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Persistent pulmonary hypertension of the newborn (PPHN) is 
a consequence of the failure of normal circulatory transition 
that occurs at birth, resulting in sustained elevated pulmonary 
arterial pressures with shunting of non-oxygenated blood across 
the ductus arteriosus (DA) and foramen ovale (FO). This further 
results in severe hypoxaemia, and it may eventually lead to life-
threatening circulatory failure.[1] The prevalence of PPHN differs 
geographically. It is lower than 1% in high-income countries,[2] 
whereas in low- and middle-income countries it ranges between 
1% and 5%.[3,4] The commonest aetiologies of PPHN are meconium 
aspiration syndrome (MAS), respiratory distress syndrome (RDS) 
and pneumonia.[4-8] There are various risk factors associated with 
PPHN such as term and post-term neonates,[3,5,7] male gender,[3,9,10] 
female gender,[2,7] caesarean section (CS) delivery,[3,4,9-11] intra-uterine 
growth restriction,[12] maternal diabetes[13] and low Apgar score.[7] 

Despite advances in the management of PPHN, which includes 
improving oxygenation by optimising lung volume by ventilatory 
techniques, surfactant and administering pulmonary vasodilator 
agents,[14-16] the morbidity and mortality associated with this 
condition remains a challenge, ranging from 20% to 50%.[3,4,8,17,18] 
In South Africa (SA), earlier studies reported PPHN mortality rate 
between 30% and 50%.[7,19,20] To the best of our knowledge after a 
thorough literature review, no study on the prevalence, mortality, 
and underlying causes of PPHN has been performed in this rural 

province of SA. Given the paucity of epidemiological information 
about PPHN in this region, this study was conducted with the aim 
to determine the prevalence and outcomes of PPHN at Mankweng 
Hospital, Limpopo Province, SA.

Method
This was a retrospective descriptive study based on a review of 
the medical records of neonates admitted to the neonatal unit of 
Mankweng Hospital, the only tertiary referral hospital with intensive 
care services in the Limpopo Province. The data for this study were 
collected over a 3-year period from January 2015 to December 2017. 
Ethics approval to conduct the study was obtained from the University 
of Limpopo Ethics Committee (ref.  no. TREC/137/2018: PG), and 
anonymity and confidentiality of personal patient information were 
protected by using allocated unique numbers. The neonatal unit is 
a 60-bed unit with 9 beds for intensive care, 9 beds for high care, a 
nursery with 30 beds, and 12 kangaroo-mother-care beds. The unit 
registers a total admission of 2 000 patients per annum.

A consecutive sample of neonates paired with their mothers was 
selected for the study. Data were collected using a data collection 
form designed for the study. The neonatal unit discharge register, 
which is updated daily, was used as the starting point to collate a list of 
neonates admitted during the study period, after which the relevant 
medical records were retrieved. Using the register and patient files, 
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the following data were collected: mode of 
delivery, gestational age (GA) at delivery, 
gender of the baby, date of birth, Apgar 
scores (at 1 and 5 minute/s), underlying risk 
factors of PPHN, treatment received and 
outcomes. The diagnosis of MAS was made 
on the basis of typical chest radiographic 
changes of a neonate born with meconium-
containing amniotic fluid, and pneumonia is 
diagnosed in a newborn by means of a chest 
radiograph and clinical signs of pneumonia. 
Statistical analyses were performed using 
the statistical programme STATA version 
10.0 (StataCorp., USA). Comparisons 
between survivors and non-survivors were 
performed using Fisher’s exact test and a 
p-value of ≤0.05 was considered significant.

Results
A total of 6 776 neonates were admitted to 
the neonatal unit during the 3-year period, 
of whom 0.76% (n=52) were diagnosed with 
PPHN. Of these, 98% (n=51) had complete 
information in their medical records and 
were included in the study for further analysis 
(Table 1). Slightly more than half (53%) were 
males, 59% were delivered by CS and 94% 
had a gestational age (GA) ≥37 weeks. An 
Apgar score of <6 at 1 minute and 5 minutes 
was seen in 39% and 14%, respectively. 

Fig. 1 illustrates the underlying risk factors 
present in neonates with PPHN. Nearly half 
(46%) of the neonates had MAS as the single 
underlying risk factor of PPHN, followed by 
congenital pneumonia and birth asphyxia 
accounting for 12% and 6% of the single risk 
factors, respectively. Some of the neonates 
had multiple underlying risk factors such as 
28% MAS and other diseases (i.e. 20% birth 
asphyxia; 6% congenital pneumonia and 
2% congenital pneumonia/birth asphyxia) 
and RDS and other conditions 6% 
(i.e. 2% congenital pneumonia; 2% birth 
asphyxia and 2% congenital pneumonia/
birth asphyxia). 

Nearly half (45%) of the neonates with 
PPHN did not survive. As shown in Table 
2, there was no statistically significant 
difference in the mortality rates of males 
and females. The difference in mortality 
risk among neonates delivered by CS was 
not statistically significant (p>0.05). There 
was a significant relationship between 
mortality risk of neonates with PPHN and 
GA (p<0.05). 

Regarding clinical intervention, 
mechanical ventilation was administered 
to 98% of the neonates with PPHN, 
whereas sildenafil was administered 
to 96% of the babies but there was no 

statistically significant difference between 
survivors and non-survivors in neonates 
who received mechanical ventilation and 
sildenafil (p>0.05). Inotropic support was 
administered to 59% of the neonates with 
PPHN, and a significantly higher proportion 
of non-survivors had been on inotropic 
support than survivors (83% v. 39%; p<0.05). 

Discussion
From this retrospective study, the prevalence 
of PPHN was found to be 0.76%, which 
is higher than the rate of 0.18% reported 
in the USA.[2] However, the prevalence 
rate found in our study is lower than the 
rates ranging from 1% to 5% reported in 
Portugal,[3] Egypt[4] and Cape Town, SA.[19] 
This PPHN prevalence in our study may 
possibly have been underestimated. This is 
because neonates who were admitted and 
demised before being initiated on treatment 
for PPHN would not have been included 
in this study. Moreover, referral bias of 
patients admitted to this facility may lead to 
inadequate representation of case prevalence 
in the study area. In our study, MAS was the 
leading risk factor for PPHN, accounting 
for nearly half (46%) of PPHN as a single 
aetiological factor, and in combination 
with other conditions in 28% of the cases. 
Previously, a number of studies have found 
that MAS is associated with an elevated risk 
for PPHN.[4-8] In contrast, one study in the 
USA found infection/sepsis as the most 
common cause of PPHN.[2] Other potential 
risk factors for PPHN in our study include 
congenital pneumonia, birth asphyxia and 
RDS, which is in agreement with previous 
studies.[5,7] 

There are various risk factors 
independently associated with PPHN. In 
the present study, the majority (94%) of 
the neonates were born after 37 weeks’ 
GA. This finding is consistent with studies 
which found that PPHN is considered a 
disease of term and post-term neonates.[3,5,7] 
Our findings concur with evidence from 
studies which reported slightly more (53%) 
male than (47%) females neonates with 
PPHN,[3,9,10] but differ from other studies, 
which found PPHN to be more prevalent 
among female neonates.[2,7] CS delivery 
was found to be the commonest mode of 
delivery in our study – similar to previous 
studies.[3,4,9-11] In contrast, Harerimana et  al.[7] 
reported vaginal delivery as the common 
mode of delivery in their study. In our study, 
only 14% of the neonates had a 5-minute 
Apgar score of <6, which is lower than 22% 
found in a study conducted at Charlotte 
Maxeke Johannesburg Academic Hospital in 
Gauteng Province, SA.[7]

Table 1. Demographic characteristics of neonates with PPHN (N=51)
n (%)

Sex
Male 27 (53)
Female 24 (47)

Mode of delivery
Vaginal 21 (41)
Caesarean 30 (59)

Gestational age (weeks)
<37 3 (6)
37 - 42 45 (88)
>42 3 (6)

Apgar score <6 at 1 minute 20 (39)
Apgar score <6 at 5 minutes 7 (14)

RDS

Congenital pneumonia and birth asphyxia

Birth asphyxia

Congenital pneumonia

MAS and others

MAS alone

0 5 10 15 20 25 30 35 40 45 50

Fig. 1. Distribution of underlying causes of PPHN (RDS = respiratory distress syndrome; 
PPHN = persistent pulmonary hypertension of the newborn; others = congenital pneumonia and birth 
asphyxia; MAS = meconium aspiration syndrome.)
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The management of PPHN remains a serious challenge, with a 
high mortality rate reported in low- and middle-income countries. 
Mortality rates directly or indirectly related to PPHN were found 
to be 25% in Egypt,[4] 29% in India,[8] 42% in Mexico[17] and 32% 
in Portugal.[3] A multicentre study conducted in Asian countries 
(Japan, Kuwait, India, Pakistan, Singapore, and Thailand) found 
a mortality rate of 20.6%.[18] In SA, several studies reported 
PPHN mortality rates ranging between 30% and 50%.[7,19,20] Our 
finding is consistent with these reports, as we found that nearly 
half (45%) of the neonates with PPHN did not survive. We also 
attempted to evaluate whether there was any difference between 
the survivors and non-survivors in relation to demographics and 
treatment modalities. In line with previous studies,[19] a need for 
inotropic therapy was associated with poor outcome. This is likely 
because in our study setting, neonates who received inotropes may 
already have had poor prognosis. Given resource limitations in 
our setting, several practical measures can be considered to reduce 
this high mortality. They include close antenatal monitoring and 
improved perinatal management of patients at risk, with improved 
neonatal resuscitation skills to reduce the incidence of meconium 
aspiration and birth asphyxia. The results of our study revealed 
higher mortality rates among neonates with lower GA similar to 
other studies.[7,18] A retrospective study conducted in a referral 
centre in India found that the mean Apgar score at 5 minutes was 
significantly less in non-survivors.[8] Similarly, in our study, the 
mortality rate was high in the neonates, with a 5-minute Apgar 
score of <6 but the result was not statistically significant. 

Study limitations
The above findings must be considered in the context of the 
following limitations. As with retrospective studies, any missing data 
from patient files affect the reliability of the data. There was some 
incompleteness of notes regarding the mothers’ pregnancy and data 
on the infants: maternal illness, resuscitation post delivery, postnatal 
age, duration of mechanical ventilation and whether the baby was 
in/out-born. Some of the cases could have been missed because the 
neonatal unit register was used as a starting point of data collection 
and some information might not have been entered. This might have 

under- or overestimated the prevalence of PPHN. Another limitation 
is that the study was based on results from a single centre and may 
not have been representative of a wider profile of PPHN. 

Conclusions
The prevalence of PPHN in Mankweng Hospital, a rural tertiary 
hospital in Limpopo Province, SA, is lower but the all-cause 
mortality rate is as high as those reported from other resource-
limited facilities. The commonest aetiology of PPHN is MAS as 
a single underlying risk factor, and in combination with other 
conditions. Early diagnosis and prompt treatment for PPHN is 
essential to avoid the need for inotropic therapy, because neonates 
who needed inotropic support were found to have high mortality. 
Future studies on this condition should involve multiple neonatal 
centres. 
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