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Cecilia Grierson (1859-1934)

First woman to receive a medical 
degree in Argentina

Founder of first nursing school in 
Argentina and National Obstetrics 
Association
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Challenges in Pulmonary Hypertension 
(PH)

• Congenital heart disease or PH?

• Why is this baby so sick?

• Which therapies will work?
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Overview

• Physiology of pulmonary circulation

• Pathophysiology of PH

• Clinical assessment and management

• Future therapies
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PRESSURE = FLOW x 
RESISTANCE
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PAP = PBFlow x PVRESISTANCE
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↑PAP = PBFlow x PVRESISTANCE

INCREASED PBF
Left to right shunts

Large AVM

INCREASED PVR Hyperviscosity
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↑PAP = PBFlow x PVRESISTANCE

INCREASED PBF
Left to right shunts

Large AVM
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? PH associated with trisomy 21

Hyperviscosity

Increased 
pulmonary venous 

pressure:
Pulmonary vein stenosis

LV dysfunction
Obstructed left heart
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Abnormal pulmonary vascular 
structure in congenital diaphragmatic 
hernia (CDH)

Yamataka and Puri, J Ped Surg 1997

CDH Controls
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↑  Pulmonary Vascular Resistance

Abnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

Hypoxemia
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↑  Pulmonary Vascular Resistance

CARDIAC STRUCTURE 
AND FUNCTION

Abnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

Hypoxemia
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RV dilatation and hypertrophy in PH
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RV Diastolic dysfunction in PH: Tissue Doppler Imaging
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Control infant – RV RV in PH

• Reduced systolic velocities 

• Loss of diastolic E’ velocity 

* **

Patel et al, Neonatology, 2009

S’ 

E’ 
A’ 

S’ 

A’ 
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LV dysfunction in PH:
speckle tracking echocardiography
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Ventricular strain in the RV and LV in CDH 
in first 48 hours of life
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Patel et al 2018, J Peds 2018
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Why is there LV dysfunction in pulmonary 
hypertension?

Secondary to RV dysfunction:
oVentricular interdependence:

• Shared muscle fibres 
• Shared septum 
• Shared pericardium

Primary LV dysfunction
oTransitioning LV at birth (acute increase in afterload)
oHypoxia, acidosis
oFetal LV hypoplasia (CDH)
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GA: 16-37 weeks
N = 171 L CDH
N = 17 R CDH

Severity based on lung volumes:
Severe: LHR<1, liver up
Moderate: LHR >1
Mild: liver down
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↑  Pulmonary Vascular Resistance

RIGHT VENTRICULAR 
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LEFT VENTRICULAR 
DYSFUNCTION

(CDH: Fetal LV hypoplasia )Abnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

↑ afterload 
at birth

Ventricular

interdependence
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(CDH: Fetal LV hypoplasia )



Ventricular function and outcome in CDH
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Patel et at al, for the CDH Study 
Group, unpublished
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↑pulmonary 
venous 

pressure 

(CDH: Fetal LV hypoplasia )
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A clinical definition of PH in neonates:
“clinically significant pulmonary 
hypertension”

1. ↑ PAP / PVR

2. Right-to-left shunting

3. Cardiac dysfunction (RV and LV)
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• Hypoxemia
• Acidosis
• Systemic hypotension



Assessment of clinical significance of PH
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Oxygenation / 
oxygen delivery PVR  / PAP CARDIAC FUNCTION

Arterial oxygen 
saturations, SaO2
(post ductal)

Pre-post ductal saturations Systemic Blood Pressure: pulse 
pressure

PaO2 Echocardiographic assessment:
• Tricuspid regurgitation velocity
• PDA shunting pattern
• Time to peak velocity in 

pulmonary artery
• Septal shape

Echocardiographic assessment:
• “Eyeballing” from 2d loops
• Quantitative measures:
 Tissue Doppler imaging
 Speckle tracking 

echocardiography

Lactate

Venous oxygen 
saturation (SVO2)



Estimation of RV systolic pressure (PAP) 
using Tricuspid regurgitation velocity
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ΔP = 4v2



Use of PDA flow to assess pulmonary artery pressure
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PAP < SBP PAP  =  SBP PAP  >  SBP



Targeted treatment of “clinically-significant 
PH”
1. Treat underlying cause e.g. hypoxia, sepsis

2. REDUCE PVR (if elevated)
I. Optimize sedation, acid base,
II. Optimize ventilation
III. Pulmonary vasodilator therapy

3. Support cardiac function
1. Improve systolic and diastolic RV and LV function
2. Maintain ductus using PGE1
3. ECMO
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Lung volume and PVR
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Targeted Pulmonary vasodilator therapies
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Inhaled Nitric Oxide, RCT evidence:
• Term “PPHN”: Improves oxygenation and reduces death/ECMO

• In preterm infants: no evidence of benefit, except in PPROM 
(prolonged preterm rupture of membranes) 

• CDH-PH: Improves oxygenation. No reduction in death or ECMO
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• 57% received iNO

• Median DAILY charge 
for iNO was $5753

• Estimated total cohort 
iNO charges $81 
million



Putnam et al, JAMA Pediatr 2016Congresso Argentino de Neonatologie
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Congresso Argentino de Neonatologie Pediatric Pulmonology 2018

11 responders

15 non-responders
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↑pulmonary 
venous 

pressure 

(CDH: Fetal LV hypoplasia )

DOES LV DYSFUNCTION ACCOUNT FOR NON-RESPONSE TO 
PULMONARY VASODILATORS?



CoDiNOS trial (Europe)

Population:
Infants with CDH & PH day 0-7 of life 

Intervention:
Randomised to iNO or IV sildenafil

Primary Outcomes:
• Incidence of PH on day 14 of life
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Milrinone 
(PDE3 inhibitor)
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Steinhorn et al, (Future-4 Study), J Peds 2016Congresso Argentino de Neonatologie

n=13



Prostaglandin E1

• Maintains PDA as “blow-off valve” for pressure-loaded RV
• May act as pulmonary vasodilator
• Use early to maintain PDA if:

1. RV dilated / dysfunctional and..
2. PAP = or > systemic BP and..
3. PDA closing or closed
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Exclude congenital heart disease.
Regular assessment of cardiac function and 

pulmonary artery pressure 

Targeted treatment of PAP/cardiac dysfunction 

RV dysfunction / hypoxia

1st line pulmonary vasodilator 
( iNO )

2nd line pulmonary vasodilator 
(Hypoxia:IV sildenafil
RV dysfx: milrinone)

3rd line: consider 
prostacylin / ECMO

LV dysfunction

1st line cardiotrope
(milrinone/  dobutamine)

2nd line cardiotrope
(low dose epinephrine)

3rd line: 
consider VA ECMO

Determine optimal 
timing of 

interventions:
CDH repair

ECMO
Extubation

Targeted therapy of PAP and cardiac dysfunction

PGE1 to 
maintain PDA:

e.g. if RV dilatation 
/  PAP ≥ systemic BP 

/ constricting 
ductus arteriosus
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Staff and patients of the:
Royal Hospital for Children, Glasgow
Royal Children’s Hospital Melbourne

Claudia Massolo
Florian Moenkemeyer
Lindsey Hunter
CDH UK
CDH Euroconsortium
CDH International Registry

Thanks to 
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