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DEEINICI®ON de

* PAPmM 14+-3 mmhg.

¢ PAPmM >20 mmhg

* Hipertension arterial pulmonar es una enfermedad
cronica y progresiva de los vasos pulmonares que da lugar a
elevacion de resistencias pulmonares con consiguiente
remodelado, cambio de estructura y de funcion del VD—Marca
pronostico de la enfermedad

RECOMMENDATIONS FROM THE SIXTH WORLD SYMPOSIUM ON PULMONARY

HYPERTENSION ( 2018)

Pediatric Pulmonary Hypertension

Guidelines From the American Heart Association and American
Thoracic Society
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- SIMILITUDES y DIFER

- Definicion: Igual

+ Diferencia primera etapa de la vida:

ENCIAS con el adulto.

- In utero : P sistémicas= P pulmonar

2-3 meses deben ser como las del
adulto.

Hemodynamic profiles of pulmonary hypertensio.

Classification Mean pulmonary Pulmonary capillary Pulmonary
artery pressure  wedge pressure vascular resistance
Isolated pre-capillary PH >20 mm Hg <15 mm Hg >3 WU
Combined pre- and post-capillary PH >15 mm Hg >3 WU
Isolated post-capillary PH >15 mm Hg <3WU

The 6th World Symposium on Pulmonary Hypertension defined three hemodynamic profiles of pulmonary
hypertension (PH): isolated pre-capillary PH, combined pre- and post-capillary PH, and isolated post-capillary PH.
WU, Wood units.



|. Pulmonary arterial hypertension

|1 Idiopathic
|.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 Other mutations
|3 Drugs and toxins induced
| 4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immunodeficiency virus (HIV) infection
| 4.3 Portal hypertension
| 4.4 Congenital heart disease (Table 6)
1.4.5 Schistosomiasis

b5 Categorias 0 grupos:

- presentacion clinica
- hallazgos patologicos

I".1 Idiopathic

2 BRaAKd WHO classification - hallazgos hemodinamicos

1'2.2 Other mutations
P - posibilidades terapeuticas
1'4.2 HIV infection

2.| Left ventricular systolic dysfunction

23 Lef venicar distoi ysuncion Agreed on by the ESC in 2016 and the Sixth World Symposium 2018

2.3 Valvular disease

2.4 Congenital { acquired left heart inflow/outflow tract
obstruction and congenital cardiomyopathies

2.5 Congenital facquired pulmonary veins stenosis

3. Pulmonary hypertension due to lung diseases and/or
hypoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern

3 4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases (Web Table 1il)

4. Chronic thromboembolic pulmonary hypertension

and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmenary hypertension
4.2 Other pulmonary artery obstructions

4.2.1 Angiosarcoma

4.2.2 Other intravascular tumors

4.2.3 Arteritis

4.2.4 Congenital pulmonary arteries stenoses

4.2.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear andlor

multifactorial mechanisms

5.1 Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy

5.2 Systemic disorders, sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: pulmonary tumoral thrombothic microangiopathy,
fibrosing mediastinitis, chronic renal failure (with/without
dialysis), segmental pulmonary hypertension
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Espectro VARIADO Y COMPLEJO.

Etiologia muy HETEROGENEA. Co-
morbilidades.

)

Enf cardiaca, pulmonar , hepatica...

A
M

Sd polimarformativos, cromosomopatias

~ Multifactorial
. Conditions

Rango de edad : 0-18 anos.

Poco frecuente. Desconocida. Poco
estudiada en pacientes pediatricos. Escaso
n° de pacientes por centro.

Asociada a otras patologias frecuentes:
DBP, CC...

Aumento de n® hospitalizaciones en
relacion HP.

Aumento de diagnostico, adecuado
screening.
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~—SIMILITUDES con el-adulto. Ttnos especificos y/o unicos

pediatricos.

- Clasificacion:

£\ CLINICAL CLASSIFICATION OF PH l

1.1 Idiopathic PAH
1.2 PAH with vasoreactivity (Table 1)
1.3 Hertable PAH (Table 2)
1.4 Drugs and toxins induced (Table 3)
1.5 Associated with:
1.5.1 Connective lissue disease
1.5.2 HIV infection
1.5.3 Portal hypertension
el 1.5.4 Congenital heart disease (Table 4)
1.5.5 Schistosomiasis
1.6 PAH with overt signs of venous/capillanes
(PVOD/PCH) involvement (Table 5)
7 Persistent PH of the Newborn syndrome (Table P1)

2. PH due to left heart disease

2.1 PH due to heart failure with preserved E F
2.2 PH due 1o heart failure with reduced E F
2.3 Valvular heart disease

2 4 Congenttal post-capillary obstructive lesions (1a

330ﬂmwmmmmdobsm pattern
3 4 Hypoxia without lung disease
3.5 Developmental lung disorders (Table P3)

4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions (Table 7)

5.1 Haematologic disorders

5.2 Systemic disorders

5.3 Others

5 4 Complex congenital heart disease (Table P4)
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- Clasificacion: Panama 2011

A consensus approach to the classification
of pediatric pulmonary hypertensive vascular
disease: Report from the PVRI Pediatric
Taskforce, Panama 2011

Pulmonary Circulation | April-June 2011 | Vol 1 | No 2

Table 1: The broad schema of 10 basic categories of Pediatric Pulmonary Hypertensive Vascular Disease

Category Description

Prenatal or developmental pulmonary hypertensive vascular disease

Perinatal pulmonary vascular maladaptation

Pediatric cardiovascular disease

Bronchopulmonary dysplasia

Isolated pediatric pulmonary hypertensive vascular disease (isolated pediatric PAH)
Multifactorial pulmonary hypertensive vascular disease in congenital malformation syndromes
Pediatric lung disease

Pediatric thromboembolic disease

Pediatric hypobaric hypoxic exposure

Pediatric pulmonary vascular disease associated with other system disorders

LNV A WNR

1. Enfermedad Vascular Hipertensiva Pulmonar (EVHP) PRENATAL.
1.1. Asodada con Anomalias Maternas or Placentarias: coricamnionitis, preedampsia,...

1.2. Asociada con Anomalias en el Desarrollo del Pulmén Fetal: displasia alveolo-capilar, hipoplasia
pulmonar, hernia diafragmatica congénita, ..

1.3. Asociada con Anomalias en el Desarrollo del Corazén Fetal: cierre prematuro intrattero del ductus o el
foramen ovale, drenaje venoso pulmonar anémalo obstructivo,...

2. Hipertensién Pulmonar persistente del recién nacido (HPPRN)
(Maladaptacion vascular pulmonar perinatal)

2.1. HPPRN Idiopética.

2.2. Asociada a o desencadenada por: sepsis, aspiraciéon meconial, Cardiopatia congénita, hemia diafragmatica,
trisomias, fdrmacos (diazoxido).,..

3. Enfermedad Cardiaca Pediatrica

3.1. Shunts sistémico - Pulmonares

3.2. EVHP tras reparacion de cardiopatia congénita: shunts, D-TGA, Fallot, obstrucddn corazén izquierdo...
3.3. EVHP tras la paliacion de cardiopatias con fisiologia Univentricular (Glenn, Fontan,...)

3.4. EVHP asodada con Anomalias Congénitas de las Arterias o Venas Pulmonares

3.5. Hipertensién Pulmonar Venosa (secundaria a enfermedad del corazén izquierdo)

4. Displasia Broncopulmonar

4.1. Asodada con Hipoplasia Vascular Pulmonar

4.2. Asodada conEstenosis de Venas Pulmonares

4.3. Asodada con Disfuncién diastdlica del ventriculo izquierdo

4.4. Asodada con shunts sistémico- pulmonares (ductus, CIA, CIV, colaterales aorto-pulmonares
4.5. Asodada con hipercabia y/o hipoxia significativas

5. Enfermedad Vascular Hipertensiva Pulmonar Aislada

5.1. Idiopatica

5.2. Hereditaria

5.3. Farmacos y toxinas

5.4. Enfermedad Veno-odusiva Pulmonar y Hemangiomatosis Capilar Pulmonar

6. EVHP Multifactorial en Sindromes Polimalformativos
6.1. Con Cardiopatia Congénita asodada
6.2. in Cardiopatia Congénita asodada

7. Enfermedad Pulmonar Pediatrica:
Fibrosis quistica, neumopatias interstitiales, sindromes de apnea obstructiva del sueno (SAOS), neumopatias
restrictivas, anomalias de la caja toradca, enfermedad pulmonar obstructiva cronica...

8. Enfermedad Tromboembélica Pediatrica causante de EVHP:

Tromboembolismo asociado a catéres venosos centrales, cables de marcapasos endovenosos, enfermedad de
células falciformes, fobroelastosis endocdrdica primaria, acidemia metilmalénica y homocistinuria, tumores (Tumor
de Wilms, osteosarcoma),postesplenectomia, ...

9. Exposicién a Hipoxia Hipobarica en Edad pediatrica:
Forma infantil del edema pulmonar de grandes alturas, forma subaguda de la enfermedad de montana,
exposicion a hipoxia hipobdrica asodada a HPPRN, cardiopatia congénita, ...

10. Enfermedad Vascular Hipertensiva Pulmonar Asociada con Trastornos de otros
organos o sistemas:

10.1. Hipertension portal pediatrica (shunt portocava congénitos, cirrosis hepatica)

10.2. Enfermedades hematoldgicas

10.3. Enfermedades oncoldgicas

10.4. Enfermedades metabdlicas o endocrinoldgicas

10.5. Enfermedades autoinmunes o inflamatorias pediatricas

10.6. Enfermedades infecciosas pediatricas

10.7. Insuficiencia renal cronica pediatrica
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- EPIDEMIOLOGIA: + DIAGNOSTICO

Retraso. Caso clinico.
Equipo multidisciplinar
Centro Referencia

| | Multiples P.C
Asociada a CC: | O oue i Cateterismo

2.2/1.000.000

IPAH: 0.7/ 1.000.000

Genética

GROUP | GROUP IV CTEPH

Grupo 1 :66% PAH 4.5%1 ™
GRUPO 2 : 14% . GROUPV
GRUPO 3 18% ~ Mitochondrial Diseases

G qu :)O 4 : <1 % . rllo‘(;mi‘ ‘:'{]':”:”W\\ T
GRUPO 5 : 4,5 % M

-+ 31% varias etiologia a
la vez.

I JAREHIPED

PEDIATRIC REGISTRY ADULT REGISTRY | gistro de pacientes con !iipertension Pulmonar latrica

MULTIFACTORIAL
ETIOLOGY

2.8%

32%




|. Pulmonary arterial hypertension

.| Idiopathic
|.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 Other mutations
I.3 Drugs and toxins induced
| 4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immunecdeficiency virus (HIV) infection
1 4.3 Portal hypertension
| 4.4 Congenital heart disease (Table 6)
|.4.5 Schistosomiasis

WHO classification

I".1 ldiopathic
|'2 Heritable

by Grupo 1: HIPERTENSION ARTERIAL PULMONAR

I".3 Drugs, toxins and radiation induced
|' 4 Associated with:

1'4.1 Connective tissue disease

1'4.2 HIV infection

2. Pulmonary hypertension due to left heart disease

2.1 Left ventricular systolic dysfunction
2.2 Left ventricular diastolic dysfunction

iigv:g':\:amqumd left heart inflow/outflow tract ¢ H A P I : i d i O p a,-t i C a-

obstruction and congenital cardiomyopathies
2.5 Congenital facquired pulmonary veins stenosis

e Heredable: svmpr280%, otros (TGF-B, ALK -1, ENG, CAv-1...)

3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease

P et ek  Inducida por DROGAS: Benfluorex, Interferon ( aumenta resistencias

ek vasculares pulmonares) Sd aceite de colza.
3.6 Chronic exposure to high altitude
3.7 Developmental lung diseases (Web Table 1il)

u
4. Chronic thromboembolic pulmonary hypertension o H A P A n A d n
and other pulmonary artery obstructions u S O C I a- a- a- m
4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions

4.2.1 Angiosarcoma

4.2.2 Other intravascular tumors . o ;
423 Arteritis VIH: 0,5 % prevalencia

4.2.4 Congenital pulmonary arteries stenoses
4.2.5 Parasites (hydatidosis)

Asociada a enf de tej conectivo: ESCLERODERMIA 7-12 % prevalencia

Hipertension portal

5. Pulmonary hypertension with unclear andlor

multifactorial mechanisms

5.1 Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy

5.2 Systemic disorders, sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: pulmonary tumoral thrombothic microangiopathy,
fibrosing mediastinitis, chronic renal failure (with/without
dialysis), segmental pulmonary hypertension

Cardiopatias congénitas ( Shunt)

Esquistosomiasis




Grupo 1: HIPERTENSION ARTERIAL PULMONAR
 CIA, ClIV, Canal AV, DAP... ( shunt, hiperaflujo pulmonar)

. e 10% de los adultos con CC tienen HTP (iran
ASOC|ada a CC disminuyendo conforme se reparen mas tempranamente)
« Determinante pronostico y de calidad de vida

 Shunt :dificil manejo, supone un dilema de manejo
terapeutico, el cierre puede curar al paciente o
transformar en peor pco.

O No incluyen:
O Patologia cardiaca postcapilar : GRUPO 2.

O Presencia de HTP en algun |I6bulo aislado, tras reparacion de CC,
grupo 5

O HT asociada a TGV sin shunt SP. Mecanismo fisiopatologico no claro.
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-~ PPHN: Hipertension Pulmonar persistente del RN.

- Causa mas frecuente de Hipertension pulmonar transitoria.

- FR Preeclampsia, coriamnionitis

-+ 30 casos /millon. En aumento. Mayor riesgo en menor edad gestacional.
- 18,5 % EG 22-24 sem
- 4,4 % EG 27 sem

- Dco: clinico y ecocardiografico ( Shunt, RVP/RVS >0.5)

- 11% mortalidad.

- Riesgo futuro de desarrollo de HTP.

- Tratamiento:
- Indice oxigenacion >25: iNO

- Milrinona

- Milrinona
- Sildanafilo, bosentan, prostaciclinas.
- ECMO

- Displasia alveolo- capilar o enfermedad surfactante.



I. Pulmonary arterial hypertension

|| ldiopathic
|.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 Other mutations
I.3 Drugs and toxins induced
| .4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immuncdeficiency virus (HIV) infection
1.4.3 Portal hypertension
1. 4.4 Congenital heart disease (Table 6)
1.4.5 Schistosomiasis

e Grupo 2:

( ' - el Neos fAntata s
I'.2 Heritable
1'2.1 EIFZAK4 mutation . 7 . .
S e i e Asociada a enfermedad corazon izquierdo,
|'.4 Associated with:

I'4.1 Connective tissue disease POSTCAPILAR:

1"4.2 HIV infection

Vi

d o 4 14
Ty  fwha™ \
—e,w P

2. Pulmonary hypertension due to left heart disease
2.1 Left ventricular systolic dysfunction
2.2 Left ventricular diastolic dysfunction
2.3 Valvular disease
2.4 Congenital / acquired left heart inflow/outflow tract
obstruction and congenital cardiomyopathies
2.5 Congenital facquired pulmonary veins stenosis

e Estenosis de venas pulmonares

e Estenosis mitral

3. Pulmonary hypertension due to lung diseases and/or
hypoxia

S * Disfuncion diastolica y/o sistolica del VI.

3.2 Intersutial lung disease

3.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern -

5.4 Seep-diordered breathing  Estenosis Ao

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases (VWeb Table IiI)

+ Coartacion AO

and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions

4.2.1 Angiosarcoma

4.2.2 Other intravascular tumors

4.2.3 Arteritis

4.2 4 Congenital pulmonary arteries stenoses

4.2.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear and/or
multifactorial mechanisms

5.1 Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders. splenectomy

5.2 Systemic disorders, sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Ochers: pulmonary tumoral thrombothic microangiopathy,
fibrosing mediastinitis, chronic renal failure (with/without
dialysis), segmental pulmonary hypertension




I. Pulmonary arterial hypertension

|| Idiopathic
|.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 Other mutations
I.3 Drugs and toxins induced
|4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immuncdeficiency virus (HIV) infection
1.4.3 Portal hypertension
1. 4.4 Congenital heart disease (Table 6)
1.4.5 Schistosomiasis

"
1'.2 Heritable
1'2.1 EIFZAK4 mutation
1'.2.2 Other mutations
I".3 Drugs, toxins and radiation induced
|'.4 Associated with:
1'4.1 Connective tissue disease
1'.4.2 HIV infection

g ST P
o~
. 4+

2.1 Left ventricular systolic dysfunction

2.2 Left ventricular diastolic dysfunction

2,3 Valvular disease

2.4 Congenital { acquired left heart inflow/outflow tract
obstruction and congenital cardiomyopathies

2.5 Congenital facquired pulmonary veins stenosis

3. Pulmonary hypertension due to lung diseases and/or
hypoxia

3.1 Chronic obstructive pulmonary disease
3.2 Intersttial lung disease

3.3 Other pulmonary diseases with mixed restrictive and

obstructive pattern

3.4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high alttude

3.7 Developmental lung diseases (VWeb Table Iil)

4. Chronic thromboembolic pulmonary hypertension

and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions

4.2.1 Angiosarcoma

4.2.2 Other intravascular tumors

4.2.3 Arteritis

4.2 4 Congenital pulmonary arteries stenoses

4.2.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear and/or
multifactorial mechanisms

5.1 Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders. splenectomy

5.2 Systemic disorders, sarcoidosis, pulmonary histiocytosis.
lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: pulmonary tumoral thrombothic microangiopathy,
fibrosing mediastinitis, chronic renal failure (with/without

dialysis), segmental pulmonary hypertension

GRUPO 3

Secundaria a enfermedaa

respiratoria

Apneas obstructivas

Patologia cronica difusa respiratoria, enfermedad

fibrosis y enfisema.

- ReHiPed Grupo 3: 82 pacientes
- 52% DBP ( infraestimado)

- 33% Otros trastornos del desarrollo pulmonar
- Hernia diafragmatica congénita

- Displasia alveolo-capilar
«Sd Genéticos: Sd Down
- 7% Ttnos obstructivos cronicos.

intersticial 32-39% prevalencia, sobre todo con

DEBEN REALIZARSE ECOCARDIOGRAFIA DE SCREENING PARA
DESCARTAR EXISTENCIA DE HTP ( SOBRE TODO FASES
AVANZADAS DE LA ENFERMEDAD)
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- Displasia broncopulmonar

- Es una enfermedad pulmonar cronica asociada con un nacimiento prematuro como consecuencia del
impacto de diferentes factores de riesgo en el pulmdn neonatal subdesarrollado.

- Cada vez mas numeroso en Pediatria:

- Aumento de RN pretéerminos y supervivencia de EG cada vez menores. Aumento de screening para su
diagnostico.

- Definicion DBP: Necesidad de O2 suplementario a las 36 sem de edad post-concepcional en RN <32
sem de EG.

-40% (EG< 28 sem)

-HTP :

6% DBP leve,

- 12% DBP moderada,

- 39% DBP severa ( rango 15-64%).

- Empeora drasticamente el pco de la enfermedad pulmonar. tasas de supervivencia a los 3 anos del
52%-66%
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: : PRONOSTICO
DBP: Displasia Broncopulmonar

-+ Benigno en principio, con desaparicion de la HTP.
SCREENING : con ECOCARDIOGRAFIA: a pie de cama del neonato.

Hipoxia severa con enfermedad parenquimatosa minima * Riesgo recurrencia con infecciones respiratorias

> dias con soporte respiratorio

Al dco de DBP sobre todo si es moderada/severa. - Riesgo tardio de desarrollo de HTP ( con el gjercicio)
BIOMARCADORES: PRO-BNP-NT, BNP: REL PMPa. * Funcién pulmonar y de Vd disminuidas

Malformaciones asociadas ( Shunt, venas pulmonares)

CATETER'SMO Table 1 - Infant characteristics associated with the pres-
ence of pulmonary hypertension.
Recomendable previo a inicio de terapia vasodilatadora. Characteristic Infants with or without BPD _Infants with BPD
RR(CI) RR(CI)
Descartar colaterales S-P, Estenosis de VVPP, HTP postcapilar... Maleeex | 1000519 507,12
, , - SGA 1.8(1.2,2) 0.5(0.1,1.8)
Riesgo alto en paciente critico BPD 13(11,1.5) NA
Severe BPD 2.7(1.7,4.2) NA
NEC 1.8 (0.9, 3.9) 3.4 (1.1,10.2)
PDA 1.3(1.2, 1.5) 1.2 (1.0, 1.5)
PDAligation  1.8(1.3,2.4) NA
Severe IVH 1.7 (0.8, 3.4) NA
ROP 19(13,2.7) 1.2 (0.8, 1.9)

BPD, bronchopulmonary dysplasia; RR, risk ratio; CI, confidence
interval; NA, data not available;

SGA, small for gestational age; ROP, retinopathy of prematurity;
NEC, necrotizing enterocolitis; PDA,

patent ductus arteriosus. Adapted from reference (9).
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- Tto DBP

Equipo multidisplinar

Descartar malformaciones

asociadas y cc.

Determinacion seriada de

Probnp.

Casos selecionados :
cateterismo.

INO para crisis de HTp.

O2 : para sat 02 92-95%

(Class I, level B)

Terapia especifica con
vasodilatadores ( Class | , level B)

w
g Table IV. Pharmacotherapy of pulmonary hypertension in BPD
Names Dose/titration Side effects Comments
Sildenafil PO: 1 mg/kg 6-8 h; start with low dose (0.3-  Hypotension, GER, irritability (headache), Monitor for adverse effects, lower the
phiosphodiesterase-5 0.5 mg/kg/dose) and increase gradually to bronchospasm, nasal stuffiness, fever, dose or switch to alternate therapy if

inhibitor 1 mg/kg/dose as tolerated; slower as rarely priapism not tolerated
outpatient. Maximal dose of 10 mg g8 h
per EMA guidelines for infants.
Intravenous:0.25-0.5 mg/kg/dose q 6-8 h
(titrate slowly and administer over 60 min.
Bosentan (Endothelin 1 mg/kg PO q 12 h as starting dose; may Liver dysfunction especially during viral Monitor LFTs monthly (earlier with

receptor antagonist) increase to 2 mg/kg BID in 2-4 wk, if infections, VQ mismatch, hypotension, respiratory infections); monitor CBC
tolerated and liver enzymes stable. anemia (edema and airway issues rare in quarterly.
infants) Teratogenicity precautions for caregivers
Inhaled lloprost 2.5-5 mcg every 2-4 h. Can be given as Bronchospasm, hypotension, ventilator tube  Need close monitoring for clogged tubing,
continuous inhalation during mechanical crystallization and clogging, pulmonary may need further dilution. May need
ventilation. Can titrate dose from 1-5 mcg hemorrhage, prostanoid side effects (Gl bronchodilators or inhaled steroid
and frequency from every 4 hto disturbances), may be teratogenic to pretreatment with bronchospasm.
continuous. caregivers
Intravenous Epoprostenol  Start at 1-2 ng/kg/min, titrate up slowly every Hypotension, VQ mismatch, Gl disturbances.  Monitor closely if added to other
(Flolan) 4-6 h to 20 ng/kg/min; need to increase Needs dedicated line, very short half-life vasodilator therapies, such as
dose at regular intervals because of with high risk for rebound PH with brief milrinone; careful attention to line care
tachyphylaxis. Further increases as guided interruption of therapy; line related is essential.
by clinical targets and avoiding adverse complications include infection, clogging,
effects. breaks in line, thrombosis, arrhythmia)
Treprostinil (Remodulin) IV Start at 2 ng/kg/min and titrate every 4-6 h SQ: local site pain; IV: similar risks as with Site pain managed with local and
or Subcutaneous up to 20 ng/kg/min, then slow increase epoprostenol, but treprostinil has a longer systemic measures
dose as tolerated (dose often 1.5-2 times half- life, which reduces risk for severe
greater than equivalent epoprostenol dose, PH with interruption of infusion
if switching medications)
Milrinone (IV) 0.15-0.5 mcg/kg/min —lower dosage range Arrhythmogenic; systemic hypotension and  May need to add a pressor, such as
(phosphodiesterase-3 when used with other vasodilators high risk for decreased myocardial vasopressin, to mitigate effects of
inhibitor) perfusion; caution with renal dysfunction decrease in systemic pressures.

J

BID, twice a day; CBC, complete blood count; EMA, European Medicines Agency; GER, gastroesophageal reflux; G/, gastrointestinal; /V, intravenous; kg, kilogram; LFT, liver function tests; mcg,
microgram; ng, nanogram; PO, oral; SC, subcutaneous; SR, sustained release; VQ, ventilation-perfusion.

Evaluation and Management of Pulmonary Hypertension in Children with Volume 188 « September 2017

Bronchopulmonary Dysplasia
THE JOURNAL OF PEDIATRICS
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- Hernia diafragmatica congénita.

- 2/3 tienen presion sistdlica pulmonar> 2/3 de
as sistemicas

- Hipoplasia vascular. Puimon contralateral.

- Aumento morbimortalidad:
- PSP/SBP < 0.5 supervivencia 98%
- PSP/SBP 0.5-0.67 : supervivencia 92%
- PSP/SBP >0.67: supervivencia 43%




4. Chronic thromboembolic pulmonary hypertension
and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions

5. Pulmonary hypertension with unclear and/or
multifactorial mechanisms

5.1 Haematological disorders: chronic haemolytic anaemia,

myeloproliferative disorders, splenectomy

5.2 Systemic disorders, sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: pulmonary tumoral thrombothic microangiopathy,
fibrosing medastinitis, chronic renal failure (with/without
dialysis), segmental pulmonary hypertension

G RU PO 4: Tromboembodlica cronica.

*GRUPO 5: Mecanismos fisiopatologicos
Inclertos:

* E. hematoldégicas: hemoglobinopatias hemofilicas: anemia
hemolitica cronica ( prev: 3%, muy similar a ala HAPI,
contraindicado sildenafilo, aumenta crisis agudas)

e E.renales

e E.sistémicas y metabdlicos con sintomas

cardiorrespiratorios, otros...



Hipertension

Pulmonar
en la Edad Pediatrica

METABOLOPATIAS:

Trastornos del metabolismo de los
aminoacidos

Hiperglicemia no cetosica, Mutacion
gen NFU

Enfermedades mitocondriales.

Enfermedad Gaucher, Trastornos
tiroides.

Debut HTP puede ser primario.

Muy mal prondstico oo

metabdlico s



Diagnostico clinico.

 Asintomatico mientras el VD mantiene su funcion sistolica, hipertrofia , mecanismo de
adaptacion secundario al incremento de postcarga.

* Alteracion de funcion sistolica y/o diastolica: signos de bajo gasto e insuficiencia cardiaca dcha.

* Sintomas: sincopes, disnea, deterioro funcional, intolerancia al ejercicio. Crisis. Decaimiento en
lactantes. Palpitaciones. Dolor precordial.

* Debut: suele ser un diagnostico tardio, cuando aparecen sintomas ya estamos en fase
avanzada de la enfermedad.

 Sin tratamiento, supervivencia media de 2,8 anos

 Screening en grupos de riesgo: ecocardiografia



Diagnostico ecocardiografico

SCREEN I NG VD SE CONVIERTE EN PROTAGONISTA

e Herramienta diagnostica,
etiologia, evaluacion
hemodinamica no invasiva,
seguimiento y pronostico.

Normal HAP



- y m = y Pediatric Pulmonary Hypertension
D I ag n OSt I c O e c oca rd I Og raﬁ c O Guidelines From the American Heart Association and American

Thoracic Society

SC R E E N I N G Screening for PH by echocardiogram is recom-

mended in infants with established BPD (Class I;
Level of Evidence B).
Early evaluation for PH, including a Doppler echo-
cardiogram, is reasonable for children with hemo-
lytic hemoglobinopathies or hepatic, renal, or

* Papel fundamental para deteccion de la

HTP. Primer escalon en el dco. metabolic diseases who develop cardiorespiratory
symptoms (Class Ila; Level of Evidence C).

° 1 10 i . In children with chronic hepatic disease, an echo-

SC reent ng PO b | acion d € r‘lesgo. cardiogram should be performed to rule out porto-

 Neumopatia instersticial crdnica, DOUIIAEY AYDECEENsM (E2-LULN), 00 Pl lNHitary

arteriovenous shunt before they are listed for liver
transplantation (Class I; Level of Evidence B).

It is reasonable for children with SCD to undergo
an echocardiogram to screen for PH and associ-

e Esclerodermia

* VIH 3 ated cardiac problems by 8 years of age or earlier in
patients with frequent cardiorespiratory symptoms
e Shunt S- P, (Class Ila; Level of Evidence C).

* Sincopes de perfil cardiogenico.
Echocardiography is recommended to assess PH

and RV function in patients with severe obstructive
sleep apnea (OSA) (Class I; Level of Evidence B).
For exercise-limited patients with advanced lung
disease and evidence of PAH, the following are
recommended:



Ecocardiografia: Diagnostico
etiologico

e Diagnostico de Shunt:

* |ntracardiacos: CIA, CIV ...

e Extracardiacos: DAP




Ecocardiografia: valoracion hemodinamica no invasiva, estimacion de presiones.

1. PADm ( presién AD) e 2. PSP ( presion sistolica pulmonar):
e Colapsabilidad de la VCI * Estimacion de la presion pulmonar sistolica pulmonar
e Colapsabilidad >50%: buen predictor de PADm <10 * Gradiente VD-AD (IT): doppler continuo,No es muy precisa pero es

mmhm (5 mmhg) para estudio poblacionales y como §

e SiTiA abomba de D-l y suprahepaticas dilatadas : buen -~ e -
predictor de PADmM > 10 mmhm (15 mmhg) g 25 B oot SBHE

Técnicas de imagen no invasivas en hipertension pulmonar: ecocardiografia

e 3. PAPmM ( presion media
pulmonar)

« Estimacion de la presion pulmonar media
pulmonar

* Gradiente pico AP- VD en protodiastdle ( IP):
doppler continuo,




- —
ECG

ECO:
dg HTP
Descartar C. congenita

Anamnesis dirigida
Historia familiar
H*® obstétrica y neonatal
Cardiopatia congénita
Conectivopatias
Prematuridad
Residencia altitud
Enf. pulmonar crénica

Malformacion tordcica o
de la via aérea

l " Estudio ctiolégico

minutos | |abdominal

Rx | F respiratoria > 6 a. Gammagrafia l Test 6 Ecografia

torax | Capnografia en < 6 a.| | Ventilacién/Perfusion | |

(<

6 anos, solo
perfusion)

Biopsia pulmonar
solo si sospecha de:

Enf. intersticial
Enf. venooclusiva

Hemangiomatosis
capilar pulmonar

Displasia alveolo-
capilar

HTP: hipertension pulmonar; RGE: reflujo
gastroesofagico; SAOS: sindrome de apnea
obstructiva del sueno; RVP: resistencias

vasculares pulmonares; GC: gasto cardiaco.

FIGURA 1. Algoritmo diagnéstico para la hipertension pulmonar pedidtrica. (Modificado de: Mullen P. Crit Care Med 2010;11(suppl):

$22-526).

Lactantesipatologia respiratoria
Transito digestivo/phmetria

Descartar RGE/alt. deglucién

RM/TC
Previo al
cateterismo

Cateterismo
Presiones, oximetrias, RVP
Gce (Fick/termodilucion)
Angiografias
Test vasorreactividad
Test oclusion si procede

Estudio suenio
(pulsioximetria/
capnografia
polisomnografia)
Descartar SAOS,
apneas centrales

Estudio ORL

Fibrobroncoscopia
si sospecha alt.
via aéreca

Analitica

Hemograma, urca,
creatinina, iones

F. hepitica
Serologias HB, HC, HIV
F. tiroidea, autoinmunidad
Hipercoagulabilidad
E. metabolopatias
Estudio genético HTP
Cariotipo

Pediatric Pulmonary Hypertension

Guidelines From the American Heart Association and American
Thoracic Society

: d1agnosis, a comprehensive
history and physical examination, combined with
diagnostic testing for assessment of PH pathogen-
esis/classification and formal assessment of cardiac
function, should be performed before the initiation
of therapy at an experienced center (Class I;-Level of
Evidence B).




Analitica

O Lactantes: RGE, alteraciones

deglucion, cursa con aspiraciones, muy PPCC MEJOR ANTES DEL CATETERISMO
* Serologias HB, HC, VIH. frecuentes en prematuros,
polimarfomados, patologia pulmonar.
e TSH.
O Estudio del sueno: pulsioximetria,
* Funcion hepatica y renal capnografia, polisomnografia,ORL.

* Autoinmunidad
* Hipercoagubilidad

e Enfermedades metabodlicas: descartar .
errores congénitos del metabolismo: aa The recommendations for a sleep study are the

sangre, orina, LCR following: [ ,
a. A sleep study should be part of the diagnostic eval-

\

uation of patients with PH at risk for sleep-disor-
dered breathing (Class I; Level of Evidence B).
b. A sleep study is indicated in the evaluation
* Cariotipo of patients with poor responsiveness to PAH-
argeted therapies (Class I; Level of Evidence B).

e Genética(HlaPaz)

e NT- porBNP. marcador pronostico




PAPmM> 6 = 20 mmhg

GOLD STANDARD, necesario por definicidn RVP >3 UW
para el dlagnOSUCO- Precapilar: PCP<6 = 15 mmhg;
Debe realizarse al diagnostico siempre, Poscapilar PCP >15 mmhg

exceptuando pacientes gravemente enfermos.
Repetir tras 3-12 meses de tto.

Medida directa de PAPm Pediatric Pulmonary Hypertension

_ Guidelines From the American Heart Association and American
Severidad Thoracic Society
VaSO rre aCt | Vi d ad Serial cardiac catheterizations with AVT are recom-

mended as follows:

a. Serial cardiac catheterizations should be done
during follow-up to assess prognosis and poten-
tial changes in therapy (Class I; Level of Evidence

. - B)

Causa' Sh 4 nt’ pOStCapl lar b. Intervals for repeat catheterizations should be
based on clinical judgment but include worsen-
ing clinical course or failure to improve during
treatment (Class I; Level of Evidence B).

Respuesta a agentes terapeéuticos



Hipertension

Pulmonar
en la Edad Pediatrica

- CATETERISMO:

- Unidad dco de referencia.

- Dosis de radiacion.

- Anestesia general. Riesgo elevado.

* Frecuencia menor de lo recomendado en Guias.

- Via femoral. Presion simultanea sistémica. Calculo de
resistencias, presiones y GC.

- Realizacion arteriografia pulmonar. Vascularizacion pulmonar.
- Descartar anomalias cardiacas y/0 vasculares.

- Intervencionismo: Cierre de DAP, fistulas, etc...

- Test Vasorreactividad con Oxido Nitrico y Oxigeno.

- Interpretacion de resultados.

Debe realizarse:

Al diagndstico
Efecto del tratamiento

Ante deterioro clinico




Ecocardiografia: Seguimiento, parametros prondsticos

 Parametros de Interdependencia ventricular. Tamano, funcion, forma, distensibilidad de uno afecta al otro.
 El Vd desplaza y comprime el izdo, en una cavidad limitada, bajo gasto.
 SIV Tipo |, I
* Rel D/I: diastolico. Mayor valor peor.
* Indice de excentricidad:
* Rel entre los dos ejes ( paralelo y perpendicular al septo)
e Sistolico y diastolico.

* Normal =1




 Valoracion de Vd: morfologica, funcional, del lecho vascular pulmonar.

* Fe del VD predictor mas fuerte de mortalidad ( si es menor de 35%
después de 6 meses de tto)

* Valor diagnostico y pronostico.

« QP/QS
VENTRICULO DERECHO * Volumenes indexados: telediastolico y telesistolico: valor pco
MEJOR POR RMN Independiente de mortalidad

* Presencia de realce tardio con gadolino, areas miocardicas fibroticas.

Deteccion de complicaciones

Diseccion AP Compresion TCI

Disfuncion VI



2015 ESC/ERS Guidelines for the
diagnosis and treatment of pulmonary
hypertension

Clinical signs of right heart failure Present

Progression of symptoms 1 | Slow Rapid
Syncope » : Occasional syncope® Repeated syncope*

6MWD 165440 m <165m

min/kg Peak VO, Peak VO, <11 ml/min/kg
Cardiopulmonary exercise testing [1-15 ml/min/kg (35-65% pred.) (<35% pred.)
| 6 _ VENCO; slope 36-44.9 VE/NCO; 245
BNP 50-300 ng/! BNIP >300 ng/l
WTproBiNE pisaia leves | NT-proBNP 300-1400 ng/l NT-proBNP >1400 ng/l

AHA/ATS Consensus Pediatric PAH: Disease Severity

LOWER RISK DETERMINANTS OF RISK HIGHER RISK

No Clinical evidence of RV failure Yes

RA area 18-26 cm’ 2
Imaging (echocardiography, CMR imaging) No or minimal, pericardial S
ging ( graphy, ging ] ol Pericardial effusion
effusion
RAP 8-14 mmHg

RAP >[4 mmHg

R ¢ Haemodynamics Cl 2.0-2.4 l/min/m? ClI <2.0 I/min/m?
ecurrent syncope SvO; 60-65% VO, <60%

Significant RV

Minimal RV : enlargement/dysfunction
enlargement/dysfunction Renocardicprapny
Pericardial effusion

PVRI <10 WU*m?
Cl >3.0 L/min/m?
PVR/SVR <0.5

Hemodynamics

PVRI >20 WU+m?
Cl <2.0 L/min/m?
PVR/SVR >1.0

BNP / NTproBNP Significantly elevated
Peak VO, >25 mL/kg/min CPET Peak VO, <15 mL/kg/min

Minimally elevated




Hipertension

Pulmonar
en la Edad Pediatrica

TRATAMIENTO:

No existen muchos ensayos clinicos en ninos. Consenso expertos.

RESPIRATORIO: terapia con oxigeno, tratamiento de procesos bronquiales, apneas del sueno,
procesos alérgicos. Reconocimiento precoz y tratamiento de enfermedades intercurrentes

DIGESTIVO/NUTRICION: Monitorizaciéon de parametros de crecimiento: percentiles de tallay
peso.

- Medidas generales: O2, anticoagulacion.

* Limitacion de ejercicio de
alta intensidad o de

- Vacunas: VRS <2a, Gripe >6 m

- Prevencién de infecciones respiratorias competicion ( individualizar).

_ _ , * Alto riesgo ante enfermedad Evitar ejercicio isomeétricos
- Diferencias en respuesta a farmacos: Covid 19 y poder autolimitarse

* sildenatfil neonatos,  Consejo genético, riesgo de * Viajes en avidn: suplemento
- Diferente farmacocinética y farmacodinamica: prostaciclinas embarazo, opciones de de O2.

contracepcion

- Dificultad para admin de prostanoides. * Soporte psicosocial

- Necesidad de persona responsable * Para fallo derecho:

diuréeticos ( comenzar con
 profilaxis endocarditis para pacientes con cianosis

* Intervenciones: H referencia, anestesistas experimentados.



AHA/ATS Consensus Pediatric PAH Treatment Algorithm

| Consider: Diuretics, Oxygen,
| Anticoagulation, Digoxin

Acute Vasoreactivity Testing

ERA or PDE-5i (oral) Epoprostenol IV or
{proved No llopros.t !infwaled) . Treprostinil (IVIS.Q) .
Treprostinil (inhaled) . Consider Early Combination
ERA or PDE-5i (oral)

Reassess: consider Atrial septostomy
combo-therapy Lung transplant
Continue

CCB Ambrisentan (Class lla; Level B), Bosentan (Class 1; Level B), CCB (Class 1; Level B),
Epoprostenol (Class 1; Level B), lloprost (Class lla; Level B), Sildenafil (Class 1; Level
B), Tadalafil (Class lla; Level B), Treprostinil IV/SQ (Class 1; Level B),
Treprostinil Inhaled (Class lla; Level B)




CCB
PDES inhibitor

Sildenafilo
Tadalafilo

Nifedipino

Amlodipino
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Nifedipine

Diltiazem

Amlodipine

Starting dose: 0.1-0.2 mg/kg
orally 3 times daily

Dose range: 2—3 mg-kg~"-d"’
Maximum adult dose: 180 mg/d
orally

Always uptitrate from a lower dose
If possible, use extended-release
preparations

Starting dose: 0.5 mg/kg orally 3
times daily
Dose range: 3-5 mg-kg-'-d-’

Bradycardia
Decreased cardiac output LOEB
Peripheral edema

Gum hyperplasia
Constipation

Bradycardia CORI
Decreased cardiac output LOEB
Peripheral edema

Duration of benefit may be limited even with
Rash initial favorable response; periodic repeat
assessments for responsiveness are indicated

Duration of benefit may be limited even

orally

Maximum adult dose: 360 mg/d

orally

Rash with initial favorable response; periodic repeat

Gum hyperplasia
Constipation

Always uptitrate from a lower

assessments for responsiveness are indicated
May cause bradycardia more than other CCBs
Suspension useful in younger children

dose
If possible, use extended-release
preparations

Starting dose: 0.1-0.3 mg-kg'-d"'
orally

Dose range: 2.5-7.5 mg/d orally
Maximum adult dose:

10 mg/d orally

Always uptitrate from a lower dose

Bradycardia CORI
Decreased cardiac output LOEB
Peripheral edema
Rash initial favorable response
Gum hyperplasia

Constipation

Duration of benefit may be limited even with

(Continued)

Drug Class

Agent

Dosing Adverse Effects

COR/LOE Comments

PDE5 inhibitor

PDES5 inhibitor

Sildenafil

Tadalafil

Bosentan
(dual ET,
and ET,
antagonist)

Ambrisentan
(a highly
selective ET,
antagonist)

Age <1 y: 0.5-1 mg/kg 3 times Headache
daily orally
Weight <20 kg: 10 mg 3 times Flushing
daily orally Agitation
Weight >20 kg: 20 mg 3 times Hypotension
daily orally
Delay use in exiremely preterm Priapism
infants until retinal vascularization  Avoid nitrates
is established

Starting dose: 0.5-1 mg-kg—'-d"  Headache

CORI

Nasal congestion LOEB

Avoid higher dosing in children because
a greater risk of mortality was
noted in the STARTS-2 study

Vision and hearing loss may be concerns in children with IPAH treated with

high-dose sildenafil monotherapy
Sildenafil approved in Europe and Canada
FDA warning for use in children 1-17 y of age

COR lia

Maximum dose: 40 mg orally daily Nasal congestion LOEB

Evaluated only in children >3 y Flushing
of age Agitation
Hypotension

Once-daily dosing
Safety and efficacy data in children are limited

Vision and hearing loss may be concerns

Priapism

Nosebleeds

Avoid nitrates
Starting dose is half the
maintenance dose
Maintenance dose:
Weight <10 kg: 2 mg/kg twice monthly
daily orally

hepatotoxicity

daily Fluid retention
Weight >20-40 kg: 62.5 mg twice Teratogenicity
daily Male infertility

HCG and pregnancy test required

Monthly LFTs required due to risk for CORI

LOEB
Data have been published on efficacy in
Eisenmenger PH

Incidence of AST/ALT elevation is less in 2 Forms of birth control required
Weight 10-20 kg: 31.25 mg twice  children compared with adults

Drug interaction with sildenafil

Weight >40 kg: 125 mg twice daily  May decrease sildenafil level
Dose range: 5-10 mg orally daily ~ Routine LFTs recommended COR lla

Use in pediatric patients <5 y of
age is unstudied

Fluid retention
Teratogenicity
Male infertility

HCT and pregnancy test required LOEB
Incidence of AST/ALT elevation is less.in  Safety and efficacy data in children
children compared with adults

are limited
Avoid use in neonates or infant because
glucuronidation is not mature

Prostacyclin

Prostacyclin

(Flolan), Veletri
(thermostable)

Treprostinil
(Remodulin)

Continuous intravenous infusion
Drug interaction with sildenafil
Starting dose: 1-2 ng-kg~"-min-"
IV without a known maximum

In pediatric patients, a stable dose
is usually between 50 and 80
ng-kg~-"-min-" IV

Doses >150 ng-kg~"-min-" IV have
been used

Dose increases are required
High-output syndrome at high
doses can occur

Intravenous or subcutaneous: 2
Starting dose: 2 ng-kg~"-min~"
without a known maximum

In pediatric patients, a stable dose
is usually between 50 and 80
ng-kg-"-min-" IV or SC

Dose increases are required

Inhaled: 1-9 patient-activated
breaths every 6 h

Oral: dosing not fully evaluated in
children

Male infertility

Flushing, jaw, foot and bone pain,
headaches, and diarrhea

Systemic hypotension is possible
Half-life is short (2-5 min), so PH crises
occur rapidly if the infusion is stopped
Icepack cooling and remixing every 24 h
needed

Central line complications occur

Flushing, muscle pain, headaches, and
diarrhea are common side effects
Frequency and severity of side effects
are less than with epoprostenol
Elimination half-life is 4.5 h

The drug is stable at room temperature
Central line complications can occur,
including Gram-negative infections with
intravenous route

Subcutaneous injection site pain may
limit this route

Inhaled drug can worsen reactive airway
symptoms

Gl side effects may be greater than with
intravenous, subcutaneous, or inhaled

CORI

LOEB

Standard therapy for severe PH

A temperature-stable formulation is available

For intravenous and subcutaneous:
CORI
LOEB

For inhalation:

COR lla

LOEB

The nebulizer requires patient activation
and controlled inhalation limited by age
and development




MUCHAS GRACIAS POR LA ATENCION

INMACULADA.GUILLEN.SSPA@JUNTADEANDALUCIA.ES
MIGUILLENR@HOTMAIL.COM

“ Sl BIEN BUSCAS, ENCONTRARAS”
Platon
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