
The Role of the Heart in 
Congenital Diaphragmatic Hernia

Nei l  Pate l
Roya l  Hosp i ta l  fo r  Ch i ld ren

Glasgow,  UK

CDH 2020 Houston



CDH 2020 Houston



CDH 2020 Houston



Pulmonary
hypoplasia

Pulmonary
hypertension

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

CDH 2020 Houston



CDH 2020 Houston

PULMONARY 
VASODILATORS?

INOTROPES & 
PRESSORS?

ECMO? TIMING OF 
SURGERY?

PREDICTING 
OUTCOME?

NEW 
THERAPEUTIC 
APPROACHES?



CDH 2020 Houston

Cardiac function in 
CDH
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(Who cares?)
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Tissue Doppler Imaging of RV in CDH
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Cont ro l C D H

• R e d u c e d  s y s t o l i c  v e l o c i t i e s  ( S ’ )
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↑  Pulmonary Vascular Resistance
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Abnormal pulmonary vascular structure & function

Right-to-left 
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(atria and PDA) 
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C i r c u m f e r e n t i a l  
s t r a i n  ( C S )

R a d i a l
s t r a i n ( R S )

L o n g i t u d i n a l  
s t r a i n  ( L S )

Speckle t rack ing echocardiography in CDH
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Ventricular strain in CDH (f irst 48h of l i fe)
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Ventricular inter-dependence in CDH
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Possible mechanisms of fetal LV 
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↑  Pulmonary Vascular Resistance
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LV function improves in f irst days of l i fe

Systolic TDI velocities (LV S’) Diastolic TDI velocities (LV E’)



Early ventricular function: CDH Study Group 
Registry Analysis 2015-2018
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Variable

Cardiac Function Category

Normal 
function

RV dysfunction 
only 

LV dysfunction 
only

RV & LV 
dysfunction P value

N (%) 711 (61) 182 (15) 61 (5) 219 (19) -
Birth weight, 
median (SD), kg 2.93 (0.63) 3.02 (0.61) 3.00 (0.48) 2.96 (0.56) 0.489

Gestational age, 
median (SD), weeks 37.4 (2.33) 37.5 (2.11) 37.8 (1.80) 37.6 (1.85) 0.928

Male n (%) 410/709 (58) 91/182 (50) 36/61 (59) 121/219 (55) 0.275
Inborn n (%) 437/710 (62) 122/181 (67) 34/61 (56) 159/219 (73) 0.009
Prenatal diagnosis n (%) 534/708 (25) 150/182 (82) 44/61 (72) 186/219 (85) 0.007
Left sided CDH n (%) 599/710 (84) 155/182 (85) 50/59 (85) 167/214 (78) 0.145
Major Cardiac anomaly n (%) 49/711 (7) 13 /180 (7) 10/61 (16) 20/219 (9) 0.054
Chromosomal anomaly n (%) 57/710 (8) 13/181 (7) 4/61 (6) 22/219 (10) 0.685
Other anomaly n (%) 79/711 (11) 20/180 (11) 9 /61 (15) 28/219 (13) 0.778
CDHSG Stage 
group

A/B  n (%) 335 (52) 60 (37) 19 (36) 40 (25)
<0.001C/D  n (%) 307 (48) 103 (63) 33 (64) 122 (75)

Liver in chest n (%) 294/642 (46) 92/163 (56) 32/51 (63) 105/161 (65) <0.001
Patch Repair n  (%) 345/645 (53) 111/163 (68) 35/511 (69) 130/161 (81) <0.001
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↑  Pulmonary Vascular Resistance
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Fetal LV hypoplasia
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LV  d y s f u n c t i o n  
s i g n i f i c a n t l y   
a s s o c i a t e d  w i t h  
E C M O  a n d  n o n -
s u r v i v a l  
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Variable
Multivariate analysis

HR SE P 95% CI

Birth weight <3kg 1.44 0.22 0.020 1.06 – 1.95

Defect Stage C/D 3.37 0.92 <0.001 1.97 – 5.77

Liver in chest 1.63 0.34 0.018 1.09 – 2.46

Cardiac 
Dysfunction

RV only 1.02 0.23 0.92 0.66 – 1.58

LV only 1.90 0.52 0.020 1.11 – 3.26

RV & LV 1.59 0.29 0.011 1.11 – 2.27
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1 5  n o n -
r e s p o n d e r s
11  r e s p o n d e r s
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Informing ECMO strategy:

CDH 2020 Houston

Severe LV 
dysfunction 
/hypotension

ECMO (VA?)
+ time (< 1 week)
+/- cardiotropes

?Wean off, then repair

Pulmonary 
hypoplasia, 
hypercarbia, 
ventilation 

failure

? Is ECMO appropriate ?Early repair on ECMO

Pulmonary 
hypertension 
/oxygenation 
failure / RV 

failure

ECMO (VV or VA?)
Optimize PVR

+ time

?Wean and repair off,  
consider repair on ECMO if 

no early improvement



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)

2nd line cardiotrope
(epinephrine + 

hydrocort)

3rd line: 
consider VA ECMO

Determine optimal 
timing of 

interventions:
CDH repair

ECMO
Extubation

Targeted therapy of PH and cardiac funct ion in 
CDH

PGE1 to 
maintain PDA:

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

/ constricting 
ductus arteriosus
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?Improved pre-natal prognostication
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Lung volume 
(LHR / MR TFLV

LV hypoplasia

Pulmonary vasculature
/ PVR

Postnatal 
Dysfunction

IMPROVED 
PREDICTION OF 
SEVERITY AND 

OUTCOMES
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North West Neonatal Surgery Day 3/5/19






Staff and patients of the:
Royal Hospital for Children, Glasgow
Royal Children’s Hospital Melbourne

Claudia Massolo
Florian Moenkemeyer
Florian Kipfmueller
Lindsey Hunter
Carl Davis, Morag Liddell
Kevin Lally, Pam Lally, Matt Harting
CDH Study Group and Registry
CDH Euroconsortium
CDH UK

Thanks to 
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Associated with outcomes:
• Duration ventilation 
• Length of stay
• Survival
• ECMO 
CDH 2020 Houston
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D a y 1 D a y 3 D a y 5

4  
c h a m b e r  

v i e w

P D A f l o w

S T E  
S t r a i n

R V  G L S  -
1 2 %  

LV  G L S  - 9  
%

R V  G L S  -
1 2 %  

LV  G L S  - 2 0  
%

R V  G L S  -
1 6 %  

LV  G L S  - 2 0  
%

Milrinone and epinephrine
IV sildenafil












• 38/40.  3kg.  L CDH.  Day 1 of life
• Conventional ventilation: 22/5, FiO2 0.35. Sats 96/97%. BP 45/32 (36)
• Cardiac function improved spontaneously by day 3 of life
• Primary repair, day 3.  Stage “A” defect
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Cardiac function and timing of repair?
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New therapies in CDH: Physiological based cord clamping?
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