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Pediatric pulmonary hypertension (PedPH) is a heterogeneous group of pulmonary
vascular disorders that differs fundamentally from adult pulmonary hypertension in
epidemiology, etiology, developmental biology, genetics, clinical presentation, and
therapeutic approaches. Rather than representing a smaller form of adult pulmonary arterial
hypertension (PAH), PedPH encompasses unique developmental disorders that begin
during fetal life and continue throughout postnatal lung growth. Recent advances in
molecular biology, genetics, and targeted therapies have significantly improved our
understanding of disease mechanisms and clinical management.

The pathogenesis of PAH is characterized by three major pathological processes:
pulmonary vasoconstriction, pulmonary vascular remodeling, and vascular pruning. These
changes result from dysregulation of three principal signaling pathways: endothelin-1
(ET-1), nitric oxide (NO)-cGMP, and prostacyclin (PGI;). Reduced BMPR2 signaling
together with activation of TGF-B , PDGF, HIF-1a , and glycolytic pathways promotes
excessive proliferation of pulmonary vascular cells. These molecular abnormalities
resemble the hallmarks of cancer, including sustained proliferation, resistance to apoptosis,
and progressive structural remodeling.

Unlike adults, pediatric PH is predominantly associated with developmental disorders. The
major causes include persistent pulmonary hypertension of the newborn (PPHN),
congenital heart disease (CHD)-associated PAH, developmental lung diseases such as
bronchopulmonary dysplasia (BPD), congenital diaphragmatic hernia (CDH), childhood
interstitial lung disease (chlILD), and heritable PAH. Registry data demonstrate that Group
1 PAH and Group 3 PH account for most pediatric cases. Children commonly present with
exertional dyspnea, fatigue, syncope, cyanosis, and progressive right heart failure, while
infants may exhibit poor feeding, tachypnea, or failure to thrive, often leading to delayed
diagnosis. In CHD-associated PAH, careful assessment of pulmonary vascular resistance
remains critical for determining operability.

Developmental biology is central to pediatric disease. Increasing evidence indicates that
abnormal pulmonary vascular and alveolar development begins prenatally, making PedPH
fundamentally distinct from adult PH. Therefore, future therapies should aim not only to
dilate pulmonary vessels but also to restore normal lung growth and vascular development.
Genetic factors play an increasingly important role in pediatric PAH. Although BMPR2
remains the most common disease-causing gene, numerous additional pathogenic and
candidate genes have been identified. Expanded genetic testing is particularly valuable in
children with early-onset disease, syndromic features, or systemic comorbidities and may
facilitate precision medicine and discovery of novel molecular pathways.

Current targeted therapies focus on the three major signaling pathways. Endothelin
receptor antagonists reduce vascular remodeling, phosphodiesterase-5 inhibitors and



soluble guanylate cyclase stimulators enhance NO signaling, and prostacyclin analogues
improve vasodilation while suppressing inflammation and platelet activation. Sotatercept,
targeting the TGF-f superfamily, represents a novel therapeutic strategy that restores
signaling imbalance rather than acting solely as a vasodilator.

Emerging evidence suggests that PAH can be categorized into therapeutic endotypes based
on the predominant molecular pathway. Endothelin-dominant disease responds
preferentially to endothelin receptor antagonists, NO-deficient disease to PDE5 inhibitors
or riociguat, and advanced prostacyclin-deficient disease to parenteral prostacyclin therapy.
However, because more than 80% of patients exhibit dysregulation of all three pathways,
initial combination therapy is increasingly recommended for appropriate patients.
In conclusion, pediatric pulmonary hypertension is a complex developmental pulmonary
vascular disease with diverse etiologies and molecular mechanisms. Continued advances in
developmental biology, genomics, molecular endotyping, and pathway-directed therapies
are expected to improve diagnostic precision, individualized treatment, and long-term
outcomes for children with pulmonary hypertension.
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Role of pulmonary scintigraphy and functional imaqing in the evaluation of pediatric
pulmonary hypertension

Yu Wen Chen M.D.

Department of Nuclear Medicine, Kaohsiung Medical University Hospital; School of
Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan.

Pediatric pulmonary hypertension is a pathophysiological condition via vascular remodeling
and increased pulmonary vascular resistance result in blood pressure in the lungs’ arteries
is higher than normal in children. This causes the right side of heart to work harder to push



blood through the lungs, consequences of right heart failure, which can lead to symptoms
and heart-related complications over time. There are two major etiologies of pediatric
pulmonary hypertension: primary pulmonary hypertension (idiopathic & heritable forms,
genetic mutation) and secondary pulmonary hypertension (congenital heart disease, lung
disease, hematologic disorders, chronic hypoxia and other factors). The different etiology
between pediatric and adult pulmonary hypertension. Adult pulmonary hypertension is
often linked to left heart disease, lung disease (COPD, ILD), thromboembolic disease,
connective tissue disease and idiopathic cases.

The lungs are respiratory organ, like a pair of silent bellows in the chest, day and night playing
an uninterrupted tune for life. Each inhalation is a letter delivered from earth and sky; each
exhalation is the body's returned reply. However, we live in earth with gravity. West's zones
illustrate how gravity affects blood flow in the lungs and its impact on respiration efficiency.
They underscore the importance of matching ventilation and perfusion for optimal gas
exchange. Collective changes in ventilation and perfusion in the lungs are measured clinically
using the ratio of ventilation to perfusion (V/Q). Changes in the V/Q ratio can affect gas
exchange and can contribute to hypoxemia. In tradition nuclear medicine, Tc99m MAA
pulmonary perfusion and Tc99m DTPA aerosol ventilation scintigraphy provide the detailed
functional V/Q mismatch and match dysfunction in pediatric pulmonary hypertension
condition. Another important functional imaging as FDG PETCT is able to disclose the
alternative metabolism of right heart failure and predict the outcome. However, the other
traditional MPI SPECT is very helpful to show the heart function while pulmonary
hypertension.

Although radiation safety is always an issue in pediatrics, we believe Nuclear Medicine
functional imaging is the most important technology to evaluate sub nanometer fields of
medicine: As light traverses spacetime by powers of ten, it records the interactions of living
molecules. Through optoelectronics, the microscopic is magnified into macroscopic—this
the true essence of nuclear medicine.

Key Words: pediatric pulmonary hypertension, nuclear medicine, Tc99m MAA pulmonary
perfusion scintigraphy. Tc99m DTPA aerosol ventilation scintigraphy. FDG PETCT. MPI.
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