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GA: 37 weeks - Cesarean section

Birth weight 1,950 g - Apgar 6-8-8

Tachypnea + hypoxemia at 10 min

Arterial blood gas: pH 7.28 / PaCO2 45 / Pa0O2 35 / BE -4.5
30 min: HFENC 2L - FiO2 50%

6 h: CPAP 6cm — FiO2 60%

8 h: Intubation — Surfactant - SIMV - FiO2 70%

10 h: HFOV - Fi02 100%

12h: Echocardiography: Pulmonary hypertension

13 h:iNO - 20ppm

20 h: ECMO x 5 days

12 days: extubated to CPAP - discharged home at 1 month




Diagnosis of pulmonary hypertension:

Mean pulmonary arterial pressure 225 mmHg
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Etiology:
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Prediction:

3277 cases / 1.781.156 live births 2007-2011
Incidence 1.8 %o

Risk factors:

5%

RDS
7%

~ idiopathic

One-year mortality: 7.6%

- C-section: # 2.8x

- Late prematurity 34-36w: & 3.7x h

- Post-term >41w: & 1.5x i CDH: 27.0%
- LGA: A 1.8x >

- SGA: & 1.6x 2 o Congenital lung anomaly: 32.0%
- Oligohydramnios: & 1.4x £

- Maternal diabetes: & 2.8x g’ st

- Druguse: & 1.3x @

- Smoking: & 1.3x iz

- Chorioamnionitis: & 2.3x

- Female gender: ¥ 0.8x 0.0~ [+ Censored]

- Blackrace: & 1.3x 0 100 200 300




Basic mechanisms of pulmonary hypertension in newborns
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Mediators of pulmonary vascular tone
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Pulmonary hypertension: Treatment concepts
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Why do some infants fail to respond?

. . Murphy, Vawter, and Reid
Pulmonary vascular disease in fatal meconium 1ne Journal of Pediatrics

aspiration May 1984

11 newborns 37-41 weeks — meconium aspiration syndrome
- 10 died of PPHN
- 1 died of hypoxic ischemic encephalopathy — no PPHN
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Pulmonary hypertension -> pulmonary vascular disease



Chronic fetal hypoxia and pulmonary vascular disease
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Is vascular remodeling reversible?

Treprostinil inhibits progression of pulmonary hypertension in MCT-exposed rats.
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Yang J et al. Circulation Research. 2010;107:252-262
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Acute pulmonary hypertension in preterm infants

Effect of iNO on death

n= 666 subjects/673 controls <28 weeks

Journal of Perinatology 2005 25:495-4%
1D 2005 Nature Publishing Group All nights reserved. 0743 8346705 $30 Study AR (fed)
or sud-category 95% CI
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Chronic pulmonary hypertension in preterm infants with BPD
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Early RDS: prevent lung injury:
= Low tidal volumes (4 - 6 ml/kg)
= Short inspiratory times

= Increase PEEP without over-distension (as
reflected by high

= Lower O,Sat target (8 92% ) + permissive
hypercapnea

Established BPD: prevent
pulmonary vascular disease

Prevent heterogeneity:

- Larger tidal volumes (10 - 12 ml/kg)

- Longer inspiratory times (> 0.6 sec)
Prevent hypoxia and hypercarbia:

Slower rates (better emptying) - high PEEP
Treat aspiration and airway malacia

Recognize and treat pulmonary
hypertension

- Serial echocardiography (cardiac catheterization)
- Inhaled nitric oxide
- Transition to sildenafil

- If unable to wean from iNO, consider treprostinil or
bosentan




A lifespan perspective of pulmonary hypertension

Neonatal PAH

Incidence: 1.6-2.0 cases/1000
Late preterm: 5.4/1000
Age: birth
1-year survival: 92.4%

Adult PAH

Incidence: 2.0-7.6 cases/10°
Prevalence: 15-50 cases/10°
Mean age: 50 years
Untreated survival: 2.8 years

5-year survival: 65%
Pediatric PAH

r\ Incidence: 0.2-1.0 casesy/10° ,/1

N\ Prevalence: 4.8-8.1 cases/10° 5 "
2N Mean age: 8.5 years L ’
ntreated survival: 10 months

5-year survival: 75%

Zhu N. Circ Genom Precis Med. 2018;11:e001887 Thenappan T. BMJ 2018:360:j5492
Steurer MA. Pediatrics 2017;139:e20161165 Levy M. Eur Respir J 2016; 48: 1118-1126 Farber HW. CHEST 2015; 148(4):1043-1054



What about PPHN non-responders?

Extracorporeal Life Support Registry 2000-2010

Table 1. Demographics and clinical variables

Irreversible Pulmona Persistent Pulmonary
Variable Dysplasia (n=32) Hypertension of the Newb@

Gestational age, wks 38.8 = 0.2 (35-41) 38.7 = 0.2 (30-44) .82
Apgar at 5 mins 8.0 = 0.4 (0-10) 7.6 = 0.1 (0-10) 32
Pre-ECMO blood gas
pH 7.23 += 0.04 (6.88-7.62) 7.23 = 0.01 (6.27-7.77) .99
pCO,, torr 48.5 + 4.3 (17-137) 51.5 = 0.6 (9-180) .50
pO,, torr 38.4 + 3.6 (9-95) 42.0 = 0.7 (5-326) 34
HCO;~, mEq/L 20.6 = 1.1 (9-36) 22.4 + 0.2 (4-68) 10
Sa0,, % 62.7 = 5.1 (5-100) 68.1 = 0.6 (3-100) .35
Venoarterial ECMO access, % 68 63 75 |
Age placed on ECMO, days 5.3 -*_- 1 (1-23) 3.0 = 0.1 (1-29) 04
i [ s —25 6.8 =0

0 9
Duration of ECMO, days i % W= s ) 8 x 1-37) <.001
Survival to discharge, % 3 81 <.001

ECMO, extracorporeal membrane oxygenation.
Average values expressed at mean * SE of the mean with range in parentheses.

Lazar DA Pediatr Crit Care Med 2012:13:188



Alveolar Capillary Dysplasia with Misaligned Pulmonary Veins

First described in 1948

Lethal refractory hypoxemia

Entire lung or a single lobe, with severe
retardation of alveolar development

Associated malformations
Occasionally familial
Likely genetic disease of lung development

MacMahon, Congenital alveolar dysplasia of the

lungs, Am J pathol 1948;24:919

ARTICLE

Genomic and Genic Deletions of the FOX Gene Cluster
on 16g24.1 and Inactivating Mutations of FOXFT Cause
Alveolar Capillary Dysplasia and Other Malformations

The American Journal of Human Genetics 84, 780-791, June 12, 2009



What can we learn from adult pulmonary hypertension?

Normal pulmonary artery

Note the thin media and the monolayer of endathelial cells
laying down on wavy internal elastica

Adventitia = Collagen fibers and fibroblasts ———=
Media = Smooth muscle cells

Intima = Endothelial cells
Internal elastica

External elastica

Fibrous
material

Vasconstriction Arterial remodeling and inflammation Plexiform lesion Thrombotic lesion

Imbalance in injury repair mechanisms



Adult idiopathic pulmonary hypertension is caused by
genetic defects in the TGF-B signaling pathway
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17qg23.1 deletion

Late preterm female 36w

PPHN at birth (chr17 [55515485-63165569] x1)
S”VlV, HFOV, INO, ECMO 252206028354 5L0TO01 501 CGH_107_Sep09 11 {
Home on 02 and sildenafil at 2 months = \ —T
Re-hospitalized at 5 months for PAH '
Died at 6 months of refractory hypoxemia : )

i £

TBX4 is a candidate gene for infantile . '-:.‘_'Z
pulmonary hypertension '




19 children with pulmonary arterial hypertension and TBX4 variants

Clinical course: Associated anomalies: Genetics:
- Mean age at diagnosis: 11 - 8/19 small patella 6 genomic deletions
months (1 m—-12y) syndrome, foot and 10 gene-dysrupting
- 10/19 presented as severe  Other skeletal mutations
PPHN in neonatal period anomalies 3 missense mutations likely
(ECMOin 4, iNO in 9) —All - 9/19 developmental  ffecting gene function
jlscha6rged B meanzage 37 delay 5 familial cases — variable
AYs, © On OXygen, = on -6/19 PDA and 9/19 penetrance control
sildenafil ASD TR, S S
&S00 "0
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Pediatric pulmonary hypertension:
primarily a developmental lung vascular disorder

Neonatal PH Pediatric PH Adult PH

TGFB-related mutations:

FOXF1 MEOX2

BMPR2

? others TBX4 ALK1
? others Endoglin
SMAD 5/8

ALK1

missing link ?

ORIGINAL ARTICLE

Rare, predicted deleterious variants in TBX4
are enriched in pediatric patients and de novo
variants in novel genes may explain =19% of

Exome Sequencing in Children With
Pulmonary Arterial Hypertension
Demonstrates Differences Compared With
Adults pediatric-onset IPAH cases.

Zhu N. Et al. Circ Genom Precis Med. 2018;11:e001887.



Pulmonary vascular disease in newborn and children

Lung injury
Future: prevent Genetic factors _ Hyperoxia
: ] Placental Premature birth Mechanical ventilation
inception of i FOXF1 _
PVD dysfunction TBYA Incomplete vascular Infection
Pre-eclampsia  o¢hars network Inflammation
Diabetes Immature function Hypoxia
Hypertension Decreased antioxidants Hemodynamics (PDA)
M Developing lung C|rculat|on
Revert PVD / |
Abnormal structure Abnormal function Decreased growth
Smooth muscle cell High vascular tone Angiogenesis
hyperplasia Altered vasoreactivity Alveolarization
Fibroblast hyperplasia Impaired metabolism
Altered extracellular matrix l
Current:

: . Pulmonary hypertension
Vasodilator therapies






