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Background. Persistent pulmonary hypertension of the newborn (PPHN) is a clinical syndrome characterised by high pulmonary
pressures, low systemic pressures and severe hypoxaemia due to circulation transition failure after birth.

Objective. To determine the incidence of and describe the risk factors, infant characteristics and treatment strategies for PPHN at Charlotte
Maxeke Johannesburg Academic Hospital over the last 8 years.

Methods. This was a retrospective descriptive study. Patient records of neonates who had a discharge diagnosis of PPHN were reviewed
for the period from January 2006 to December 2013. Neonates PPHN diagnosis was based on clinical criteria and, where possible,
echocardiography. Neonates with a congenital cyanotic heart defect were excluded.

Results. A total of 81 neonates had a discharge diagnosis of PPHN, of whom 72 were included in the study. Of the 72 neonates, 37 (51.4%)
were female, 38 (52.8%) were born by vaginal delivery and 44 (61.1%) were inborn. The mean (standard deviation (SD)) birth weight
was 2.94 (0.69) kg while the mean (SD) gestational age was 38.2 (3.3) weeks. Meconium aspiration syndrome (MAS) was seen in 43
neonates (59.7%) and was the most common disease underlying PPHN. Of the 72 neonates, 67 (93.1%) required mechanical ventilation,
but only18.1% required high-frequency oscillatory ventilation. Magnesium sulphate and sildenafil were used in 12 (16.7%) and 9 neonates
(12.5%), respectively. Inhaled nitric oxide (iNO) and extracorporeal membrane oxygenation treatments were not available. Of the 72
neonates, 25 (34.7%) died. The need for inotropic support was associated with a poor outcome (p=0.01).

Conclusion. PPHN was uncommon in our unit, but its management proved challenging owing to the high mortality risk. The leading
cause of PPHN was MAS. Consideration should be given to introducing iNO, given that extracorporeal membrane oxygenation (ECMO)

treatment is expensive and labour intensive and probably not justified at this time.
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Persistent pulmonary hypertension of the newborn (PPHN) is a
clinical condition characterised by severe respiratory failure and
hypoxaemia." Its incidence is estimated at around 2 per 1 000 live
births worldwide and it is associated with a high morbidity and
mortality.”” Despite the progress in treating PPHN, it remains a
potentially fatal disease, especially in resource-limited settings.”
The reported overall mortality ranges from 4% to 33% in developed
countries™ and from 25% to 48% in developing countries.”*

In South Africa (SA), previous studies reported the incidence
of PPHN to be 1.1%, with a mortality rate of 31% at Tygerberg
Children’s Hospital” and 48% at Chris Hani Baragwanath Academic
Hospital.”? PPHN develops due to the failure of circulatory transition
at birth, causing the pulmonary artery pressure to remain higher
than systemic pressures.”’ A patent ductus arteriosus (PDA) or
the right-to-left shunting of blood through a patent foramen ovale
(PFO) results in severe hypoxaemia.'*""! PPHN usually affects term
or near-term newborns, although preterm neonatess can also be
affected.”

PPHN was initially known as persistent fetal circulation, but
was later renamed to the current form to better describe its
pathophysiology.""! PPHN is usually secondary to an underlying
pulmonary pathology, although primary or idiopathic PPHN also
occurs.™*"" Konduri et al.’ reported that meconium aspiration
syndrome (MAS) was the leading cause of PPHN (42%) in a
multicentre trial of inhaled nitric oxide (iNO), followed by idiopathic
PPHN (27%), respiratory distress syndrome (RDS) (17%), pneumonia

or sepsis (13%) and, less frequently, lung hypoplasia. Other potential
risk factors for PPHN include perinatal asphyxia, polycythaemia,
acidosis and hypothermia.”

PPHN is suspected when there is a considerable difference
between preductal and postductal oxygen saturation, in combination
with severe hypoxaemia that does not improve when the infant
is subjected to 100% supplemental oxygen. As it is difficult to
differentiate. PPHN from cyanotic congenital heart disease on
clinical grounds alone, echocardiography is usually required to
confirm a diagnosis of PPHN.!"”

The survival rate of neonates suffering from PPHN has been
improved by the use of high-frequency oscillatory ventilation
(HFOV), selective pulmonary vasodilators such as iNO and
phosphodiesterase inhibitors (sildenafil and milrinone), surfactant
and extracorporeal membrane oxygenation (ECMO)."*"! In
resource-limited facilities, sildenafil and magnesium sulphate have
been shown to be safe, effective pulmonary vasodilators for improving
oxygenation when iNO is not available."""” Adjuvant treatments
such as inotropic support, correction of metabolic disturbances and
minimal handling also have invaluable roles in the management
of these neonates."""”’ Alkalinisation by hyperventilation has been
abandoned because of consequent neurological complications and
the increased risk of chronic lung disease."""”! The current mainstay
of PPHN treatment when conventional ventilatory support alone
fails, consists of a combination of HFOV and administering iNO.
This combination treatment has been shown to reduce the need
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for ECMO more effectively than when either of them is used
separately."®"”) However, the treatment does not reduce duration of
hospitalisation or the mortality risk”” and there are still unresolved
debates and controversies regarding the appropriate time of initiation
and the optimal dose of iNO."”

ECMO is used as a rescue therapy for neonates in respiratory
failure and who are unresponsive to other therapies.”**" Although it
is an expensive and labour-intensive treatment, its introduction has
markedly improved the outcome of neonates suffering from PPHN in
well-resourced centres.””” The use of INO and ECMO is not currently
offered routinely to neonates at Charlotte Maxeke Johannesburg
Academic Hospital (CMJAH) owing to resource constraints and a lack
of equipment, although the cardiothoracic unit does offer ECMO to
selected neonates following open-heart surgery.

PPHN can be fatal and MAS, a leading cause of PPHN, is frequent
in our setting. As there were no outcome data from our centre, we
conducted a retrospective review of the neonatal database at CMJAH
to describe the neonates’ characteristics, risk factors and treatment
modalities associated with PPHN over an 8-year period.

Methods

This was a retrospective, descriptive study of neonates with a discharge
diagnosis of PPHN. The sample included both inborn and outborn
neonates admitted to the neonatal unit at CMJAH from January 2006
to December 2013.

Neonates with a discharge diagnosis of PPHN were identified
from a computerised database at the neonatal unit of CMJAH, where
data were initially collected for the purpose of clinical audit using
REDCap (Research Electronic Data Capture) software hosted by the
University of the Witwatersrand. Retrieved data of both mothers and
neonates were supplemented by a review of their medical records if
available. Maternal data included age, parity, gravidity, disease during
pregnancy, use of nonsteroidal anti-inflammatory drugs and mode of
delivery. Infant data included gestation age, birth weight, gender, place
of birth, Apgar score, ventilation mode and duration, drug therapy
in the intensive care unit (ICU), echocardiographic findings, hospital
stay and outcome on discharge. ICU charts were not available and we
therefore were unable to determine the severity of respiratory failure
based on the oxygenation index.

The diagnosis of PPHN was made on clinical grounds by the
attending neonatologist. Factors considered in the diagnosis included
differential oxygen saturation >10% (difference between preductal
and postductal) or difference in arterial PO, 220 mmHg, hypoxaemia
disproportionate to the chest X-ray changes and unresponsiveness to
a hyperoxia test. Owing to limited capacity of paediatric cardiologists
at CMJAH, echocardiography to confirm PPHN was performed only
in selected cases.

Both preterm and term neonates who fulfilled the criteria were
included in this study, whether inborn or outborn. Neonates with
congenital diaphragmatic hernia were included in the study whereas
those with a cyanotic congenital heart defect on echocardiography
were excluded. Neonates for whom adequate data were not available or
whose medical records could not be retrieved were excluded.

Neonates had been managed by the attending neonatologist
according to unit protocols. All neonates who were clinically diagnosed
with PPHN and required ventilation were initially ventilated with
conventional mechanical ventilation (CMV); those who did not
respond to CMV were changed to HFOV treatment. All neonates on
assisted ventilation were sedated with venous boluses of morphine
orfentanyl, with or without a benzodiazepine (midazolam). Neonates
were generally not paralysed. Only sildenafil and magnesium sulphate
were used as pulmonary vasodilators; the unit did not offer iNO or
ECMO treatment during the study period.

Adjuvant therapy for PPHN included exogenous surfactant for RDS
or severe MAS and haemodynamic support with inotropes (dopamine,

dobutamine and adrenaline) when indicated. In the case of severe
metabolic acidosis, sodium bicarbonate infusion was used to keep pH
>7.25 if ventilation and improved perfusion did not correct the pH
balance. Hyperventilation was not used in our unit. General measures
included correction of metabolic disturbances when indicated and
‘minimal” handling.

Statistics

Data were analysed using STATA version 2, overseen by a statistician.
Categorical variables were described according to frequencies and
percentages, whereas continuous variables were described using
mean and standard deviation or median and range, depending on
the data distribution. The Pearson y* test and Fisher’s exact test were
used for univariate analysis of categorical variables, while Student’s
t-test or the Mann-Whitney test was used for continuous variables
to compare maternal or infant characteristics between neonates who
died and those who survived. Statistical significance was accepted at
p<0.05.

Ethics

Permission to conduct the study was obtained from the University
of the Witwatersrand’s Human Research Ethics Committee (ref. no.
M130650) and from the Chief Executive Officer of CMJAH.

Results

During the 8-year period, 81 neonates with a discharge diagnosis of
PPHN were identified. Of these, 72 were included in the study. Of
the remaining 9 neonates, 6 were excluded because they had major
congenital heart defects other than a PDA or PFO on echocardiography,
2 were excluded because the relevant data could not be retrieved and
1 was excluded because the discharge diagnosis of PPHN had been
allocated erroneously. Demographic characteristics of the neonates are
summarised in Table 1.

The mean (standard deviation (SD)) birth weight was 2.94 (0.69) kg
and the mean (SD) gestational age was 38.2 (3.3) weeks. The mean
(SD) maternal age at delivery was 26.2 (5.8) years. The majority
of mothers (81.9%) did not have a chronic or pregnancy-related
disease predisposing their neonates to PPHN and only 5 (6.9%) had
pregnancy-induced hypertension. None of the mothers reported using
nonsteroidal anti-inflammatory drugs during pregnancy. A total of 54
neonates (75%) were born at term, with 44 (61.1%) being inborn. Just
over half of the neonates were female (51.4%). A similar proportion
(52.8%) were born by vaginal delivery. A 5-minute Apgar score <7 was
reported for 16 neonates (22%).

Echocardiography to confirm the diagnosis of PPHN by
demonstration of right-to-left shunt was performed in only 27

Table 1. Demographic characteristics of neonates (N=72)*

Characteristic Frequency, n (%)*
Female 37 (51.4)
Delivery mode

Vaginal 38 (52.8)

Caesarean section 31 (43.1)
Inborn 44 (61.1)
Apgar at 5 minutes <7 16 (22.2)
Birth weight/gestational age

Appropriate for gestational age 58 (80.6)

Small for gestational age 9 (12.5)

Large for gestational age 4(5.6)
Gestational age groups (weeks)

Premature (<34) 10 (13.9)

Late premature (35 - 36) 7(9.7)

Term (=37) 54 (75.0)

*Totals not adding up to 72 are due to missing data.
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neonates (37.5%). Of these, 10 neonates had either a PDA and PFO
or a PDA only with a right-to-left shunt.
MAS was the most common underlying pathology (59.7%), followed
by congenital pneumonia and RDS, accounting for 9 (12.5%) and 6
(8.3%) cases, respectively (Table 2).

Although CMJAH is a surgical referral centre, only 7 neonates
were admitted with congenital diaphragmatic hernia during the
study period, 2 of whom had had PPHN; neither survived.

Table 2. Underlying pathologies seen in study sample (N=72)

Underlying pathology Frequency, n (%)
MAS 43 (59.7)
Congenital pneumonia 9 (12.5)
Respiratory distress syndrome 6(8.3)
Asphyxia* 2(2.8)
MAS/Asphyxia 3(4.2)
Idiopathic PPHN 2(2.8)
Sepsis 1(1.4)
Transient tachypnoea of the newborn 1(1.4)
Hypoplastic lung 1(1.4)
Congenital diaphragmatic hernia 2(2.8)
Pulmonary haemorrhage 1(1.4)
Vein of Galen malformation 1(1.4)

MAS = meconium aspiration syndrome; PPHN = persistent pulmonary
hypertension of the newborn.

*Asphyxia was defined as an Apgar score <5 at 10 min, pH <7.0 and base excess
<-16, neonatal encephalopathy and evidence of multi-organ dysfunction.

Table 3. Therapeutic intervention and outcome (N=72)

Therapy Frequency, n (%)
Mechanical ventilation

Yes 67 (93.1)

No 5(6.9)

Mode of ventilation (1n=67)

Conventional mechanical ventilation 67 (100)

High-frequency oscillatory ventilation 13 (18.1)
Surfactant use

Yes 14 (19.4)

No 57 (79.1)
Sodium bicarbonate infusion

Yes 16 (22.2)

No 56 (77.8)
Inotropic support

Yes 38 (52.8)

No 34 (47.2)
Vasodilators used

Magnesium sulphate 12 (16.7)

Sildenafil 9 (12.5)

Inhaled nitric oxide 0(0.0)

No vasodilator given 50 (69.4)

Number of deaths 25 (34.7)

Mechanical ventilation was given to 67 neonates (93.1%) (Table 3).
Of these, 13 were unresponsive to CMV and required HFOV.
The median duration of mechanical ventilation was 4 (range
0 - 31) days. Of the 43 neonates who presented with MAS, only
7 (16.3%) were treated with exogenous surfactant. Magnesium
sulphate and sildenafil were used in 12 (16.7%) and 9 (12.5%)
neonates, respectively.

The mortality rate was 34.7% and the majority (62.5%) died within 24
hours of admission. The median duration of hospital stay was 8 (range
0 - 42) days.

The comparison between survivors and nonsurvivors is shown in
Tables 4 and 5. The variables analysed were similar between survivors and
nonsurvivors, except for the use of inotropes associated with non-survival.

There was no difference between survivors and nonsurvivors
with regard to birth weight, 5-minute Apgar scores or gestational
age (p>0.05). The duration of both ventilation and hospital stay
was longer for the survivors than nonsurvivors (p=0.000), probably
because of early death in non-survivors (Table 5).

MAS was the most common associated disease in this study. The
characteristics of neonates with MAS are shown in Table 6.

Discussion

MAS accounted for 43 cases (59.7%) of PPHN in this study. Meconium-
stained amniotic fluid (MSAF) has been reported to complicate 7 - 22%
of term deliveries and up to 52% of postdate deliveries (>41 weeks of
gestation).” The incidence of MAS has recently declined owing to
improved obstetric practices, including reduced postdate deliveries,
good intrapartum monitoring of the fetal heart rate and resuscitation
of depressed neonates born with MSAE.*

Despite remarkable progress in understanding the pathophysiology
and treatment of PPHN,!'""'" the condition remains a treatment
challenge for neonatologists, especially in developing countries, and the
associated mortality rate remains high in resource-limited settings.”****”

Of the 72 neonates included in our study, 51.4% were female and
52.8% were born by vaginal delivery. Birth weight was appropriate for
gestation age in 80.6% of cases in this study. These results differ from
those of previous studies, which reported PPHN to be associated
more with males, being large for gestation age and delivery through
caesarean section.”®****! The majority of the neonates included in
this study (75%) were born after 37 weeks, the mean gestational
age being 38.2 weeks and the mean birth weight 2.94 kg. These
results are consistent with evidence that PPHN affects mainly term
and post-term neonates.*'"” Only 5 neonates (6.9%) were born
to mothers who presented with pregnancy-induced hypertension,
a known risk factor for PPHN, although this number may be an
underestimation owing to maternal history not always being well
documented in the infant’s medical records. In our study, the most
common underlying diseases in PPHN were MAS, pneumonia and
RDS. MAS has repeatedly been reported as the most common lung
parenchymal disease resulting in PPHN, followed by idiopathic
PPHN and pneumonia or RDS.™'*"""** Our results were similar to
those reported in previous studies™®” except that idiopathic PPHN
accounted for only 2.8% in our study.

Table 4. Comparison of parameters at birth and during therapeutic intervention for survivors and (N=72)

Characteristic Non-survivors (n=25)* Survivors (n=47)* p-value
Birth weight (kg) 2.82(0.77) 2.99 (0.64) 0.30
Apgar score at 5 min 7.2 (1.37) 7.23 (1.46) 0.95
Gestational age (weeks) 37.7 (3.88) 38.4 (2.98) 0.39
Duration of ventilation (days) 1(0-26) 6 (0-31) 0.000"
Duration of hospital stay (days) 1(0-36) 7 (1-32) 0.0007

*Data reported as mean (standard deviation) or median (range).
TMann—Whitney test.
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Table 5. Comparison of delivery variables and treatment modalities between survivors and non-survivors

Characteristic Non-survivors, % Survivors, % p-value

Mode of delivery (n=68) 0.23
Vaginal 15 (65.2) 23 (50)

Male (n=35) 15 (60) 27 (57.4) 0.15

Apgar 5 mintes <7 (n=63) 8 (38.1) 8 (19) 0.10

Inborn 12 (48) 32 (68.1) 0.09

Gestational age (weeks) (n=71) 0.88
Preterm (<37) 6 (25) 11 (23.4)

Full-term (=37) 18 (75) 36 (76.6)

Birth weight/gestational age (n=70) 0.75
Appropriate for gestation age 19 (79.2) 39 (83)

Large or small for gestation age 5(20.8) 8(17)

Mechanical ventilation 25 (100) 42 (89.4) 0.15
CMV/HFOV 18 (72) 36 (85.7) 0.20
HFOV 7 (28) 6 (12.8) 0.12

Inotropic support 18 (72) 20 (42.6) 0.01

Vasodilators used (n=71) 10 (41.7) 11 (23.4) 0.11

Type of vasodilator (1=20) 0.38

Magnesium sulphate 7 (66.7) 5 (45.5)

Sildenafil 3 (30) 6 (54.5)

Sodium bicarbonate infusion 8 (32) 9 (19.1) 0.22

Surfactant use 6 (25) 8 (17) 0.53

CMV = conventional mechanical ventilation; HFOV = high frequency oscillatory ventilation.

Table 6. Characteristics of neonates with MAS (N=43)

Characteristics Frequency, n (%)
Sex

Female 26 (60.5)
Gestational age (weeks)

Preterm (<37) 8 (18.6)

Term (=37) 35(81.4)
Mode of delivery

Vaginal 21(51.2)

Caesarean section 20 (48.8)
Place of birth

Inborn 26 (60.5)

Outborn 17 (39.5)
Surfactant therapy

Yes 7 (16.7)

No 35 (83.3)
Mechanical ventilation

Yes 40 (93)

No 3(7)
Outcome

Died 12 (27.9)

Discharged 31 (72.1)

MAS = meconium aspiration syndrome.

The majority (93.1%) of neonates included in our study were
mechanically ventilated (18.1% did not respond to CMV and were
switched to HFOV). In a study by Rocha et al.,”’ 30.7% of neonates
were treated with exogenous surfactant whereas only 19.4% of
neonates in our study were treated similarly. It is possible that
artificial surfactant was used too sparingly in our unit, which might
have contributed to the mortality rate.

Our findings are consistent with reports that assisted ventilation
constitutes the mainstay of PPHN treatment.""”"**) The high
proportion of neonates treated with mechanical ventilation in our
study may reflect the severity of their disease, although we were

unable to calculate the neonates’ oxygenation indices as a measure
of the severity of respiratory failure."*"’ None of the neonates were
treated with iNO or ECMO, as our unit did not offer these treatment
modalities at the time.

Data showed that magnesium sulphate and sildenafil were used
for pulmonary vasodilatation in 16.7% and 12.5% of neonates,
respectively. This is similar to findings of other studies'” and it
has been shown that magnesium sulphate and sildenafil are safe and
cost-effective vasodilators for the treatment of PPHN when iNO is not
available.®**

Hyperventilation is no longer practised in the treatment of PPHN
owing to associated neurological complications and the development
of chronic lung disease."” Sodium bicarbonate infusion is also
being used less frequently than before and in our study only 22.2%
of neonates were treated accordingly. Similar findings (25%) were
reported by Abdel et al.”” In a multicentre study in the USA, Walsh-
Sukys et al.”’ reported an overall alkali infusion rate of 75% prior to the
use of INO becoming the preferred treatment option.

Adequate cardiac output and improved perfusion or oxygenation
can be achieved by volume expansion, inotropic support, or
both."*"** However, inotropes should be used cautiously as they
can also increase the pulmonary artery pressure and worsen the right-
to-left shunt."” Just over half of the neonates included in our study
(52.8%) required inotropic support. This was lower than the 84% of
cases in which inotropic support was used in a multicentre study in
the USA.?!

PPHN is associated with a high mortality rate, especially in
resource-limited settings.”’ Of the 72 neonates included in this study,
25 (34.7%) did not survive. Similar mortality rates, either directly or
indirectly related to PPHN, were reported in previous studies across
the world, e.g.: 48% at Chris Hani Baragwanath Academic Hospital
and 31% at Tygerberg Children’s Hospital” in SA; 25% at Al-Minya
University Hospital in Egypt;® 26.6% at the Children’s Hospital
Multan in Pakistan;®¥ 32% at Hospital de Sdo Jodo EPE in Portugal;”
and 27.6% at the Chang Gung Children’s Hospital in Taiwan.” High
PPHN mortality in resource-limited settings may be attributed to
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new therapies such as HFOV, iNO and ECMO not being readily
available. ECMO specifically is considered a rescue therapy for
neonates with severe PPHN and who are unresponsive to other
treatment modalities; 40% of neonates with PPHN do not respond to the
combination of HFOV and iNO and require ECMO as a last resort.>'*'!

Of the 25 nonsurvivors in this study, 62.5% died within 24 hours
of admission. Univariate analysis showed that the characteristics of
survivors and non-survivors were similar, except for the need for
inotropic support. As the use of inotropes is associated with a poor
outcome, the availability of iNO as a treatment option might have
reduced the mortality among this sample.

Study limitations
Owing to its retrospective design, this study had some limitations.
There were some missing data regarding infant characteristics. It was
not possible to calculate the oxygenation indices as there were no
ventilation parameters available. The severity of respiratory failure
could therefore not be determined.

Echocardiography was performed on only a few neonates. The
incidence of PPHN may therefore have been underestimated, as
diagnosis was based mainly on clinical observation.

Conclusion

In this study, MAS was found to be the most common underlying
cause of PPHN. Infant characteristics were similar between survivors
and non-survivors. Magnesium sulphate and sildenafil were the only
pulmonary vasodilators used. There was a considerable mortality
rate (34.7%) and the need for inotropic support was the only factor
associated with poor outcome.

Reducing MAS incidence may be a cost-effective measure in
mitigating PPHN. MAS incidence could be reduced by improving
antenatal and intrapartum obstetric care, reducing postdate deliveries,
proper monitoring of at-risk pregnancies, offering adequate neonatal
resuscitation, using surfactant replacement therapy and initiating
assisted ventilation for depressed neonates with MAS early on.

As ECMO therapy is expensive and labour intensive and thus
currently inaccessible in our setting, serious consideration should be
given to introducing iNO to reduce the PPHN-associated mortality rate.
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