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Early LV dysfunction demonstrated by speckle tracking echocardiography
Diminished Cardiac Performance and Left Ventricular Dimensions Early Postnatal Ventricular Dysfunction Is Associated with Disease
in Neonates with Congenital Diaphragmatic Hernia Severity in Patients with Congenital Diaphragmatic Hernia
. . . . 3. Neil Patel, MD', Anna Claudia Massolo, MD?, Anshuman Paria, MBBS', Emily J. Stenhouse, MBChB?,
Gabriel Altit'® - Shazia Bhombal? - Krisa Van Meurs®3 - Theresa A. Tacy* Lindsey Hunter, MRCPCH. Emma Finlay, BSE', and Carl F. Davis, FRCS'
Table 3 Comparison of deformation measures of ventricular function
in study and control patients 80 I;l
Deformation measurements . CDH
CDH (n=44) Controls (n=18) p value —~ 060
()
RV-GLS (%) ~9.0(53) —195(1.4)  0.0001% S ﬁ Controls
RV GLSR (1/s) —-0.98 (0.41) —-1.53(0.17) 0.0001%* c 40 q.
RV EDSR (1/s) 1.12(0.58)  1.93(0.63)  0.0001% © *p<0.05
Time to RV EDSR (ms)  332.6 (72.0) 328.9 (46.1) 0.87 5 20 e
LV GLS (%) —~132(58) —20.8(3.5) 0.0001* T R
LV GLSR (1/s) —1.35(0.57) —1.80(0.38) 0.004* O 0
LV EDSR (1/s) 1.3 (0.7) 2.1 (1.0) 0.001* ke,
Time to LV EDSR (ms)  291.7 (111.8) 302.8(59.8)  0.71 O 20
EDSR early diastolic strain rate, GLS global longitudinal strain, GLSR | | | | | |
global longitudinal strain rate, LV left ventricle, RV right ventricle 40 . * *
All values are expressed as mean (standard deviation), *p value < 0.05 - RV GLS LV GLS LV GCS LV GRS
Ped Card 2018 J Peds 2018
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Ventricular Dysfunction Is a Critical Determinant of Mortality in
Congenital Diaphragmatic Hernia

Neil Patel’, Pamela A. Lally?, Florian Kipfmueller®, Anna Claudia Massolo*, Matias Luco®, Krisa P. Van Meurs®,
Kevin P. Lally?, and Matthew T. Harting?; for the Congenital Diaphragmatic Hernia Study Group
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Am J Resp Crit Care Med 2019
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R-LShunt & A Shunt direction
across 2 /\PDA shunt
ductus
arteriosus e Closed ductus
R-L Shuntor o
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foramen o
ovale
~ B Ventricular dysfunction
Left
ventricular o R
dysfunction “°
Right &
ventricular
ECMO use: dysfunction o LV
Normal function RV+LV - 4.3% o 1 2 3 7 14 30

One dysfunctional ventricle - 23.5%

Biventricular dysfunction - 90.9% Postnatal day

Data from from Le et al J Pediatr 2023
CDH 202 4 e Lakshminrusimha & Fraga, J Pediatr 2023
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Obstructive shock

o U In preductal SpO2
e + Symptoms of shock
* + Symptoms of hypoxia

2 mechanisms :

1. U LAP:
2. 1 RAP :

U Q pulm

RV failure
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“Cardiac era”: an updated model of CDH pathophysiology

Yamataka and Puri, 1997
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Siebert et al 1984
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Early LV dysfunction as a key disease mediator

Left
] ventricular
dysfunction
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[ {1 Systemic blood flow ]

Wy

[ {t Pulmonary venous pressure

U U

¢ Pulrrronary compliance, {t Pulmonary artery pressure
Impaired gas exchange

3 25
[ J Pulmonary } [ Right-to-left ]
blood flow shunting
Ve .Y S N . N

! \
| Early Clinical Metabolic :
| Phenotype in CDH [ {t pco, ] [ { Pao, } [ v Bp ] [ Acidosis ] !
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A paradigm shift: from “one-size-fits-all” to pathophysiology-based

therapy

[ Define PH phenotype ]
Post-capillary PH
LV dysfunction, hypotension

Pre-capillary PAH
RV dysfunction / hypoxia

¥
[ {1 PVR ] [ {f LV function ]
\ 4 ‘L
[ Inotropes A
Pulmonary vasodilator therapies
Support RV function and SVR +/-ECMO
P 9 Avoid{t SVR or HR y
( . )
Avoid pulmonary
X vasodilators )
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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 &) S %
of Atlanta- Egleston
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Mortality in Congenital Diaphragmatic Hernia
A Multicenter Registry Study of Over 5000 Patients Over 25 Years

Vikas S. Gupta, MD,* Matthew T. Harting MD, MS* Pamela A. Lally, MD,*
Charles C. Miller, MD,¥ Ronald B. Hirschli Carl F. Davis, MD,§
Melvinlll S. Dassinger, MD,|| Terry L. Buchmiller, MDY Krisa P. Van Meurs.#
Bradley A. Yoder, MD,** Michael J. Stewart, MD,T+ and
Kevin P. Lally, MD, MS, FACS,*x,

for the Congenital Diaphragmatic Hernia Study Group Ove ra" Mortallty Rate
50

E1=30.7% E2 = 30.3% E3 =28.7% E4 =26.0% ES =25.8%

CDH Survival has improved 40
over years, however still with
mortality in the CDH registry

~25%
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Pulmonary hypertension plays a role in
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Lusk et al, J Peds 2015
Days to event

Term healthy infants achieve PAp < 2/3 systemic by 24 hours; %2 CDH
patients achieved this by 2-3 weeks, with persistence associated with
Increased morbidity and respiratory complications



Heart Lung Interactions with CDH

Maldevelopment
of pulmonary
vasculature
resulting in
elevated PVR

hypoplasia
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Abdominal
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copyright Satyan Lakshminrusimha with permission
Patel et al, Frontiers 2022

Left ventricular

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
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3 CDH Cardiac Phenotypes related to
pulmonary hypertension and LV
compliance
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Phenotype #1 Phenotype #2 Phenotype #3
No/mild PH PH PH
No cardiac dysfunction No cardiac dysfunction/ Primary Primary LV dysfunction
RV dysfunction

Left to Right atrial shunt
Left to Right PDA

Bhombal and Patel, Sem Fetal and Neo Med 2022
copyright Satyan Lakshminrusimha with permission

Precapillary PH Phenotype Postcapillary PH Phenotype

Right to left atrial shunt
Right to left PDA

Left to right atrial shunt

Right to left PDA

15



LA A4C

LA strain

Strain [L{)ngitudinal, ED] Rcff‘f(’-ncf‘ =) | Reference Pref

/ LASr ED: 32.0 %

LAScd ED: -18.6 %
LASct ED: -13.4 %

he

Burgos, Front Pediatr 2024




Durée d’hospitalisation Durée d’hospitalisation

LOS (days)

-
-

8.8 0.0 3.0 0.0 0.0 [T K] .08 4,00 «2.00 ]
LASr (%) LVED (SD)
Left atrial reservoir strain Left ventricular end-diastolic dimension

Burgos, Front Pediatr 2024



Early postnatal echocardiogram guides our
hemodynamic approach

Slide courtesy of
Dr. Patrick Sloan

Echocardiogram by 2 hours of

life 4 N
iNO is contraindicated
* until LV dysfunction
resolved
Left-ventricular or Bi-ventricular / N /
Cardiac dysfunction identified on N (o . )
attending cardiologist read Daily Monitoring with
Echo until resolution
* of dysfunction
\. J
/1. Initiate low-dose epinephrine\ /Initiate PGE1 therapy if: \
(0.03 mcg/kg/min) 1. RV dysfunction present and PDA
2. Correct ionized calcium=25 - — closing
5.5 mg/dl 2. Concern for systemic or supra-
3. Add Milrinone at 24 hours of systemic RV pressures after 24
life if dysfunction persists hours of life

- J - J

Department of Pediatrics

Washington University Physicians « St. Louis Children’s Hospital Division of Newborn Medicine




Persistent Pulmonary Hypertension

Ductus arteriosus

PA Aorta

Right
heart

Left
heart

U pulmonary flow
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(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
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Neonatologie und

Hemodynamic consequences of respiratory interventions in HNIVERSHTAT
preterm infants

Arvind Sehgal mR, J. Lauren Ruoss(®?, Amy H. Stanford?, Satyan Lakshminrusimha 5 and Patrick J. McNamara(@®?

A) Impact on alveolus

(PVR)

B) Right ventricle:

Pulmonary Vascular Resistance

Enhanced

L e * |Incr. RA pressure
5:;;?:3?:! Decreased ° D e C r- Ve n O u S ret U I" n

Intrathoracic transmural

preSSUT pressure pressure Decr. RV preload and PBF
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Extrathoracic
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gradient .|

T intrathoracic to
extrathoracic

Iowest
at FRC
roccitd arterial gradient .
i \ C) Left ventricle:
9 preloa
* Incr. LA pressure
* Reduction of transmural pressure

lVenbus
return

B. Positive

Pooling in

e RET pressure may improve LV function and
drenletion _ ventilation output
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Evaluation of Regional Ventilation Distributions in
Newborns with Congenital Diaphragmatic Hernia

Lukas Schroeder’, Florian Kipfmueller', Benjamin Hentze*?,
Christian Putensen®, Soyhan Bagci’, Till Dresbach’, Hemmen Sabir’,
Andreas Mueller!, and Thomas Muders?

compliance-loss due to

-@- lung-overdistension at T1
-@- lung-collapse at T1

-l lung-overdistension at T2
-0 lung-collapse at T2

Spo, at T1 PEEP,cas at T1
96 (93.5-99) 4.3 (4.1-4.6)
95.5 (92-99) 8.2 (8.1-8.6)
97.5 (92.3-99.3) 6.2 (6.0-6.8)
96.5 (94.3-99.3) 4.3 (4.1-4.6)
94 (90.5-98.3) 2.4 (2.1-2.8)
90 (87.5-92.8) 0.8 (0.7-1.0)

AJRCCM, 2023

positive end-expiratory pressure (PEEP) [mbar]

V1exp at T1 (milkg BW)
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Table I. Fetal and neonatal characteristics of the studied1
population

ORIGINAL www.jpeds.com * THE JOURNAL OF PEDIATRICS

Studied population

Characteristics (n=17)
Prenatal diagnosis, n 13
Left CDH, n 14
LHR o/e by echography, 24-28 wk gestational age, % 35+13
Gestational age, weeks 39 +1
Intrathoracic position of the liver 15
Birth weight, g 3300 + 550
Sex, male/female 9/8

kJl‘-\ge at surgery, d, median [range] 1[1-3]

LHR, Lung-to-head ratio; o/e, observed/expected.
Expressed as mean + SD unless otherwise specified.

/.

ARTICLES ®

Lower Distending Pressure Improves Respiratory Mechanics in
Congenital Diaphragmatic Hernia Complicated by Persistent
Pulmonary Hypertension

David Guevorkian, MD'?, Sebastien Mur, MD?®, Eric Cavatorta, MD', Laurence Pognon, MD?®, Thameur Rakza, MD***, and
Laurent Storme, MD>**

UNIVERSITAT

Post repair: PEEP 2 cm H,0 versus 5 cm H,0

4 ™
Table II. Comparison of respiratory variables measured at 2 cmH,0 and 5 cmH,0O of PEEP in newborn infants with
CDH and PPHN (n=17)

Variables PEEP 2 cmH,0 PEEP 5 cmH.0 Pvalue*
FiO,, % 0.25 [0.21-0.6] 0.35 [0.21-0.7] .0005
Preductal Sp0s, % 95 [83-100] 92 [84-99] .08
A 91 [71-100] 21 [A5-100]
|pH 7.31 [7.14-7.36] 7.20 [7.13-7.30] 0134 |
PaC0,, mm Hg 47 [37-69] 67 [61-96] <.0001
Hespiratory rate, bpm B0 [35-81] B5 [31-85] 013
PIP, cmH,0 21 [11-24] 24 [14-25] <.0001
Expiratory tidal volume, mL/kg 4.9 [3.2-7] 4.0 [2.5-6.4] <.0001
Expiratory minute volume, L/min 1.1 [0.4-2.1] 0.8 [0.3-1.2] .0002
Compliance, mL/cmH,0/kg 0.34 [0.16-0.67] 0.24 [0.13-0.60] .0001
Resistances, cmH,0/L/s 98 [64-222] 111 [65-234] .86
LVentilation index 52 [16-787] 74 [17-146] <.0001 )

Compliance, compliance of the respiratory system; Resistances, resistances of the respiratory system.
Expressed as median [range].
*Wilcoxon distribution-free signed rank test.
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Smart approach to pulmonary vasodilator use:

[ Define PH phenotype ]

Pre-capillary PAH LV dysfunction
RV dysfunction / hypoxia Post-capillary PH
/ Systematic use of pulmonary \ /Avoid pulmonary vasodilators\

Treat LV dysfunction.
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Acute PH clinical phenotype:
Hypoxia, Acidosis, Hypotension

v

Clinical and echo assessment: =

v

Define pathophysiological phenotype:
Pre- and post- capillary mechanisms
RV and LV function and interdependence
Lung aeration: atelectasis/overdistension/MAP

| 4, v ¢

Exclude congenital
heart disease

I Cardio-respiratory interactions I . , + P
. . <
v RV dysfunction / hypoxia v LV dysfunction/hypoplasia f’:; =]
. — s
AIM: Improve lung aeration AV REIfUCE VR / Combined RV/LV \ J, 5 g 'g
Optimi tilator setti : dysfunction/disproportion . w & =
ptimise ventilator settings Optimise SVR and HR y /disprop AIM: SUPPORT LV FUNCTION, o g g
Vv - Optimize SVR & HR S B E
[ ]
Usel It d/EIT/blood lysi - .
se lung ultrasoun /v /blood gas analysis Pulmonary vasodilator(s) — J ﬁ g--:
iNO / prostacyclin / mirinone 1to i i i 3 @
PEEP if atelectasis; PEEP {, if / prostacyclin / maintain PDA if: Inotropic and lusitropic support S%¢
. . v . g e.g. epinephrine, dobutamine, milrinone m =
overdistension S rtSUR, Husi RV dilatation/ dysfx b | ) d 9y
Adjust MAP/PiP according to preload and uppo c.oronarv pe .smn * PAP 2 systemic BP (levosimendan) g0
afterload/ ventricular function &.8; vasopressin, noradrenaline *  constricting ductus ,L ®a
v arteriosus .
) v 3rd line: consider ECMO Consider ECMO
Consider ECMO
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