
Still puzzling about a clear definition
of pulmonary arterial hypertension
in newborns

To the Editor:

We read with close attention the report recently published in the European Respiratory Journal by
ROSENZWEIG et al. [1].

We would like to congratulate the authors for their commendable effort, aimed at discussing recent
advances, ongoing challenges and specific approaches in the care of children suffering from pulmonary
arterial hypertension (PAH), and offer a few comments.

This article is focused on describing the state of the art and future perspectives in paediatric PAH, as
formulated by the recent Paediatric Task Force of the 6th World Symposium on Pulmonary Hypertension.
They are quite similar to the report of the 5th World Symposium (Nice 2013), in which the unique
features of paediatric PAH were highlighted for the first time, but decidedly different from the
classification proposed by the Pulmonary Vascular Research Institute Taskforce (Panama 2011) [2, 3].

We agree that the marked age-related differences regarding PAH aetiology, clinical presentation and
outcomes require a different approach in children, especially in infants under the age of 3 months.

In this respect, we would like to add that in persistent PAH of the newborn, the most common cause of
transient PAH at that age (involving almost two out of 1000 live and at term births), the criteria for
diagnosis are very challenging. These are based on clinical (need for respiratory support because of a >10%
difference between pre-ductal and post-ductal saturation OR more than two episodes of desaturation <85%
over a 12 h period of clinical observation and notwithstanding underlying lung disease optimal medical
treatment) as well as echocardiographic features (structurally normal heart; peak gradient of systolic
pulmonary arterial pressure >35 mmHg OR estimated pulmonary arterial pressure greater than two-thirds of
the systemic arterial pressure AND presence of right-to-left shunt across a patent foramen ovale and/or
patent ductus arteriosus) [4, 5].

Echocardiography is undoubtedly the gold standard for diagnosis, because techniques such as cardiac
catheterisation and cardiac magnetic resonance imaging to assess pulmonary vascular resistance, blood
flow and myocardial function are currently not feasible in sick newborns [6].

Furthermore, it is the oxygenation index (OI), calculated as

OI = mean airway pressure × FIO2 / PaO2

where FIO2 is the inspiratory oxygen fraction (%) and PaO2 is the arterial oxygen tension (in mmHg),
which is normally used in the paediatric intensive care unit to stratify the severity of hypoxic respiratory
failure and prognosis related with persistent PAH. Oxygenation can be continuously and noninvasively
monitored by means of pulse oximetry (SpO2), and the oxygen saturation index (OSI), calculated as

OSI = mean airway pressure × FIO2 × 100 / SpO2

can be another reliable way of assessing the severity of hypoxic respiratory failure [7].

Overall, in our view the above stated refined definition of PAH should be taken into account in newborns
under the age of 3 months. We do think that a multidisciplinary team, involving neonatologists,
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paediatricians, cardiologists and respiratory specialists, should be totally committed to the development
of specific diagnostic and clinical management strategies in this early life field.
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From the authors:

We appreciate the comments by G. Calcaterra and co-workers regarding the recent summary of the
Paediatric Task Force from the 6th World Symposium on Pulmonary Hypertension (WSPH; Nice, 2018)
[1]. While many messages endure, including the ongoing emphasis in 2018 on the distinct needs and
approach to children with pulmonary hypertension (PH), we have learned much since the last symposium
in 2013. Even in the absence of a dramatic change in the therapeutic landscape for children with PH, we
examined new and important paediatric data from the past five years that informed our contemporary
approach and defined ongoing needs and knowledge gaps for the future.

The Paediatric Task Force further highlighted the importance of focusing on children with WSPH group 3
PH (lung disease/hypoxia). As described in the report, we note the growing awareness of the high rate of
PH in term and preterm infants during the early postnatal period and discuss the important need for
better characterisation of incidence, natural history, disease mechanisms, diagnosis, treatment and
long-term outcomes in young children and infants [1]. Persistent pulmonary hypertension of the newborn
(PPHN) is a clinical syndrome that is defined by the presence of extrapulmonary right-to-left shunt across
the foramen ovale or patent ductus arteriosus, which leads to hypoxaemia. There is no specific level of
estimated pulmonary artery pressure to define PH in this setting, but rather, PPHN is defined
physiologically by hypoxaemia due to the demonstration of predominant right-to-left shunt, as best
defined by echocardiography, and not oxygenation alone. Many neonates, especially after preterm birth,
can have evidence of delayed transition of the lung circulation at birth, which can be associated with
variable degrees of lung parenchymal disease, lung hypoplasia and other diseases, or may have evidence of
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pulmonary venous hypertension due to left heart dysfunction. Cardiopulmonary interactions during the
acute transitional period after birth play key roles in contributing to the degree of hypoxaemia related to
shunt and are part of the diagnostic evaluation.

Our definition of PH starts from 3 months of age because the early neonatal period is dynamic with both
normal and pathological variations in transition to extrauterine life. By 3 months of age, however,
pulmonary haemodynamics are generally similar to those established for other postnatal ages. Again, as
discussed in our paper, PPHN is a clinical syndrome with a specific definition of failed circulatory
adaptation at birth, but is certainly not synonymous with pulmonary vascular disease. The criteria
described by G. Calcaterra and co-workers are not sufficient for PH [1]. That is, oxygenation index (OI) is
not specific for PPHN physiology, nor does it accurately differentiate between the severity of parenchymal
lung disease from the degree of shunt as the primary cause of hypoxaemic respiratory failure. As a result,
it has no diagnostic role for PH in sick neonates but is a good marker for the overall severity of
cardiopulmonary disease. In other words, many sick neonates, especially with severe respiratory distress
syndrome, can have elevated OI but these infants may or may not have PPHN physiology.

As noted by the authors of this letter, there remains a need for developing a better understanding of the
different patterns of change in pulmonary artery pressure during the dynamic period after birth in term
and preterm infants and related physiological implications. Normal perinatal transition has been
previously defined with regard to echocardiogram-derived pulmonary artery pressure over time in the first
days of life. Recently, a study of serial changes in estimated levels of pulmonary hypertension describes
several different patterns of the transition in preterm infants, demonstrating striking changes in delayed
pulmonary vascular transition being associated with degree of prematurity [2]. Of note, those preterm
infants with delayed pulmonary vascular transition had the highest risk for late deaths and the subsequent
development of bronchopulmonary dysplasia.

In addition, we had previously recommended the use of the category of “developmental lung diseases”
under group 3 at the previous WSPH in 2013, which was based on the recognition of high incidence of
PH in preterm infants and term infants, and in association with such diseases as bronchopulmonary
dysplasia and congenital diaphragmatic hernia. In 2018, the Paediatric Task Force further noted that this
category also includes important but rare disorders of genetic diseases associated with lung and pulmonary
vascular disease, including alveolar capillary dysplasia, TBX4 mutations and others [3].

We also strongly advocate the development of a classification system that accurately represents
paediatric-specific disease characteristics and helps provide a better approach to paediatric PH. In an effort
to enhance the usefulness for children, these proceedings included additional refinements of the WSPH
groups, including a separate designation for congenital/acquired cardiovascular conditions leading to
post-capillary PH (group 2.4), developmental lung disorders (group 3.5), other pulmonary artery
obstructions (group 4.2) and complex congenital heart disease (group 5.4). Data on the utility and
applicability of the PANAMA system as developed with the Pulmonary Vascular Research Institute,
however, remain limited [4]. However, the current WSPH Nice system interfaces well with standards
established by our adult colleagues [5], and better enables us to “speak the same language” within the
broader PH community, which may be important to enhance transitioning of our patients from the
paediatric setting to adult care, as well as sharing clinical care, research and clinical trial experience among
the paediatric and adult worlds. Future work is needed to further develop and optimise a classification
system suited for paediatric PH and to demonstrate its clinical and scientific utility.
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