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Speckle-tracking echo: deformation analysis
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Early LV dysfunction demonstrated by speckle tracking echocardiography
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Am J Resp Crit Care Med 2019



Data from from Le et al J Pediatr 2023
Lakshminrusimha & Fraga, J Pediatr 2023
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Obstructive shock

2 mechanisms :

1.  LAP :  Q pulm

2.  RAP : RV failure

•  In preductal SpO2

• + Symptoms of shock

• + Symptoms of hypoxia
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“Cardiac era”: an updated model of CDH pathophysiology

x

x

Y a m a t a k a a n d  P u r i ,  1 9 9 7

S c h m i d t  e t  a l ,  2 0 1 2

PULMONARY 
HYPOPLASIA

PULMONARY 
VASCULAR 

ABNORMALITY

S i e b e r t  e t  a l  1 9 8 4

CARDIAC 
MAL-DEVELOPMENT

2024

“Cardiac” model 

of CDH

2020s
“Cardiac” model 

of CDH



1980s – 90s 

Cardiac dimensions

2000’s

RV Function

2010’s

LV dysfunction

2020’s

Phenotypes & 
Outcomes

2020s
“Cardiac” model 

of CDH

Early LV dysfunction as a key disease mediator
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Define PH phenotype

Pre-capillary PAH
RV dysfunction  / hypoxia

Post-capillary PH
LV dysfunction, hypotension

⇩ PVR

Pulmonary vasodilator therapies
Support RV function and SVR

⇧ LV function

Inotropes 
+/-ECMO

Avoid⇧ SVR or HR

Avoid pulmonary 
vasodilators
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2020s
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2024+
Pathophysiology 

based therapy

A paradigm shift: from “one-size-fits-all” to pathophysiology-based 
therapy



Clinical assessment of  the neonatal heart in CDH - when, who and how?

Shazia Bhombal, MD

Associate Professor of  Pediatrics

Medical Director of  Neonatal Services at Children’s Healthcare 

of  Atlanta- Egleston
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CDH Survival has improved 

over years, however still with 

mortality in the CDH registry 

~25%
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Pulmonary hypertension plays a role in 

outcomes
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Lusk et al, J Peds 2015

Time to death

Time to 

resolution of 

pulmonary 

hypertension

Infants 

alive and 

PH free

Infants alive with PH

Infants died

Term healthy infants achieve PAp < 2/3 systemic by 24 hours; ½ CDH 

patients achieved this by 2-3 weeks, with persistence associated with 

increased morbidity and respiratory complications
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Heart Lung Interactions with CDH
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Maldevelopment 

of pulmonary 

vasculature  

resulting in 

elevated PVR

Left ventricular 

hypoplasia

copyright Satyan Lakshminrusimha with permission

1. Reduced 

pulmonary blood 

flow due to structural 

pulmonary vascular 

changes

2. Ductus venosus 

flow directed towards 

right heart -> less 

flow to left heart

3. Lateral 

compression on 

developing heart

Patel et al, Frontiers 2022
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Increasing pulmonary hypertension
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copyright Satyan Lakshminrusimha with permission

3 CDH Cardiac Phenotypes related to 

pulmonary hypertension and LV 

compliance 
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Bhombal and Patel, Sem Fetal and Neo Med 2022
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LA strain

Burgos, Front Pediatr 2024



Left atrial reservoir strain
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Left ventricular end-diastolic dimension

Burgos, Front Pediatr 2024
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Persistent Pulmonary Hypertension

http://www.rivendell-peds.com/lungs.jpg


(Patho)physiology-based cardiorespiratory therapy
in CDH – State of the art?

Florian Kipfmueller

Department of Neonatology and Pediatric Intensive Care Medicine

Children‘s Hospital| University of Bonn

https://www.uni-bonn.de/


A) Impact on alveolus

B) Right ventricle:
• Incr. RA pressure
• Decr. Venous return
• Decr. RV preload and PBF

C) Left ventricle:
• Incr. LA pressure
• Reduction of transmural pressure

may improve LV function and 
output

https://www.uni-bonn.de/


Fuhrman & Zimmerman‘s, Ped Critical Care

Cardiopulmonary Interaction

https://www.uni-bonn.de/


AJRCCM, 2023

https://www.uni-bonn.de/


Post repair: PEEP 2 cm H2O versus 5 cm H2O

https://www.uni-bonn.de/


Smart approach to pulmonary vasodilator use:

Define PH phenotype

Pre-capillary PAH
RV dysfunction  / hypoxia

LV dysfunction
Post-capillary PH

Avoid pulmonary vasodilators
Treat LV dysfunction.

Systematic use of pulmonary 
vasodilator therapies



Cardio-respiratory interactions

AIM: Improve lung aeration
Optimise ventilator settings

Use lung ultrasound/EIT/blood gas analysis

Consider ECMO

PEEP↑ if atelectasis; PEEP ↓ if 
overdistension

Adjust MAP/PiP according to preload and 
afterload/ ventricular function

Pathophysiology-based approach to cardiorespiratory therapy/interactions

https://www.uni-bonn.de/

