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INTRODUCCION

W La HTPP es un sindrome clinico caracterizado
por insuficiencia respiratoria hipoxémica 2° a una
interrupcion de la transicion cardiopulmonar
normal al nacer.

M La elevacion y sostenida de la resistencia
vascular pulmonar (RVP) es el sello distintivo.

Normal Heart

W Es una de las principales causas de
morbimortalidad neonatal.

M Incidencia del 0,2% de los RNT y el 2% de los
RNPT.

B Tasa de mortalidad del 4-33%

M Existen diferentes causas de HTPP, las que
determinan su prondstico.

Pulmonary Hypertension

D. Sankaran and S. Lakshminrusimha. Seminars in Fetal and Neonatal Medicine 27 (2022) 101381



FACTORES DE RIESGO

TABLE 2 | Perinatal risk factors that predict higher risk for persistent pulmonary
hypertension of the newborn (PPHN) (4, 21-23).

Risk factors for PPHN

¢ Perinatal exposures
o Maternal SSRIs intake
o Maternal NSAIDs intake
o Mode of delivery: highest in cesarean section
o Maternal diabetes and overweight
o Maternal smoking
o Maternal asthma (inconsistent evidence)

e Intrinsic characteristics of the newborn
o Maternal ethnicity: highest in black race, lowest in Hispanic ethnicity
o Gestational age: highest in late preterm (and early term) newborns
o Birth weight: highest in small and large for gestational age
o Gender: highest in male sex

Martinho S, Adao R, et al. Front Pediatr. 2020 Jul 24;8:342



ETIOLOGIAY CLASIFICACION

Factores que mantienen alta PVR:

M Pulmones llenos de
liquido (causa mecanica).

M Vasoconstriccion
pulmonar 2° hipoxia
fetal.

I Mediadores vasoactivos
(tromboxano A2).

Clasificacion fisiopatolégica:
W Primaria >

B Secundaria: >
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RDS occupying lesions

Skeletal dysplasias
Chronic oligohydramnios

Sd. down

Pneumonia/ sepsis
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FISIOLOGIA RESPIRATORIA: FETAL/NEONATAL
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FISIOPATOLOGIA

PAPressure = PBFlow X P/\/Resistance

e

INCREASED PVR Hyperviscosity

INCREASED PBF

Left-to-right shunts

VASCONSTRICTION ABNORMAL PULMONARY

(functional) VASCULATURE Increased pulmonary

“True” PPHN (structural) Venous pressure:
Primary — “idiopathic” Congenital diaphragmatic hernia Pulmonary vein stenosis /

Secondary: Pulmonary hypoplasia obstruction

e.g. Hypoxia, sepsis, meconium
aspiration, RDS, PPROM

LV dysfunction

Chronic lung disease of prematurity /BPD
Obstructed left heart

Alveolar capillary dysplasia- MPV

Figure 1 Mechanism of pulmonary hypertension in the newborn infant.

Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005.



FISIOPATOLOGIA

I 1 Pulmonary Artery Pressure (PAP)
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Figure 2 Pathophysiological effects of elevated PAP leading to clinical compromise in PH.

Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005.



FISOPATOLOGIA HPPT
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CLINICA Y GASES

La sintomatologia es poco especifica y debe sospechar cuando el grado de hipoxemia es
desproporcionado en relacion a la lesion pulmonar...

Manifestaciones pulmonares



DIAGNOSTICO

Clinical assessment of PH in the newborn infant

Oxygenation Pulmonary artery pressure Cardiac function

Arterial oxygen saturations, 5a0, Pre-post ductal oxygen saturation differences Invasive systemic blood pressure (including
pulse pressure)
Arterial Pa0, Echocardiographic assessment:
Plasma lactate ® Tricuspid regurgitation velocity
Venous oxygen saturation (SVO,) [ * PDA shunting pattern
e Shunting pattern through PFO TN
* Time to peak velocity in pulmonary artery ~a "-1 _
» Septal shape Msamanchs g e

LY Pt -deactal

o
%

Ht_.u-lun-:l-a- -\""ﬂ..h"‘-:'

-
e [

Diferencia pre y post ductal: |
diferencial SatO2 Ell- ESD > 10%
mas baja que la extremidad superior.

Pru-iheta

Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005.
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DIAGNOSTICO:
RADIOGRAFIA TORAX

Evaluacion del parénquima pulmonar puede
proporcionar informacion sobre la

HPPRN idiopatica se asocia con imagenes
que demuestran que
sugieren una disminucion del flujo sanguineo
pulmonar con ausencia de enfermedad
parenquimatosa.

Ball et al. Am | Perinatol. 2022 Jan | I.



DIAGNOSTICO: ECG

W ECG después de que se ha logrado la

estabilidad carc?iopulmonar, generalmente P PR QRS ST
dentro de las primeras 48 hrs. e A
B No hay caracteristicas en el ECG de un RN A

que diagnostiquen definitivamente HTPP, ya
que la dominancia del VD es normal para la
edad y los segmentos ST son dificiles de

interpretar en la primera semana de vida. —

W Sin embargo,los RN con HPPRN grave
tienen riesgo de disfuncion miocardica e
isquemia.

Ball et al. Am ] Perinatol. 2022 Jan | I.



DIAGNOSTICO: ECOCARDIO

Table 2 Key aspects of echocardiographic evaluation in PPHN213:18

Echocardiographic features suggestive of PPHN

1 PFO: bidirectional or Right—Left shunting

2 PDA: bidirectional or Right—Left shunting

3 Ventricular septal position (“flattening” or “leftward bowing” =PPHN)

4 Pulmonary arterial or right ventricular systolic pressure estimate (estimated by tricuspid regurgitation jet velocity),

typically reported as a fraction of the systemic blood pressure:
<1/2 systemic—systemic—supersystemic

5 Ventricular dysfunction: right heart, left heart, biventricular

Anatomical evaluation

1 Confirm normal cardiac anatomy to rule out CCHD, identify all pulmonary veins
2 * Assess sidedness of aortic arch and SVC/IVC (for ECMO preparation)

Left—Right shunting at PFO/PDA (rather than Right—Left consistent with PPHN) suggests intrapulmonary shunting
(pulmonary cause for hypoxemia): focus efforts on optimizing lung recruitment (PEEP/MAP) and pulmonary mechanics (surfactant)

Ball et al. Am | Perinatol. 2022 Jan | I.



MON ITO REO gy, Postductales s preductales

W Acceso central: catéter venos¢ umbilical o central ¢e insercion periférica.
W Acceso arterial: catéter arterial umbilical o A. Radial = control gases y PAI.

M Monitorizacion continua saturaciones pre y posductales: evaluacion en tiempo
real de RVP -> diferencial saturaciones es un marcador util de LA gravedad de HTP.

M Catéter urinario: diuresis como marcador de la perfusion de 6rganos diana.

M Calculo indice de oxigenacion (IOX): determinacion necesidad ECMO.

I10x = Pmva (cmH,0) x FiO, (%)
PaO, (mmHg)

I0x = Pmva (cmH,0) x 100
PaQ, / FiO,

Ball et al. Am ] Perinatol. 2022 Jan | I.



EVALUACION LABORATORIO:

M GSA cada hora hasta pH >7,2,
luego GSA cada 2 a 4 hrs en Hemograma
pacientes ventilados durante las
primeras 24 horas de vida,
segun el estado clinico.

Grupo/Rh/pruebas

compatibilidad

Cultivos

W Niveles de lactato cada | a 4
hrs durante las primeras 24
horas, luego ajustando segun
evolucion clinica y laboratorio.

ELP, Ca, Mg y
funcion renal

Niveles de lactato

Ball et al. Am ] Perinatol. 2022 Jan | I.



TRATAMIENTO: |.SOPORTE GENERAL

Objetivo: tratamiento de RVP elevada...

Tratar causa
subyacente E;. Optimizar sedacion:
sepsis 2 ATB, SDR [l fentanyl, midazolam,

->VMI, precedex
hiperviscosidad

Optimizar ELP, Ca y
Mg

Optimizar la NormoT°- oxemia- Apoyo nutricional

ventilacion pH-glicemia optimo

Evitar acidosis:
Evitar estreés: ruido, induce
procedimientos, luz vasoconstriccion
pulmonar

Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005.
M. Fuloria, J.L. Aschner. Seminars in Fetal & Neonatal Medicine 22 (2017) 220e226



TRATAMIENTO: 2. ACIDO BASE

“Normadlizar el pH para optimizar la vasodilatacion pulmonar y la funcion cardiaca™...

. :
_ _1 5 g neutro g
-_.-i.ﬂ_-- .

ACIDOSIS -l-——[ 7.35-7.45 |—> ALCALOSIS
M Pautas de expertos en HTPP ™ L RVP, pero | el suministro de

recomiendan un pH 7.25 a 7.3. O2 a los tejidos, altera la
perfusion cerebral y se asocia

con pérdida de la audicién y
peores resultados del desarrollo
Sin estudios sobre los objetivos  neuroldgico.

optimos de pH para el manejo
de la HTPP... estudios animales
sugieren que pH <7.25 produce
una vasoconstriccion pulmonar
significativa.

M Considerar bicarbonato de
sodio para mejorar
agresivamente el pH <7.2
(particularmente con disfuncion
cardiaca) = | a 2 mEq/kg
durante 60 min.

Ball et al. Am ] Perinatol. 2022 Jan 1.



TRATAMIENTO: 3. ELP, CA, MG

Normalizar los electrolitos especificos del corazon para

Calcio

Mantener Ca idnico >4 a
4,8 mg/dI.

Hipocalcemia: gluconato de
calcio 100 a 200
mg/kg/dosis durante 10 min
por via central con
monitor.

Magnesio

Mantener Magnesio >2,0
mg/dl.

Hipomagnesemia: Sulfato
de magnesio 50 mg/kg/dosis
durante 2 hrs por VVC.

Potasio

Potasio >3 mmol/L.

Hipopotasemia: 0,3 y 1,0
mEq/kg, teniendo cuidado
con la reposicion hasta que
la diuresis estable.

Ball et al. Am | Perinatol. 2022 Jan | I.



TRATAMIENTO:
4. OXIGENO

¥ Primera linea de tratamiento: Evitar la hipoxia o hiperoxia.

M El oxigeno es un vasodilatador pulmonar potente, pero puede ser perjudicial en
exceso por | ROS, lo que puede hacer que otros vasodilatadores como el iINO

sean ineficaces.

M Mecanismo accion: Mejora la liberacion de NO del endotelio.

Se recomienda mantener SatO2
preductal > 92-97% con niveles Target pCO2 45-60, pH >7,25 y

de PaO2 entre 60 y 90 mm Hg. lactico < 5 mmol/L.

AHA, American Heart Association; ATS, American Thoracic Society European pulmonary vascular disease network

Ball et al. Am | Perinatol. 2022 Jan | I.
Sharma et al. Clin Perinatol 49 (2022) 103—125



TRATAMIENTO: 5. VMI

Volumen pulmonar y RVP:

Objetivo es la inflacion optima (9 EIC)
evitando la atelectasia y la hiperinflacion:

Estrategias de ventilacion gentiles con
hipercapnia permisiva (pH>7,2): asegurar
expansion pulmonar adecuada y

Ninguna modalidad de ventilacion es
superior, se debe considerar el reclutamiento
pulmonar con

= | ECMO y 1 respuesta de iNO de
manera mas efectiva que la ventilacion
convencional.

< De-recruitment Overdistension—»

Pulmonary vascular resistance

Lung volume

figure 3 Relationship of PVR and lung volume.

Parametros maximos YMI
convencional:

PEEP de 10 cmH20 y PIM de
25 a 28 cmH20

(recomendacion de expertos).

Ball et al. Am ] Perinatol. 2022 Jan | I.

Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005.
M. Fuloria, J.L. Aschner. Seminars in Fetal & Neonatal Medicine 22 (2017) 220e226



TRATAMIENTO: 6. SURFACTANTE

W La deficiencia o inactivacion del l 1
tensioactivo se observa en SDR,
SAM, neumonia y hemorragia i
pulmonar (una vez que se haya
controlado el sangrado).

Espacio aéreo alveolar

B La administracion temprana de
surfactante y el reclutamiento
pulmonar optimo se asocian con
mejores resultados y un menor
riesgo de ECMO o muerte.

Surfactante

Ball et al. Am ] Perinatol. 2022 Jan 1 |
M. Fuloria, J.L. Aschner. Seminars in Fetal & Neonatal Medicine 22 (2017) 220e226



TRATAMIENTO FARMACOLOGICO ESPECIFICO HTPP
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ALGORITMO TRATAMIENTO FARMACOLOGICO

2020

Regular assessment of cardiac function
and pulmonary artery pressure

Y

Targeted treatment of PAP/cardiac dysfunction

|

RV dysfunction / hypoxia

A 4

1st line pulmonary vasodilator

PGE, to
maintain PDA:
e.g. if RV dilatation/
PAP = systemic BP /
constricting ductus
arteriosus

e.g. inhaled NO

|

2nd line pulmonary vasodilator
e.g. milrinone or sidenafil

Figure 4 Targeted approach to treating PH and cardiac dysfunction.

\ 4

3rd line: consider ECMO

\ 4

LV dysfunction

A 4

1st line cardiotrope
e.g. milrinone

\ 4

2nd line cardiotrope
e.g. low dose epinephrine

h 4

3rd line: consider ECMO

Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005.



ALGORITMO

T RATA M I E N TO CPAP/ mecl?afgi%z?ventilation

2022

Initial stabilization

HFV if parenchymal lung disease
Early surfactant administration
iNO if OI>15 despite optimizing ventilation (1% line)

<

If severe PPHN (OI>25)
Consider adjuvant therapies (2" line)
+ lloprostinhaled (immediate onset, short lasting)
» Ifresponse, Treprostinil (subQ/IV)
» If no response, Sildenafil oral/IV (onset of action 6-12h)
Optimize BP with fluids, vasopressors, steroids

~>

J 1}

Decreased myocardial function, Restrictive ductus or right heart
add milrinone IV failure, consider PGE1 IV

U

Bosentan oral (3" line)
(slow onset, unreliable absorption)

<

01>40 on serial ABGs or significant
cardiovascular instability

Sharma et al. Clin Perinatol 49 (2022) 103-125



TRATAMIENTO: 7. SOPORTE CARDIOVASCULAR

Sin estudios sobre PA objetivo para manejo HTPP: PAM 45 a 55 mmHg RNT y segin EG en RNPT.

Historicamente, la hipertension
farmacolégica para generar una PA ~

T . . Pulmones
sistémica > PAP se utilizaba para revertir

C o
. . s . . Q © ;
la derivacion ductal de D° a izquierda 854 Alrterla Vena pulmonar
. . . = ulimonar
asociada con la HTPP de izquierda a D° 3£ P
G O
Si bien lograr una RVS >RVP puede _
. > Vena cava Arteria aorta
mejorar temporalmente las
saturaciones, tiene un impacto negativo Cabeza,

y ./ extremidades
la funcion y el GC, altera la perfusion superiores

tisular y contribuye a la acidosis lactica. Higado

. . s S Vena hepética Arteria hepatica
Reanimacion con liquidos: uso con

precaucion max. |0 ml/kg=> puede
exacerbar ICC derecha.

Vena porta hepatica

C|rcu'IaC|on
sistémica
A

) Estomago,
El mecanismo de hipoperfusion en intestino
HTPP suele ser un GC inadecuado o Vena renal
una vasorregulacion sistémica alterada, Arteria renal
en lugar de hipovolemia verdadera. "
Rifnones
Son un puente para establecer un Tronco,

soporte inotropico y vasopresor. SxEremidades

Ball et al. Am ] Perinatol. 2022 Jan 1 .



TRATAMIENTO: 7. DVAgsm s s

Myocardium Systemic Pulmonary Systemic and
vasoactivity vasoactivity end-organ blood
flow
B VASOPRESINA: efectos puros sobre la — Vicaicdan,  Negitive — —— ——
PA sin aumentos en la FC o RVP. naturally V2 (renal), V3 inotropic vasoconstrictor  vasodilator coronary
occurring (CNS) effect vasodilator
hormone

B EPINEFRINA: 1° linea soporte PA en
HTPP.

B 0,] pg/kg/min = estimula receptores
P tacion: .
B, T GCaporel TFCyVS. PRriy sl 0,0003-0,0012 U/kg/min

Cardiovascular ~ Mechanismof ~ Physiologic effects on:

_ 0,02- 0,1 ug/Kg/min | >0,1 ug/Kg/min
drugs action

Myocardium  Systemic Pulmonary Systemic and Receptores Bl —p2 Al
vasoactivity vasoactivity end-organ blood
flow Contractilidad ++ ++
Epinephrine Adrenoreceptor  Inotropic at Peripheral Unknown Unknown FC ++ ++
stimulation and  dose 0.01 to vasodilation at
cAMP 0.1 pghkg/ low doses PA + ++
min Peripheral
vasoconstriction RVS v At
Presentacion: at>0.1 pghe/

Img /1 mL i ‘ ‘
0.05-0.2 ug/kg/min In6tropo, Crondtropo y

acidosis lactica iatrogénica. Broncodilatador

Ball et al. Am | Perinatol. 2022 Jan | I.
Elsayed Y., Abdul Wahab MG. Eur | Pediatr. 2022 Mar;181(3):1277-1291.



TRATAMIENTO: 7. DVA: MILRINONA

Mecanismo accion: a trasvés de la inhibicion de fosfodiesterasa 3, evita la descomposicion del AMPc en
células del musculo liso arterial pulmonar y actia directamente sobre el miocardio para mejorar la funcion
diastolica (lusitrépica) y sistolica.

PGI2

*RV pressure
analogues

overload

P pvency |

.ﬁﬁf Alprostadil -
¥

Usos: util en HTPP
asociada con la disfuncion
cardiaca.

RAM: hipotension.
Dosis: 0,33-0,75 ug/kg/min.

e
f Myocardial

relaxation \‘i
Inotropism and i
lusitropism

smooth
| muscle cell

Ball et al. Am ] Perinatol. 2022 Jan 1 I.
Martinho S, Adao R, et al. Front Pediatr. 2020 Jul 24;8:342

Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005



TRATAMIENTO: 7. DVA: MILRINONA

1ABLE. Current Clinical Data on the Use of Milrinone in Neonates with

PPHN
STUDY
REFERENCE STUDY DESIGN PARTICIPANTS DOSE OF MILRINONE SIGNIFICANT RESULTS
Bassler et al ~ Case reports 4 (1 preterm, 26-wk  Bolus: 50 ug/kg 1 Ol
) GA) Infusion: 0.33 ug/kg per min
McNamara Case series 9 term infants Bolus: none 1 Ol
et al (55) Infusion: 0.33-0.99 ug/kg per min
Patel (47) Retrospective review 6 term infants Bolus: none o]
Infusion: 0.50-0.75 ug/kg per min
McNamara  Open label study 11 term infants Bolus: 50 ugrkg } Ql, | lactate, improved base
et al (52) Infusion: 0.33-0.99 ug/kg per min deficit
James et al  Retrospective review 17 infants >34 Bolus: none T RV (4) function, | Ol
(49) weeks' birth GA  Infusion: 0.50-0.75 ug/kg per min | PAP (5)
Giaccone Randomized open- 6 infants >34 Low dose with bolus of 20 pg/kg and  CL (6) 3.05 ml/min/kg
et al (53) label pilot study weeks' birth GA infusion of 20 ug/kg per min (n=2)

Standard dose with bolus of 50 ug/kg 1T CL with age
and infusion of 50 pg/kg per min
e
(findings based on covariate model
for both groups)

Cl=clearance of milrinone; GA=gestational age; Ol=oxygenation index; Term=GA =38 weeks; PAP=pulmonary arterial pressure; RV=right ventricular.

Qasim A, Jain SK. Neoreviews. 2020 Mar;21(3):el165-e178.



TRATAMIENTO: 8. NO INHALADO

M Mecanismo accion: Generado dentro de las células endoteliales pulmonares, se difunde a
las células del musculo liso, 1[cGMP] = vasodilatacion pulmonar.

M iNO se distribuye preferentemente en segmentos ventilados: optimiza relacion V/Q.
M Usos: si ecocardiografia HTP y PAP 1, sin disfuncidn VI, especialmente [0X >/5-20.
W Disminuye progresion HTP, | necesidad ECMO / muerte v/s inicio en IOX> 20.
W Dosis:
“ Inicio con 20 ppm => Destete iNO si mejora oxigenacion: 20/ 10/ 5/ 4/ 3/ 2/ 1/0.5/off

*Importante reducir FiO2 antes de reducir la dosis de ONi.

dor pulmonar
FDA en HTPP

Unico vasodilata

bado por 12
apro RNT y >34 sem.

Martinho S, Adao R, et al. Front Pediatr. 2020 Jul 24;8:342
Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005




TRATAMIENTO SINERGICO HTPP

Synergistic Effect of cAMP and cGMP Pathways

O O O

thMP t cAMP t cGMP + cAMP
* PDE Vinhibitors *  Prostacylins * iNO + Milrinone
(Sildenafil) * PDE lll inhibitors * iNO + Prostacyclin
* iNO (Milrinone) * Sildenafil + Milrinone

l l l

O O

Figure 3. The synergistic effect of milrinone and iNO. cAMP=cyclic adenosine monophosphate; cGMP=cyclic guanosine monophosphate;
iINO=inhaled nitric oxide; PDE=phosphodiesterase.

Qasim A, Jain SK. Neoreviews. 2020 Mar;21(3):el165-e178.



TRATAMIENTO: 9. SILDENAFIL

Mecanismo de accion: inhibidor de fosfodiesterasa-5, que evita la descomposicion del
GMPc y ademas potencia el efecto del NO enddgeno o exogeno.

¢

L-arginine
&¢ L-citrulline 9

Indicaciones: HTPP con
hipoxemia severa refractaria iNO o
cuando no se dispone iNO,
especialmente con |OX >25.

. ' vy
RAM: hipotension = uso con £ Riociguat | ’\\QE WA AT
precaucion en hipotensos por su ; X ot ocote
accion vasodilatadora sistémica. (_Sildenafil | l
E Vs SN[ | VASODILATION
TadalaﬁQ PDE5 T
fnT:gcolt:cell GMP

Martinho S, Adao R, et al. Front Pediatr. 2020 Jul 24;8:342
Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005



TRATAMIENTO: 9. SILDENAFIL

Table 3 Sildenafil use during neonatal pulmonary hypertension: route, dose, and summary of evidence

Dose
Route Advantages Disadvantages
Term Preterm
Oral 0.5-2 mg/kg 0.3-1 mg/kg ® Exert little to no effect on systemic @ Less effective than IV route I
Q6-8h hemodynamics
Q6-8 h ® Easier to prepare and obtain ® Plasma concentration is erratic

which results in inadvertent
overdosing or underdosing

infusion with maintenance Q6-8h efficacious than other routes neonates are urgently needed

IV continuous 0.4 mg/kg load over 3h 0.25-0.5 mg/kgl ® Preferred route and seem to be more ‘ ® Random controlled trials in
infusion at 1.6 mg/kg/d

® Linked to a more predictable clearance
and volume of distribution compared to oral
capsules

® Less variability compared to oral capsules
which is reflected in variability in absorption
and uncontrollable plasma concentration

IV intermittent 0.4-2 mg/kg over 1-3 h, Q6 h @® The occurrence of hypotension has a
infusion certain correlation with the infusion rate

Sublingual 4 mg/kg, Q6 h @ An obvious increase in effective @ Limited evidence compared to
oxygenation index IV route and oral route

® The most convenient route

Inhalable Not recommended (animal experience ® Potential development @ Very limited evidence
stage)

Zhenyu Li, Xiaoming Lv, et al. Trans| Pediatr 2021;10(4):998-1007



TRATAMIENTO: 10. CORTICOIDES

Mecanismo accion: mejor oxigenacion, efecto vasopresor, atenua el estrés oxidativo y T cGMP.

Usos: potentes propiedades antiinflamatorias beneficiosas en SAM, EPA, vasoconstriccion pulmonar e inflamacion.

Dosis hidrocortisona: | a 2 mg/kg, seguida de | mg/kg cada 6 hrs.

-
oooooooo

(Eopromern) _x A
endothelial \. <

. - L — oL u\‘. i, < :-'
Nemp - = P T
smooth ¥ VASODILATION 4 VASOCONSTRICTION 4 VASCULAR REMODELING

muscle cell

. Ball et al. Am ] Perinatol. 2022 Jan | |
Martinho S, Adao R, et al. Front Pediatr. 2020 Jul 24;8:342
M. Fuloria, J.L. Aschner. Seminars in Fetal & Neonatal Medicine 22 (2017) 220e226



TRATAMIENTO: |1. BOSENTAN

B Bloqueador receptor endotelina |,
con una accion tedrica como
vasodilatador pulmonar.

W Dosis: Oral: |-2 mg/kg dos
veces al dia

ROCK PPAR" ‘A*“L

=

M Ensayo multicéntrico,
aleatorizado, doble ciego y
controlado con placebo no

Ji Bosentan
demostrd beneficio adicional al

ONi en RNT con insuficiencia 4 VASOCONSTRICTION VASCULAR
T REMODELING

respiratoria hipoxica.

muscle cell

Martinho S, Adao R, et al. Front Pediatr. 2020 Jul 24;8:342
Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005



TRATAMIENTO HTTP REFRACTARIA

stline s
management *

-
B lloprost
27 line poesessasnnmnnanaans PRI
! contractility

e e Restrictive or

) i closed

: Milrinone ;| N . "900"“? et -

S and | 3

Fortas, F., Di Nardo, M., Yousef, N. et al. Eur ] Pediatr 180, 2379-2387 (2021)



TRATAMIENTO HTTP REFRACTARIA

Drug Route Dose Mechanism of action Possible side effects

Adenosine v C: 50 mecg/kg/min cAMP precursor None

Alprostadil (PGE,) v C: 0.0125-0.05 mcg/kg/min 1 lintracellular cAMP * Hypo- and hypertension, respiratory
Aerosol’ C:25-300 ng/Kg/min Keep the ductus arterious open arrest, fever, bleeding, ductal

aneurysm, bone cortical bone
proliferation (for long-term
therapy), worsening inflammation.

Beraprost Per os 1 mcg/Kg/6h Prostacyclin analog (fintracellular Hypotension
cAMP)
Bosentan Per os 1 mg/kg/12h Endothelin pathway inhibition None
lloprost* Aerosol” 1-2 mcg/kg/2-4h™ Prostacyclin analog (Tintracellular None (acrosol)
Y C: 0.5-10 ng/kg/min cAMP) Hypotension (IV)
Enoximone v B: 0.25-5 mg/Kg slowly PDE-3 inhibitor Hypotension
C: 10-23 mcg/Kg/min (JcAMP catabolism)
Epoprostenol (PGI,)* v C: 2-20 ng/kg/min (Tintracellular cAMP Hypotension, worsening hypoxia (IV)
Acrosol” C: 10-100 ng/Kg/min® None (aerosol)
Milrinone v B: 20-50 mcg/Kg over 1h PDE-3 inhibitor Hypotension ©
C: 0.2-0.5 mcg/Kg/min (/cAMP catabolism)
Sildenafil Peros  0.5-2 mg/Kg/6h PDES inhibitor Hypotension (especially IV),
v B: 0.4-2 mg/Kg/6h over 3h (JcGMP catabolism) worsening hypoxia, priapism,
C: 1-2 mg/Kg/d hypertrophic pyloric stenosis, ROP,

acute visual loss, bleeding,
cardiovascular events and death (at
high-dose for long-term treatments)

Tadalafil Per os 1 mg/Kg/d PDE-5 inhibitor None
(JcGMP catabolism)
Treprostinil IV/SC 5-39 ng/Kg/min* Prostacyclin analog (fTintracellular None
cAMP)

Fortas, F., Di Nardo, M., Yousef, N. et al. Eur ] Pediatr 180, 23792387 (2021)



TRATAMIENTO: 12. ECMO

Apoyo exdgeno de la funcidén respiratoria (veno-venoso) o cardiorrespiratoria (veno-arterial).

M En HTPP asociada con insuficiencia
respiratoria hipoxica (sin anomalias
pulmonares estructurales), el ECMO se

asocia con excelentes resultados (supervivencia
>90%).

¥ Indicacion:

IOX >40 x4-6 hrs

IOX >25-30 x 12-24 hrs a pesar de
optimizacion médico.

HTPP severa refractaria iNO asociado a
optimizacion funcion cardiorrespiratoria.

Resistencia vasopresores con hipotension o
acidosis lactica.

M Riesgos ECMO: hemorragias asociadas a la
anticoagulacion.

Punto de
insercion de
la canula

La sangre con bajo ] Se devuelve al cuerpo
contenido de oxigenog, affd i lasangre oxigenada
circula hacia la o %

médguina de
ECMO

Ball et al. Am ] Perinatol. 2022 Jan 1 .
Montasser M., Patel N. Paediatrics and Child Health. 31.10.1016/j.paed.2020.10.005.



TRATAMIENTO

Medicatio
class

Inhaled nit
oxide (iNC

Sildenafil

Prostacycl
analogues
(iloprost,

epoproste
treprostini

Milrinone

Prostaglan
(PGE-, alpi

Abbreviations
arteriosus; EC

Table 2 Snecific PPHN theranies faor heart and hinas

Table 4 Consensus statement guidelines for neonatal PPHN managemen

t1 7,21

PPHN

General management

Nitric oxide (iNO)

Sildenafil

Prostacyclin analogues

Milrinone

Prostaglandin (PGE,)

ECMO

AHA/[ATS

Lung recruitment strategies should be
performed for PPHN associated with
parenchymal lung disease

(Class I, LOE B)

iNO is indicated to reduce the need for ECMO
for PPHN with Ol =25
(Class I, LOE A)

Sildenafil is a reasonable therapy in iINO
refractory PPHN, especially with Ol =25
(Class lla, LOE B)

Inhaled prostacyclin analogs may be
considered as therapy for PPHN refractory to
iNO with Ol =25

(Class llb, LOE B)

Milrinone is reasonable for PPHN with left
ventricular dysfunction
(Class llb, LOE B)

ECMO is indicated for PPHN refractory to iNO
and optimization of cardiorespiratory
function

(Class I, LOE A)

European pulmonary vascular disease net-
work

Respiratory management should include
oxygen, ventilator support, and/or surfactant
to achieve preductal SpO; 91-95%; avoid
lung hyperinflation or atelectasis,
desaturations below 85%, and hyperoxemia
with preductal saturations =>97%

(Class 1, LOE A)

Target pCO; 45-60 mm Hg, pH =7.25,
lactate <5 mmol/L
(Class lla, LOE B)

Surfactant can be considered for PPHN
associated with pulmonary diffusion
impairment (but without CDH) to optimize
ventilation

(Class lla, LOE B)

iNO is indicated in mechanically ventilated
newborns to improve oxygenation and
reduce ECMO need if PaO> <100 mm Hg (FiO>
1.0), or Ol =25

(Class I, LOE A)

Oral sildenafil therapy should be considered
for PPHN
(Class lla, LOE B)

IV sildenafil may be considered for iNO
refractory PPHN
(Class llb, LOE B)

IV prostanocids or inhaled iloprost can be
beneficial in PPHN
(Class Ilb, LOE B)

PGE, may be given to maintain ductal
patency in right heart failure associated with
severe PPHN (with no post-tricuspid-
unrestrictive shunt)

(Class lla, LOE B)

pulmonary hy Abbreviations: AHA, American Heart Association; ATS, American Thoracic Society; CDH, congenital diaphragmatic hernia; ECMO, extracorporeal
membrane oxygenation; Ol, oxygenation index; PPHN, pulmonary hypertension of the neonate

Ball et al. Am ] Perinatol. 2022 Jan | .




TRATAMIENTO

Optimize cardiopulmonary mechanics Echo quick guide:

Menitoring: » Lungrecruitment with optimal MAP (consider HFOV) 1. PFO: R->L or bidirectional shunt

* Arterial line (UAC or right radial) *  Normoventilation with “gentle ventilation” strategy 2. PDA: R=>L or bidirectionalshunt

* Pre- and post-ductal saturations - Early surfactant 3. Ventricular septal position: “flattening” or
* Goal saturations (preductal): SpO; 92-97% - BP normal for age; judicious fluid resuscitation unless “leftward bowing”

* Goal arterial mean BP: 45-55 mmHg (with UOP) sepsis/hypovolemia 4. PA/RV systolic pressure estimate:

* Goal arterial pH 7.3+ while critically ill <1/2 systemic -» Systemic - Supersystemic

+ Avoid/treatacidosis

« Echocardiogram

= Utilize sedation to avoid agitation, ventilator dysynchrony
= Consider infection; normalize anemia, electrolytes, glucose

(Ok to liberalizeto 2 7.25 once stable)
Gas/lactate qi-4h for initial 24h
* Ol= (MAP x FiOz)/ Pa0;

. Ventricular dysfunction (RV and/for LV)
. Confirm normal anatomy, pulmonary veins
. Assess arch sidedness and SVC/IVC {pre ECMO)

= ;wn

“ + *
Hypoxemia Hypotension/hypoperfusion Cardiac dysfunction (RV or LV)
o0 (oliguria, lacticacidosis, exam) (once acceptable BP achieved)
Oxygen Epinephrine Milrinone
* FiO;to target preductal saturations 92-97% * Doserange: 0.02-0.3 mcg/kg/min * Doserange 0.125-0.5 mcg/kg/min, ‘I in0.05
* Awvoid prolonged excessive oxygen: actively wean consider second agent whendose>0.1 mcg/kg/min increments (usualdose 0.25-0.35)
FiD; for pre-ductal sats> 97% *  Avoidwithtachycardia (HR>160 bpm) * Renallycleared, lower dosew ith kidney injury
I * Particularly heipful with cardiac dysfunction * Low-dose=less systemic hypotension
Inhaled NO (iNO) ] + consider |
= IndicatedforOil > 20 | Moderate-Severe RV dysfunction ]
* Starting dose: 20 ppm * Initialdose: 2 mg/kg, thenl mg/kg q6h T
* Responders: wean Fi0; to ~60% as saturations *  Caution in sepsis’/may mask infection Pm.hndi“ IPGE l
allowto minimize hyperoxia effects * Delayed timeto effect (several hours) * Initialdose: 0.015-0.025 mcg/kg/min
* Nonresponders: wean/discontinue *  Use: maintain ductal patency to officad failing RV
| I (R—>L shunt; expect postductal saturations to fall)
*  Mayprovide some PVR reduction
Consider second PVR agent if any of: Vasopressin . .Ah:muse in possible ductal-dependent CCHD
s preductal Sa0, <90% on > 80% FiO, * Doserange: 0.1-1.2 miliunits/kg/min, doubleto

preductal Pa0; < 80 mmHg
01225
= Echo: RV pressure > 3/4 systemic
{AND normal LV function; with LV dysfunction
utilize milrinone, epinephrine)

effect/max

IncreasesSVR (NOT PVR): No effecton
contractility/cardiac function (most effective in
hypotensionwith normal heart function)

Watch closely for hyponatremia, urinary retention

Sildenafil {IV) lloprost (IH

Load: 0.4 mg/kg over or | = [Initialdose: 2.5 mcg

3h qzh
Maint: 1.6 mg/kg/d * Range: 1.25-5mcg
q2h-6h

01 > 40 x 4-6h

8 » -

ECMO Indications:

Persistent Ol >25-30x 12-24h despite optimalmedicalmanagement (induding addition of 2™ PVR agent)
Severe PPHN/ hypoxemia/ refractory to iNO and optimized cardiorespiratory function
Pressor-resistant hypotension or lactic acidosis

Ball et al. Am ] Perinatol. 2022 Jan | I.




CONCLUSIONES

W El fracaso de la transicién cardiopulmonar fetal-neonatal al nacer da como resultado
hipertension pulmonar persistente del recién nacido.

B Se caracteriza por una elevacion sostenida de la resistencia vascular pulmonar.

M Los objetivos generales del tratamiento incluyen optimizar la oxigenacion al tiempo que
se minimizan las lesiones pulmonares relacionados con el tratamiento.

M La optimizacidn del reclutamiento pulmonar, el uso juicioso de oxigeno y la
administracion de surfactante en lactantes con enfermedad pulmonar parenquimatosa
son los pilares de la terapia.

B iNO es la unica terapia aprobada por FDA, sin embargo 1/3 no responde iNO.

M Se debe considerar la milrinona en presencia de disfuncion ventricular, especialmente si
se asocia con presion alta en la auricula izquierda,y en combinacion con iNO para
promover la vasodilatacion y proporcionar sinergia.

W La ecocardiografia es fundamental para descartar cardiopatias congénitas cianoticas en
RN sospechoso de tener HTP, antes de la consideracidon de terapias vasodilatadoras.
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