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Terminology in PH

• Pulmonary hypertension (PH) – Mean PAP ≥25 mmHg

• Pulmonary arterial hypertension (PAH) – PAP ≥25 mmHg and elevated 
PVR with normal pulmonary venous pressure (pulmonary artery wedge 
pressure [PAWP] <15 mmHg) 

• Pulmonary venous hypertension (PVH) – PVH refers to elevations of 
pressure in the pulmonary venous and pulmonary capillary systems 
(PAWP ≥15 mmHg)

• Transpulmonary gradient (TPG) – Mean PAP - left atrial pressure (LAp)

• Pulmonary vascular resistance (PVR) – PVR = TPG / Qp
• PVR is a measurement of the resistance in the pulmonary circulation. Elevated 

PVR indicates reduced cross-section area. 

• Pulmonary hypertensive vascular disease (PHVD) – PHVD (previously 
called PVOD) PHVD is characterized by elevated PVR and/orTPG



Decreased cross-sectional area of the pulmonary vascular bed
Increased pulmonary blood flow (Qp)
Increased pulmonary venous pressure (most commonly due to elevated left atrial 
pressure [LAp])





Paediatric Task Force of the 6th 
World Symposium on Pulmonary 
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NICE 2018







Pulmonary 
Lymphangiectasia

• KKH over last 20 years 4 patients

• Primary or secondary 

• Survival 25%

• 3 with TAPVD

• 1 without TAPVD





Bronchopulmonary dysplasia (BPD)

• Maldevelopment of pulmonary blood vessels underlies PH 

• The vascular bed is especially prone to vasoconstriction with viral 
infection or other stresses

• Most patients with PH due to BPD  
• mild to moderate

• PAP generally falls with growth and development 

• Persistent PH in formerly preterm children - pulmonary vein stenosis

• PH is severe and persistent in this patient population
• high morbidity and mortality 





Transient PH

• Persistent pulmonary hypertension of the newborn (PPHN) 

• PH related to congenital diaphragmatic hernia

• PH associated with bronchopulmonary dysplasia, which typically improves 
gradually, but may persist

• PH associated with acute pulmonary disease (eg, acute respiratory 
distress syndrome). 

• Flow-related PH associated with cardiac shunting defects that are 
corrected in infancy



Neonatal PH - Special Considerations 

• PVR is high in utero and falls rapidly after birth. 

• PAP normally reaches adult levels during the first few weeks of life. 

• Neonatal lung is sensitive to vasoconstrictive stimuli (eg, alveolar 
hypoxia) 

• Delayed neonatal transition to a low-resistance pulmonary circulation 

• Even asymptomatic neonates require close follow-up



Cardiac Shunt lesions

• PH due to increased pulmonary blood flow (Qp) rather than 
pulmonary vascular disease. 

• Left heart disease associated with elevated left atrial pressure (LAp) 
pulmonary venous hypertension [PVH]) 

• Patients in these categories may actually have healthy pulmonary 
vessels, or reversible pulmonary vascular abnormalities. 

• PVR = [mean PAP – mean LAp]/Qp)



Persistent/progressive PH in children 

• PH associated with congenital heart disease (PH-CHD), 

• PH due to lung disease

• Idiopathic/heritable PH 





PH in children

• Right heart failure may be the first presentation

• Effort intolerance

• Syncope usually with exertion

• Arrhythmias

• Sudden death can be the first manifestation

• Desaturation at rest – more evident if there is a shunt

• Failure to thrive



Evaluation

• Chest X ray

• Laboratory tests

• Chest CT with angiography

• Echocardiogram

• NT pro BNP

• Cardiac Catheterization

• Cardiopulmonary Exercise 
testing 

• Six minute walk test



Evaluation of PH - Conditions at time of 
measurement
• Measurements of PAP in the echocardiography or cardiac 

catheterization laboratory may not reflect the PAP at other times and 
under different conditions. 

• Bronchopulmonary dysplasia - little elevation of PAP when healthy 
versus a marked and clinically important increase with viral 
respiratory infection. 

• Noncompliant pulmonary vascular beds - a modestly elevated PAP at 
rest (with no appreciable impact on the patient's physiology) can 
increase substantially with exercise.



Tricuspid Regurgitation jet

• RV pressure is measured by 
Doppler from velocity of TR jet

• Assumes that there is no 
obstruction to flow across the PA

• Assumes that the TR jet velocity is 
accurate 

• Assumes RA mean pressure



Pulmonary insufficiency jet

• Mean PA pressure and end 
diastolic pressure estimate 

• Uses a constant factor from 
statistical model



PDA or VSD jet velocity

• More accurate if available to 
measure



PV acceleration time



RV function estimation

• 2D estimation (operator dependent)
• RV hypertrophy and dilatation
• RV function – visual estimation
• Septal position (eccentricity index)

• Doppler evaluation
• Flow across the PFO/ASD (RA pressure /LA pressure)

• M mode – TAPSE (age dependent)

• RV area fractional change (volume and operator dependent)

• TDI velocities

• RV strain

• 3D volume and EF estimation



•RV function

• RV hypertrophy 
and dilatation

• Septal position 
(eccentricity 
index)

• visual 
estimation

• operator 
dependent



RV FAC
• Operator 

dependent

• Volume 
dependent

TAPSE
• Operator 

dependent

• Volume 
dependent

Septal position 
(eccentricity index)

• operator 
dependent



RV Strain

M-mode shows paradoxical septal motion

TDI shows abnormal RV diastolic function

Ventricular strain shows abnormal deformation forces



Right ventricular function

• Determines ventricular capacity to generate flow in different changes 
in PAP

• Well adapted RV

• Competency of TV

• Single ventricle physiology

• RV versus LV morphology – Corrected transposition of great arteries



Biomarkers in PH

• NT proBNP - Good for assessing treatment efficacy

• Good indicator of worsening RV function

• Serial Uric acid corelates well with disease severity and other 
biomarkers

• Uric acid levels > 40mmol/l differentiates survivors and non survivors

• Uric acid fluctuates reliably through out the course of the disease



Cardiac catheterization

• Most accurate

• Gold standard

• Invasive

• Assessment of vascular reversal response 
• AVT

• mPAP to <40mmHg / drop of mPAP by 10mm Hg without drop in cardiac output

• Can be used to assess operability in PAH-CHD

• NO 10-80ppm

• Epoprostenol

• Iloprost

• Adenosine



Assumptions

• Oxygen consumption - VO2 (measured vs chart data)

• Pulmonary flow (Qp)

• Cardiac output (Qs) - Thermodilution vs Fick method

• Different baseline condition

• Affected by amount of oxygen given during assessment



Audience question

• RHC should always be performed in children
• Prior to drug treatment

• Risk stratification

• To assess effectiveness of treatment

• Prior to listing for lung transplantation

• Hemodynamic changes corelate with clinical outcomes



Cardiopulmonary exercise testing

• Reasonable accurate estimation of cardiopulmonary function

• Gives information of pulmonary and cardiac function closer to real life

• Cardiopulmonary reserve

• Done when the patient is functional class 1-3

• Limited use in younger patients



Six minute walk test

• Poor functional class

• Estimates smaller functional changes in patients with effort 
intolerance

• Can be performed in clinic setting

• Estimates changes in heart rate, oxygen saturation and distance 
achieved

• Operator reliability high

• But need to accurately fix the distance and time achieved 

• Useful generally in children above 6 years





Lower risk Determinants of risk Higher risk

No Clinical evidence of RV failure Yes

No Progression of symptoms Yes

>350 6MWT (>6 years old) m <350

Normal Growth Failure to thrive

III, IV WHO FC

Minimally elevated Serum BNP/NT-proBNP

Significantly elevated

Rising level

Echocardiography RA/RV enlargement

Reduced LV size

Increased RV/LV ratio

Reduced TAPSE

Low RV FAC

Pericardial effusion

Systemic CI >3.0 L·min−1·m−2 Haemodynamics Systemic CI <2.5 L·min−1·m−2

Systemic venous saturation >65% mRAP >10 mmHg

Acute vasoreactivity PVRI >20 WU·m2

Systemic venous saturation <60%

PACI <0.85 mL·mmHg−1·m−2











Management of PH
• Alteration of pulmonary vascular resistance and remodelling

• Oxygen 
• NO
• PDE5 inhibitor 
• Endothelin antagonist
• Prostacyclin analogues

• Modify RV function
• Diuretics
• Milrinone/Amrinone

• Prevent Thrombosis
• Anticoagulation
• Aspirin

• Recognize and treat Acute PH crisis





Targeted PH therapy

• Calcium channel blockers (nifedipine, amlodipine, diltiazem – but not 
verapamil) 

• Phosphodiesterase type 5 inhibitors (sildenafil, tadalafil) 

• Endothelin receptor antagonists (bosentan, ambrisentan, macitentan) 

• Prostacyclin analogues (epoprostenol, treprostinil, iloprost)







PPHN Algorithm

Hilgendorff A, et al. Heart 
2016;102:ii49–ii56. 
doi:10.1136/heartjnl-2015-
308591



BPD and CLD with PH

Hilgendorff A, et al. Heart 
2016;102:ii49–ii56. 
doi:10.1136/heartjnl-2015-
308591







Palliative shunts for refractory PH

• Atrial septostomy
• WHO FC 3-4

• Syncope on combination therapy

• Bridge to transplant

• Contraindicated if
• mRAP >20mm Hg

• Resting saturation<90%

• Severe RV failure

• Near death

• Reverse Potts Shunt/ PDA stent
• WHO FC 4

• Refractory to combination meds

• Improves RV function

• Immediate post operative death

• Survivors have improvement in FC 
and symptoms



Audience question 

• During the treatment of refractory pulmonary hypertension
• IV Epoprostenol or SC Treprostonil should be added

• BNP levels decrease after atrial septostomy

• Potts shunt improves oxygen saturation

• Potts shunt improves functional capacity



Summary
• PAH with CHD is the commonest in children

• PH in pulmonary disease has a varied pathophysiology but hypoxia plays an 
important role

• Evaluation of PH in children includes assessment of etiology, severity of PH 
and testing for pulmonary vascular reactivity

• Survival in PH is at best modest

• PH with cardiac shunt tends to have longer survival

• Newer pulmonary vasodilators have improved QOL and survival

• Improvement in functional class corelates well with outcomes

• Effective management of PH requires a multiteam approach




