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INTRODUCTION

Persistent pulmonary hypertension of the newborn (PPHN) 
is a serious neonatal illness, which in the past was 
associated with high mortality and morbidity. It results 
from failure of the neonate to make a postnatal transition 
from a high resistance fetal pulmonary circulatory state to 
a low resistance pulmonary circulation.[1] This increased 
pulmonary vascular resistance and decreased pulmonary 
blood flow prevents adequate gas exchange in the lungs 
resulting in severe respiratory distress and hypoxemia in 
the neonate.[2] Data suggested that PPHN occurs in 1-2 
infants/1000 live births.[3] The affected newborn usually 
term or late-preterm infant was not associated congenital 
anomalies and develop within hours after birth with 
severe respiratory distress that requires the mechanical 
ventilation.[4,5] The mortality rate about 10-20% of 
affected infants despite of treatments such as nitric oxide, 
extracorporeal membrane oxygenation  (ECMO) and 
advanced modes of mechanical ventilation.[6] In addition, 
infants who survive PPHN at increased risks for long-term 
sequelae including chronic lung disease, seizures, and 
neurological developmental problems as a result of 
hypoxemia and/or the aggressive treatments that PPHN 
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often requires.[7,8] The main goals of treatment of PPHN 
are to decrease pulmonary vascular resistance and increase 
pulmonary blood flow. This is carried out by correcting 
the underlying disease, good supportive care, and selective 
pulmonary vasodilators such as inhaled nitric oxide (iNO), 
Magnesium sulphate (MgSO4) and Oral sildenafil.[9]

The aim of this study was to estimate the incidence of PPHN 
at NICU of Al-Minya university pediatric hospital, to identify 
the risk factors and to assess the outcome of these cases.
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ABSTRACT

Background: Persistent pulmonary hypertension of the newborn (PPHN) result from the failure of the normal fetal-to-neonatal circulatory 
transition is associated with substantial infant mortality and morbidity. Objective: To estimate the possible risk factors and assess the outcome 
of these cases. Materials and Methods: Prospective study was performed enrolling all full-term and post-term newborn admitted to the NICU  
from January 2009 to April 2012, All neonates were subjected to complete history and physical examination, laboratory data including a complete 
blood count, arterial blood gases, blood glucose, serum electrolytes, and blood culture to exclude sepsis. Cases with PPHN had a continuous 
pulse oximeter, blood pressure and electrocardiography monitoring. Chest X-ray and echocardiogarphy were carried out to verify shunt and 
exclude structural congenital heart disease. Results: Out of the studied 640 infants, 32 infants (5%) developed PPHN, Meconium aspiration, 
birth asphyxia, hyaline membrane diseases, neonatal septicemia, post-term birth being large for gestational age, cesarean section, maternal 
overweight, and diabetes mellitus were associated with an elevated risk for PPHN. All neonates treated with O2, 10 neonates with Mg sulphate, 
16 with oral sildenafil and 12 with mechanical ventilation. After 6 months follow-up, 12 (37.54%) improved and followed-up without sequelae, 
4 (12.5%) developed some neurodevelopmental impairment, 8 (25%) died, 3 (9.3%) developed chronic lungs diseases, 2 (6.2%) developed 
hearing defects and another 3 (9.3%) missed follow-up. Conclusion: PPHN was found in 5% of the studied population. Meconium aspiration, 
birth asphyxia, neonatal septicemia, post-term were associated with an elevated risk for PPHN. As this is a unit based study, a comprehensive 
countrywide survey on PPHN in Egypt is recommended to determine any regional differences in disease incidence.
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MATERIALS AND METHODS

This data were prospectively collected from NICU of 
Al-Minya University Hospital (a tertiary referral hospital) in 
cooperation between the Departments of Neonatology and 
cardiology. A total of 640 neonates greater than 36 weeks 
of gestation and admitted to the NICU, from January 2009 
to April 2012 were studied a written informed consent 
was obtained from the legal guardians of each patient the 
study was approved by the scientific ethical committee 
of Al-minya university hospital. Patients with a major 
congenital anomalies, congenital diaphragmatic hernia, 
congenital heart disease and pre-term were excluded.

Study protocol
All neonates in the study were subjected to complete history, 
and the physical examination was performed and blood 
drawn to obtain the baseline laboratory data including a 
complete blood count, arterial blood gases, blood glucose, 
serum electrolytes and blood culture to exclude sepsis. All 
patients had a continuous pulse oximeter, blood pressure 
and electrocardiography monitoring. Chest X-ray and 
echocardiogarphy were carried out to verify shunt and 
exclude structural congenital heart disease.

Medications and protocols for managements
A neonate with acidosis was given sodium bicarbonate slow 
bolus infusion: 2-3 mEq/kg IV for neonates with acidosis 
and guided by improvement of arterial blood gases. Drugs 
that decrease pulmonary vascular resistance and increase 
pulmonary blood flow were given for selected neonates 
1st  group  (16 neonates) was given Oral Sildenafil citrate 
1  mg/kg every 6 h and the dose could be doubled if the 
oxygenation did not improve and blood pressure remained 
stable and the treatment was discontinued if there was no 
significant change in oxygenation after 36 h, or patient has 
received eight doses. This strategy according to previous 
study[10] and 2nd  group  (10 neonates) was given MgSO4, a 
loading dose of 250 mg/kg of MgSO4 IV over 10-15 min. 
a clinical response is obtained once the serum magnesium 
level exceeds 3-5 mmol/L give between 20 and 75 mg/kg/h 
for 2-5  days while maintaining a blood level of between 
(3.5 and 5.5 mmol/L).[11] Mechanical ventilation was used 
in 12 neonates with extreme acidosis (pH<7.10) resistance 
to treatment, severe neonatal pneumonia, and massive lung 
collapse.[12] Other drugs; anti-infective, positive inotropic 
drugs (dopamine), sedatives and skeletal muscle relaxants 
according to the clinical condition of the infant.

Follow-up of these neonates for 6 months for evaluation of 
neurological injury by performing complete neurological 
examination by a pediatric neurologist and in some of them 
by doing cranial ultrasound, electroencephalography, brain 
computed tomography and or magnetic resonance imaging 

hearing test and fundus examination were also performed 
for neonates suspected with complications.

RESULTS

The study population included 640 neonates during the 
duration from January 2009 to April 2012. Only 32  (5%) 
were diagnosed as PPHN. It was higher for those who 
were born by cesarean section, male, post-term, large for 
gestational age, meconium stained amniotic fluid, perinatal 
asphyxia, sepsis, hyaline membrane disease, pneumonia, 
and down-syndrome. Maternal diseases including, diabetes 
mellitus, hypertension, and anemia [Tables 1 and 2].

Table 3, showed the different therapeutic modalities, which 
were available in NICU units for management of PPHN 
included oxygen administration to all neonates for short 
duration (6-9  days). Oral sildenafil was administered to 
16 neonates with PPHN and the outcome was satisfactory 
and there was a significant difference between responsive 
(10 cases) and unresponsive neonates (6 cases); (P = 0.001) 

Table 1: Demographic and clinical data of cases with 
PPHN
Datum Number 32 %

Gestational age

Full term 22 68.7

Post-term 10 32.3

Gender

Male 18 56.25

Female 14 43.75

Mode of delivery

Vaginal 12 37.4

CS 20 64.6

Birth weight

AGA 13 40.6

LGA 15 46.9

SGA 4 12.5

Age of presentation

At birth 7 21.8

Within 3 days after birth 20 64.6

>3 days after birth 5 15.6

Respiratory distress

Mild 5 15.6

Moderate 18 56.25

Severe 9 28.15

Cardiomegaly 10 32.3

Cyanosis 24 74.8

Hepatomegaly 12 37.4

Hypothermia 8 25

Hypoglycemia 10 32.3

Hypocalcaemia 8 25

Sepsis 21 65.6

PPHN – Persistent pulmonary hypertension of the newborn; CS – Cesarean section; AGA – 
Appropriate for gestational age; LGA – Large for gestational age; SGA – Small for gestational age



Mohsen and Amin: Risk factors and outcomes of persistent pulmonary hypertension of the newborn

80 Journal of Clinical Neonatology | Vol. 2 | Issue 2 | April-June 2013

[Table 4]. Infusion of magnesium sulfate was administered 
to 10 neonates with PPHN the outcome was satisfactory 
and there was a significant difference between responsive 
and unresponsive neonates. We did not give any neonate 
the two agents simultaneously. 12  (37.5%) neonates with 
extreme acidosis (pH<7.10) resistance to treatment, severe 
neonatal pneumonia, and massive lung collapse were treated 
by mechanical ventilation. 8 neonates (25%) were died from 
respiratory failure.

The outcome of the neonates with PPHN was mentioned 
in  [Table  5], it showed that after 6  months of closed 
follow-up, 12 neonates (37.54%) improved without sequelae, 
4 neonates  (12.5%) developed some neurodevelopmental 
impairment, 3 neonates  (9.3%) developed chronic lungs 
diseases, 2 neonates (6.2%) developed hearing (deficits) and 
another 3 neonates (9.3%) missed follow-up.

DISCUSSION

Persistence of pulmonary hypertension leading to 
respiratory failure in the neonate has been recognized 
for 40  years since its original description by Gersony 
et al. in 1969.[13] The mortality rate of infants with PPHN 
was estimated to be around 10-20% even with the use of 
high-frequency ventilation, surfactant, iNO, and ECMO 
but is much higher when these therapies are not available.[14]

A total of 32 neonates  (18  male and 14  females) were 
diagnosed as having persistent neonatal pulmonary 
hypertension prospectively evaluated.

PPHN represented nearly 5%  (32/640  cases) of total 
neonatal care units’ admissions and it was considered the 
sixth leading cause of death in our NICU units in year 
2010. The diagnosis of our cases depends on high clinical 
suspicion, echocardiography, and pulse oximetry and blood 
gas analysis. The most common cause of PPHN in this study 
was mainly meconium aspiration syndrome, representing 
50% of PPHN in this series.[15] Meconium cause mechanical 
obstruction to the airways, resulting in air trapping, 
hyperinflation, and increased risk for pneumothorax. 
Meconium components also inactivate surfactant,[16] trigger 
an inflammatory response with the release of cytokines, and 
increase the production of the vasoconstrictors endothelin 
and thromboxane.[17]

The second cause of PPHN in this study was congenital 
pneumonia and sepsis. PPHN can be a complication of 
pneumonia or sepsis secondary to common neonatal 
pathogens.[18] Bacterial endotoxin causes pulmonary 
hypertension from several mechanisms, including 
the release of thromboxane, endothelin, and several 
cytokines.[19] In this study, PPHN occurred as a complication 
of hyaline membrane disease and transient tachypnea of 
the newborn in five cases  (16.6%) delivered by C-section. 
The increasing reactivity of pulmonary arteries at this 
gestation period predisposes these neonates to pulmonary 
hypertension when gas exchange is impaired because of 
surfactant deficiency.[20] Four cases  (12.5%) of PPHN of 
unknown etiology in this series were transient forms with 
a good outcome, suggesting transient maladaptation to 
extrauterine life. Down-syndrome[21] was diagnosed in 
12.5% of cases.

Table 2: Risk factors and causes of PPHN
Data Number 32 %

A-fetal

Meconium aspiration 16 50

Perinatal asphyxia 14 43.75

Hyaline membrane diseases 6 18.75

IDM 8 25

Pulmonary hypoplasia 1 3.1

Diaphragmatic hernia 3 9.3

Post-term 10 31.25

Atelectasis 9 28.25

Transient tachypnea of 
newborn

5 16.6

Pneumonias 10 31.25

Septicemia 14 43.75

Down syndrome 4 12.5

B-maternal

DM 8 25

Hypertension 11 34.7

Anemia 6 18.75

C-unknown 4 12.5

PPHN – Persistent pulmonary hypertension of the newborn; N-B some neonates had more 
than one risk factors

Table 3: Therapy used for treatment of newborns with 
PPHN
Therapy Number %

Anti infective 28 87.5

Cardiovascular 18 56.25

Muscle relaxant 12 37.5

Electrolytes 8 25

Blood transfusion 16 50

Gamma globulins 18 56.25

Oxygen therapy 32 100

<7 days 6 18.75

7-14 days 22 68.75

>14 days 4 12.5

Mechanical ventilation 12 37.5

<7 days 4 12.5

7-14 days 6 18.75

>14 days 2 6.2

Sodium bicarbonate 8 25

Magnesium sulphate 10 31.25

Oral sildenafil 16 50

PPHN – Persistent pulmonary hypertension of the newborn
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The majority of neonates were delivered by cesarean 
section  (62.5% of cases) due to prenatal problems in 
agreement with Previous studies had reported cesarean 
section delivery was associated with a high incidence of 
respiratory distress syndrome and PPHN.[22] Maternal 
diseases such as uncontrolled diabetes mellitus, 
hypertension, and anemia represented maternal risk 
factors in our neonates. Uncontrolled diabetes Mellitus 
associated is with high incidence of hyaline membrane 
disease, hypoglycemia, marcosmia, and fetal distress. This 
was in agreement with many previous studies that maternal 
diseases play a role in occurrence of PPHN especially DM, 
hypertension and maternal anemia.[23]

iNO has been one of the latest measures to successfully 
treat PPHN and significantly reduce the need for ECMO,[24] 
but both were not available in our NICU. Hence we used 
other modalities as pulmonary vasodilator drugs, which are 
available like oral Sildenafil and MgSO4 infusion.

MgSO4 was tried in 10  cases  (31.25%), 6  (60%) of cases 
showed improvement of PO2, decrease in total oxygen 
depending time, and infants survive without sequelae. Two 
expired as a sequalae of severe birth asphyxia and neonatal 
septicemia. We discontinued infusion in 2  cases due to 
hypotension and unresponsiveness to therapy, and shifted 
to mechanical ventilation. Previous studies by Abu-osba 
et al.[25] and Tolsa et al.[26] showed that intravenous MgSO4 
has been used extensively in developing countries for the 
treatment of PPHN. It is cheap and easily available and has 
a potential neuroprotective effect; its main disadvantage is 
that it can cause systemic hypotension.

Oral sildenatil was used in 16  cases  (50%) who 
were randomly selected, all of them were full-term 
with moderate respiratory distress syndrome, 10 of 

them  (62.5%) neonates showed improvement and 
6  (37.5%) cases discontinued medication due to 
unresponsiveness and shifted to another line of available 
therapeutic modalities. Baquero et  al.[10] stated that oral 
sildenafil was administered easily and was tolerated 
as well as placebo and improved oxygenation index 
in infants with severe PPHN, which suggests that oral 
sildenafil, may be effective in the treatment of PPHN and 
underscores the need for a large, controlled trial. Khorana 
et  al.[27] in a retrospective study concluded that results 
confirm that sildenafil may be a useful adjuvant therapy 
for term infants with pulmonary hypertension in centers 
lacking iNO and ECMO, Mechanical ventilation was 
performed in 12  (37.5%) neonates with PPHT, extreme 
acidosis  (pH<7.1) severe neonatal pneumonia, massive 
lung collapse, and whom unresponsiveness to other 
therapeutic modalities was recorded. 8  cases  (66, 7%) 
improved and gradually weaned from ventilation. Three 
of our cases were subjected to high-frequency oscillatory 
ventilation mode due to severe condition from the start 
and one of them after failure of other alternative therapy. 
All showed air leak as a complication and expired.

After meticulous follow-up  (6 months) of these neonates, 
the outcome was: 12 cases  (37.5%) improved and showed 
normal development and were followed-up in pediatric 
neurology, ophthalmology, otolaryngology clinics without 
sequelae 8  cases  (25%) died  (four of them from severe 
sequelae of birth asphyxia and myocardial failure, three 
from severe neonatal septicemia, one from massive air 
leak syndrome). Four cases  (12.5%) developed some 
neurodevelopmental impairment. three cases  (9.3%) 
developed chronic lung disease, two (6.2%) develop hearing 
defects and another 3 (9.3%) missed follow-up.

The mortality and morbidity rates in our neonate were 
high and may be attributed to late presentation, delayed 
diagnosis and unavailability of other highly effective 
therapeutic modalities such as iNO, ECMO and more 
recent vasodilators agents like tolazoline.

CONCLUSION

PPHN was diagnosed in 5% of the studied neonates in 
our NICU, Meconium aspiration, birth asphyxia, hyaline 
membrane diseases, neonatal septicemia, post-term, 
cesarean section, maternal hypertension, and diabetes 
mellitus were the most encountered risk factors for PPHN. 
MgSO4 and oral sildenafil were effective in treatment of 
PPHN. This study is limited by the fact of being a single 
center analysis, Prospective studies with the objective of 
evaluating the different therapies including a significant 
number of patients, will give much more information 
regarding therapeutic efficacy and survival.

Table 4: Comparison of improvement of cases received 
oral sildenafil and MgSO

4

Therapy Response (%) No response (%) P value

Oral sildenafil 16 cases 10 (62.5) 6 (37.5) 0.001**

Mg sulphate 10 cases 6 (60) 4 (40) 0.005**

**Highly significant; MgSO
4
 – Magnesium sulphate

Table 5: Outcome of the newborn after 6 months 
follow‑up
Data Number %

Improved 12 37.5

Chronic lung disease 3 9.3

Neurological defect 4 12.5

Hearing defects 2 6.25

Died 8 25

Missed follow-up 3 9.3
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