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ABSTRACT

Background: Management of persistent hypertension of the new-born (PPHN) varies widely
around the world. Therapeutic strategies used in management of PPHN in low-and middle-
income countries (LMIC) are not well reported. Secondly, the diagnoses associated with PPHN
and the survival rates of neonates with PPHN in LMIC is not well known.

Objective: To determine the underlying disease, management strategies and survival rate of
near-term and term neonates (birth weight >2000 grams) diagnosed with PPHN.

Methods: This was a retrospective review of clinical records of near-term and term neonates
who were admitted to Chris Hani Baragwanath Hospital (CHBAH), neonatal intensive care unit
(NICU) from January 2012 to December 2013 with a diagnosis of PPHN.

Results: A total of 1262 neonates were admitted to NICU, of which 470 weighed >2000 grams.
Fifty neonates were diagnosed with PPHN which was 4.0% of NICU admissions and 10.6% of
near-term or term neonates admitted to NICU. Meconium aspiration syndrome with (44%) and
without (42%) birth asphyxia was the most common underlying diagnosis associated with
PPHN. Management strategies used were fluid boluses (80%), inotropes (80%), alkalinisation
(68%), sildenafil (60%) and inhaled nitric oxide (6%). All-cause mortality rate was 36%. Non-
survivors were more likely to have required rescue high frequency oscillatory ventilation than
survivors (83.3% vs 25.0%, p<0.001)

Conclusion: PPHN accounts for about a tenth of near-term and term neonates requiring
mechanical ventilation and is associated with high mortality rate. MAS is the most common
underlying diagnosis in neonates with PPHN. Commonly used management strategies are fluids,
inotropes, alkalinization and sildenafil.
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Persistent pulmonary hypertension of newoorn (PPHN) is defined as failure of normal fall in
pulmonary vascular resistance (PVR) at or shortly after birth, leading to shunting of
deoxygenated blood into the systemic circulation across foramen ovale or ductus arteriosus.
Pulmonary vasoconstriction, vascular proliferation and remodelling contribute to elevated PVR
in PPHN." The incidence of PPHN is reported to be 0.43-6.8 per 1000 live births, with mortality
rate ranging between 4% and 33%."*! About 14%-46% of the survivors develop long-term
impairments such as hearing deficits, chronic lung disease, cerebral palsy and other
neurodevelopmental disabilities.” ¥

The aetiology of PPHN can be classified into three groups; abnormally constricted pulmonary
vasculature as a result of parenchymal diseases; hypoplastic pulmonary vasculature and

normal parenchyma with remodelled pulmonary vasculature.'” The common aetiologies of PPHN
are meconium aspiration syndrome, birth asphyxia, neonatal septicaemia and post-term delivery.
B3-571 Echocardiography is the gold standard for definite diagnoses of PPHN and also assist to
exclude congenital cyanotic cardiac disease.”” The suspicion of PPHN can also be confirmed by
measuring preductal and postductal arterial oxygenation. A difference in arterial partial pressure
of oxygen (Pa0,) of 20 mmHg or a difference in oxygen saturation of >10% between right arm

and lower limbs should be considered as suggestive of PPHN. Current therapies of PPHN
include mechanical ventilation, vasodilators and extracorporeal membrane oxygenation
(ECMO). Oral sildenafil has been used successfully to improve oxygenation in patients with
PPHN especially in resource limited setting where facilities like inhaled nitric oxide (iNO) and
ECMO are unavailable.""”'*! In low- and middle-income countries (LMIC) the availability iNO
and ECMO is limited due to high costs and limited availability of trained physicians.”™ The
neurodevelopmental and medical outcome among PPHN survivors treated with these advanced
therapies is the same as compared with those treated with conventional therapies."* '¥

The use of different therapeutic strategies in management of neonates with PPHN in low- and
middle-income countries (LMIC) is not well reported. Secondly the diagnoses associated with
PPHN and the survival rates of neonates with PPHN in facilities based in these countries is also
not well known. In this study we sought to determine underlying and/or associated diagnoses,
management strategies and survival rates of newly born infants diagnosed with PPHN admitted
to a public tertiary hospital from a LMIC.
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to a public tertiary hospital from a LMIC.

METHODS
Study design:

This study was a retrospective review of clinical records of neonates diagnosed with PPHN and
were admitted to a neonatal intensive care unit (NICU) of Chris Hani Baragwanath Academic
Hospital (CHBAH) from 1 January 2012 to December 2013.

Study population and setting:

CHBAH is a public tertiary hospital situated in Soweto, Johannesburg, South Africa. It is a major
referral center for clinics in the region and hospitals in the southern part of Gauteng. This
hospital conducts about 20,000 in-hospital births per year and caters for secondary or tertiary
level of healthcare care for about 8000 births conducted in the local community health centers or
midwifery obstetric units. A diagnosis of PPHN was based on the difference in pre and
postductal oxygen saturations of >10%. The study population included all neonates who were
considered to be near-term and term (weighing > 2000 grams at birth) who were admitted to
NICU at CHBAH with a diagnosis of PPHN. Neonates whose records could not be retrieved
were excluded from the study.

Data collection:

The NICU admission register was reviewed for names of all neonates who weighed >2000 grams
and had a diagnosis of PPHN recorded on admission or on discharge from NICU. Hospital
records of these neonates with a diagnosis of PPHN were retrieved and reviewed for maternal
and infant characteristics, underlying clinical diagnosis, management and outcomes at hospital
discharge. Data on maternal characteristics included maternal age, human immunodeficiency
status, presence of meconium staining of the amniotic fluid, place of birth, mode of delivery, and
data on infant characteristics included birth weight, sex, gestational age, management strategies
of PPHN and outcome at hospital discharge. All data were collected and entered into a structured
data capturing sheet.

Data analysis:

All collected data were captured into a Microsoft Excel spreadsheet. Data were checked for
incompleteness and inconsistencies and was analysed using the statistical software Stata/IC,
version 15.1. Continuous variables namely maternal age, birth weight, and gestational age were
checked for normality in distribution using histograms and the Shapiro-Wilk test and were
presented as means with standard deviations or medians with interquartile ranges. Comparisons



Data analysis:

All collected data were captured into a Microsoft Excel spreadsheet. Data were checked for
incompleteness and inconsistencies and was analysed using the statistical software Stata/IC,
version 15.1. Continuous variables namely maternal age, birth weight, and gestational age were
checked for normality in distribution using histograms and the Shapiro-Wilk test and were
presented as means with standard deviations or medians with interquartile ranges. Comparisons
of continuous variables between survivors and non-survivors were performed using Student t-
test. Categorical and dichotomous variables were presented as frequencies and percentages.
Comparison in categorical or dichotomous characteristics were performed using chi-square
Fisher exact test. Bivariate analysis was performed using logistic regression to assess factors
associated with the primary outcome, the mortality and was reported as odds ratios with 95%
confidence intervals. For all analyses, differences were considered to be statistically significant if
the p-value was <0.05.

Ethical consideration:

Permission to conduct this study was given by the hospital chief executive officer after the
protocol was reviewed by the hospital protocol review committee. Ethical approval to conduct
the study was given by the University of the Witwatersrand Human Research Ethics Committee.
Informed consent was not obtained from patients as this was a retrospective audit of records and
all data was kept confidential by the researcher.

RESULTS

A total of 1262 patients were admitted for mechanical ventilation in NICU at CHBAH from
January 2012 to December 2013. Those who had a birth weight >2000 grams were 470. A total
of 49 patients had diagnosis of PPHN recorded on admission and 1 recorded on discharge giving
a total of 50 patients (10.6% of admissions weighing >2000grams). All 50 patients had their
medical records retrieved (Figure 1). The median number of neonates admitted with PPHN per
month was two with interquartile ranges of one and three, with the highest number of admissions
per month being five patients, noted in July 2013 (Figure 2).

Figure 1: Flow chart of neonates admitted to neonatal intensive care unit with a diagnosis of persistent
pulmonary hypertension of the newborn.

Figure 2: Number of patients with persistent pulmonary hypertension of the newborn by admission month



Figure 2: Number of patients with persistent pulmonary hypertension of the newborn by admission month

Maternal and infant characteristics of infants with PPHN are presented on Table 1. The mean
maternal age was 28.4 (SD 5.75) years, 41.7% of mothers were HIV positive, 34.7% were
primigravida and 86% had meconium stained amniotic fluid. Forty-nine (98%) mothers had
complete records and one (2%) mother’s maternal age, parity, gestational age and mode of
delivery were unknown. Forty-seven (94%) of the 50 neonates had birth weight of > 2500 grams.
The mean gestational age at delivery was 39.6 +/- 1.6 weeks, with 43 (89%) of them being of
gestational age of 37 to 41 weeks and 4 (8.3%) were born at > 41 weeks’ gestational age.
Seventy one percent of patients had an Apgar score <7 at 5 minutes.

Table 1: Characteristics of neonates with persistent pulmonary hypertension of the newborn.

Characteristic n |(%)

Maternal Characteristic

Maternal age, in years (n = 49)

<20 3|6.1
20-34 10l 80
>35 6112.2

Human immunodeficiency virus status positive (n = 49)R041.7

Primigravida (n = 49) DOU1.7
Vaginal delivery (n = 49) 31163.3
Meconium stained amniotic fluid (n = 50) 13| 86

Infant Characteristics
Male sex (n = 50) D7| 54
Low birth weight (<2500 grams) (n = 50) 31 6

Gestational age (n = 48)

Preterm (<37 weeks) 1]2.1

Term 43189.6

Post-term 4183
Apgar score <7 at 1 min (n =49) 35[71.4

The underlying diagnoses were meconium aspiration syndrome (MAS) with birth asphyxia
(44%; n=22), MAS without birth asphyxia (42%; n=21), congenital pneumonia (10%; n=5), birth
asphyxia only (2%; n=1), and congenital diaphragmatic hernia (2%; n=1) (Table 2).
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Apgar score <7 at 1 min (n =49) 5[71.4

The underlying diagnoses were meconium aspiration syndrome (MAS) with birth asphyxia
(44%; n=22), MAS without birth asphyxia (42%; n=21), congenital pneumonia (10%; n=5), birth
asphyxia only (2%; n=1), and congenital diaphragmatic hernia (2%; n=1) (Table 2).

Table 2: Underlying diagnosis in neonates admitted to neonatal intensive care unit with a diagnosis of
persistent pulmonary hypertension of the newborn.

Diagnosis n|(%)

Meconium aspiration syndrome with asphyxia (22| 44
Meconium aspiration syndrome without asphyxial2 1| 42

Congenital pneumonia 5110
Asphyxia only 1] 2
Congenital diaphragmatic hernia 11 2

Management strategies included administration of normal saline bolus and use of inotropes in 40
neonates (80%), administration of sodium bicarbonate (alkalinisation) in 34 patients (68%) and
oral sildenafil in 30 (60%) patients (Table 3). Only 3 (6%) patients were recorded as having
received inhaled nitric oxide. All patients were managed with mechanical ventilation with 47
(94%) of them being started on conventional mechanical ventilation, and only 3 (6%) being
started directly on high frequency oscillator ventilation. Amongst the 47 who were started on
conventional mechanical ventilation, 20 (42.6%) were subsequently changed to high frequency
oscillator ventilation.

Table 3: Different interventions used in management of neonates with persistent pulmonary hypertension
of the newborn.

Intervention n|(%)
Number managed with fluid (normal saline) bolus 401 80
Number managed with inotropes 401 80
Number managed with sodium bicarbonate (alkalinization) 34 68

Number ventilated with conventional mechanical ventilator (CMV) only [27] 54
Number ventilated with CMV initial and subsequently changed to HFOV*20| 40
Number managed with sildenafil 30 60
Number managed with nitric Oxide 3] 6

* - HFOV- High frequency oscillatory ventilation

There were 18 patients who had died at hospital discharge, giving the all-cause mortality rate of
36%. In comparing the non-survivors to survivors, the only difference found was that there were
more patients who required to be changed to HFOV among the non-survivors than survivors
(62% vs 38%, p=0.001) (Table 4). There were no differences in maternal characteristics, infant
characteristics and diagnosis on admission.

Table 4: Comparison of characteristics, diagnosis and interventions used between non-survivors and
survivors in neonates with persistent pulmonary hypertension of the newborn.

Non-survivors, N=18Survivor, N = 32

VARIABLE n (%) n (%) P-value

Median maternal age, in years 27 30 0.499
Number with human immunodeficiency virus exposure 14 (77.8) 6 (18.8) 0.670
Primigravida 10 (55.6) 7 (21.9) 0.890
Vaginal delivery 18 (100) 13 (40.6) 0.325
Number with meconium stained amniotic fluid 16 (88.9) 27 (84.4) 0.660
Median Birth weight, in grams 3010 2900 0.705
Median gestational age, in weeks 40 40 0.603
Male sex 17 (94.4) 10 (31.3) 0.690
Meconium aspiration syndrome without asphyxia 10 (55.6) 12 (37.5) 0.321



INULIIUCL wildl nuliiall lllllllu[lUUUllUlCllUy viius CKPUDUIU 1= \77.0) VA 106.0) V.U /v
Primigravida 10 (55.6) 7(21.9) 0.890
Vaginal delivery 18 (100) 13 (40.6) 0.325
Number with meconium stained amniotic fluid 16 (88.9) 27 (84.4) 0.660
Median Birth weight, in grams 3010 2900 0.705
Median gestational age, in weeks 40 40 0.603
Male sex 17 (94.4) 10 (31.3) 0.690
Meconium aspiration syndrome without asphyxia 10 (55.6) 12 (37.5) 0.321
Meconium aspiration syndrome with asphyxia 6 (33.3) 16 (50) 0.254
Number given fluid (normal saline) bolus 15 (83.3) 25 (78.1) 0.815
Number given inotropes 16 (88.9) 24 (75.0) 0.251
Number given sodium bicarbonate 13 (72.2) 21 (65.6) 0.631
Number changed to high frequency oscillatory ventilation 15 (83.3) 8(25.0) 0.001
Sildenafil 11 (61.1) 19 (59.4) 0.715
Nitric oxide 2 (11.1) 1(3.1) 0.254
DISCUSSION

This retrospective study reviewed underlying diagnoses, modalities used in the management of
newborns with PPHN and their outcomes at hospital discharge in a resource limited setting. The
main findings in this study were that meconium aspiration syndrome with or without asphyxia
was the most common underlying diagnosis. The common management strategies used were
volume expanders, alkalinization and oral sildenafil. Only six percent of patients were managed
with inhaled nitric oxide. This is likely due to high costs of iNO. PPHN is associated with high
mortality, and neonates who are converted to high frequency ventilation are more likely to die.
Louis D et al and Velaphi et al reported that MAS as the underlying cause of PPHN is associated
with significant mortality."

Sixty percent of patients in this study were on sildenafil, suggesting that it is used as an
alternative to iNO. Inhaled nitric oxide is the first line treatment strategy for treating PPHN as it
is the local pulmonary vasodilator."® Inhaled NO improves oxygenation and reduces the need for
ECMO in patients with diverse causes of PPHN.!"*! In this study only six percent of patients were
on iNO, most likely due to unavailability of iNO. The alternate pulmonary vasodilators are
endothelin receptor antagonist such as bosetan, and phosphodiesterase-5 inhibitors such as
sildenafil and tadafil. Hussain, et al showed that oral sildenafil can be successfully used to
improve oxygenation patients with PPHN particularly in a resource limited setting where
facilities like iNO and ECMO are not available.""'Baquero et al demonstrated oxygen index
improvement within 6 to 30 hours in all infants receiving oral sildenafil and significant
improvement in oxygen saturation over time, different from the placebo group (p<0,05).!"%!
Mohsen et al used oral sildenafil in 16 cases (50%) that were randomly selected, 10 of them
(62,5%) showed improvement and 6 (37.5%) discontinued medication due to unresponsiveness
and shifted to other treatment modalities."*! Lastly Uslu S et al showed that the time to adequate
clinical response was significantly shorter in sildenafil group than intravenous magnesium
sulphate group.!'”

In the absence of iNO, supportive measures such as maintenance of adequate systemic blood
pressures, normothermia and correction of metabolic abnormalities such as metabolic acidosis
become an alternative.!"” An international survey done by Nakwan et al demostrated that
Dopamine was used as an initial inotropic agent, normal saline was the preferred initial fluid
resusitation for hypotension, sedation and analgesia were routinely used as well in the supportive
management of PPHN.® Gentle ventilating strategies with permissive hypercapnia are
recommended to ensure adequate lung expansion with limited barotrauma. All neonates were
ventilated, and 68% were managed with alkalization using sodium bicarbonate. Hyperventilation
and alkali infusion of sodium bicarbonate to maintain an alkaline pH were strategies previously
used but now considered outdated in high income countries. There are concerns of impaired
cerebral perfusion, sensorineural deafness with respiratory alkalosis and produces transient effect
of pulmonary dilatation and provides no short term or long-term benefits.* "

The limitations of the studv were that PPHN was diacsnhosed based on clinical nresentation of



recommended to ensure adequate lung expansion with limited barotrauma. All neonates were
ventilated, and 68% were managed with alkalization using sodium bicarbonate. Hyperventilation
and alkali infusion of sodium bicarbonate to maintain an alkaline pH were strategies previously
used but now considered outdated in high income countries. There are concerns of impaired
cerebral perfusion, sensorineural deafness with respiratory alkalosis and produces transient effect
of pulmonary dilatation and provides no short term or long-term benefits.* "

The limitations of the study were that PPHN was diagnosed based on clinical presentation of
differential oxygen saturation of >10%, rather than echocardiogram which could assist in
assessing severity of PPHN. The study design is cross-sectional and thus difficult to infer
causality in terms of the PPHN and mortality. Moreover, due to a small sample size, we could not
use multivariate analyses to explore possible confounding.

CONCLUSION

In conclusion, meconium aspiration syndrome with or without birth asphyxia was the most
common underlying cause of PPHN. Neonates with PPHN have high mortality. Oral sildenafil
appears to be used as an alternative pulmonary vasodilator in the absence of iNO.!"""*/ Future
studies need to enrol large numbers in order to determine predictors of mortality in neonates with
PPHN.
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Background

PPHN can be defined as failure of normal fall in pulmonary vascular resistance (PVR) at or
shortly after birth, leading to shunting of deoxygenated blood into systemic circulation across
foramen ovale or ductus arteriosus.' Incidence of PPHN is approximately 0.4-6.8/1000 live births
with estimated mortality of 10-20%.> PPHN primarily affects full-term and near-term neonates.

Fetal lung receives 5-10% of cardiac output due to high PVR. Shortly after birth PVR
decreases dramatically with resultant fall in pulmonary arterial pressure and an increase in
pulmonary blood flow.' Various factors like expansion of lungs, shear stress, increase in Pa02
and Ph, and decrease in PaC02, helps decrease PVR by stimulating the release of nitric oxide
(NO), prostacyclin (PGI2) and activating potassium channels.” Normal pulmonary tone is
regulated by complex interactions between vasodilators (NO, PGI2) and vasoconstrictors

(endothelin-1, throt Ventilated patients elial derived relaxing factor synthesized by
oxidation of L-argi (N=1262) thelial nitric oxide synthatase (eNOS) enzymes.’
At birth NO stimul ase (sGC) enzyme in vascular smooth muscle cells
which converts gyamostmremmpmospmare Ta Ty to cyclic guanosine monophosphate (cGMP).




pulmonary blood flow.' Various factors like expansion of lungs, shear stress, increase in Pa02
and Ph, and decrease in PaC02, helps decrease PVR by stimulating the release of nitric oxide
(NO), prostacyclin (PGI2) and activating potassium channels.” Normal pulmonary tone is
regulated by complex interactions between vasodilators (NO, PGI2) and vasoconstrictors

(endothelin-1, throj Ventilated patients elial derived relaxing factor synthesized by
oxidation of L-argi (N=1262) thelial nitric oxide synthatase (eNOS) enzymes.’
At birth NO stimul ase (sGC) enzyme in vascular smooth muscle cells
which converts gyamosmmetprpsprateta TNy to cyclic guanosine monophosphate (cGMP).
PGI2 is elr“)uféglt)nic acid metabolite forme cyclooxygenase and prostaglandin synthase
Birth weight < 2000 grams __PSCY__Birth weight >2000 grams__[uld— Unknown birth weight __Jascular smooth muscle
(N=776) ncr (N=470) en (N=16) MP). Both ¢cGMP and
[e s y calcium levels. These

cyclic nucleotides are deg and type 3 phosphodiesterase (PDE) respectively thus
limiting the duration offvasodilatatiod Sildenafil and milrinone inhibits PDE- 5 and PDE -3
jlatation.

Diagnosis qf PPHN apoording to Files retrieved with a diagnosis of
admission register. by thredPPHN but not reco_rded as such in thejiqtion: abnormal
(N=49) register. .
11y no (N=1) iced by hypoxia due to
obstrug ‘ome, respiratory distress
1 Pulmo ssive in-utero

J r 2 (=4
muscularization ofyascular beds in lungs with normal parenchyma due to intrauterine exposure
to drugs or congenitMgheart diseases. Prenatal exposure to NSAIDs increases the risk of PPHN

by inhibiting cy{" Total number of files for _td PH synthesis and prenatal constriction of ductus
arteriosus. Seled analysis ibitors (SSRIs) exposure during late pregnancy
increases PPHN (N=50) eceptor and Rho kinase activation mediated
pulmonary vasoj tic pulmonary vasculature: (congenital diaphragmatic

hernia, oligohydramnios) induces decrease in number and size of vessels.’
Pulmonary parenchymal diseases, including surfactant deficiency, pneumonia and meconium
aspiration syndrome are associated with increased risk of PPHN. Abnormalities of pulmonary
development contribute structurally to PPHN, either by pruning of the vascular tree, as occurs in
congenital diaphragmatic hernia and other forms of pulmonary parenchymal hypoplasia, or
malalignment of pulmonary arteries and veins, as seen in alveolar capillary dysplasia.® Sepsis of
bacterial or viral origin can initiate PPHN by suppressing the endogenous nitric oxide
production, endotoxin-mediated myocardial depression, and pulmonary vasoconstriction
associated with release of thromboxanes. Prolonged fetal stress and hypoxemia lead to
remodelling and abnormal muscularization of pulmonary arterioles.
Oxygen is a pulmonary vasodilator and should be initially administered in concentration to
maintain normal oxygen saturation in an attempt to reverse pulmonary vasoconstriction.
Maintain haemoglobin concentration between 15-16g/dl to preserve adequate tissue oxygenation.
Mechanical ventilation with permissive hypercapnia has demonstrated greater survival and
lower incidence of brochopulmonary dysplasia. Routine use of alkalosis should be avoided as it
decreases cerebral perfusion with resultant hearing loss and neurological disabilities among
survivors. Surfactant may be considered in patient with meconium aspiration syndrome and
hyaline membrane disease. Assisted ventilation in the form of conventional mechanical
ventilation or high frequency oscillatory ventilation when peak pressures of conventional
mechanical ventilation are 28-30cmH20. Patients on ventilator support should be sedated if they
breathe out of synchrony with the ventilator or if they become agitated as agitation may increase
right to left shunting, as well as catecholamine release resulting in worsening of pulmonary
vascular resistance. Inotropic support is also used to achieve systolic blood pressure of 50-
70mmHg and mean arterial pressures of 45-55 as pulmonary arterial pressure in patients with
PPHN is at or near normal to systemic pressures. Drugs or medication used to treat PPHN
include the use of oral sildenafil, and inhaled nitric oxide. Infants who fail to respond to medical
management with persistent oxygen index >40 and metabolic acidosis require treatment with
extracorporeal membrane oxygenation.’
The long-term outcome of infants with PPHN depends on the underlying conditions and
therapeutic interventions that were used. Neurodevelopmetal disabilities including cognitive
delay and hearing impairment can be seen in 6.4% of PPHN survivors hence long term medical
and neurodevelopmental follow up of these infants is warranted.® The mortality rate is about 10-
20% in patients affected with PPHN despite treatments such as nitric oxide, high frequency
oscillatory ventilator and extracorporeal membrane oxygenation.® This mortality rate is reported
from developed countries where all resources needed in management of infants with PPHN are
easily available. Secondly some of the conditions reported to be associated with PPHN like
Meconium Aspiration Syndrome (MAS) and Perinatal asphyxia are more common in developing
countries. Perinatal asphyxia refers to inadequate exchange of respiratory gases that occur during
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and neurodevelopmental follow up of these infants is warranted.® The mortality rate is about 10-
20% in patients affected with PPHN despite treatments such as nitric oxide, high frequency
oscillatory ventilator and extracorporeal membrane oxygenation.’ This mortality rate is reported
from developed countries where all resources needed in management of infants with PPHN are
easily available. Secondly some of the conditions reported to be associated with PPHN like
Meconium Aspiration Syndrome (MAS) and Perinatal asphyxia are more common in developing
countries. Perinatal asphyxia refers to inadequate exchange of respiratory gases that occur during
prepartum, following characteristics are essential in making a diagnosis of perinatal asphyxia:
umbilical cord arterial blood metabolic or mixed academia (ph <7.0), Apgar score of <5 at 10
minutes, encephalopathy and evidence of multi-organ dysfunction.” Patients with MAS and
Perinatal Asphyxia often need intensive care beds which are often limited. The proportion of
patients with MAS and or Perinatal Asphyxia who develop PPHN and their survival rate in areas
with limited resources is not known. Inhaled nitric oxide and extracorporeal membrane
oxygenation are unavailable in many South African centers. At CHBAH we see a significant
number of patients with MAS

Objectives
a. To determine the prevalence of PPHN in babies admitted for mechanical ventilation during the
neonatal period.
b. To determine the underlying diagnosis/conditions in patients who require mechanical
ventilation and develop PPHN.
c. To determine the modalities or strategies used in management of neonates with PPHN.
d. To determine the survival rate to NICU and hospital discharge of neonates diagnosed with
PPHN.
Methods
a. Study design
A retrospective audit of records of neonates who were admitted to CHBAH neonatal
intensive care unit from 1 January 2013 to 31 December 2013.
b. Sample population
I. Inclusion criteria
Neonates weighing >2000 grams at birth who were admitted to NICU
at Chris Hani Baragwanath academic hospital (CHBAH) with a
diagnosis of PPHN.
II. Exclusion criteria
Neonates whose records cannot be retrieved
c. Study procedure
Hospital records of infants weighing >2000 grams on admission to NICU will be
retrieved. Records of infants will be reviewed for written diagnoses of PPHN. Data
on maternal pregnancy and labour details, maternal and infant demographics, infant
clinical diagnoses, management of PPHN, survival rate to NICU discharge and
survival rate to hospital discharge
d. Data handling and collection
Data will be collected and entered into prepared data sheet. The data sheet will
capture clinical features and investigation done at presentation, conditions associated
with PPHN, clinical course, length of stay in neonatal intensive care unit and
complications.
e. Data analysis
Data will be entered into Microsoft excel spreadsheet and basic statistical analysis
will be performed using Microsoft excel. Descriptive statistical analysis using means,
median, percentages and standard deviation will be used for demographic data. A
Statistician will be consulted for further assistance.
f. Limitations
The study relies on data of existing records. Patient’s records that are incomplete
records will weaken the study.

Ethical consideration
A consent will not be obtained from parents as this is a retrospective audit of records.
The research protocol will be submitted to Postgraduate committee and Human
research ethical committee of Wits for approval. Patient personal information will be
kept confidential by the researcher.

g. Cost/ Funding
The costs will be covered by the investigator as there is no funding for this study.
Costs involved will be for stationery, printing, photocopying and binding.
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Data collection sheet
Maternal characteristics

Maternal age: Parity: Gestation: Booked: Yes/No
HIV: Pos/ Neg/ Unknown Drug usage: NSAIDS/SSRI/ none/ Not recorded
Meconium stained liquor: Yes/ No/ Not recorded

Risk factors for sepsis: PROM >18hours: Yes/ No

Fever (temperature >38): Yes/ No



Data collection sheet
Maternal characteristics
Maternal age:

HIV: Pos/ Neg/ Unknown

Meconium stained liquor:

Risk factors for sepsis:

Infant characteristics

Date of birth:

Sex: OFC:
Apgar: Imin

Date of admission:
NICU:

Died: Yes/No

Parity: Gestation: Booked: Yes/No
Drug usage: NSAIDS/SSRI/ none/ Not recorded
Yes/ No/ Not recorded
PROM >18hours: Yes/ No
Fever (temperature >38): Yes/ No
Tachycardia (pulse > 100): Yes/ No

Weight: Gestational age (dates/U/S or Ballard score):
Length:
Smin 10min 20min
Date of discharge: Length of stay in

If yes, state the date and cause of death:

Resuscitation at birth:

Diagnosis

Congenital pneumonia:
No

HMD: Yes/ No
Other diagnoses:

BMV: Yes/ No
Intubation for meconium: Yes/ No
Intubation for resuscitation: Yes: No
Chest compression: Yes/ No
Adrenaline: Yes/ No

Time to spontaneous breathing:

Yes/ No MAS: Yes/ No Birth asphyxia: Yes/

Sepsis: Yes/ No CDH: Yes/ No

Yes/ No if yes state the diagnoses:

Investigations done on admission to NICU

White cell count: Leucocytes: Platelets: CRP:

Positive blood culture on admission: Yes/ No, if yes state the organism

Echocardiography: Done/ not done; If done, state the findings:

Management

Fluid bolus within 24 hours of admission: Yes/ No

Total fluids: Day 1: Day?2:

Sodium bicarbonate: Yes/ No, if yes — bolus or infusion

Inotropes: Yes/ No

Sildenafil: Yes/No

Nitric oxide: Yes/ No

Mode of ventilation: NCPAP/ CMV/ HFOV

IfCMV: Highest PIP: Highest Fio2: Highest

rate:

If HFOV: Highest amplitude: Highest MAP: Low frequency:
Highest Fio2:
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ABSTRACT

Background: Management of persistent hypertension of the new-born (PPHN) varies widely
around the world. Therapeutic strategies used in management of PPHN in low-and middle-
income countries (LMIC) are not well reported. Secondly, the diagnoses associated with PPHN
and the survival rates of neonates with PPHN in LMIC is not well known.

Objective: To determine the underlying disease, management strategies and survival rate of
near-term and term neonates (birth weight >2000 grams) diagnosed with PPHN.

Methods: This was a retrospective review of clinical records of near-term and term neonates

who were admitted to Chris Hani Baragwanath Hospital (CHBAH), neonatal intensive care unit
(NICU) from January 2012 to December 2013 with a diagnosis of PPHN.

Results: A total of 1262 neonates were admitted to NICU, of which 470 weighed >2000 grams.
Fifty neonates were diagnosed with PPHN which was 4.0% of NICU admissions and 10.6% of
near-term or term neonates admitted to NICU. Meconium aspiration syndrome with (44%) and
without (42%) birth asphyxia was the most common underlying diagnosis associated with
PPHN. Management strategies used were fluid boluses (80%), inotropes (80%), alkalinisation
(68%), sildenafil (60%) and inhaled nitric oxide (6%). All-cause mortality rate was 36%. Non-
survivors were more likely to have required rescue high frequency oscillatory ventilation than
survivors (83.3% vs 25.0%, p<0.001)

Conclusion: PPHN accounts for about a tenth of near-term and term neonates requiring
mechanical ventilation and is associated with high mortality rate. MAS is the most common
underlying diagnosis in neonates with PPHN. Commonly used management strategies are fluids,
inotropes, alkalinization and sildenafil.

INTRODUCTION
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INTRODUCTION

Persistent pulmonary hypertension of newborn (PPHN) is defined as failure of normal fall in
pulmonary vascular resistance (PVR) at or shortly after birth, leading to shunting of
deoxygenated blood into the systemic circulation across foramen ovale or ductus arteriosus.
Pulmonary vasoconstriction, vascular proliferation and remodelling contribute to elevated PVR
in PPHN." The incidence of PPHN is reported to be 0.43-6.8 per 1000 live births, with mortality
rate ranging between 4% to 33%.!"* About 14%-46% of the survivors develop long-term
impairments such as hearing deficits, chronic lung disease, cerebral palsy and other
neurodevelopmental disabilities.” ¥

The aetiology of PPHN can be classified into three groups; abnormally constricted pulmonary
vasculature as a result of parenchymal diseases; hypoplastic pulmonary vasculature and

normal parenchyma with remodelled pulmonary vasculature.'” The common aetiologies of PPHN
are meconium aspiration syndrome, birth asphyxia, neonatal septicaemia and post-term delivery.
B3-371 Echocardiogram is the gold standard for definite diagnoses of PPHN and also assist to
exclude congenital cyanotic cardiac disease.” The diagnoses of PPHN can also be confirmed by
measuring preductal and postductal arterial oxygenation. A difference in arterial partial pressure
of oxygen (PaO,) of 20 mmHg or a difference in oxygen saturation of >10% between right arm

and lower limbs should be considered as suggestive of PPHN. Current therapies of PPHN
include mechanical ventilation, vasodilators and extracorporeal membrane oxygenator (ECMO).
Oral sildenafil has been used successfully to improve oxygenation in patients with PPHN
especially in resource limited setting where facilities like inhaled nitric oxide (iNO) and ECMO
are unavailable.!'”"” In low- and middle-income countries (LMIC) the availability iNO and
ECMO is limited due to high costs and limited availability of trained physicians.™ The
neurodevelopmental and medical outcome among PPHN survivors treated with these advanced
therapies is the same as compared with those treated with conventional therapies.' '¥

The use of different therapeutic strategies in management of neonates with PPHN in low- and
middle-income countries (LMIC) is not well reported. Secondly the diagnoses associated with
PPHN and the survival rates of neonates with PPHN in facilities based in these countries is also
not well known. In this study we sought to determine underlying and/or associated diagnoses,
management strategies and survival rates of newly born infants diagnosed with PPHN admitted
to a public tertiary hospital from a LMIC.

METHODS

This study was a retrospective review of clinical records of neonates diagnosed with PPHN and
were admitted to a neonatal intensive care unit (NICU) of Chris Hani Baragwanath Academic
Hospital (CHBAH) from 1 January 2012 to December 2013. CHBAH is a public tertiary hospital
situated in Soweto, Johannesburg, South Africa. It is a major referral center for clinics in the
region and hospitals in the southern part of Gauteng. This hospital conducts about 20,000 in-
hospital births per year and caters for secondary or tertiary level of healthcare care for about
8000 births conducted in the local community health centers or midwifery obstetric units. A
diagnosis of PPHN was based on the difference in pre and postductal oxygen saturations of
>10%. The study population included all neonates who were considered to be near-term and
term (weighing > 2000 grams at birth) who were admitted to NICU at CHBAH with a diagnosis
of PPHN. Neonates whose records could not be retrieved were excluded from the study.

The NICU admission register was reviewed for names of all neonates who weighed >2000 grams
and had a diagnosis of PPHN recorded on admission or on discharge from NICU. Hospital
records of these neonates with a diagnosis of PPHN were retrieved and reviewed for maternal
and infant characteristics, underlying clinical diagnosis, management and outcomes at hospital
discharge. Data on maternal characteristics included maternal age, human immunodeficiency
status, presence of meconium staining of the amniotic fluid, place of birth, mode of delivery, and
data on infant characteristics included birth weight, sex, gestational age, management strategies
of PPHN and outcome at hospital discharge. All data were collected and entered into a structured
data capturing sheet.



records of these neonates with a diagnosis of PPHN were retrieved and reviewed for maternal
and infant characteristics, underlying clinical diagnosis, management and outcomes at hospital
discharge. Data on maternal characteristics included maternal age, human immunodeficiency
status, presence of meconium staining of the amniotic fluid, place of birth, mode of delivery, and
data on infant characteristics included birth weight, sex, gestational age, management strategies
of PPHN and outcome at hospital discharge. All data were collected and entered into a structured
data capturing sheet.

All collected data were captured into a Microsoft Excel spreadsheet. Data were checked for
incompleteness and inconsistencies and was analysed using the statistical software Stata/IC,
version 15.1. Continuous variables namely maternal age, birth weight, and gestational age were
checked for normality in distribution using histograms and the Shapiro-Wilk test and were
presented as means with standard deviations or medians with interquartile ranges. Comparisons
of continuous variables between survivors and non-survivors were performed using Student t-
test. Categorical and dichotomous variables were presented as frequencies and percentages.
Comparison in categorical or dichotomous characteristics were performed using chi-square
Fisher exact test. Bivariate analysis was performed using logistic regression to assess factors
associated with the primary outcome, the mortality and was reported as odds ratios with 95%
confidence intervals. For all analyses, differences were considered to be statistically significant if
the p-value was <0.05.

Permission to conduct this study was given by the hospital chief executive officer after the
protocol was reviewed by the hospital protocol review committee. Ethical approval to conduct
the study was given by the University of the Witwatersrand Human Research Ethics Committee.
Informed consent was not obtained from patients as this was a retrospective audit of records and
all data was kept confidential by the researcher.

RESULTS

A total of 1262 patients were admitted for mechanical ventilation in NICU at CHBAH from
January 2012 to December 2013. Those who had a birth weight >2000 grams were 470. A total
of 49 patients had diagnosis of PPHN recorded on admission and 1 recorded on discharge giving
a total of 50 patients (10.6% of admissions weighing >2000grams). All 50 patients had their
medical records retrieved (Figure 1). The median number of neonates admitted with PPHN per
month was two with interquartile ranges of one and three, with the highest number of admissions
per month being five patients, noted in July 2013 (Figure 2).

Figure 1: Flow chart of neonates admitted to neonatal intensive care unit with a diagnosis of
persistent pulmonary hypertension of the newborn.

Figure 2: Number of neonates with persistent pulmonary hypertension of the newborn



Figure 2: Number of neonates with persistent pulmonary hypertension of the newborn

Maternal and infant characteristics of infants with PPHN are presented on Table 1. The mean
maternal age was 28.4 (SD 5.75) years, 41.7% of mothers were HIV positive, 34.7% were
primigravida and 86% had meconium stained amniotic fluid. Forty-seven (94%) of the 50
neonates had birth weight of > 2500 grams. The mean gestational age at delivery was 39.6 +/-
1.6 weeks, with 43 (89%) of them being of gestational age of 37 to 41 weeks and 4 (8.3%) were
born at > 41 weeks’ gestational age.

Table 1. Characteristics of neonates with persistent pulmonary hypertension of the newborn.
Characteristic Number|Percent

Maternal Characteristic
Maternal age, in years (n = 49)

<20 3 6.1

20-34 40 80

>35 6 12.2
Human immunodeficiency virus status positive (n =49) 20 41.7
Primigravida (n = 49) 20 41.7
Vaginal delivery (n = 49) 31 63.3
Meconium stained amniotic fluid (n = 50) 43 86
Infant Characteristics
Male sex (n = 50) 27 54
Low birth weight (<2500 grams) (n = 50) 3 6
Gestational age (n = 48)

Preterm (<37 weeks) 1 2.1

Term 43 89.6

Post-term 4 8.3
Apgar score <7 at 1 min (n = 49) 35 71.4

The underlying diagnoses were meconium aspiration syndrome (MAS) only (44%; n=22), MAS
with birth asphyxia (42%; n=21), congenital pneumonia (10%; n=5), birth asphyxia only (2%;
n=1), and congenital diaphragmatic hernia (2%; n=1) (Table 2).

Table 2. Underlying diagnosis in neonates admitted to neonatal intensive care unit with a
diagnosis of persistent pulmonary hypertension of the newborn.

Diagnosis Number{Percent
Meconium aspiration syndrome with asphyxia 22 44
Meconium aspiration syndrome without asphyxial 21 42
Congenital pneumonia 5 10
Asphyxia only 1 2
Congenital diaphragmatic hernia 1 2

Management strategies included administration of normal saline bolus and use of inotropes in 40
neonates (80%), administration of sodium bicarbonate (alkalinisation) in 34 patients (68%) and
oral sildenafil in 30 (60%) patients (Table 3). Only 3 (6%) patients were recorded as having
received inhaled nitric oxide. All patients were managed with mechanical ventilation with 47
(94%) of them being started on conventional mechanical ventilation, and only 3 (6%) being
started directly on high frequency oscillator ventilation. Amongst the 47 who were started on
conventional mechanical ventilation, 20 (42.6%) were subsequently changed to high frequency
oscillator ventilation.

Table 3. Different interventions used in manacement of neonates with nersistent nulmonarv



oral sildenafil in 30 (60%) patients (Table 3). Only 3 (6%) patients were recorded as having
received inhaled nitric oxide. All patients were managed with mechanical ventilation with 47
(94%) of them being started on conventional mechanical ventilation, and only 3 (6%) being
started directly on high frequency oscillator ventilation. Amongst the 47 who were started on
conventional mechanical ventilation, 20 (42.6%) were subsequently changed to high frequency
oscillator ventilation.

Table 3. Different interventions used in management of neonates with persistent pulmonary
hypertension of the newborn.

Intervention Number|Percent
Number managed with fluid (normal saline) bolus 40 80
Number managed with inotropes 40 80
Number managed with sodium bicarbonate (alkalinization) 34 68
Number ventilated with conventional mechanical ventilator (CMV) only 27 54
Number ventilated with CMV initial and subsequently changed to HFOV* 20 40
Number managed with sildenafil 30 60
Number managed with nitric Oxide 3 6

* - HFOV- High frequency oscillatory ventilation

There were 18 patients who had died at hospital discharge, giving the all-cause mortality rate of
36%. In comparing the non-survivors to survivors, the only difference found was that there were
more patients who required to be changed to HFOV among the non-survivors than survivors
(62% vs 38%, p=0.001) (Table 4). There were no differences in maternal characteristics, infant
characteristics and diagnosis on admission.

Table 4. Comparison of characteristics, diagnosis and interventions used between non-survivors
and survivors in neonates with persistent pulmonary hypertension of the newborn.

[Non-survivors [Survivors N
N=18 =32
Variable n (%) n (%) P-value
Median maternal age, in years 27 30 0.499
Number with human immunodeficiency virus exposure 14 (77.8) 6 (18.8) 0.67
Primigravida 10 (55.6) 7(21.9) 0.89
Vaginal delivery 18 (100) 13 (40.6) 0.325
Number with meconium stained amniotic fluid 16 (88.9) 27 (84.4) 0.66
Median Birth weight, in grams 3010 2900 0.705
Median gestational age, in weeks 40 40 0.603
Male sex 17 (94.4) 10 (31.3) 0.69
Meconium aspiration syndrome without asphyxia 10 (55.6) 12 (37.5) | 0.321
Meconium aspiration syndrome with asphyxia 6 (33.3) 16 (50) 0.254
Number given fluid (normal saline) bolus 15 (83.3) 25 (78.1) 0.815
Number given inotropes 16 (88.9) 24 (75.0) | 0.251
Number given sodium bicarbonate 13 (72.2) 21 (65.6) 0.631
Number changed to high frequency oscillatory ventilation| 15 (83.3) 8 (25.0) 0.001
Sildenafil 11 (61.1) 19 (59.4) [0.715
Nitric oxide 2 (11.1) 1(3.1) 0.254

DISCUSSION

This retrospective study reviewed underlying diagnoses, modalities used in the management of
newborns with PPHN and their outcomes at hospital discharge in a resource limited setting. The
main findings in this study were that meconium aspiration syndrome with or without asphyxia
was the most common underlying diagnosis, common management strategies used are volume
expanders, alkalinization and oral sildenafil. Only six percent of patients were managed with
inhaled nitric oxide. This is likely due to high costs of iNO and unavailability of trained
physicians. PPHN is associated with high mortality, and neonates who are converted to high
frequency ventilation are more likely to die. Louis D et a/ and Velaphi et a/ reported that MAS
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newborns with PPHN and their outcomes at hospital discharge in a resource limited setting. The
main findings in this study were that meconium aspiration syndrome with or without asphyxia
was the most common underlying diagnosis, common management strategies used are volume
expanders, alkalinization and oral sildenafil. Only six percent of patients were managed with
inhaled nitric oxide. This is likely due to high costs of iNO and unavailability of trained
physicians. PPHN is associated with high mortality, and neonates who are converted to high
frequency ventilation are more likely to die. Louis D et a/ and Velaphi et a/ reported that MAS
as the underlying cause of PPHN is associated with significant mortality."

Sixty percent of patients in this study were on sildenafil, suggesting that it is used as an
alternative to iNO. Inhaled nitric oxide is the first line treatment strategy for treating PPHN as it
is the local pulmonary vasodilator.”® Inhaled NO improves oxygenation and reduces the need for
ECMO in patients with diverse causes of PPHN.!"! In this study only six percent of patients were
on iNO, most likely due to unavailability of iNO. The alternate pulmonary vasodilators are
endothelin receptor antagonist such as bosetan, and phosphodiesterase-5 inhibitors such as
sildenafil and tadafil. Hussain, et al showed that oral sildenafil can be successfully used to
improve oxygenation patients with PPHN particularly in a resource limited setting where
facilities like iNO and ECMO are not available.""" Baquero et al demonstrated oxygen index
improvement within 6 to 30 hours in all infants receiving oral sildenafil and significant
improvement in oxygen saturation over time, different from the placebo group (p<0,05).!'"!
Mohsen et al used oral sildenafil in 16 cases (50%) that were randomly selected, 10 of them
(62,5%) showed improvement and 6 (37.5%) discontinued medication due to unresponsiveness
and shifted to another treatment modalities.!"* Lastly Uslu S et al showed that the time to
adequate clinical response was significantly shorter in sildenafil group than intravenous
magnesium sulphate group.!'”!

In the absence of iNO, supportive measures such as maintenance of adequate systemic blood
pressures, normothermia and correction of metabolic abnormalities such as metabolic acidosis
become an alternative.!"” An international survey done by Nakwan et al demostrated that
Dopamine was used as an initial inotropic agent, normal saline was the preferred initial fluid
resusitation for hypotension, sedation and analgesia were routinely used as well in the supportive
management of PPHN.® Gentle ventilating strategies with permissive hypercapnia are
recommended to ensure adequate lung expansion with limited barotrauma. All neonates were
ventilated, and 68% were managed with alkalization using sodium bicarbonate. Hyperventilation
and alkali infusion of sodium bicarbonate to maintain an alkaline pH were strategies previously
used but now considered outdated in high income countries. There are concerns of impaired
cerebral perfusion, sensorineural deafness with respiratory alkalosis and produces transient effect
of pulmonary dilatation and provides no short term or long-term benefits.* !

The strength of this study is that all patients were inborn and therefore all data on underlying
diagnosis and information on management strategies were complete. The limitations of the study
were that PPHN was diagnosed based on clinical presentation of differential oxygen saturation of
>10%, rather than echocardiogram which could assist in assessing severity of PPHN. The study
design is cross-sectional and thus difficult to infer causality in terms of the PPHN and mortality.
Moreover, due to a small sample size, we could not use multivariate analyses to explore possible
confounding.

CONCLUSION

In conclusion, meconium aspiration syndrome with or without birth asphyxia was the most
common underlying cause of PPHN. Neonates with PPHN have high mortality. Oral sildenafil
appears to be used as an alternative pulmonary vasodilator in the absence of iNO.!"""® Future
studies need to enrol large numbers in order to determine predictors of mortality in neonates with
PPHN.

REFERENCES



REFERENCES

1. Lakshminrusimha S, Mathew B, Leach CL. Pharmacologic strategies in neonatal
pulmonary hypertension other than nitric oxide. Semin Perinatol. 2016;40(3):160-173. Retrieved
from https://www.nchi.nlm.nih.gov/pubmed/26778236 doi:10.1053/j.semperi.2015.12.004

2. Teng RJ, Wu TJ. Persistent pulmonary hypertension of the newborn. J Formos Med
Assoc. 2013;112(4):177-184. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/23537863
doi:10.1016/j.jfma.2012.11.007

3. Abdel Mohsen AH, Amin AS. Risk factors and outcomes of persistent pulmonary
hypertension of the newborn in neonatal intensive care unit of Al-minya university hospital in
egypt. J Clin Neonatol. 2013;2(2):78-82. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/24049749 doi: 10.4103/2249-4847.116406

4. Lai MY, Chu SM, Lakshminrusimha S, et al. Beyond the inhaled nitric oxide in
persistent pulmonary hypertension of the newborn. Pediatr Neonatol. 2018;59(1):15-23.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/28923474
doi:10.1016/j.pedneo.2016.09.011

5. Louis D, Sundaram V, Mukhopadhyay K, et al. Predictors of mortality in neonates with
meconium aspiration syndrome. Indian Pediatr. 2014;51(8):637-640. Retrieved from
https://www.ncbinlm.nih.gov/pubmed/25128996 doi:10.1007/s13312-014-0466-0

6. Velaphi S, Van Kwawegen A. Meconium aspiration syndrome requiring assisted
ventilation: perspective in a setting with limited resources. J Perinatol. 2008;28 Suppl 3:536-42.
Retrieved from https://www.nchi.nlm.nih.gov/puhmed/19057609 doi:10.1038/jp.2008.155

7. Nair J, Lakshminrusimha S. Update on PPHN: mechanisms and treatment. Semin
Perinatol. 2014;38(2):78-91. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/24580763
doi:10.1053/j.semperi.2013.11.004

8. Nakwan N, Chaiwiriyawong P. An international survey on persistent pulmonary
hypertension of the newborn: A need for an evidence-based management. J Neonatal Perinatal
Med. 2016;9(3):243-250. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/27589551
doi:10.3233/NPM-16915133

0. Fraisse A, Geva T, Gaudart J, et al. Doppler echocardiographic predictors of outcome in
newborns with persistent pulmonary hypertension. Cardiol Young. 2004;14(3):277-283.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/15680021
doi:10.1017/S1047951104003051

10. Al Omar S, Salama H, Al Hail M, et al. Effect of early adjunctive use of oral sildenafil
and inhaled nitric oxide on the outcome of pulmonary hypertension in newborn infants. A
feasibility study. J Neonatal Perinatal Med. 2016;9(3):251-259. Retrieved from
https://www.nchi.nlm.nih.gov/pubmed/27589542 doi:10.3233/NPM-16161

11. Hussain AS, Ali R, Ahmed S, et al. Oral Sildenafil Use In Neonates With Persistent
Pulmonary Hypertension Of Newborn. J Ayub Med Coll Abbottabad. 2017;29(4):677-680.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/29331003

12. Uslu S, Kumtepe S, Bulbul A, et al. A comparison of magnesium sulphate and
sildenafil in the treatment of the newborns with persistent pulmonary hypertension: a randomized
controlled trial. J Trop Pediatr. 2011;57(4):245-250. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/20923790 doi:10.1093/tropej/fmq091

13. Ellington M, Jr., O'Reilly D, Allred EN, et al. Child health status, neurodevelopmental
outcome, and parental satisfaction in a randomized, controlled trial of nitric oxide for persistent
pulmonary hypertension of the newborn. Pediatrics. 2001;107(6):1351-1356. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/11389256 doi:10.1542/peds.107.6.1351

14. Lipkin PH, Davidson D, Spivak L, et al. Neurodevelopmental and medical outcomes
of persistent pulmonary hypertension in term newborns treated with nitric oxide. J Pediatr.
2002;140(3):306-310. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/11953727
doi:10.1067/mpd.2002.122730

15. Christou H, Van Marter LJ, Wessel DL, et al. Inhaled nitric oxide reduces the need for
extracorporeal membrane oxygenation in infants with persistent pulmonary hypertension of the
newborn. Crit Care Med. 2000;28(11):3722-3727. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/11098980 doi:10.1097/00003246-200011000-00031

16. Baquero H, Soliz A, Neira F, et al. Oral sildenafil in infants with persistent pulmonary
hvnertencion of the newhorn: a nilot randomized hlinded <tfitdyv Pediatrice 200G6-117(4N-1077-




2002;140(3):306-310. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/11953727
doi:10.1067/mpd.2002.122730

15. Christou H, Van Marter LJ, Wessel DL, et al. Inhaled nitric oxide reduces the need for
extracorporeal membrane oxygenation in infants with persistent pulmonary hypertension of the
newborn. Crit Care Med. 2000;28(11):3722-3727. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/11098980 doi:10.1097/00003246-200011000-00031

16. Baquero H, Soliz A, Neira F, et al. Oral sildenafil in infants with persistent pulmonary
hypertension of the newborn: a pilot randomized blinded study. Pediatrics. 2006;117(4):1077-
1083. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/16585301 doi:10.1542/peds.2005-
0523

17. Kelly LE, Ohlsson A, Shah PS. Sildenafil for pulmonary hypertension in neonates.
Cochrane Database Syst Rev. 2017;8:CD005494. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/28777888 doi:10.1002/14651858.CD005494 .pub4

18. Yaseen H, Darwich M, Hamdy H. Is sildenafil an effective therapy in the management
of persistent pulmonary hypertension? J Clin Neonatol. 2012;1(4):171-175. Retrieved from
https://www.ncbinlm.nih.gov/pubmed/24027721 doi:10.4103/2249-4847.105958

APPENDIX F: AUTHOR GUIDELINES FOR SOUTH AFRICAN JOURNAL OF CHILD
HEALTH

MANUSCRIPT PREPARATION
PREPARING AN ARTICLE FOR ANONYMOUS REVIEW

To ensure a fair and unbiased review process, all submissions are to include an anonymised version
of the manuscript. The exceptions to this requirement are Editorials, Correspondence, Book reviews
and Obituary submissions.

Submitting a manuscript that needs additional blinding can slow down your review process, so please
be sure to follow these simple guidelines as much as possible:

* An anonymous version should not contain any author, affiliation or particular institutional details that will
enable identification.

* Please remove title page, acknowledgements, contact details, funding grants to a named person, and
any running headers of author names.

* Mask self-citations by referring to your own work in third person.

General article format/layout

Submitted manuscripts that are not in the correct format specified in these guidelines will be
returned to the author(s) for correction prior to being sent for review, which will delay publication.

General:
* Manuscripts must be written in UK English (this includes spelling).

* The manuscript must be in Microsoft Word or RTF document format. Text must be 1.5 line spaced, in 12-

point Times New Roman font, and contain no unnecessary formatting (such as text in boxes). Pages
and lines should be numbered consecutively.

* Please make your article concise, even if it is below the word limit.
* Qualifications, full affiliation (department, school/faculty, institution, city, country) and contact details of
ALL authors must be provided in the manuscript and in the online submission process.

* Abbreviations should be spelt out when first used and thereafter used consistently, e.g. 'intravenous (1V)'
or 'Department of Health (DoH)'.

* Scientific measurements must be expressed in SI units except: blood pressure (mmHg) and
haemoglobin (g/dL).

¢ Litres is denoted with an uppercase L e.g. 'mL' for millilitres).

* Units should be preceded by a space (except for % and °C), e.g. '40 kg' and '20 cm' but '50%' and
'190C'.

* Please be sure to insert proper symbols e.g. p not u for micro, a not a for alpha, b not B for beta, etc.

* Numbers should be written as grouped per thousand-units, i.e. 4 000, 22 160.

* Quotes should be placed in single quotation marks: i.e. The respondent stated: '...'

* Round brackets (parentheses) should be used, as opposed to square brackets, which are reserved for
denoting concentrations or insertions in direct quotes.

If you wish material to be in a box, simply indicate this in the text. You may use the table format -
this is the only exception. Please DO NOT use fill, format lines and so on.

SAJCH is a Journal on child health, therefore for articles involving genetics, it is the responsibility of
authors to apply the following:

- Please ensure that all genes are in italics, and proteins/enzymes/hormones are not.

o Ernciira Flh=a+ sl Aarnac sra mracarmtad im Flha ~rArrary raca v TDED mAdF TAAED



* Round brackets (parentheses) should be used, as opposed to square brackets, which are reserved for
denoting concentrations or insertions in direct quotes.

If you wish material to be in a box, simply indicate this in the text. You may use the table format -
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These include case reports, side effects of drugs and brief or negative research findings.
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Tables

* Tables should be constructed carefully and simply for intelligible data representation. Unnecessarily
complicated tables are strongly discouraged.
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