UK). Initially iNO was admin-

istered at 20 ppm. Blood gases and methemoglobin levels

were checked three times per day during iNO treatment.

Response to the treatment was described as follow;

1. Positive response: An increase in pre-ductal SpO2

(> 92%) within 1 hour after commencement of iNO therapy 

2. Dependency of iNO: Clinical and/or laboratory deterio-

ration (increased FiO2 requirement >0.2 and/or decrease in

PaO2) during the weaning of iNO treatment, positive response

to the maintenance of iNO therapy 

Once the infant had a positive response, iNO weaning was

initiated when FiO2 has been weaned to <0.6. The dose was

decreased in decrements of 5 ppm as frequently as every 4

hours if the infant’s condition was stable or pre-ductal SpO2

was at least 92% and pre-post ductal SpO2 difference was less

than <5%. If the criteria were not met, the dose of iNO had

been maintained at 20 ppm for the following 24 hours and at

the end of the 24 hour, the patient was evaluated again for

weaning criteria. 

Sildenafil therapy
Infants who get sildenafil as a first line therapy due to un-

availability of iNO treatment and then transferred to our cen-

ter were evaluated. Infants who met the inclusion criteria and

received iNO treatment right after admission along with silde-

nafil were analyzed. Sildenafil was administered via a naso-

gastric tube at a dose of 1 mg/kg/day. After weaning from the

ventilator and iNO therapy, sildenafil was gradually decreased

and withheld over a week.

Outcomes
Our Primary outcome was the duration of iNO therapy in

both groups. Secondary outcomes were the mortality rates and

morbidities such as duration of hospitalization and supple-

mental oxygen dependency.

Statistical analysis
Statistical analyses were performed by using the SPSS

15.0 statistical package (SPSS; Chicago, III).  P< .05 was con-

sidered to indicate a significant difference. The results were

expressed as means of Standard Deviations (SD) for normally

distributed variables and as median and ranges for categorical

variables. We evaluated categorical values using the two-

tailed Chi-square and Fisher’s exact test (when the chi-square

test does not hold due to the use of low expected cell counts

compared to these proportions in different groups).
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Continuous variables were compared with two tailed t-test or

Kruskal-Wallis test. 

Results

During the study period, a total of 43 infants were diag-

nosed as nHRF/PPHN. Sixteen of them were excluded from

the study (10 of them were less than 34 weeks, 2 of them had

congenital heart disease, 4 of them had congenital diaphrag-

matic hernia). Only 23 neonates met the inclusion criteria. In

group I, 14 infants and in group II, 9 infants were analyzed.

The patient characteristics and major risk factors are listed

in table 1.  Except gender demographic characteristics were

similar in both groups. Male gender predominance was ob-

served in group II. Primary causes of PPHN and co-morbidi-

ties were listed in table 2.  The most common cause was meco-

nium aspiration syndrome in both groups. Comparison of oxy-

genation indices and MV support between groups are summa-

rized in table 3. Initial iNO administration time was signifi-

cantly longer in Group II in comparison with Group I (5.1±

8.2 vs. 21.3±36 h; p=0.01).

Table 1: Demographic characteristics of the groups

Characteristics iNO monotherapy (n=14) Combined therapy  (n=9) p

Maternal age (years) * 32.1 ± 4.4 29.6 ± 6.4 0.2

Vaginal birth (n, %) 9 (64) 3 (37.5) 0.4

Gestational age (weeks) * 38.2 ± 1.3 38.8 ± 1.4 0.8

Birth weight (g) * 2763 ± 672 2895±845 0.4

Gender, Male (n, %) 3 (21) 6 (75) 0.03

Apgar score † 

1 min 5 (1-7) 5 (2-7) 0.5

5 min 7 (4-9) 7 (4-9) 0.5

iNO administration time (h) 4 (1-13) 19 (6-36) 0.01

Surfactant administration (n,%) 9 (64.3) 5 (62.5) 0.9

*mean ± standard deviation †median (min-max), iNO: Inhaled nitric oxide, Combined therapy: iNO and sildenafil

Table 2: Primary diagnosis on NICU admission 

Primary diagnosis iNO monotherapy (n=14) Combined therapy (n=9)

Meconium aspiration syndrome (n, %) 5 (35.7) 3 (33.3)

Perinatal asphyxia (n, %) 4 (28.5) 2 (22.2)

Respiratory distress syndrome (n, %) 1 (7.1) 3 (33.3)

Pneumonia (n, %) 3 (21.4) 1 (11.1)

Idiopathic pulmonary hypertension (n, %) 1 (7.1) 0

iNO: Inhaled nitric oxide, Combined therapy: iNO and sildenafil

Table 3: Comparison of oxygenation indices and mechanical ventilation support between groups

iNO monotherapy (14) Combined therapy (9) p value

Type of MV support before iNO therapy-n (%)

• High-frequency oscillation 5 (35.7) 1 (12.5) 0.12

• Conventional mechanical ventilation 9 (64.2) 7 (87.5) 0.37

Type of MV support after iNOtherapy-n (%)

• High-frequency oscillation 8 (57.1) 7 (87.5) 0.76

• Conventional mechanical ventilation 6 (42.8) 1 (12.5) 0.17

Blood gases values on NICU admission

pH * 7.21 ± 0.1 7.05 ± 0.25 0.06

pCO2 (mmHg) * 62.5 ± 23 67.7 ± 22 0.62

pO2 (mmHg) * 34.4 ± 11.1 38.4 ± 13.0 0.48

OI1 * 44.9 ± 21.3 40.2 ± 21.3 0.66

OI2 * 25.7±5.6 23.2±4.5 0.78

*mean ± standard deviation, iNO: Inhaled nitric oxide, Combined therapy: iNO and sildenafil, OI: Oxygenation Index, pCO2: Partial carbon dioxide
pressure, pO2: Partial oxygen pressure, OI1: Obtained right before administration of iNO, OI2: Obtained at the second hour of iNO treatment
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Combined therapy with sildenafil was significantly associ-

ated with earlier (4.6±1.5 vs. 13.6±7.5 h; p=0.01) and suc-

cessful weaning of iNO treatment. Overall duration of iNO

therapy was shorter in combined group [75 (24-125) vs 109

(24-210) h]. However, this difference was statistically in-

significant (Table 4). The rate of mortality and morbidities

(length of stay in hospital, discharge home with oxygen ther-

apy) were similar between the groups (Table 4).

Discussion

The safety and efficacy of iNO for PPHN have been par-

ticularly well studied through large placebo-controlled trials

(11-14). Despite efficacy and safety of iNO therapy, respond

to the treatment is not unique since PPHN occurs in associa-

tion with a diverse group of neonatal respiratory illnesses. In

this retrospective cohort of infants with PPHN the most com-

mon cause was meconium aspiration syndrome in both com-

bined and monotherapy groups and the other causes were dis-

tributed evenly in both groups. 

Based on the multiple etiologies of PPHN, no single ther-

apy is effective in all cases. Current novel and experimental

therapies include alternative means of delivering NO,

prostanoids, endothelin receptor antagonists, antioxidant ther-

apy, and PDE-5 inhibitors etc. (15). Among the mentioned

therapies both oral and intravenous sildenafil, a PDE-5 in-

hibitor, have been studied in term and late preterm neonates

with PPHN and found to improve oxygenation and survival.

Furthermore, our results supported that combined therapy also

reduces the overall duration of the treatment and provides

faster weaning from iNO.  Mortality rates were lower in com-

bined therapy group (22%) when compared with monotherapy

(50%) even the combined therapy group were outborn patients

who required transportation to get iNO treatment. This out-

come did not reach to a statistically significance possibly due

to low sample size.  

Although our study was retrospective trial, this study

showed that the duration of iNO therapy was significantly

shorter in sildenafil and iNO combination therapy group. Also,

combined therapy with sildenafil was associated with early

weaning of iNO and a reduction in need for iNO therapy when

compared to iNO monotherapy. This improvement may be ex-

plained as that different drugs or therapies fix the different

mechanisms which are responsible for the pathogenesis of

PPHN, such as heart failure, maldevelopment, or vascular re-

modeling. However, data about prophylactic administration of

sildenafil and combination therapies in newborn infants are

very limited. A multicenter, randomized clinical trial is re-

quired to test the efficacy of sildenafil in iNO-resistant PPHN.

Namachivayam et al. (16) demonstrated that single dose of

oral sildenafil is effectively protected patients from rebound

pulmonary hypertension who are on iNO therapy, in a

prospective, randomized, controlled study. Similarly, to our

results Lee et al. (17) reported that the use of oral sildenafil fa-

cilitates weaning from iNO therapy. Shah et al. (18) conducted

a Cochrane meta-analysis and reported that Sildenafil in the

treatment of PPHN has significant potential especially in re-

source limited settings. However, a large scale randomized

trial comparing sildenafil with the currently used vasodilator,

inhaled nitric oxide, is needed to assess efficacy and safety. 

In an analysis of a small population of neonates with

PPHN it is reported that, apart from different underlying

pathological conditions, time of beginning of iNO therapy is a

strong predictor of outcome (19). As iNO is not available in all

neonatal units yet, it is of great interest to identify alternative

therapies that could be used immediately after the diagnosis of

PPHN, or even in the presence of a strong clinical suspicion,

before the arrival of the baby to the referral center. In our

study outcomes were comparable in inborn and outborn pa-

tients despite the combined therapy group received iNO sig-

nificantly later that supports the idea that patients should get

alternative therapies before transportation. 

The main limitations of this study was its retrospective de-

sign and small sample size. Moreover, sildenafil was used in

an off-label manner (po) in this study due to lack of iv form of

Table 4: Comparison of neonatal mortality and morbidities between groups

Outcome iNO monotherapy Combined therapy p
(14) (9) values

Death

• during iNO treatment n(%) 5 (35.7) 1 (11.1) 0.4

• overall n( %) 7 (50) 2 (22) 0.6

Lenght of stay in hospital for survivors (days) * 20.3±6.8 20.2±16.3 0.6

Pulmonary outcome in survivors

• Discharge with supplemental oxygen, n(%) 0 1 (11.1) 0.5

• Discharge with no intervention, n (%) 7 (50) 6 (66.6) 0.8

Time of weaning from iNO therapy, (h) * 13.6±7.5 4.6±1.5 0.01

Duration of iNO therapy for survivors,  (h) median 109 (24-210) 75 (24-125) 0.2

*mean ± standard deviation, iNO: Inhaled nitric oxide, Combined therapy: iNO and sildenafil
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the drug. Sildenafil was not started simultaneously with iNO

in the combined therapy group and the time gap between two

therapies is heterogeneous in patients included. Results of

these study should be evaluated carefully regarding all these

limitations. 

Our results suggest that combination therapy (with silde-

nafil and iNO) could be more effective to reduce iNO wean-

ing time but has no effect on the overall duration of iNO ther-

apy that is relatively expensive. These results need to be con-

firmed with further large, prospective well-designed trials

comparing drug dosages, time of onset, rank of onset, and

safety of drug-drug interaction.     
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