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Introduction 

Over the past two decades, Pulmonary Hypertension (PH) has evolved to become a subspecialty 
of its own. At the latest working group consensus in Dana point (2008), Panama (2011) and Nice 
(2013), its clinical classification had been further refined [1-3]. These classifications have grouped 
together etiologies with similar underlying pathology, hemodynamic and therapeutic approaches. 
For pediatric practice, the Panama classification is probably more applicable albeit more exhaustive 
in nature [Table 1]. These classifications may need further modifications when we are able to fully 
elucidate all the mechanisms involved in the various types of PH in children.

Incidence

The incidence of pediatric PH is still ill defined. Incidence of Idiopathic Pulmonary Arterial 
Hypertension (iPAH) in children is approximately 0.7 cases per million while there were 2.2 cases 
per million for Pulmonary Arterial Hypertension (PAH) with congenital heart disease [4].

Definitions

PH is defined as mean pulmonary artery pressure ≥25mmHg. Pulmonary Arterial Hypertension 
(PAH) is pre-capillary PH with end expiratory Pulmonary Artery Wedge Pressure (PAWP) 
≥ 15mmHg and Pulmonary Vascular Resistance (PVR) >3 Wood units. IPAH is a diagnosis of 
exclusion where there is no known cause detected. Pulmonary hypertension secondary to left 
heart disease has PAWP of >15mmHg. The Panama classification has also included pulmonary 
hypertension in single ventricle which is define as PVR Index (PVRI) >3.0 WU m2 or a Trans-
Pulmonary Gradient (TPG) >6mmHg even when the pulmonary artery pressure is <25mmHg [3]. 
Occasionally complex congenital heart disease has a combination of etiologies leading to both a 
raised TPG and PAWP. PAWP may seem normal in left heart disease until a fluid challenge is 
provided to unmask the high left ventricular end diastolic pressure [5].

Types of Pulmonary Hypertension
The major causes of pediatric PAH are those in association with newborn maladaptation of 

circulatory transition, associated with congenital heart disease, or are idiopathic in nature. 

Pulmonary hypertension of the newborn

PH in the neonatal age group differs significantly from other groups in its presentation. The 
timing of presentation reflects the importance of the culpable chromosome; genetic influence; 
fetal growth; lung vasculature development or cardiopulmonary physiology adaptation during the 
perinatal transition period. Normal pulmonary pressure decreases after birth and continues to drop 
over the next 2 to 6 weeks. This may fail to occur in the presence of infection, meconium aspiration 
and perinatal asphyxia resulting in persistent pulmonary hypertension [6]. Under these conditions, 
pulmonary pressure remains high and, with patent ductus arteriosus, presents with significant 
differential oxygen saturations. Despite arduous treatment, most cases yield good clinical results. 
However it is likely that those with an underlying structural lung abnormality may persist with 
abnormal lung function and pulmonary pressure [7].
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Abstract

Pulmonary hypertension in children has many diverse etiologies. Although current treatment strategies lead 
to symptomatic improvement, the final outcome remains dismal. It is likely that increasingly sensitive screening 
biomarkers will allow for early clinical detection. Likewise, a greater understanding in molecular and biochemical 
mediating processes may lead to pathway specific therapeutic approaches. Hopefully, a breakthrough in 
treatment may not be too distant in the future.
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Idiopathic pulmonary hypertension

Idiopathic pulmonary arterial hypertension has no known 
etiology. This is a poor prognostic group. Some may have incidental 
small left to right shunts which do not account for the degree of 
pulmonary hypertension. Many believe that an atrial septal defect 
could be an incidental finding in pulmonary hypertension [8]. 

Pulmonary hypertension associated with congenital heart 
disease

PAH in congenital heart disease results from a chronic and 
large left to right shunt under high pressure (e.g, ventricular septal 
defects and patent ductus arteriosus) leading to irreversible vascular 
remodeling. Early surgery has transformed the natural history of 
congenital heart disease and pulmonary hypertension now exists 
mainly in the un-operated adult congenital population. Many 
are at the severe spectrum of disease with reverse shunts known 
as Eisenmenger syndrome. Cyanotic heart disease with common 
mixing and unprotected pulmonary blood flow similarly results in 
pulmonary hypertension if surgery is not undertaken promptly.

Single ventricle with pulmonary hypertension

The Fontan circulation is the end result of single ventricle repair. 
This is a unique circulation where cardiac output and oxygenation 
hinges on low pulmonary pressure which is very different from the 
usual bi-ventricular circulation. As there is an absence of a sub-
pulmonary ventricle, even the slightest increase in pulmonary 
pressure can lead to failure of the Fontan circulation. Consequently, 
the accepted pressure values of pulmonary hypertension in single 
ventricle are lower than the conventional values used in other causes 
of pulmonary hypertension. The Panama Task force has suggested a 
raised TPG or PVRI as a more accurate measurement [2].

Pulmonary hypertension due to lung disease

Pulmonary hypoplasia represents another important etiology of 
PH during the neonatal period. Congenital diaphragmatic hernia; 
severe eventration of diaphragm and prolonged rupture of membrane, 
especially during the second trimester in very premature babies, can 
result in pulmonary hypoplasia. Survivors in this group of patients 
often continue to have chronic respiratory issues with reduced 
lung capacity and recurrent chest infections, leading to impaired 
growth and increased long term morbidity. In some, pulmonary 

hypertension will persist. The PH secondary to chronic lung disease 
in extreme premature babies (bronchopulmonary dysplasia in older 
term) tends to improve as the lung grows, although the long term data 
remains ill defined.

Pulmonary hypertension in critical care setting

Pulmonary hypertension in the critical care setting is often a 
challenging acute clinical situation which can be life-threatening. 
Post cardiac surgery and severe lung diseases are often complicated 
by pulmonary hypertensive crises which can result in right ventricular 
failure. These crises sometimes present with respiratory difficulty 
leading to erroneous diagnosis and treatment. 

Mechanism of Pulmonary Hypertension
The underlying pathogenesis leading to pulmonary hypertension 

was initially thought to be secondary to vasoconstriction and 
thrombosis. Recent findings suggest the role of inflammation and 
excessive vascular cell growth, with recruitment and infiltration 
of circulating cells [9]. At molecular level, a few mechanisms have 
also been described; involving growth factors, cytokines, metabolic 
signaling, elastases, and proteases [10].The final common pathway 
likely includes vasoconstriction, micro thrombosis and vascular 
remodeling. 

Investigations

Investigations of pulmonary hypertension consist of screening 
and specific tests. Targeted screenings are performed on at risk patient 
groups which include those with congenital heart disease, chronic 
lung disease, liver diseases, connective tissue disease and HIV disease. 
Echocardiography is often used as a screening tool but is probably 
not sensitive enough to detect many asymptomatic children resulting 
in a delayed diagnosis. Direct parameters measured, including 
tricuspid and pulmonary regurgitation may be absent and this has 
limited the usefulness of echocardiography. Indirect measurements 
including RV hypertrophy and septal contour are less sensitive and 
more subjective in early phases of the disease. Tissue Doppler and 
speckle tracking hold some promise with better sensitivity [11]. Brain 
Natriuretic Peptide (BNP) is used to predict prognoses. However 
there are no individual markers useful enough for screening and this 
led to suggestions for a multi-biomarker. A proteomic approach may 
hold promise in discovering useful future biomarkers [12]. 

Table 1: Categories of Pediatric Pulmonary Hypertensive Vascular Disease from the Panama consensus.

Category Description

1 Prenatal or developmental pulmonary hypertensive vascular disease

2 Perinatal pulmonary vascular maladaptation

3 Pediatric cardiovascular disease

4 Bronchopulmonary dysplasia

5 Isolated pediatric pulmonary hypertensive vascular disease (isolated pediatric PAH)

6 Multifactorial pulmonary hypertensive vascular disease in congenital malformation syndromes

7 Pediatric lung disease

8 Pediatric thromboembolic disease

9 Pediatric hypobaric hypoxic exposure

10 Pediatric pulmonary vascular disease associated with other system disorders
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Specific investigations should be used to exclude some rare and 
treatable diseases instead of being labeled as iPH and subjected to 
exhaustive and escalating long term therapy. However, due to the 
diversity of etiologies, investigations in pediatric patients are often 
more suspicion directed and less comprehensive compared to adults. 
Furthermore, some investigations may not be relevant to children or 
impractical for babies. Blood tests for liver function, connective tissue 
disease and HIV are often performed as baseline. Although cardiac 
catheterization is invasive and has inherent risks, it is a diagnostic 
test for PH and acts as a guide for therapeutic strategies especially 
when vasoreactivity is present to suggest usefulness of the calcium 
channel blocker. Vasoreactivity is often only tested in iPAH as 
responders are very rare among other groups [5]. It is defined as a 
reduction of mean Pulmonary Artery Pressure (PAP) ≥10mmHg to 
reach an absolute value of mean PAP ≤40mmHg with an increased 
or unchanged cardiac output [2]. The lung function test is useful for 
older children and blood gases are helpful even in the very young. 
Nocturnal hypoventilation leading to obstructive sleep apnea 
may occur especially in children with adenotonsillar hypertrophy, 
craniofacial anomalies syndromic and also obese children [13]. Night 
time polysomnography can confirm this. Although thromboembolic 
diseases are uncommon in the young, this should still be considered 
and investigated if previous history suggests a prothrombotic 
tendency or an underlying sickle cell disease [14]. CT angiograms 
can exclude pulmonary venous stenosis and pulmonary capillary 
hemangiomatosis especially in premature infants.

Although the 6-minute walk test is sub maximal and 
interpretations may be quite subjective [15], it is useful in assessing the 
exercise tolerance and capacity especially for those patients who are 
unable to tolerate the cardiopulmonary exercise test. It also provides 
an objective measurement and helps set targets for treatment.

Treatment

Clinicians may have dilemmas in choosing the best therapy 
as there may be a combination of pathologies present, leading 
to difficulties in recognizing the dominant underlying etiology. 
Conventional treatment for PH includes oxygen and diuretics. 
Anticoagulation is indicated in thromboembolic causes but remains 
contentious in other groups.

Medications

Specific treatments of IPAH and PH associated with congenital 
heart disease have been widely investigated, with multiple published 
studies, ranging from conventional treatments to specific pulmonary 
vasodilators. Many of these medications were first studied in 
the adult population and proved efficacious. These medications 
mainly targeted the 3 main pathways: nitric oxide, endothelin and 
prostacyclin. Prostanoids (epoprostenol, treprostinil, iloprost, 
beraprost), endothelin receptor antagonists (bosentan, ambrisentan), 
and phosphodiesterase type 5 inhibitors (sildenafil, tadalafil) are 
used depending on local preference and availability. Therapeutic 
interventions with these medications have yielded successful 
results on both IPAH and PH with congenital heart disease. Novel 
compounds such as macitentan, riociguat and selexipag have had 
some preliminary results and may prove useful in the future [16]. 
The fact that these medications can be used for diverse aetiologies 
of PH suggests that there is a final common pathway which leads to 
pulmonary hypertension. 

With the same rationale, these medications have been tried on 
other groups of pulmonary hypertension. Children with chronic lung 
disease have had similar results of improvement with pulmonary 
vasodilators despite oxygen therapy being the primary treatment. 
Favourable data of sildenafil is increasing but remains insufficient for 
other medications [17]. Pulmonary vasodilators are also increasingly 
used in patients with single ventricle.

Surgery

There are no definite criteria for operability in children with 
intracardiac shunt and rose pulmonary pressure. We often subject 
this group of patients to pulmonary vasodilator treatment and 
subsequently repeat studies of hemodynamic to demonstrate 
improvement of PVR to <6 wood units and increased left to right 
shunt with oxygen to indicate suitability for a full repair. However, 
there are risks to surgery as this may result in a physiology similar to 
idiopathic pulmonary arterial hypertension which has a much poorer 
prognosis. Careful consideration should include partially closing the 
VSD or leaving an atrial fenestration in this situation. 

Ventilation

In a critical care setting where conventional ventilation 
strategies fail to maintain satisfactory gas exchange, other modes 
of ventilation including high frequency oscillatory ventilation with 
Inhaled Nitric Oxide(iNO), prostacyclin and phosphodiesterase 5 
inhibitor (sildenafil) have been used with good results [18,19]. INO 
is the most widely used and has advantages particularly in situations 
where ventilation perfusion mismatch exists. ECMO is sometimes 
required especially when severe hypoxemia persists despite aggressive 
pulmonary vasodilators and ventilation support. Neonates with 
supra systemic Right Ventricular (RV) pressure may be stabilized 
with ductal patency; septostomy may be required to maintain cardiac 
output. 

Intervention 

Ballon septostomy has been performed in patients with right 
ventricular failure or syncope. There is evidence that it alleviates 
symptoms and may improve survival. Although this is a high risk 
and technically challenging procedure, this risk may be lowered if it 
performed earlier. It improves LV filling and cardiac output at the 
expense of cyanosis. LA pressure of >20 is associated with increased 
mortality and may be an exclusion criteria. This procedure should be 
considered in settings where there is an inadequate response to drug 
therapy or bridging towards lung transplant [20,21].

Exercise

Exercise rehabilitation in PH is an intriguing subject. In normal 
population exercise leads to a mild increase in pulmonary pressure 
secondary to increased flow or elevation in left atrial pressure. In 
pulmonary hypertension, the increase may be highly exaggerated 
because of raised PVR. Exercise training and cardiopulmonary 
rehabilitation has been utilized in the adult population to improve 
pulmonary pressure, endurance and muscle strength as well as 
quality of life [22,23]. It is possible that the group with exercise 
increased PVR may deteriorate on exercise programs but identifying 
this group would be a challenge. This strategy may be useful for the 
older children for logistic reasons.
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Despite many anecdotal reports, evidence suggests that currently 
used drugs may be efficacious to different types of PH. However, 
usage in children with portopulmomary hypertension is still largely 
unknown. Newer therapy involving endothelial progenitor cells 
may induce neovascularisation, which is promising; although it’s 
therapeutic use remains controversial [24].

Outcome

Survival rate of pulmonary hypertensive children has improved 
over the years. IPAH survival at 1, 3 and 5 years stands at 89%, 
84% and 75% respectively, compared to median survival of 4.1 
years before specific therapy was available [25,26]. Although many 
specific therapies have been developed and proven successful in 
terms of symptom improvement and delayed mortality, none have 
proven capable in reversing disease progression. However, with early 
treatment targeted at specific individual pathways which mediate PH, 
this may prove a possibility. 

Conclusion
Pulmonary hypertension therapy has improved with better 

understanding of the disease process. With current treatment 
strategies the progression of disease is delayed, but cannot be arrested 
or reversed. The challenge lies in developing a sensitive screening 
test and elucidating the specific etiological/molecular pathways 
that mediate the progression of such a disease, thereby allowing the 
process to be reverse or modified at an earlier stage. New studies on 
therapies targeting inflammation and circulating cells are now under 
way; however, it may take a while before clinical efficacy is established, 
especially in the pediatric age group.
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