%)

Ipertensione polmonare e
terapia con vasodilatatori
polmonari

Agata Privitera
Unita Operativa
Cardiologia Pediatrica

Osp. Santo Bambino
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Ipertensione Arteriosa Polmonare - %« ?
|IAP 7\

malattia rara — cronica - causa di morbilita/mortalita in eta pediatrica/adulta
caratterizzata dell’aumento progressivo delle resistenze vascolari polmonari (RVP >
3UW/m2) e della pressione in arteria polmonare (PAP> 25 mmHg)

L SINTOMI:
dispnea, affaticabilita, debolezza, angina,

sincope, ritardo di crescita, anoressia
distensione addominali. Inizialmente dopo
sforzo, successivamente anche a riposo

Prevalenza stimata
e Adulti 15-50/per milione
- - bambini 10/per milione

e maschi/femmine 1/1.4
— 92% IAPIdiopatica/familiare/associata a cc
— 8% IAP altri sottogruppi

Dati del «ll REVEAL» The Registry to Evaluate Early and Long-Term PAH (un grande studio osservazionale di bambini e di adulti con
diagnosi di PAH Stati) Uniti Circulation. 2012;125:113-122.
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Symptoms/signs/history suggestive of PH

[ Search for

[ Non-invasive assessment compatible with PH? j_>
other causes and/or

e re-check
(e

-

[ Group 2: Left heart disecase? j

(Consider common causes of PHj ;

v : Group 3: Lung discases
History, Symptoms, Signs and/or hypoxia?
ECG, Chest radiograph
TTE, PFT, HRCT

v
Yes |
PH "proportionate’ to severity|

Treac under-lying disease ‘
and check for progression

Consider Group 4:
CTEPH

( Group 2 or 3: diagnosis confirmed j v

i ‘ Yes
“out of proportion™ PH

e e

Cﬁerform VIQ scan j Eae——

o
other causes

(no

[Consider other uncommon causes)

I

Perform RHC
(PAH probability®)

/m

Phystcal

[Specnf < dlagnosuc ﬁests
|

Clinical sngns HRCT ANA
Laboratory == Schmm

Guidelines for the diagnosis and treatment
of pulmonary hypertension
p ry Yp European Heart Journal (2009) 30, 2493-2537
The Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of Cardiology (ESC) and

analysis

Hlstory Physucaj \

HIV Test
J
&

BMPRZ, ALK,
Endoglin (HHT)
Famliy hlstory




L’TAP puo complicare il corso di molte

Ipertensmne Arteriosa Polmonare

(IAP)

(c.c.) In bambini e adulti
Forme di AP associata a c.c.

precapillare

postcapillare

e Se secondaria ad

aumentato flusso in
arteria polmonare e
trasmissione di
pressione (cc con
shunt sn/dx

se secondario a
patologia del cuore
sinistro e conseguente
aumento della
pressione venosa
polmonare

'f;'h-

o i‘:-‘.'-' ,(a-ﬂa_n-e ]
wibus

%9

cardiopatie congenite

Arteria . o
Polioasre Capillare Atrio sinistro

Normale 14 mmHg 6«9 mmHg 5 mmHg

l ol

Gradiente 9 mmHg

Ipertensione
polmonare 30 mmHg 23 mmHg 21 mmHg
postcapillare | I
(stenosi mitralica, etc) Gradiente O mmHa
Ipertensione
polmonare H
precapillare I
(cuore polmonare cronico,
ipertensione polmonare
Lprimitiva, etc)

it

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



'®  Updated clinical classification of pulmonary i'*
& hypertensmn (definita nel meeting di Dana Point, 2008) /)

1 Pulmonary arterial hypertension (PAH) 3 Pulmonary hypertension due to lung diseases and/or

1.1 ldiopathic hypoxia

12 Heritable 3.1 Chronic obstructive pulmonary disease
121 BMPR2 3.2 Interstitial lung disease
122 ALK]1, endoglin (with or without hereditary 3.3 Other pulmonary diseases with mixed restrictive and

haemorrhagic telangiectasia) obstructive pattern

123 Unknown 3.4
Drugs and toxins induced 35
Associated with (APAH)
141 Connective tissue diseases
142 HIV infection
143 Portal hypertension
144 Congenital heart disease <€
145 Schistosomiasis 5 PH with unclear and/or multifactorial mechanisms

146 Chronic haemolytic anaemia 5.1 Haematological disorders: myeloproliferative disorders,
Persistent pulmonary hypertension of the newborn splenectomy.

Sleep-disordered breathing
Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
Developmental abnormalities

5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans cell
histiocytosis, lymphangioleiomyomatosis,
neurofibromatosis, vasculitis

2 Pulmonary hypertension due to left heart disease .3 Metabolic disorders: glycogen storage disease, Gaucher

2.1 Systolic dysfunction disease, thyroid disorders
2.2 Diastolic dysfunction 4 Others: tumoural obstruction, fibrosing mediastinitis,

2.3 Valvular disease chronic renal failure on dialysis

Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis|

ALK-1 = activin receptor-like kinase 1 gene; APAH = associated pulmonary Guidelines for the diagnosis and treatment

arterial hypertension; BMPR2 = bone morphogenetic protein receptor, type 2; | ©f Pulmeonary hypertension -

The Task Force for the Diagnosis and Treatment of Pulmonary

HIV = human immunodeficiency virus; PAH = pulmonary arterial hypertension. | mypertension of the European Society of Cardiology (ESC) and




o Definizione Emodinamicadi =
<&  |pertensione Polmonare "W

Definizione Caratteristiche Gruppi Clinici

Ipertensione Polmonare (IP) PAP media > 25 mmHg Tutti
V.N. 14+3 max 20

Pre-capillare (IP) PAP media > 25 mmHg . Ipertensione arteriosa
PWP media <15 mmHg polmonare
CO normale o ridotta . IP secondaria a malattia
polmonare
. IP tromboembolica cronica
. IP con non chiari e/o
multifattoriali meccanismi

Post-capillare IP PAP media > 25 mmHg . IP secondaria a malattia del
PWPmedia >15 mmHg cuore sinistro
CO normale o ridotta

Post-capillare (IP) passiva GTP <12 mmHg

Post-capillare (IP) reattiva GTP > 12 mmHg
P= Pressione Arteriosa Polmonare .
Of pUlmonary hypertens.ogropcan Heart Journal (2009) 30, 24932537

PWP: PreSS|One POImonare Wedge The Task Force for the Diagnosis and Treatment of Pulmonary

Hypertension of the European Society of Cardiology (ESC) and

GTP= Gradiente transpolmonare (PAPmedia-PWP media) y.0. cardiologia Pediatrica Ospedale Santo Bambino CT

Guidelines for the diagnosis and treatment
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3 UPDATED CLINICAL CLASSIFICATIONi

2OF PULMONARY HYPERTENSION 7
(DEFINITA NEL MEETING DI DANA POINT, 2008) |
Pulmonary arterial hypertension (PAH) 3 Pulmonary hypertension due to lung diseases andlor | = d| agnOSi eziologica deve essere

11 Idiopathic € hypoxia i . .
12 Heritable 31 Chronic obstructive pulmonary disease corretta perChe ad eZIOIOgle
ity ‘ o2 o ingites diverse corrispondono diversi

122 ALK1, endoglin (with or without hereditary 33 Other pulmonary diseases with mixed restrictive and : ..

haemorrhagic telanglectasia obstructive patte approcci terapeuticl
123 Unknown 4 Sleep-disordered breathing i i i
Drigs and s e 5 Aeok hypoventlaion drder Esistono Farmacl approvati

o PO ey Chronic exposure to high altitude

A1 Comectie thoucdicase Developmental abnormalities SpeCIfI Camente per 1, IAP é

142 HV infection

143 Poral hypertnsn riguardano solo 1 pazienti
144 Congenital heart disease e -
145  Schistosomiasis 5 PH with unclear and/or multifactorial mechanisms affettl da IAP del Gruppo I

146 Chronic haemolytic anaemia 51 Haematological disorders: myeloproliferative disorders,
1.5 Persistent pulmonary hypertension of the newborn

splenectomy.

: ek 4 temic disorders: sarcoidosis ary Lansethans
Pulmonary veno-occlusive disease andlor pulmonary 52 Systemic disorders: sarcoidosis, pulmonary Langerhans cell

iy haemangiomatosis\ his’.iot?'losis. lymphangiol(.ai.om‘yon‘.awsis. G I I al trl g ru p p : pOSSO no : el
neurofibromatosis, vasculitis SO I 0, Non trarre be n efl CI0O ma

2 Pulmonary hypertension due to left heart disease 5.3 Metabolic disorders: glycogen storage disease, Gaucher .
21 Systolic dysfunction disease, thyroid disorders add Irittura pOSSOI’\O essere
22 Diastolic dysfunction 54 Others: tumoural obstruction, fibrosing mediastinitis,

23 Valvular disease chronic renal failure on dialysis d ann eg g I at I

Guidelines for the diagnosis and treatment

. , A of pulmonary hypertension
arterial hypertension; BMPR2 = bone morphogenetic protein receptor, type 2; o ki [European Heart journal (2009) 30, 24932537 ]

, o : ; ' The Task Force for the Diagnosis and Treatment of Pulmonary
HIV'= human immunodeficiency virus; PAH = pulmonary arterial bypertension. | Hypertension of the European Society of Cardiology (ESC) and | ]
U.\U. waluiviuyia r culat iva uapedale Santo Bambino CT

ALK-1 = activin receptor-lke kinase 1 gene; APAH = associated pulmonary
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éjpertensmne Artetiosa Polmonare e c}?

Incidenza stimata, paesi occidentali, 1.6-12.5/1.000.000, di adulti, di cui
Il 25-50% presentano la S.E. forma piu avanzata di IAP associata a CC

European Heart Journal 2004; 25:2253
Systemic-to-pulmonary shunt

Increased pulmonary blood flow and pressure

Endothelial dysfunction*

Increase in pulmonary vascular resistance/

*Lo shear stress e stress circonferenziale su
endotelio  polmonare determina  arteriopatia
ostruttiva

A per riduzione dell’arca di sezione delle arterie di
piccolo calibro

Aumenta anche la pressione arteriosa polmonare per
mantenere la stessa portata cardiaca

Quando RVP e PAP superano quelle sistemiche

Inverted shunt: pulmonary-to-systemic

P o > /' | = Wil
4 % / NI Tl U= e . PN Us S, S 4




Fisiopalogia del’TAP

Meccanismi di AP

1.Vasocostrizione 2. Rimodellamento 3. Trombosi
Arteriolare Vascolare Endoluminale

Alterazioni
dell’equilibrio ionico

Perpetuano la

1 nelle cellule — -
| S : vasocostrizione
Vasocostrizione muscolari lisce canali
Arteriolare del potassio — S A SOCONSTHETON
inizialmente _ _ Deficitaria produzione di:
dinamica poi DlsfunZI_one Prostaciclina,
ficea Endoteliale Ossido Nitrico
alterazione delle (vasodilatatori e
tre vie antiproliferativi)
biochimiche
principali sovrapproduzione di:
1.Prostaciclina, endotelinal e trombossano A2
e e e D Ossido Nitrico (vasocostrittori e promotori di
s e s 3.Endotelina proliferazione cellulare vasale e

rimodellamento)

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



.y - Fisiopalogia del’TAP Associata a c.c. .

2 leodellamento Vz:iscolare - Nessuna differenza B /1
obliterazione det vasi pclﬂtr)lrlgnarl i piccolor ira adulti  bambini
cali _

Rimodellamento vascolare « Caratteristica del letto
polmonare» cambiamenti istopatologici e patobiologici simili
all’ IAP e tutte le forme del Gruppo |

Alterazioni Strutturali

Ipertrofia Della Media I Reversibile I
I Proliferazione Cellulare Intimale Ibi

Bl Fibroelastosi Intimale Occlusiva Parz.Reversibile

AV Dilatazione Vascolare Atrofia della Media Scars. Reversibile

\Y/ Angiomi Avventiziali | Non Reversibile |
VI Necrosi Fibrinoide Non Reversibile

% Class. di Heath e Edwards alteraz. strutturali dei vasi arteriosi polmonari sec. c.c. 1958 Sire ©




« Ipertensione Artetiosa Polmonare e
C.C. con shunt

1. tipo di cardiopatia semplice/complessa/palliata 2.dimensione/sede del difetto

CARDIOPATIE
SEMPLICI
Ampio difetto senza
ostruzione all’efflusso
destro
Pre-tricuspidali

1. Difetto Interatriale
(O.P, O.S., Seno-
Venoso)

2. Ritorno \VVenoso
Polmonare Anomalo
Parziale/Totale Senza
Ostruzione

~ ™
Ampio > 20 mm
IAP 15-20%
Peggioramento
quadro clinico
dopo i 50 anni

- J

CARDIOPATIE
SEMPLICI
Ampio difetto senza
ostruzione
all’efflusso destro
Post-tricuspidali

1.Difetto
Interventricolare
2.Dotto Arterioso

" Restrittivo/non )

Restrittivo
Ampio > 10 mm
AP 50-70%
Peggioramento
del quadro clinico

(_ dopoi25anni )

AMPIE
COMPLESSE CONNESSIONI
Shunt sn-dx senza
ostruzione all’efflusso AORTO-
POLMONARI

CARDIOPATIE

destro

1. Canale
Atrioventricolare

2. Cuore
Univentricolare
3.Ventricolo destro a
Doppia Uscita
4.Trasposizione
Grossi Vasi Con DIV
5.Truncus Arterioso ~ ™\

|AP 100%

1. Finestra Aorto-
polmonare,
2.Connessioni
Sistemico-
Polmonari Post-
chirurgiche

-

Peggioramento
quadro clinico
in media a 18
anni
N Y

IAP 100%
Peggioramento
quadro clinico in
media a 18 anni




,Jpertensmne Artetiosa Polmonare e C.(

@ 4. tempi alla correzione della cc 5. Fattori associati

The likelihood of developing pulmonary vascular disease if not repaired

« |la reazione vascolare polmonare negli f winin the designated ime frame.

ampi shunt non restrittivi si Instaura » Truncus arteriosus 100%
normalmente nei primi 12-18 mesi; nei * Ve 100% [— Infancy
* TGV 100%

primi 6 mesi se (trisomia 21, TGA+DIV
(iperafflusso con desaturazione arteriosa)

Large VSD: 50%
Large PDA: 50%
Large ASD: 10%

— 2yearsold

- Adulthood

_ se il difetto cardiaco ¢ Cambiamenti sono suscettibili di reversibilita
riparato entro il primo anno

di vita o pochi mesi E ritorno normali delle RVP entro un anno

se la correzione avviene le RVP scendono nel post-intervento ma livelli
entro i due anni di eta normali potrebbero non essere ragqgiunti

La correzione
successiva quando
I’TAP si ¢ sviluppata

Puo accelerare la progressione della malattia e
I’insorgenza d1 insufficienza ventricolare destra

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Clinical classification of congenital,
systemic-to-pulmonary shunts associated with
pulmonary arterial hypertension

A. Eisenmenger’s syndrome
Eisenmenger's syndrome includes all temic-to-pulmonary shunts

fects leading t

B. Pulmonary arterial hypertension associated with
systemic-to-pulmonary shunts

In these patients with moderate to large defects, the increase in PVR is
mild to moderate, systemic-to-pulmonary shunt is still largely

present, and no cyanosis is present at rest,

C. Pulmonary arterial hypertension with small® defects

In cases with small defects (usually ventricular septal defects <1 ¢m

and atrial septal defects <<2 cm of effective diameter assessed by
echocardiography) the clinical picture is very similar to idiopathic
PAH

D. Pulmonary arterial hypertension after corrective cardiac
surgery

In these cases, congenital heart disease has been corrected but PAH is
either still present immediately after surgery or recurred several
months or years after surgery in the absence ifi
post-operative residual congenital lesions or defects that originate

as a sequela to previous surgery.

“The size applies to adult patients.
PAH

pulm onary vascuiar resistance.

pulmonary arterial hypertension; PVR

Cwid ru_'- et

. g Rt

Y

ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension 2009

Gruppo A
la diagnosi e semplice ed esistono
raccomandazioni per il trattamento

Gruppo B

Il difetto cardiaco non puo essere chiuso
senza rischi elevati e le opzioni di gestione
sono attualmente limitate

Gruppo C
hanno quadro clinico simile a IAPI
idiopatica con il vantaggio di uno shunt

Gruppo D

sviluppano IAP in assenza di shunt residui (i
cambiamenti nella vascolarizzazione polmonare
erano in una fase di irreversibilita o hanno
avuto andamento progressivo, nonostante
correzione)

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



53 ACCF/AHA 2009 Expert Consensus Document on 1 '

236. Roberts KE, McElroy JJ, Wong WP, et al. BMPR2 mutations in

@ 2 Pu I mona ry HypertenSion ]]'!lllrll()ll)lr pertension with congenital heart disease. Eur

. E stato osservato che con la stessa complessita di cardiopatia
— Alcuni sviluppano precocemente e rapidamente I’IAP irreversibile
— Altri mantengono livelli accettabili di resistenza vascolare polmonare per anni

- E stato dimostrato la presenza della mutazione BMPR2 in pazienti
con CC che svilupparono piu precocemente AP

— Mutazione presente nel 50% dell’ IAPF e nel 25% dell’IAPI

« Si e Ipotizzato, quindi, che una predisposizione genetica possa
contribuire allo sviluppo piu precoce della vasculopatia polmonare

P Chesiion et Cire J 2013; 77: 2639-2650) Clinical Implications of Determining BMPR2 Mutation Status in a

Update on Pediatric Pulmonary
Arterial Hypertension

Large Cohort of Children and Adults With Pulmonary Arterial
Hypertension - J He: .

Noncarriers

P=0.0005

i BMPR2

©
2
=
=
o
Iy
2
=
K]
S
S
3
o

n Death

== ALK1 7 2
= BMPR2 18 8
— Noncarriers 29 3

0 50 100 150 200 250 300 350
Time to death (Months)

gia Pediatrica Ospedale Santo Bambino CT



La Sindrome di Eisenmenger
Rappresenta la forma piu avanzata di AP associata con C.C.

In termini di tolleranza all’esercizio SONo piu compromessi rispetto alle altre cc
Anche se sottostimano i loro sintomi poiche adattano lo stile di vita alle loro capacita

Hanno bassa aspettativa di vita terza-quarta decade, solo alcuni la settima

| segni e sintomi sono il risultato di bassi livelli di ossigeno nel sangue:
cianosi, dispnea, stanchezza, vertigini, sincope e aritmia

Nell’Eisenmenger rispetto alla IAPI sintomi e sopravvivenza sono piu tardivi

La morfologia del cuore destro mantiene

caratteristiche del cuore fetale

— | processi adattativi lo rendono in grado di
sopportare pressioni sistemiche ed e meno FREEC L L
predisposto allo scompenso Dispnea 53%  30%

La portata cardiaca € normale di base ed j Pre/sincope 36% 4%

aumenta con I’esercizio Sopravvivenzaa5aa  74%  74%
— La comunicazione intracardiaca agisce come valvola di |§ ultimaterza decade
sicurezza preservando la funzione ventricolare destra a
scapito della cianosi

0. Cardiologia Pediatrica Ospedale Santo Bambino CT
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a1 - olndrome di Eisenmenger =

Disfunzione
multiorgano

Cow o K et
o g Parioeies

1w

)

Cianosi
produzione renale di
eritropoietina
> eritropoiesi

eritrocitosi secondaria

Isolato aumento dei
globuli rossi da
compenso alla cianosi
cronica

essenziali per mantenere un

adeguata ossigenazione dei
tessuti e prevenire danni
d'organo ipossici

diversa dell’eritrocitosi
primitiva dove proliferano
tutte le linee cellulari

Trombosi della polmonare

e Accidenti
cerebrovascolari

Non correla con la aumento
dell’ematocrito e
dell’emoglobina, ma con
fattori reologici da carenza di

ferro (emorragie o flebotomie
inappropriate)
microcitosi (globuli rossi
sferici non deformabili)

=n LiSfunzione endoteliale

Embolia/e. paradossa:
secondaria ad aritmie 0

da elettrodi o cateteri
transvenosi

|
Emottisi incidenza tra il
11% e il 100%, aumenta
con l'eta
non sembra essere
predittivo di mortalita

Alterazioni piastrine

(trombocitopenia) e dei
fattori coagulativi:
e Fidotti 1 fattori vitamina
K (ILVILIX,X) e il
fattore V, attivita

fibrinolitica aumentata

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Cerebrovascular Events in Adult Patients With Cyanotic Congenital %

Hb HT
50 LOOr
=N = NS
% Bl £ 85U 54,419
- S0t 18,42 17.7-r2 a0t
LOF 201
0 0
p=001 p=0.01 p=0.004
199
30|
< 90l CVE
/IU— No CVE
20[
L N .
0 Iposideremia

FA Salassi mi itemia
lf.'(‘?%'ar%mogia Pediatrica Ospedale Santo Bambino CT
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Disfunzione multiorgano

Sindrome di Eisenmenger {”
{

complicanze tardive

L
—I

Causa Morte

Morte improvvisa
30%,
Insufficienza cardiaca
23%

Emottisi massiva
11%

Sintomi da iperviscosita
con ematocrito in genere
> 65%

Aritmie ipercinetiche
sopraventricolari e
ventricolari

Cefalea, debolezza,
Mantenere il ritmo vertigine, affaticabilita,
sinusale quando mmm 2CUfent, disturbi del
possibile visus, parestesie labbra
e dita, mialgia

Terapia:
amiodarone o
ablazione

Escludere carenza di
ferro e disidratazione

PM/DIC epicardico
(evitare uso di

elettrodi transvenosi
U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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Esami di laboratorio }?

Nel pazienti in Eisenmenger

— conta cellulare completa del sangue con attenzione al volume
corpuscolare medio (VCM)
* Inferiore a 80 (sospettare anemia sideropenica)
« Se aumentato/normale (sospettarre carenza di vitamina B12, acido folico)

— ferritina serica (transferrina, saturazione della transferrina)

Funzionalita epatica, renale profilo coagulativo BNP e NT-proBNP

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



.‘\&,l
Grawdanza
Controindicata

Morte maternad5%

* Durante il parto o la
prima settimana
successiva
(tromboembolia,
ipovolemiae
preclampsia)

Alta incidenza
di aborto
spontaneo

Solo il 25%
arriva a

termine

* Ritardo di
crescita e alta
mortalita
perinatale

,; Sindrome di Eisenmenger e IAPI 1

Attivita

Contraccezione Sportiva

| pazienti
dovrebbero
essere
incoraggiati ad
essere attivi
entro i limiti dei
sintomi
Evitare
I’esercizio
fisico strenuo
moderato-
Intenso e
competitivo

Consigliata la
terapia
progestinica,
efficacia del 95%

Controindicata
per rischio
trombosi la
terapia
combinata
estroprogestinica

ESC Guidelines for the management
of grown-up congenital heart disease

(new version 2010)

The Task Force on the Management of Grown-up Congenital Heart
Disease of the European Society of Cardiology (ESC)

Endorsed by the Association for European Paediatric Cardiology (AEPC
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X

Indicata la profilassi
contro endocardite
batterica (linee guida
2009)
Vaccinazione
annuale
antinfluenzale, ogni
5 anni pneumovax

Misure

Generali

A rischio I’anestesia
generale, preferire
I’epidurale

Sconsigliato (fumo,
alcol, droghe)

Evitare
I’esposizione alte
quote >2500 m
specie se
Improvvise,

Viaggio in aereo di
linee tollerato CT



ESC Guidelines for the management
of grown-up congenital heart disease
(new version 2010)

The Task Force on the Management of Grown-up Congenital Heart
Disease of the European Society of Cardiology (ESC)

Endorsed by the Association for European Paediatric Cardiology (AEPC)

Table 22 Risk reduction strategies in patients with
cyanotic congenital heart disease

Prophylactic measures are the mainstay of care to avoid
complications. The following exposureslactivities should be
avoided:

* Pregnancy

* lron deficiency and anaemia (no routine, inappropriate phlebotomies
te maintain a pre-determined haemaoglobin)

* Dehydration

* Infectious disease: annual influenza vaccination, preurmavax
(every 5 years)

* Cigarette smoking, recreational drug abuse including alcchal

* Transvenous PMACD leads

* Strenuous exercise

* Acute exposure to heat (sauna, hot tubl/shower)

Other risk reduction strategies include:

* Use of an air filter in an intravencus line to prevent air embelism

* Consultation of a GUCH cardiclogist before administration of any
agent and performance of any surgical/interventional procedure

* Prompt therapy of upper respiratory tract infections

* Cautious use or avoidance of agents that impair renal function

* Contraceptive advice

Guidelines for the diagnosis and treatment
of pulmonary hypertension

P YP European Heart Journal (2009) 30, 2493-2537
The Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of Cardiology (ESC) and

Table 18 Recommendations for general measures

Statement Class® Level®

t is recommended to avoid pregnancy in patients
with PAH
mmunization of PAH patients against influenza
N0 PASUMOCOCCH Il?"l'i‘ LON 1S rec ("'TIHI"-"Zl'."'
cally deconditioned PAH patients should be
considered for supervised exercise

should be considered in

for patents
with artenal bl

less than 8 kPa (60 mn

anaesthesa

le, for elective

activity that leads to distressing
'.',-‘r|||:‘.::-"|-. 15 NotL recommended in Datients wite

PAM

of recommeandation.

of evidence

U.O. Cardiologia Pediatrica Ospedale Santo Bambino



Anticoagulanti

Eisenmenger
(INDICATI)

In assenza di
emostasi: se
fibrillazione
atriale/trombi arteria
polmonare/se
insufficienza cardiaca

AP Idiopatica
(INDICATI INR 1.5-2.5)
Rischio tromboembolico
venoso per insufficienza

cardiaca e immobilita

Terapia di ordine generale
nell’IAPI e S.E.

Diuretici

Eisenmenger
solo quando
scompenso destro
Attenzione
disidratazione

|APidiopatica
INDICATI
Ritenzione di
liquidi
secondaria ad
insufficienza
cardiaca destra

Ossigeno Digossina

Per rallentare
la frequenza
ventricolare

Non dati su benefici a
lungo termine
consigliato quando
evidenza di beneficio in caso di
sintomatico e dopo tachiaritmie
esercizio per atriali
correggere
desaturazione

Table |19 Recommendations for supportive therapy
Statement Class® Level®

Diuretic treatment is indicated in PA}
]

Continuous

PA

Table 25 Recommendations for PAH associated with
congenital cardiac shunts

Statement Class® Level®
e of significant haemoptysis, oral la (e
treatment should b i

in patients with PA thrombosis or signs of heart

failure O Ca




Cwid r;-_- et

Terapia di ordine generale
Sindrome di Eisenmenger

Flebotomia

Trasfusione/supplement _ _ Emottisi
o di ferro Ogni 400-500 ml di sangue

rimosso integrare con

750-1000 ml soluzione
salina isotonica

Sospendere
aspirina,anticoa-
gulanti,
antinflammatori
non steroidei,
ridurre, attivita
fisica, sedare la
tosse

Anemia
sideropenica

Sintomi da
VCM <80 fl nrom!

iperviscosita ematica
(ematocrito > 65%) in
assenza di
disidratazione e
carenza di ferro

Vitamina B12,
acido folico
quando
aumentato
VCM

Trattare

: . ipovolemia e anemia
in caso di intervento

chirurgico e Ht > 60%

Embolizzazione
selettiva arterie
bronchiali
se emorragia/emottisi
intrapolmonare
refrattaria

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Clinical classification of congenital,
systemic-to-pulmonary shunts associated with
pulmonary arterial hypertension

A. Eisenmenger’s syndrome
Eisenmenger's syndrome includes all temic-to-pulmonary shunts

fects leading t

B. Pulmonary arterial hypertension associated with
systemic-to-pulmonary shunts

In these patients with moderate to large defects, the increase in PVR is
mild to moderate, systemic-to-pulmonary shunt is still largely

present, and no cyanosis is present at rest,

C. Pulmonary arterial hypertension with small® defects

In cases with small defects (usually ventricular septal defects <1 ¢m

and atrial septal defects <2 cm of ef
echocardiography) the clinical picture is very similar to idiopathic

PAH

post-operative residual congenital lesions or defects that originate

as a sequela to previous surgery.

“The size applies to adult patients.
PAH

pulm onary vascuiar resistance.

pulmonary arterial hypertension; PVR

Cwid ru_'- et

. g Rt

ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension 2009

Gruppo A
la diagnosi e semplice ed esistono
raccomandazioni per il trattamento

Gruppo B

Il difetto cardiaco non puo essere chiuso
senza rischi elevati e le opzioni di gestione
sono attualmente limitate

Gruppo C
hanno quadro clinico simile a IPA
idiopatica con il vantaggio di uno shunt

Gruppo D

sviluppano IAP in assenza di shunt residui (i
cambiamenti nella vascolarizzazione polmonare
erano in una fase di irreversibilita o hanno
avuto andamento progressivo, nonostante la
correzione)

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Table 6 Clinical classification of congenital,
systemic-to-pulmonary shunts associated with

pulmonary arterial hypertension

D. Pulmonary arterial hypertension after corrective cardiac
surgery

Ipertensione polmonare nell’immediato post operatorio

— Le cardiopatie con ampio shunt sn-dx, nell’immediato post-operatorio
POSSONO presentare un’accentuata reattivita vascolare polmonare «crisi
Ipertensive polmonari» con aumenti improvvisi di PAP e RVP e
conseguente insufficienza acuta del ventricolo destro e morte

Oggl, con [Dottimizzazione del tempo all’intervento,
I’ipertensione polmonare complica solo 1’1% del pazienti
sottoposti a cardiochirurgia

La mortalita in coloro che presentano la crisi rimane elevata 10%

L’utilizzo dell’Ossido Nitrico e diventata terapia standard nel
post operatorio per prevenire le crisi

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



%}Uso di vasodilatatori

ORIGINAL ARTICLE

polmonari

Intensive Care Med (2011) 37:502-509

DOI 10.1007/500134-010-2065-4

Comparison of inhaled nitric oxide and aerosolized
illoprost in pulmonary hypertension in children
with congenital heart surgery

Alain Fraisse
Ghazwan Butrous
Mary B. Taylor
Michael Oakes
Maria Dilleen

Intravenous sildenafil for postoperative
pulmonary hypertension in children
with congenital heart disease

David L. Wessel

Conclusions: Both inhaled NO and aerosolized tloprost were found to be effective and
comparable in the management of pulmonary hypertension. (Cardiol ] 2012; 19, 4: 387-394)

E[SEVIFR European Journal of Cardio-thoracic Surgery 38 (2010) 71-77 —
www.elsevier.com/local

Oral sildenafil for persistent pulmonary hypertension early after congenital
cardiac surgery in children™

Shintaro Nemoto ® 2 Takahiro Katsumata

. Osamu Umegaki ©

, Tomoyasu Sasaki®, Hideki Ozawa 2 Kanta Kishi®

Kenichi Okumura®. Yasuhiko Mori®
Abstract

Objective: Sildenafil is a strong pulmonary vasodilator that increases the intracellular cyclic guanosine monophosphate concentration through
inhibition of phosphodiesterase-5. We assessed the benefit of oral sildenafil for persistent pulmonary hypertension early after congenital cardiac
surgery in paediatric patients. Methods: Sildenafil was administered at a starting dose of 0.5 mg kg~ following admission to the intensive care
unit. With careful monitoring of haemodynamics, the dose was increased stepwise by 0.5 mg kg~ every 4—6 h up to a maximum of 2 mg kg
After successful weaning from a ventilator and from other vasodilators, sildenafil was gradually discontinued over the next 5—7 days. Results: A
retrospective review of medical records showed an age distribution of <1 month (n = 26), =1 — <6 months (n = 36), >6 — <12 months (n = 19), 1
3years (n = 8), 4-9 years (n=9) and >10 years (n = 2) at the time of surgery. The surgeries were performed for ventricular septal defect closure
(n=17), arterial switch (n=30), truncus arteriosus repair (n=10), complete atrioventricular septal defect repair (n=12), total anomalous
venous drainage repair (n =9), and other open-heart surgery (n = 22). The aforementioned concomitant inhaled nitrous oxide treatment was
performed in 66 patients. Pulmonary arterial pressure decreased in 28, was unchanged in five and elevated in one patient out of the total of 34
cases for which data from continuous pressure monitoring were available. Bosentan was added in three cases with persistent symptoms due to
pulmonary hypertension despite sildenafil treatment. After sildenafil administration, modest oxygen desaturation occurred in seven cases, but no
‘rebound’ pulmonary hypertension occurred. There were no significant adverse events during sildenafil treatment. Conclusions: Our results
suggest that oral sildenafil is a safe and effective alternate for persistent pulmonary hypertension following congenital heart surgery in children.
©) 2010 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.

sildenafil.
sildenafil reduced pulmonary artery
pre
bation and intensive c
ch

Neth Heart J (2011) 19:509-513
" DOI 10.1007/512471-011-0218-x

Conclusion: Intravenous

>ssure and shortened time to extu-

care unit stay in

SPECIAL ARTICLE

Advanced therapy for pulmonary arterial hypertension due
to congenital heart disease: a clinical perspective in a new
therapeutic era

M. J. Schuuring - S. M. Boekholdt - A. Windhausen - B. J. Bouma - M. Groenink «
M. Keijzers « R. J. De Winter - D. R. Koolbergen « N. A. Blom « B. J. M. Mulder

Finally, advanced therapy might be useful in CHD
patients who undergo cardiac surgery, who tend to have a
decline in right ventricular function [15]. Treatment with an
endothelin-1 receptor antagonist might reduce perioperative
pulmonary vasoconstriction induced by the endothelin-1
release initiated by the uirdlopulmonarv bvpass [16]. In a
small study, / / A S A
endothelin-1 receptor antagonist led to a significant
decrease in PVR compared with the control group [17].
However, trials are needed to confirm this hypothesis and to
show clinical benefit in CHD patients. In our centre we

are

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Table 6 Clinical classification of congenital,

systemic-to-pulmonary shunts associated with

pulmonary arterial hypertension

D. Pulmonary arterial hypertension after corrective cardiac
surgery

 L’aumento della sopravvivenza nell’immediato  postoperatorio,
favorito dal trattamento in acuto con vasodilatatori polmonari, non
significa che il problema IAP sia risolto nel tempo:
— L’IAP puo persistere anche dopo la correzione chirurgica, in assenza di shunt

— Oppure il paziente puo star bene per i primi 3-5 anni successivi I’intervento e
divenire progressivamente sintomatico per progressivo sviluppo della malattia
vascolare polmonare

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Table 6 Clinical classification of congenital,
systemic-to-pulmonary shunts associated with
pulmonary arterial hypertension

D. Pulmonary arterial hypertension after corrective cardiac

surgery

uno studio retrospettivo di 5 anni, bambini
con IAP nel Regno Unito, la sottopopolazione
che ha sviluppato IAP nel postoperatorio e
andata peggio rispetto a quelli con 1APass. cc
non operate che ha sviluppato la SE

— un quarto di questi bambini sono morti (11
147)

— | bambini con SE avevano una maggiore
sopravvivenza

La riparazione chirurgica non
necessariamente sempre I'opzione migliore

. UPDATE Rev Esp Cardiol. 2010;63(10):1179-93

The Right Heart and Pulmonary Circulation (X)

Pulmonary Hypertension in Congenital Shunts
Maurice Beghetti and Cecile Tissot

Pediatric Cardiology Unit, Children’s University Hospital of Geneva, Geneva, Switzerland

Treatment and survival in children with pulmonary
arterial hypertension: the UK Pulmonary
Hypertension Service for Children 2001-2006

S G Haworth, A A Hislop Heart 2009 oL -

10— -

Cumulative survival

CT (9), 3.05 (years)

| | | |
3 4 ]

Survival time (years)
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Continuing Medical Education
Cardiol Young 2009; 19: 431-435

Measurement, interpretation and use of haemodynamic
parameters in pulmonary hypertension associated with
congenital cardiac disease

Gradi di severita al cateterismo destro

PAPmedia >25 mmHg
RVP > 3 UWood/m 2
opios

operabilita Vasoreattivita

Valutazione Operabilita Valutazione clinico-strumentale

Variabili Correzione- pro Correzione- contro
Eta < 1lanno > 2 anni

Tipo di CC semplice complessa
Saturazione O2 > 95% < 90%

Congestione polmonare Presente Assente

Rx Torace Cardiomegalia > Cuore normale Barrage
vascolarizzazione polmonare

Clinica Insufficienza cardiaca Cianosi



Clinical classification of congenital,
systemic-to-pulmonary shunts associated with
pulmonary arterial hypertension

ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension 2009

ELSEVIER

International Journal of Cardiology 129 (2008) 163—171

www.elsevier.com/locate/ijcard
A. Eisenmenger’s syndrome Review
Evaluating operability in adults with congenital heart disease
and the role of pretreatment with targeted pulmonary
arterial hypertension therapy

Eisenmenger’s syndrome includes all systemic-to-pulmonary shunts
due to large defects leading to a severe increase in PVR and
resulting in a reversed (pulmonary-to-systemic) or bidirectional
shunt. Cyanosis, erythrocytosis, and multiple organ involvement are

present. Konstantinos Dimopoulos *, Ana Peset, Michael A. Gatzoulis

ulmonary arterial hypertension associated with
systemic-to-pulmonary shunts

Evaluating operability of cardiac defects in adults with CHD and PAH

A ‘or Aeams
mcrease in PVRis [ 1O Against

hac = Ll . [As
In these paliemwsh-raadamiatolocs =

mild to moderate, systemic-to-pulmonary shunt is still largely ; 3 \ : : 20
present. and no cyanosis is r“f(,h. Tt 0 e ~ Abort right-to-left shunting ~ Potential conversion of Eisenmenger
= B T [ [ physiology to iPAH physiology

C. Pulmonary arterial hypertension with small® defects

I

(and thus worse long-term outcome)
In cases with small defects (usually ventricular septal defects <1 cm

| Cerebrovascular events

and atrial septal defects <2 cm of effective diameter assessed by ‘ .
(stroke /abscess)

echocardiography) the clinical picture is very similar to idiopathic

PAH ~ Prevent cyanosis

N A R S 1 7 O s~ I 1 Exercise capacity High perioperative risk

D. Pulmonary arterial hypertension after corrective cardiac | Ervit s V2
surgery | Erythrocytosis

In these cases, congenital heart disease has been corrected but PAH is | Hemostatic problems - Very limited experience and no
either still present immediately after surgery or has recurred several I()ng-lcrm data available

months or years after surgery in the absence of significant | S_\"slcmic organ failure
post-operative residual congenital lesions or defects that originate i o AR

: ; ~ Protect pulmonary circulation
as a sequela to previous surgery. ’

CHD = Congenital heart disease, PAH = pulmonary arterial hypertension,
iIPAH = idiopathic pulmonary arterial hypertension.

“The size applies to adult patients,

PAH = pulmonary arterial hypertension; PVR = pulmonary vascular resistance.



Continuing Medical Education
Cardiol Young 2009; 19: 431-435

Measurement, interpretation and use of haemodynamic

parameters in pulmonary hypertension associated with ESC Gilasling for Fhe i i
congenital cardiac disease of grown-up congenital heart disease
(new version 2010)

i i , The Task Force on the Management of Grown-up Congenital Heart
Antonio Augusto Lopes, Patrick W. O'Leary Disease of the European Society of Cardiology (ESC

Il cateterismo destro e i test di vasoreattivita sono i mezzi usati per predire quali
pazienti potrebbero avere un positivo o negativo risultato chirurgico

Definizione di Ipertensione Polmonare

grado lieve moderata severa

PAPmedia >25 mmHg 25-35 35-45 > 45

RVP > 3 UWood/m: >6-<9 > 10

RVP/RVS 0.3-0.5 >0.5
QP/QS 2-15 <15
operabilita Vasoreattivita | NO

Test di VVasoreattivita
PAPmMedia RVP RVP/RVS QP/QS

Moderata 35-45 >6-<9 0.3-0.5 2-1.5
Riduzione del 20% RVP e del RVP/RVS <6 < 0.3 >1.5

non consenso assoluto, operabilita con esito favorevole e considerato probabile
U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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Table 3 Indications for intervention in atrial Table 4 Indicagiefis for intervention in yfhtriculyr Table ications for intervention in patent ductus
septal d arteriosus
septal defect P
| o A
- 4“[‘;1 with s:,-'n'pu:u'.'. that can be -\.l('ub;rv:f ‘ PDA should be closed in patientsWh sigrlso’\\ :
: RS . to L-R shunting through the (residual) VSD and LV volume overload
Patients with significant shunt (signs of RV~ who have no severe pulmonary vascular disease : [\ volume overload N
volume overload) and PVR <5 WU should | (see below) should undergo surgical VSD closur A should be closed In patients with PAH but
undergo ASD closure regardless of symptoms RSy ptcamt padircs Wil evidence of 1V PAP <2/3 of systemic pressure or PYR <2/3 1
: z : volume overload attributable to the VSD should 1 of {VR
Device closure is the method of choice for f undergo surgical VSD closure 7
i evice closure is the method of cholce where
secundum ASD closure when applicable A v Bvice closurs S e mathad of holos whare [
Patients with a history of IE sheuld be ™ technically suitable
— ’ . considered for surgical VSD dlosure
All ASDs regardless of size in patients with PDA closure should be considered in patients
suspicion of paradoxical embolism (exclusion lla Patients with VSD-associated prolapse of an with PAH and PAP >2/3 of systemic pressure or
of other causes) should be considered for ;”"“ “‘;’“ “‘;P causing progressive AR should  [REES PVR >2/3 of SVR but st net L-R shunt -
intervention ciicm i v {Qp:Qs >1.5) or when testing (preferably
Patients with VSD and PAH should be with nitric oxide} or treatment demonstrates
Patients with PVR =5 WU but <2/3 SVR or considered for surgery when there is still net pulmonary vascular reactivity
" 3 L-R shunt (Qp:Qs >1.5) present and PAP or
PAP <2/3 systemic pressure (baseline or when PVR are <2/3 of systemic values (baseline or lla | Device closure should be considered in small
challenged with vasodilators, preferably nitric b when challenged with vasodilators, preferably PDAs with continuous murmur {normal LV 7hd lla
oxide, or after targeted PAH therapy) and nitric oxide, or after targeted PAH therapy) | PAP)
: 5 s - -
ewd?gce fonet'L : Shur-]t Qi =1.) iy be Surgery must be avoided In Eisenmenger VSD closure should be avoided in silent duct 2
and whes : : & ver . nur
considered for intervention and when exercise-induced desaturation is m | Teery small. no murmur)
z sresent Oq
i : ¥ ’ A 2 = 5
ASD closure must be avoided in patients wnl’\ 2 S ” | | PDA closure must be avoided in PDA
Eisenm er physiol l If the VSD is-zmall, not subarterial, does ng Eisenmenger and patiens with exerise-induced ﬁ!f
isenmenger physiology S SN M b ; E venger and patient exeryise-induce e
g J lead to _vAmIL‘ e ﬂrlu:xé o p_. mgMary ower kmb desaturation
\ hypertension, and i theré'iz.no | I
*Class of recommendation.
®Level of evidence. b
ASD = atrial septal defect; L—R shunt = left-to-right shunt; PAH = pulmonary
arterial hypertension; PAP = pulmonary artery pressure; PVR = pulmona C Ol'1E C

vascular resistance; Qp:Qs = pulmonary to systemic flow ra

vascular resistance; WU = Wood units. . '

ESC Guidelines for the management
of grown-up congenital heart disease
(new version 2010)

The Task Force on the Management of Grown-up Congenital Heart
Disease of the European Society of Cardiology (ESC) O ardalrologla Pedla a Ospedale Sa O
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S Fusrion fms
Non accordo su quali parametri preoperatoni
prevedono una riparazione sicura di successo )

Test di occlusione con palloncino, nei pazienti con evidenza
di vasoreattivita al test in acuto ma con alte resistenze
vascolari polmonari, puo fornire ulteriori informazioni sulla
idoneita sicura alla chiusura

— RIDUZIONE della gittata cardiaca

— AUMENTO della pressione di riempimento ventricolare destra

« Suggeriscono:
TR o oo o “valuating operability in adults with congenital heart disease
— bassa prObabI I Ita dl benef|C|are del Ia Chlusura permanente 1 and the 1'Inlc of pretreatment with targeted pulmonary

arterial hypertension therapy
— magglore rlSCth perloperatorlo Konstantinos Dimopoulos *, Ana Peset, Michael A. Gatzoulis

Evaluating operability of cardiac defects in adults with CHD and PAH

ELSEVIER ! o urnal of ¢ ( 171 —

Review

For Against

Abort right-to-left shunting Potential conversion of Eisenmenger
physiology to iPAH physiology
(and thus worse long-term outcome)

| Cerebrovascular events

High perioperative risk

| Hemostatic problems Very limited experience and no
long-term data available

| Systemic organ failure

Protect pulmonary circulation

CHD = Congenital heart disease, PAH = pulmonary arterial hypertension,
iPAH = idiopathic pulmonary arterial hypertension.

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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Jpn J Thorac Cardiovasc Surq. 2004 Apr;52(4):213-6.

Atrial septal defect with borderline pulmonary vascular disease: surgery and long-term oral prostacyclin therap [L.Cardol 2006 Jin 7 H0(1}1047 Epub 2005l
for recalcitrant pulmonary hypertension. Atrial septal defect closure in a patient with "ireversible" pulmonary hypertensive arteriopathy.
Yamauchi H, Yamaki 8, Fujii M, Saji Y, Ochi I, Shimizu K. 1 ‘

Schwerzmann I, Zafar 1, MeLaughiin PR, Chamberlain DY, Wedb G, Granton )

Division of Cardiovascular Surgery, Department of Surgery Il Nippon Medical School, 1-1-5 Sendagi, Bunkyo-ku, Tokyo 113-8603, Japan.

Abstract Abstract
The hemodynamic determination of aperability in atrial septal defect (ASD) with severe pulmanary hypertension is problematic. Therefore, we perfon The Dlesence of ireversible pulmonary hypenension in patents vith atrial septal defect (ASD] is thought to preclude shunt closure We repot the

an open lung biopsy prior to the corrective surgery in cases with pulmonary vascular resistance greater than 8 units x m2 and/or pulmonary arterial f e e aim ASD uh bt fill nd t
peak pressure greater than 70 mmHg. We present 4 cases showing occlusion of more than 70% of the small pulmonary arteries and arterioles by oL WO I T AT T AN A RO N o I e B ) 0L 0 T S

musculoelastosis, thromboembolism and mixed-type (musculoelastosis and plexogenic arteriopathy) which was considered borderline in terms of shuntclosure following herapy with chrnic niravenous prostacyclin (Flolan. One year ater closur, the patient vias weaned of Fllan oer & period
operability. After complete closure of the ASD and postoperative long-term oral prostacyclin (PGI2) therapy, pulmonary artery peak pressure of 7 manths following the institution of ral Bosentan therapy. Our case ilustrates how aggressive vasodilator therapy with prostaglandins may be

decreased fom 110-72 (mean 84)to 10545 (mean 74) mmHg immediatel afer operaion and 6540 (mean 7) mmH afer PGI2 therapy. The New canabe ofeducing pumanary ateryprestre and prmiting shuntclostre in  patentonce consideredt hae “moperable” pumonar ateriopathy.
York Heart Association functional status of the patients improved from class Ill to class | with oral PGI2 only. Our cases demonstrate that despite

more than 70% occlusion of the small pulmonary arteries and arterioles, surgery and long-term PGI2 therapy can reduce pulmonary artery pressure

and improve the quality of ife.

Interactive CardioVascular and Thoracic Surgery 17 (2013) 963-968 ORIGINAL ARTICLE - CONGENITAL
doi:10.1093/icvts/ivt353  Advance Access publication 28 August 2013

. . " . . . . J Thorac Cardiovasc Surg. 2009 Mar;137(3):760-1. doi. 10.1016/] tcvs.2008.03.084, Epub 2008 Sep 9.
Perioperative s"dena.ﬁl therapy for pulm-onary hypertension in infants Atrial septal defect repair after a 10-month treatment with bosentan in a patient with severe pulmonary arterial
undergoing congenital cardiac defect closure hypertension: a case report.

Hoetzenecker K, Ankersmit HJ, Bonderman D, Hoetzenecker W, Seiteloerger R, Klepetko W, Lang M.

Ashraf A H. El Midany**, Ezzeldin A. Mostafa’, Sherif Azab* and Ghada A. Hassan®
OBJECTIVES: Pulmonary hypertension in paediatric patients with ventricular septal defect remains one of the most important determi-

f ' oy . ' o - . ¢ 3 ‘ L . . "
nants of perioperative morbidity and mortality. Sildenafil is an oral, well-tolerated pulmonary vasodilator with few drug interactions. We \\' € conc IUdL lh*“ b()‘.\(. ntan treatment 0‘ d Psl“L nt w ”h
studied the effect of oral sildenafil, when given before and after surgical closure compared with starting it postoperatively, on the pulmon-

ary artery pressure and patiens’ outcome. type I ASD and severe pulmonary hypertension results in

RESULTS: Overall hospital mortality was 4.9%. Mean pulmonary artery pressure decreased significantly at all time points of recording in an amelioration of pulmonarv h\'pcncmion that mav allow
both groups (P < 0.,0001). In the sildenafil group, it decreased preoperatively after sildenafil administration from 754 to 594 mmHg and 2O J

postoperatively from 50.4 mmHg immediate post-cardiopulmonary bypass to reach 44.2 mmHg before discharge. In the control group, it -\'Urgi'\'il] correchion il('COl'(“llg o standard operating proce-
decreased from 74.6 mmHg to 51 mmHg immediate post-cardiopulmonary bypass to reach 42.7 mmHg before discharge. No adverse oo of arty huna i e

SOl p ) ) N0 S,
effects have been recorded. Although there was no difference in the duration of mechanical ventilation and hospital stay between the two dures of | ulme flaty h\ pertension units
groups, intensive care unit stay was significantly shorter in the sildenafil group. Dobutamine doses were significantly higher in the sildenafil
group; however, milrinone and epinephrine have been used more significantly in the control group.

CONCLUSIONS: The low cost, the oral availability and the good tolerability of sildenafil make it a suitable and simple alternative therapy
for secondary pulmonary hypertension including persistent postoperative pulmonary hypertension associated with ventricular septal

defect in resource limited places. However starting <ildenafil early hefare qurgery doec not add a great henefit in terms of improving podt-. . ) ) . .
operative pulmonary hypertension or patients’ outcome. U.o. CardIOIOgla Pedlat”ca OSpEdale Santo Bamblno CT




The Right Heart and Pulmonary Circulation (X)

o ¢ Considerazioni g
2

Pulmonary Hypertension in Congenital Shunts

Maurice Beghetti and Cecile Tissot

P re-trattamento N O T ——
—

|l pre-trattamento puo essere di insulto sulla circolazione polmonare

— 1l calo delle RVP indotte dalle terapie viene annullato dall’incremento del flusso ad alte
pressioni attraverso il difetto con aumento dello shear stress nella circolazione polmonare.

— L'inversione del rimodellamento vascolare portando ad una diminuzione iniziale delle RVP
potrebbe ulteriormente danneggiare il letto vascolare polmonare

Pre trattamento S|

« La non uniforme risposta alla terapia avanzata
— alcuni pazienti dimostrano un forte beneficio, altri ne mostrano poco o nessuno

|l pretrattameto serve a valutare I'emodinamica, la risposta sintomatica
e la tolleranza alla somministrazione a lungo termine della terapia
avanzata ed e consigliabile prima della chiusura

Khan SA, Gelb BD, Nguyen KH. Evaluation of pulmonary artery

. . banding in the setting of ventricular septal defects and severely elevated
Strategia Alternative

pulmonary vascular resistance. Congenit Heart Dis 2006;1:244-50.
— Bendaggio dell’arteria polmonare, trattamento con vasodilatatori polmonari, chiusura del
difetto e de-bendaggio dell’arteria polmonare quando le resistenze sono diminuite

— chiusura parziale del difetto lasciando uno shunt residuo

U.U. Ldiuivivyid rculdlti itd Uspcudic odliitv Ddinvino CT



| dati disponibili sulla chiusura delle comunicazioni intra o
extra-cardiaci in presenza di una grave ipertensione arteriosa
polmonare, con o senza l'uso di terapie avanzate, sono scarse e
ancora limitata case report

— La maggior parte dei pazienti avevano un semplice difetto del setto
atriale (DIA) dove puo essere discutibile la valutazione di operabilita

— La maggior parte dei follow-up e inferiore ad un anno
— Non noti i casi di insuccesso

— Necessari registri nazionali su questo tipo di dati al fine di ottenere un
quadro completo

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Cateterismo destro e
Test di Vasoreattivita Polmonare

Table 6. Essential Components of Invasive Hemodynamic
Assessment

Oxygen saturations (SVC, IVC, RV, PA, SA)

Right atrial pressure

Right ventricular pressure

Pulmonary artery pressure, systolic, diastolic, mean

Pulmonary arterial wedge pressure, left atrial pressure, or left ventricular
end-diastolic pressure

Cardiac output/index
Pulmonary vascular resistance
Systemic blood pressure
Heart rate

Response to acute vasodilator

=

La Risposta VVasodilatatore Acuta (RVA)

Nell’TAPI e nell’IAPF seleziona i responder al
trattamento con calcio-antagonisti (CCB)

Nei pazienti con CC il test e utilizzato per:

— stabilire la prognosi in termine di sopravvivenza

valutare la progressione/reversibilita della malattia
vascolare polmonare al fine di stabilire I'operabilita

#

Table 10 Route of administration, halfife, dose ranges, increments, and duration of administration of the most
commonly used agents for pulmonary vasoreactivity tests

Drug Route Halfife Dose range* Increments*
Epoprostenol Intravenous 3min 2-12nglkglmin

P
2 nglkg/min
Adenosine Intravenous 5105

15-30s

50-350 pughgmin

10-20ppm

50 pghkgmin
Nitric oxide Inhaled

Duration®

e uggested (maximal dose fmited by side efects such as hypotension, headache, lushing, etc).

"For NO, gl step within the dose range i suggeted

del difetto cardiaco

Responder
Adulti

Riduzione PAPm > 10 mmHg

fino a raggiungere PAPm <40 mmHg
Gittata Cardiaca (GC) aumentato/invariata
assenza di riduzione

ESC/ERS Guidelines 2009

Criteri di Sitbon 2005

Responder Riduzione PAPmM > 20%

Bambini

Indice cardiaco (IC) aumentato/invariato
assenza di riduzione; RVP/RVS
riduzione/invariato

REVEAL Circulation. 2012;125:113-122

Criteri di Barst 1986
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IAP in eta pediatrica

Riduzione Table 2 Sensitivity, specificity, positive, and negative
. predictive value of N-TproBNP for predicting SSc-PAH
Sopravvivenza

Level of BNP

R Il Je e [Elo[aleSI M Test vasoreattivita positivo
AV (e boc 13 < BNP e NT-proBNP

=395 units <395 units Total

PAH present (cases) 38 30 68

Circation Joursal REVIEW PAH absent (controls) 2 39 41
@ Official Journal of the Japanese Circulation Society
g jcrcocjp 'Circ J 2013; 77: 2639—2650) Total 40 69

Update on Pediatric Pulmonary
Arterial Hypertension

- Differences and Similarities to Adult Disease -

Sensitivity: 38/68 = 55.9% (95% Cl 44.1, 67.4%).
Positive predictive value: 38/40 = 95.1% (95% Cl 83.9, 98.7%).

Specificity: 39/41 = 95.1% (95% CI 83.9, 98.7%).

Negative predictive value: 39/69 = 56.5% (95% Cl 44.8, 67.6%).

Tsutomu Saji, MD

@900 of N-TaroBNP with mPAR Carmelation of N-ToeoBNP with RAP

BNP level at baseline and survival rate

5 year-survival rate

BNP<100pg/ml 86.9%
BNP100~ 300pg/ml 70.1%
BNP>300pg/ml 57.1%

><100pg/ml

6 “w..—.  BNP100~300pg/m

40 p<0.05 (Log-rank test)

e s

Survival-rate (%)

BNP >300pg/ml

1 3 B 73 9
Follow-up periods (year)

17th Annual Meeting of the Association for European Paediatric and Congenital Cardiology

Figure 5. Brain natriur
treatmen

a ival was worse among patients with BNP >300 pg/mi at
ment start than amc

European Heart Journal (2006) 27, 1485-1494

Clinical research
doi:10.1093/eurheartj/ehi891

Vascular medicine

EUROPEAN
SOCIETY OF

Role of N-terminal brain natriuretic peptide
(N-TproBNP) in scleroderma-associated pulmonary
arterial hypertension
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Terapia }?

« Al momento non esiste una cura definitiva per I’ipertensione
polmonare

 Le attuali terapie mirano a migliorare e/o stabilizzare parametri
emodinamici e sintomi (dispnea, capacita di esercizio,
morbilita, sopravvivenza)

« Gli obiettivi da raggiungere dipendono dallo stato della
malattia al momento della diagnosi

— Nelle fasi iniziali Prevenire la progressione
— Negli stati avanzati Migliorare il quadro clinico

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Terapia prevede I’utilizzo di farmaci
che agiscono su una di queste tre vie,
Issmonoterapia o terapia combinatg
S=e0Nndo un approccio treat to trg

2003-2009

+

Via metabolica Endotelina ‘

Cellule

endoteliali Lume del vaso

Acido

Proendotelina

Prostaciclina
(prostaglandina 12)

@ Derivati della
AMP ciclico™#—=  prostaciclina

Recettore ET A

Antagonisti \
"-\ Recettoriali

dell’ endotelina Ossido Nitrico

¢ == Recettore ET B @
" ERA { esogeno

asodilatazione e
. tiproliferazi " Fosfodiesterasi 5\ /asodilatazione e
\. 3 - -
\ N !

Cellule muscolari
liscie

Ossido Nitrico

Inibitori della PDE 5




Capwied Fend vy
s W Barine e

Farmaci Approvati per |AP }?

Sitaxentar
Epoptros_telnolo lloprost antagonista recettoriale
(prostaciclina) (anologo de!i endotelina
somministrata prostaciclina) (=urato dal commercio
per via venosa per via inalatoria danno epatico mortale)

Ambrisentan
inibi tagonista
Bosentan inibitore della 5 an _
: _— fosfodiesterasi recertoriale
primo farmaco Treprostinil (5PDE) inibisce dell’endotelina
orale classe (prostaciclina il cataholismo ERA
antagonista dei sintetica) per del GMP ciclico

recettori via sottocute
dell’endotelina 24 ore su 24
ERA inibitore della 5PDE

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Hypertension

Imatinib Mesylate as Add-on Therapy for Pulmonary
Arterial Hypertension
Results of the Randomized IMPRES Study

Marius M. Hoeper, MD; Robyn J. Barst, MD: Robert C. Bourge, MD; Jeremy Feldman, MD;

N EnglJ Med. 2013 Jul 25;369(4):319-29. doi: 10.1056/NEJMoa1209657.
Riociguat for the tr

of chronic thre lic pull y hypertensionA

CHEST-1 Stud; Gmg
Collaborators (112)
Author information
Abstract

BACKGROUND: Riociguat, a member of a new class of
studies to be beneficial in the treatment of chronic pt

(soluble g cyclase ). has been shown in previous clinical

y hyp

METHODS: In this phase 3, multicenter, randamlzed double-blind. placebo-controlled study. we randomly assigned 261 patients with inoperable
chronic th b lic pulmonary or persi: or recurrent pulmonary after pi to receive placebo
or riociguat. The primary end point was the change from baseline to the end of week 16 in the distance walked in 6 minutes. Secondary end points
included changes from baseline in pulmonary vascular r N-terminal pro-brain ic peptide (NT-proBNP) level, World Health
Organization (WHO) functional class, time to clinical worsening, Borg dysprea score, quality-ofifs variables, and safety,

Conclusions—Imatinib improved exercise capacity and hemodynamics in patients with advanced PAH, but serious adverse
events and study drug discontinuations were common. Further studies are needed to investigate the long-term safety and

efficacy of imatinib in patients with PAH.
Clinical Trial Registration—URL:
NCTO01392495 (extension).

http://www.clinicaltrials.gov. identifier: NCTO00902174 (core

(Circulation. 2013;127:1128-1138.)

Unique

N EnalJ Med. 2013 Jul 25;369(4):330-40. doi: 10.1056/NEJMoa1209655.
Riociguat for the treatment of pulmonary arterial hypertension.

Ghofrani HA, Galié N, Grimminger F, Griinig E, Humbert M, Jing ZC, Keogh AM, Lanaleben D, Kilama MO, Fritsch A, Neuser D, Rubin LJ;

study):

RESULTS: By week 16, the 6-minute walk distance had increased by a mean of 39 m in the riociguat group, as compared with a mean decrease of 6
m in the placebo group (least-squares mean difference, 46 m: 95% confidence interval [CI]‘ 25 to 67; P<0.001). Pulmonary vascular resistance
decreased by 226 dyn-sec-cm(-5) in the riociguat group and increased by 23 dyn-sec-cm(-5) in the placebo group (least-squares mean difference,
-246 dyn-sec-cm(-5). 95% CI, -303 to -190; P<0.001). Riociguat was also with in the NT-proBNP level (P<0.001)
and WHO functional class (P=0.003). The most common serious adverse events were right ventricular !axlure (in 3% of patients in each group) and
syncope (in 2% of the riociguat group and in 3% of the placebo group)

CONCLUSIONS: Riociguat significantly improved exercise capacity and pulmonary vascular resistance in patients with chronic thromboembolic
pulmenary hypertension. (Funded by Bayer HealthCare; CHEST-1 and CHEST-2 ClinicalTrials.gov numbers, NCT00855465 and NCT00910429
respectively.)

PATENT-1 Study

Group.
Collaborators (139)
Author information

Abstract
BACKGROUND: Riociguat, a soluble guanylate cyclase stimulator, has been shown in a phase 2 trial to be beneficial in the tre;
arterial hypertension.

METHODS: In this phase 3, double-blind study. we randomly assigned 443 patients with symptomatic pulmonary arterial hypert
placebo, riociguat in individually adjusted doses of up to 2.5 mg three times daily (2.5 mg-maximum group), or riociguat in indivi
that were capped at 1.5 mg three times daily (1.5 mg-maximum group). The 1.5 mg-maximum group was included for explorato
data from that group were analyzed descriptively. Patients who were receiving no other treatment for pulmonary arterial hyperter
were receiving endothelin-receptor antagonists or (nonintravenous) prostanoids were eligible. The primary end point was the cha
the end of week 12 in the distance walked in 6 minutes. Secondary end points included the change in pulmonary vascular resis
pro-brain natriuretic peptide (NT-proBNP) levels, World Health Organization (WHO) functional class, time to clinical worsening, ¢
dyspnea scale, quality-of-life variables, and safety.

RESULTS: By week 12, the 6-minute walk distance had increased by a mean of 30 m in the 2.5 mg-maximum group and had d
of 6 m in the placebo group (least-squares mean difference, 36 m; 95% confidence interval, 20 to 52; P<0.001). Prespecified su
showed that riociguat improved the 6-minute walk distance both in patients who were receiving no other treatment for the diseas
were receiving endothelin-receptor antagonists or prostanoids. There were significant improvements in pulmonary vascular resist
NT-proBNP levels (P<0.001), WHO functional class (P=0.003), time to clinical worsening (P=0.005), and Borg dyspnea score (f
common serious adverse event in the placebo group and the 2.5 mg-maximum group was syncope (4% and 1%, respectively).

CONCLUSIONS: Riociguat significantly improved exercise capacity and secondary efficacy end points in patients with pulmonz
hypertension. (Funded by Bayer HealthCare; PATENT-1 and PATENT-2 ClinicalTrials.gov numbers, NCT00810693 and NCT0086

N EnglJ Med. 2013 Aug 29;369(9):809-18. doi. 10.1056/NEJMoa1213917.
Macitentan and morbidity and mortality in pulmonary arterial hypertension.

Pulido T, Adzerikho |, Channick RN, Delcroix M, Galié N, Ghofrani HA, Jansa P, Jing ZC, Le Brun FO, Mehta S, Mittelholzer CM, Perchenet L, Sastry BK, Sitbon O,
Souza R, Torbicki A, Zeng X, Rubin LJ, Simonneau G; SERAPHIN Investigators.

Collaborators (181)

Author information

Abstract

BACKGROUND: Current therapies for pulmonary arterial hypertension have been adopted on the basis of short-term trials with exercise capacity as
the primary end point. We assessed the efficacy of macitentan, a new dual endothelin-receptor antagonist, using a primary end point of morbidity and
mortality in a long-term trial

METHODS: We randomly assigned patients with symptomatic pulmonary arterial hypertension to receive placebo once daily, macitentan at a
once-daily dose of 3 mg, or macitentan at a once-daily dose of 10 mg. Stable use of oral or inhaled therapy for pulmonary arterial hypertension, other
than endothelin-receptor antagonists, was allowed at study entry. The primary end point was the time from the initiation of treatment to the first
occurrence of a composite end point of death, atrial septostomy, lung transplantation, initiation of treatment with intravenous or subcutaneous
prostanoids, or worsening of pulmonary arterial hypertension

RESULTS: A total of 250 patients were randomly assigned to placebo, 250 to the 3-mg macitentan dose, and 242 to the 10-mg macitentan dose. The
primary end point occurred in 46.4%, 38.0%, and 31.4% of the patients in these groups, respectively. The hazard ratio for the 3-mg macitentan dose
as compared with placebo was 0.70 (97.5% confidence interval [CI], 0.52 to 0.96; P=0.01), and the hazard ratio for the 10-mg macitentan dose as
compared with placebo was 0.55 (97.5% CI, 0.39 to 0.76; P<0.001). Worsening of pulmonary arterial hypertension was the most frequent primary
end-point event. The effect of macitentan on this end point was observed regardless of whether the patient was receiving therapy for pulmonary arterial
hypertension at baseline. Adverse events more frequently associated with macitentan than with placebo were headache, nasopharyngitis. and
anemia

CONCLUSIONS: Macitentan significantly reduced morbidity and mortality among patients with pulmonary arterial hypertension in this event-driven
study. (Funded by Actelion Pharmaceuticals; SERAPHIN ClinicalTrials.gov number, NCT00660179.).

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Antagonista dei Recettori S
5 . Oltre ad una azione vasodilatatoria
dell’Endotelina (ERA) ha proprieta aggiuntive:

antifibrotica, antiproliferativa e
antinflammatoria

Bosentan: studi BREATHE-1-2 EARLY

ARTICLES

The New England Journal of Medicine

THE LANCET

BOSENTAN THERATY FOR PULMONARY ARTERIAL HYPERTENSION

Lewis J. Ruein, M.D., Davip B. BapescH, M.D., Roeyn J. BarsT, M.D., Nazzareno Gavg, M.D.,

Articles
CaroL M. Brack, M.D., Anne KeogH, M.D., Tomas Puuibo, M.D., Apaan FrRosT, M.D., SEBasTIEN Roux, M.D.,

Effects of the dual endothelin-receptor antagonist bosentan in
IsABELLE LECONTE, PH.D.. MicHAEL LanDzBERG, M.D., AND GERALD SIMONNEAU, M.D.,
patients with pulmonary hypertension: a randomised placebo- FOR THE BOSENTAN RANDOMIZED TRIAL OF ENDOTHELIN ANTAGONIST THERAPY STUDY GROUP

controlled study Corncluesions The endothelin-receptor antagonist
bosentan is beneficial in patients with pulmonary ar-

Richard N Channick, Gerald Simonneau, Qlivier Sitbon, lvan M Robbins, Adaani Frost, Victor F Tapson, David B Badesch, terial hy pe rtension and is well tolerated at a dose of
Sébastien Roux, Maurizio Rainisio, Frédéric Bodin, Lewis J Rubin 125 m g twice dai |\/- Endothelin-rece ptor antagon ism
INTERPRETATION: Bosentan increases exercise capacity and improves haemodynamics in patients with pulmonary hypertension, suggesting that ‘fNith oral bosentan is an effective approach to therapy

endothelin has an important role in pulmonary hypertension. Z%rog‘glg?sngaéygg; ;3r|al ypestasisdon S Eng e Rl

Treatment of patients with mildly symptomatic pulmonary arterial hypertension with bosentan (EARLY study): a
double-blind, randomised controlled trial.

Galié N, Rubin Lj, Hoeper M. Jansa P, Al-Hiti H, Meyer G, Chiossi E, Kusic-Pajic A, Simonneau G.

INTERPRETATION: Bosentan increases exercise capacity and improves haemodynamics in patients with pulmonary hypertension, suggesting that
endothelin has an important role in pulmonary hypertension.

100 ——

dimostra che 1 pazienti con I|AP lievemente
. sintomatici presentano, se lasciati non trattati,
glruppo placebo, un progressivo deterioramento
clinico ed emodinamico

—— Bosentan
Placebo
0 | I | 1 | | 1

o 4 & m a6 m o % bosentan comparata con placebo (p=0-0114).

Time from start of treatment (weeks)

80

Patients with no dinical worsening (%)

Number at risk
Placebo 92 90 89 86 84 83 77 18 9
Bosentan 93 92 87 85 84 83 8o 27 15

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT




Ambrisentan: studi ARIES-1-2-3

Antagonista del Recettori 2

Cw o By gy e
i Srn Panorfes

#

Fihk

dell, EndOteI ina (E RA) Oltre ad una azione vasodilatatoria

ha proprieta aggiuntive:
antifibrotica, antiproliferativa e
antinflammatoria

Ambrisentan for the Treatment of Pulmonary Arterial Hypertension: Results of the
Ambrisentan in Pulmonary Arterial Hypertension, Randomized, Double-Blind,
Placebo-Controlled, Multicenter, Efficacy (ARIES) Study 1 and 2
Nazzareno Galie, Horst Olschewski, Ronald J. Oudiz, Fernando Torres, Adaani Frost, Hossein
A. Ghofrani, David B. Badesch, Michael D. McGoon, Vallerie V. McLaughlin, Ellen B.
Roecker, Michael J. Gerber, Christopher Dufton, Brian L. Wiens and Lewis J. Rubin

Conclusions—Ambrisentan improves exercise capacity in patients with pulmonary arterial hypertension. Improve-
ments were observed for several secondary end points in each of the studies, although statistical significance was
more variable. Ambrisentan is well tolerated and is associated with a low risk of aminotransferase abnormalities.

(Circulation. 2008;117:3010-3019.)

RESEARCH Curd}qyﬂscular
ARIES-3: Ambrisentan Therapy in a Diverse Population of Patients

with Pulmonary Hypertension

David B. Badesch,' Jeremy Feldman,? Anne Keogh,® Michael A. Mathier,* Ronald J. Oudiz,® Shelley Shapiro,®
Harrison W. Farber,” Michael McGoon,® Adaani Frost,’ Martine Allard,'® Darrin Despain,'®
Christopher Dufton'® & Lewis J. Rubin'"; for the ARIES-3 Study Group

dyspnea were the most common adverse events. Conclusion: This study reconfirms the
results of previous placebo-controlled studies, which demonstrate that ambrisentan is well

tolerated and provides benefit in patients with PAH. Definitive conclusions regarding the

salety and efficacy of ambrisentan in specific non-Group 1 PH etiologies cannot be deter-

mined and larger, controlled studies will be necessary to determine the efficacy and safety

of ambrisentan in these populations.

CACY AN
WITH PUL-

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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» -Inibitori delle fosfodiesterasi 5 (SPDE) i .

€D Vasodilatatore con ¥
Eﬁettl ant| prOI |fe ra_t|V| Sildenafil Citrate Therapy for Pulmonary

Arterial Hypertension

Sildenafil: studio SUPER-1
n engl j med 353;20 november 17, 2005

CONCLUSIONS
Sildenafil improves exercise capacity, WHO functional class, and hemodynamics in pa-
tients with symptomatic pulmonary arterial hypertension.

Sildenafil: studio SUPER-2 (ESI0M8  Long-Term Treatment with Sildenafil Citrate in
CHEST 140(5):1274-1283 may 2011 5 Pulmonary Arterial Hypertension: SUPER-2

May 5, 2011; Lewis J. Rubin, David B. Badesch, Thomas R. Fleming, Nazzareno Galié, Gerald
Conclusions: Long-term treatment of PAH initiated as sildenafil monotherapy was

generally well tolerated. After 3 years, the majority of patients (60%) who entered the
SUPER-1 trial improved or maintained their functional status, and 46% maintained or

improved 6MWD.

Tadalafil Therapy for Pulmonary Arterial Hypertension
Nazzareno Galie, Bruce H. Brundage, Hossein A. Ghofrani, Ronald J. Oudiz, Gerald
Simonneau, Zeenat Safdar, Shelley Shapiro, R. James White, Melanie Chan, Anthony

Tadalafi I - Studio P H I RST Beardsworth, Lyn Frumkin and Robyn J. Barst

Circulation. 2009:119:2894-2903; originally published online May 26, 2009;
Conclusions—In patients with pulmonary arterial hypertension, tadalafil 40 mg was well tolerated and improved exercise

capacity and quality of life measures and reduced clinical worsening. (Circulation. 2009;119:2894-2903.)

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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Prostaciclina e derivati
Potenti vasodilatatori proprieta aggiuntive: -
‘prevengono l'aggregazione piastrinica e la crescita cellulare della ™ )
muscolatura liscia

proprieta citoprotettive ed antiproliferativa

Epoprostenolo Treatment of primary pulmonary hypertension with continuous

intravenous prostacyclin  Editorial Heart 1997;77:299-301
In conclusion, although primary pulmonary hyperten-

I Iop rOSt StUdIO AI R Analogo sion, if untreated, is most often a rapidly progressive and
fatal disease, recent advances in the treatment have signif-
icantly improved the outcome for patients. Although
transplantation is often considered the only definitive
treatment for patients with primary pulmonary hyperten-
sion, medical treatment seems to be an effective long term

INHALED ILOPROST FOR SEVERE PULMONARY HYPERTENSION

palliation to successful transplantation as well as a possible
alternative treatment to transplantation in selected chil-
dren and adults. Quality of life and cost analyses, as well
as longer follow up studies are needed to determine the
best treatment for patients with primary pulmonary hyper-
tension.

Conclusions Inhaled lloprost is an effective thera-
py for patients with severe pulmonary hypertension.
(N Engl J Med 2002;347:322-9.)

ROBYN J BARST

Continuous Subcutaneous Infusion of Treprostinil,

a Prostacyclin Analogue, in Patients with g
Pulmonary Arterial Hypertension Respiratory and
A Double-blind, Randomized, Placebo-controlled Trial Ciritical Care Medicine

I rep rOStI n I I analogo GERALD SIMONMNEAU, ROBYN |. BARST, NAZZARENO GALIE, ROBERT MNAEIJE, STUART RICH, ROBERT C. BOURGE,

ANNE KEOGH, RONALD OUDIZ, ADAANI FROST, SHELMER D. BLACKBURN, JAMES W. CROW, and LEWIS ]. RUBIN,
for the Treprostini Study ©rowp __Am | Respir Crit Care Med Vol 165. pp 800-804, 2002

In conclusion, chronic subcutaneous treprostinil is an effec-
tive therapy with an acceptable safety profile in patients with

pulmonary arterial hypertension. Further clinical experience
with chronic subcutaneous treprostinil will define its place as
an alternative to intravenous epoprostenol in patients with
pulmonary arterial hypertension.

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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Long-Term Outcomes in Children With Pulmonary Arterial
Hypertension Treated With Bosentan in Real-World Clinical
Settings

Am J Cardiol 2010;106:1332-1338)

P British Journal of Clinical R . N ) ) ,
D. Dunbar Ivy, MD"*, Erika Berman Rosenzweig, MD”, Jean-Christophe Lemarié¢®, Monika Brand®,

Pharmacology

BJC

Pharmacokinetic and
clinical profile of a novel

formulation of bosentan in
children with pulmonary .
arterial hypertension: the o ot )

Patients at risk

FUTURE-1 study Too e osow 0w v ow oz
Maurice Beghetti,' Sheila G. Haworth,? Damien Bonnet,?
More patients with PAH-CHD were female and started
bosentan as monotherapy. Congenital heart defects were
fully repaired in 19 patients (40%, including 4 patients on
pre-existing prostanoid therapy) or partially repaired or un-
repaired for 29 patients (60%, including 14 patients on
pre-existing prostanoid therapy). A larger percentage of
patients on pre-existing prostanoid therapy had partially

Survival (%)

respectively.

A Randomized, Double-Blind, Placebo-Controlled, Dose-Ranging Study of Oral Sildenafil
Citrate in Treatment-Naive Children With Pulmonary Arterial Hypertension
Robyn J. Barst, D. Dunbar Ivy, Guillermo Gaitan, Andras Szatmari, Andrzej Rudzinski, Alberto
E. Garcia, B.K.S. Sastry, Tomas Pulido, Gary R. Layton, Marjana Serdarevic-Pehar and David
L. Wessel

repaired or unrepaired congenital heart defects compared to
repaired defects at bosentan initiation than patients not on
prostanoid therapy (78% vs 50%). Hemodynamic parame-
ters were also consistent with more severe disease in the
subgroup with pre-existing prostanoid therapy at bosentan
initiation (Table 1). Congenital heart defects included (re-

Circulation. 2012;125:324-334; originally published online November 29, 2011;
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Bosentan Therapy in Patients With Eisenmenger Syndrome: A Multicenter,
Double-Blind, Randomized, Placebo-Controlled Study
Nazzareno Gali¢, Maurice Beghetti, Michael A. Gatzoulis, John Granton, Rolf M.F.
Berger, Andrea Lauer, Eleonora Chiossi, Michael Landzberg and for the Bosentan
Randomized Trial of Endothelin Antagonist Therapy-5 (BREATHE-5) Investigators
Circulation 2006;114;48-54; originally published online Jun 26, 2006;

Conclusions—In this first placebo-controlled trial in patients with Eisenmenger syndrome, bosentan was well tolerated and
improved exercise capacity and hemodynamics without compromising peripheral oxygen saturation. (Circulation.
2006:114:48-54.

Cardiovascular Disorders

. L RESEARCH ARTICLE Open Access
TE* = 53

g Long-term results of treatment with bosentan in

o s o s adult Eisenmenger’s syndrome patients with
Down’s syndrome related to congenital heart

Alranana

deart. 2011 Nov;87(22):187€-81. doi: 10.1126/heartjnl-2011-300344. Epub 2011 Sep 21.

Oral sildenafil treatment for Eisenmenger syndrome: a prospective, open-label, multicentre study.

’ TE*= 472 dynsec
‘ p=0.04

6MWD (m)
Cambiamenti dal baseline

Int J Cardiol. 2013 Apr 15;164(3):323-5. doi: 10.1016/.jicard.2011.07.009. Epub 2011 Jul 28.
Therapy for pulmonary arterial hypertension due to congenital heart disease and Down's syndrome.

D'Alto 1, Romeo E, Argiento P, D'Andrea A, Sarubbi B, Correra A, Scognamiglio G, Papa S, Bossone E, Calabro R, Vizza CD, Russo MG.

CONCLUSIONS: Bosentan was safe and welltolrated n adut paients with CHD-elated PAH with and without Down's syndrome during 12 monthg auther information
oftreatment. Clncal status, exercise tolerance, and pulmanary hemadynamics improved, regardless of the presence of Down's syndrome A

BACKGROUND: Although sildenafil has been shown to be safe and effective in idiopathic pulmonary arterial hypertension (PAH) and PAH related t
connective tissue disease. its effects in Eisenmenger syndrome are less clear

Am J Cardiol. 2011 May 1:107(9):1381-5. doi: 10.1 016/j.amjcard.201 0.12.051. Epub 2011 Mar 2. ther Iongv‘-ternj treatment (12 months) with the phosphodiesterase type 5 inhibitor sildenafil improves clinical and
e Y ol atients with Eisenmenger syndrome

Ambrisentan for pulmonary arterial hypertension due to congenital heart disease. * mticentre study

rtension centres in China

Zuckerman WA, Leaderer D, Rowan CA, Mituniewicz JD, Rosenzweig EB. ndrome functional class IV patients

functional class, and hemoglobin. In conclusion, n this single-center cohort of patients with ES, ambisentan was safe and was associated with 20 mo ol thee times ey

walk distance (6MVVD) test, resting systemic arterial blood oxygen saturation (SaO(2)) in room air. haemodynamic

Increasing exercise capacity at shorterm follow-up, vith patients maintaining S(2J0(2) fnctional class, and hemaglobin, and ith no signficant e ceaersaton, sy andtolrasity

t effects at 12 months versus baseline (mean changes with 95% Cls) were 56 m increase (42 to 69, p<0.0001) in

% to 2.9%. p<0.0001) in resting room air Sa0(2). Improvements were also seen in mean pulmonary arterial pressu

evidence of clnical deteroration atlonger term follow-up. Adtionalstucles are required to futher assess the effcacy of ambrisentan in patients Wi ce ndex 47 mm g (7 510-1.9). p=0.00 and 474 dymsxcmt)em) 534 10-314). <0 0001, rspectvay

ist adverse events were mild and transient. and occurred in the first 2 weeks of treatment

:
5 of oral sildenafil treatment was well tolerated and appeared to improve exercise capacity. systemic arterial oxyge
arameters in patients with Eisenmenger syndrome
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Update on Pediatric Pulmonary
Arterial Hypertension

— Differences and Similarities to Adult Disease —

Tsutomu Saji, MD

Children and adults with pulmonary arterial hypertension (PAH) have similarities and differences in their background
characteristics, hemodynamics, and clinical manifestations. Regarding genetic background, mutations in BMPR2-
related pathways seem to be pivotal; however, it is likely that other modifier genes and bioactive mediators have
roles in the various forms of PAH in children and adults. In pediatric PAH, there are no clear sex differences in inci-
dence, age at onset, disease severity, or prognosis but, as compared with adults, syncope incidence, pulmonary
vascular resistance, and mean pulmonary artery pressure are higher, and vasoreactivity to acute drug testing is more
frequent, among children. Nevertheless, the pharmacokinetic effects of 3 major pulmonary vasodilators appear to
be similar in children and adults with PAH. This review focuses on the specific pathophysiologic features of PAH in
children. (Circ J 2013; 77: 2639—2650)

Farmaci sicuri ed efficaci nel rallentare la progressione della malattia

rispetto al gruppo placebo che peggiora e nei pazienti con S.E.
potenziale possibilita di migliorare la qualita di vita”

Migliorati o invariati Migliorati o invariati
parametri clinicli parametri emodinamici

Classe funzionale WHO

. « Miglioramento PAP media.
« Tempo di peggioramento « Gittata Cardiaca
e Test del cammino ¢ RVP

<BNP e NT pro-BNP ACCIAHA 2008 Guidelines; Circulation 2008

R A A - L e A e A T CI



@ European Heart Journal (200 2493-253 Recommendations for paediatric PAH

Class®™ Level®
@' Guidelines for the diagnosis and treatment ;
of pulmonary hypertension

The Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of Cardiology (ESC) and
the European Respiratory Society (ERS), endorsed by the
International Society of Heart and Lung Transplantation (ISHLT)

Acute vasoreactivity test
(I-C for IPAH)

(11b-C for APAH) Inizio terapia classe NYHA

[1, in prima battuta con un

antagonista recettoriale

dell’endotelina o con un

‘ Inibitore della 5PDE
Y

INITIAL THERAPY

WHO-FC
1]

WHO-FC I-II
CCB (I-C)

WHO-FC
v

WHO-FC
!

Recommendation-
Evidence

I-A Ambrisentan, | Ambrisentan, Bosentan, | Epoprostenol i.v.
Bosentan Sitavantan Sildenafil
Sildenafil Epoprostenol i.v.,
Sustained response lloprost inhaled
(WHO-FC I-II) I-B Tadalafilt Tadalaﬁl‘['

Treprostinil s.c.,inhaledt

lla-C Sitaventas lloprost i.v., Treprostinil i.v.| Ambrisentan, Bosentan,
Siacntas, Sildenafil, Tadalafilt,
lloprost inhaled, and i.v.
Treprosﬁnil $.C., i.v., Inhaledt
Initial Combination Therapy

Continue CCB
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Eisenmenger 1‘?

I'algoritmo si basa su opinioni di esperti, non ci sono prove ne raccomandazioni

PAH associated with congenital cardiac shunts and Eisenmenger's Syndrome

: . [ v 1
1. CaICI(?anFago_nlstl NYHA class 111 (2)
non sono indicati per

g I effetti inOtrOpi Value of targeted therapy ERA (3) Continuous intravenous
negativi e  effetto | or Lol

. . PDE-5 inhibitors
vasodilatatorio Watch for markers or

of poor prognosis Prostanoids
or deterioration

maggiore nella
circolazione sistemica
che accentuarebbe lo

shunt dsn

Possono restare clinicamente stabili, in classe NYHA I-11, per parecchio tempo, il rapporto
sicurezza efficacia dell'uso di terapie mirate non é stato stabilito in questa popolazione

Galie N. Drugs 2008
U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Recommendations for PAH associated with
congenital cardiac shunts

Statement Level®

The ERA bosentan is indicated in WHO-FC Il B | TaNie 28 Recommendations jor pasdiatric FAM

atients with Eisenmenger's syndrome I r '
F J < . Statement Class® Level®

Other ERAs, phosphodiesterase type-5 inhibitors,
and prostanoids should be considered in The PH diagnostic work-up proposed for adults
patients with Eisenmeneer's syndrome should also be considered in children

The PAH therapeutic algorithm proposed for

In the absence of significant haemoptysis, oral . S
adults should also be considered in children

anticoagulant treatment should be considered

in patients with PA thrombosis or signs of heart s P AR

failure ®Level of evidence.
The use of supplemental O, therapy should be

considered in cases in which it produces a
consistent increase in arterial oxygen saturation

and reduces symptoms
If symptoms of hyperviscosity are present,

phlebotomy with isovolumic replacement

should be considere

d usually when the
haematocrit is = 65%

B

Combination therapy may be considered in
patients with &1'5»’5!1"*&!@51"5 Sjy'nd".f:.n"e

The use of CCBs is not recommended in patients

with Eisenmenger’s syndrome

"Class of recommendation.

“Level of evidence.
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@' Guidelines for the diagnosis and treatment
of pulmonary hypertension

The Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of Cardiology (ESC) and

quando il paziente peggiora si passa a una terapia di associazione,
Indipendentemente dal primo farmaco utilizzato, in modo da colpire
tutti i vari aspetti fisiopatologici della malattia e ritardare il piu
possibile il trapianto

Sequential combination therapy (lla-B) §

ERA
+ / \ +
BAS (I-C) andlor / \

Lung tra(r;-sgl)anmtlon Prostanoids === + ssm—— PDE-5 |
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Goal-oriented treatment and combination therapy
for pulmonary arterial Hypertension.

REVIEW REVIEW Diagnosis of PAH

The use of combination therapy il ~ Treat-to-target strategies in pulmonary Vasoreactivity test negative
pulmonary arterial hypertension: arterial hypertension: the importance o
new developments using multiple goals Y

N. Galié*, L. Negro* and G. Simonneau”

0. Sitbon* and N. Galié”

Baseline examination and 3 to 6 month re-evaluation to
assess treatment goals
CONCLUSIONS (Clinically stable, WHO functional class II,

6MWD >400 m, Pra/Cl normal)

The chronic and rapidly progressive nature of PAH provides a
strong rationale for use of combination therapy; indeed,
combination therapy is now recommended in new treatment
guidelines. Experience to date with combination therapy is
encouraging, with multiple combinations proving effective
and, importantly, well tolerated. The appropriate timing of Start ERA or PDE-5 inhibitors Continue treatment
combination therapy and whether it should be simultaneously
or sequential requires further evaluation. A goal-oriented
approach to combination therapy seems to be appropriate
given the current available data on efficacy and safety. Patients
with PAH should, therefore, be reassessed every 3-6 months | Parenteral prostanoids and/or
and the addition of a new therapy considered when treatment "I enrolment in clinical trial
goals have not been met. Controlled clinical trials are under-
way that will provide important answers to the long-term
safety and efficacy of combination therapy in PAH.

Treatment goals not met Treatment goals met

Add PDE-5 inhibitors or ERA Continue treatment

Continue treatment

Urgent lung transplantation

U.0. Cardiologia Pedia Hoeper et al Eur Respir J 2005 |
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Parameters with established importance for assessing disease severity, stability and prognosis in PAH
94
)

(adapted from McLaughlin and McGoon

Better prognosis Determinants of prognosis Worse prognosis

No Clinical evidence of RY failure Yes

Rate of progression of symptoms

No Syncope Yes

LI WHO-FC v

Longer (>500 m)? 6MWT Shorter (<300 m)

Peak O, consumption >15 mL/min/kg Cardio-pulmonary exercise testing Peak O, consumption <12 mL/min/kg

Normal or near-normal BNP/NT-proBNP plasma levels Very elevated and rising

Pericardial effusion
TAPSE® <1.5 em

No pericardial effusion

. . . b
TAPSEP 2.0 cm Echocardiographic findings

RAP <8 mmHg
and CI >2.5 L/min/m?

RAP>15 mmHg

Haemodynamics or Cl <2.0 L/min/m?

*Depending on age.

®TAPSE and pericardial effusion have been selected because they can be measured in the majority of the patients,

BNP = brain natriuretic peptide; Cl = cardiac index; 6MWT = 6-minute walking test; RAP = right atrial pressure; TAPSE = tricuspid annular plane systolic excursion;
WHO-FC = WHO functional class.

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



World J Pediatr Congenit Heart Surg. 2013 Jul 1;4(3):286-9. doi: 10.1177/2150135113482739.

Potts shunt in a child with end-stage pulmonary hypertension after late repair of ventricular septal defect.
Petersen C, Helvind M, Jensen T, Andersen HO.

Author information

Abstract

We report on a 10-year-old boy with medically refractory pulmonary arterial hypertension (PAH) and end-stage right heart failure after closure of a
ventricular septal defect. The boy was a candidate for lung transplantation (LTX), but an alternative aption was to create an Eisenmenger physiology
with right-to-left shunting. The shunt could be created either as an intracardiac or as an extracardiac shunt. We decided to create a Potts shunt, a
direct anastomosis between the left pulmonary artery and the descending aorta. The Potts shunt functioned as a right-to-left shunt, thus reducing the
afterload on the right ventricle. The boy's clinical condition improved markedly, so he was discharged two weeks after the procedure. The ultimate
therapeutic option for medically refractory PAH is LTX or heart-lung transplantation, but because of the short life span after LTX, time was bought by

postponing the time of transplantation. CONGENITAL HEART DISEASE

Role of atrial septostomy in the treatment of children

la settostomia atriale e raccomandata nei with pulmonary arterial hypertension

p azienti con g rave i pertens lone arteriosa A Micheletti, A A Hislop, A Lammers, P Bonhoeffer, G Derrick, P Rees, S G Haworth
DISCUSSION

polmonare e insufficienza cardiaca destra The present study shows that atrial septostomy is safe and
- - - - effective in children and young people with IPAH. This is the
Intrattabile, nonostante terapia medica
1 H - H H C 4 itie C (. ’ 4 e ‘( CC i () ‘ .2 )
maSSImaIe (farmaCI SpeCIfICI per IAP e “[?Illl('\ and th {)l().(((ill.l( W }\‘ \H((Vk \\.tl.ll' in 1 ()t . (
. ) patients, although four patients had a significant morbidity.
agen’“ |not|’0p|) Syncope was abolished and right heart failure improved.

Echocardiographic assessment of right ventricular function
Gll ObletUV' de”a procedura pa“iativa improved significantly in seven children and did not
L. . deteriorate in the remainder. WHO functional class also

Sono rlprlstlno e mantenimento de“a improved significantly. Right to left interatrial shunting
Spean - - . / \ caused a mean reduction in systemic arterial oxygen
Stablllta C|InICa, flnChe puo €ssSere saturation of 7.8 percentage points. Closure of one atrial

esegUitO || trapianto p0|m0nare mn?mm.]imliun led m-lhc inll.’(l({ll(‘lif)n of a fenestrated

device in subsequent interventions. Seventeen of the 19
children who had an atrial septostomy are alive after a mean
follow up of 2.1 years. Two have had a successful bilateral

U.0. lung transplantation.

youngest series of patients yet reported. There were no




Clinical classification of congenital,
systemic-to-pulmonary shunts associated with
pulmonary arterial hypertension

A. Eisenmenger’s syndrome
Eisenmenger's syndrome includes all temic-to-pulmonary shunts

fects leading t

B. Pulmonary arterial hypertension associated with
systemic-to-pulmonary shunts

In these patients with moderate to large defects, the increase in PVR is
mild to moderate, systemic-to-pulmonary shunt is still largely
present, and no ¢ yanosis IS present at rest.

Pulmonary arterial hypertension with small® defects
sowith small defects (usually ventricular septal defects =

and atrial septal gereCs——2-c effective alameter assessed by

echocardiography) the clinical picture is very similar to idiopathic

PAH

D. Pulmonary arterial hypertension after corrective cardiac
surgery

In these cases, congenital heart disease has been corrected but PAH is

either still present immediately after surgery or recurred several
months or years after surgery in the absence ifi
post-operative residual congenital lesions or defects that originate

as a sequela to previous surgery.

“The size applies to adult patients.
PAH

pulm onary vascuiar resistance.

pulmonary arterial hypertension; PVR

Cwid ru_'- et

. g Rt

Y

ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension 2009

Gruppo A
la diagnosi e semplice ed esistono
raccomandazioni per il trattamento

Gruppo B

Il difetto cardiaco non puo essere chiuso
senza rischi elevati e le opzioni di gestione
sono attualmente limitate

Gruppo C
hanno quadro clinico simile a IAP
idiopatica con il vantaggio di uno shunt

Gruppo D

sviluppano IAP in assenza di shunt residui (i
cambiamenti nella vascolarizzazione polmonare
erano in una fase di irreversibilita o hanno
avuto andamento progressivo, nonostante
correzione)

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



BOSENTATNS Nome commerciale:

« Tracleer 22 m compresse rivestite con fibm

c
 Tracleer 62 1o compresse rivestite con fHlm

= Tracleer 125 mg compresse rivestite con film

INDICAZIONI:
Trattamento dell’ipertensione arteriosa polmonare (PAH) per migliorare la capacita di fare esercizio fisico nonché i

sintomi in pazienti in classe funzionale WHO III. E° stato dimostrato che Tracleer & efficace per:

* ipertensione arteriosa polmonare primitiva (idiopatica ed ereditabile)
* ipertensione arteriosa polmonare secondaria a sclerodermia senza pneumopatia interstiziale significativa

* ipertensione arteriosa polmonare associata a shunt sistemico-polmonari congeniti e Sindrome di Eisenmenger

Tracleer ha dimostrato miglioramenti anche in pazienti con PAH in classe funzionale WHO II. Tracleer & anche

MRS - - - S E— mmrosi sistemica e ulcere digitali attive
Posologia

Eta anni Inizio mantenimento  Max dose
4 settimane

2-18"10-20kg 2 mg/kg x2 2 mg/kg x2 Plateau per
dosi maggiori

<18 20-40kg 31.25mg x2 62.5mg x 2
Adulti>40kg 625mgx2 125mgx 2 250 mg x2*

A esperienza limitata in eta inferiore a 2 anni

* Valutare rischi/benefici (tossicita epatica € dose dipendente)

Negli adulti sani, la farmacocinetica del bosentan sono dose-proporzionale fino ad una dose di
500 mg (circa 7 mg/kg per un peso di 70 kg)

Posologia
Ambrisentan
50 10 mg in una sola somministrazione

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Nome commerciale

4.1 Indicazioni terapeutiche
Trattamento di pazienti adulti con ipertensione arteriosa polmonare di classe funzionale 11 e III
dell’OMS, al fine di migliorare la capacita di fare esercizio fisico. L’efficacia ¢ stata dimostrata

nell’ipertensione polmonare primaria ¢ nell’ipertensione polmonare associata a malattia del tessuto
connettivo,

Popolazione pediatrica
Trattamento di pazienti pediatrici di eta compresa tra 1 e 17 anni con ipertensione arteriosa
polmonare. L’efficacia in termini di miglioramento della capacita di fare esercizio fisico o di

emodinamica polmonare ¢ stata dimostrata nell’ipertensione polmonare primaria ¢ nell’ipertensione
polmonare associata a malattia cardiaca congenita (vedere paragrafo 5.1).

eta Dose

< 1lanno 0.25-0.5 ogni 4-8 h
off label max 30 mg/die

1-17 anni < 20 kg 10 mg x 3
1-17 anni > 20 kg 20 mg x 3
adulti 20mg x 3

B8O . Cardiologia Pediatrica Ospedale Santo Bambino CT



Prostacicline e analoghi

Epoprostenol qualsiasi eta
Dose inizio 2-4 ng/kg/min
Dose ottimale  20-40 ng/kg/min

Max dose Limite effetti
collaterali

lloprost > 8 anni Treprostinil > 18 aa
1-2ng/kg/min

2,5-5 ug in 10-15 20-80 ng/kg/min
min. 6-9 vv/die
media 30ug/die

Limite effetti
collaterali

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Follow-up

Table 16 Suggested assessments and timing for the follow-up of patients with PAH

. 3-4 months after e
At baseline Every In case of clinical

. initiati h 5
(prior to therapy) 3-6 months® e 13::‘o:hz:acpyanges worsening

Clinical assessment
WHO-FC
ECG

6MWTPD

Cardio-pulmonary exercise
testing®

BNP/NT-proBNP

Echocardiography

RHC

‘Intervals should to be adjusted to individual patients needs.
“Usually one of the two exercise tests is performed.

“Is recommended (Table 11A).

“Should be performed (Table 11A).

BNP = brain natriuretic peptide; ECG= electrocardiogram; RHC = right heart catheterization; 6MWT = é-minute walking test; WHO-FC =WHO functional class.

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



,,; Ruolo Ecocardiografia Doppler eg?
<@ Nell’TAP

« esame non invasivo- molto sensibile- valida metodica di screening
nella popolazione a rischio, rappresenta il primo step di un iter
diagnostico multidisciplinare

» Esclude/conferma cardiopatia congenite associate/causa di IAP
« Esclude/conferma cardiopatie congenite e/o acquisite del cuore sn

« Informazioni sulle alterazioni morfo-funzionali Vdx secondari al
sovraccarico pressorio e sul vsn sinistro come causa di IP

* Prognosi

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



& Ruolo Ecocardiografia Doppler

Pressione arteriosa sistolica polmonare (PAPS) Gmax RT (4xV2)+PAD
GmaxVsn-Vdx (DIV)
Gmax Ao-AP (dotto)

Pressione telediastolica polmonare Gmax telediastolico + PAD
Tempo di accelerazione Arteria polmonare < 90msec PAPmedia 20-25mmHg
PAPmedia (0.61 x PAPs) + 2

PAPmedia da insufficienza valvola polmonare Gmax protodiastolico + PAD

PAPmedia in presenza di dotto arterioso pervio  PA media sistolica-Gmed dotto ’?;

RT rigurgito tricuspidalico, PAD= pressione atrio destro, Tacc= tempo di accelerazione

CBe

RIG TRIC - RIG MIT
VRT -4.94 m/s -

97.8 mmHg
PSVD 107.8 mm

LIMITI metodica
Stima Non Misura, Non sempre fattibile, Non sempre accurata (sottostima/sovrastima)

(nd

2 /3 Valutazione Pressione in Arteria Polmonare 4%
| /WY

Efflusso Polm.

p Santo Bambino CT



Ecocardiografia

@ Stima Pressione atriale destra

VCI Stima PAD
Collasso > 45% 6 mmHg

Collasso Stima della
Inspiratorio PAD mmHg

> 50% 0-5

Dimensioni VCI

Piccola <15 mm

35% < collasso <45% 9 mmHg
Collasso < 35% 16 mmHg

4548 3-/+1/1/2 N aV1c-S
10'15 /+ A o H4.2%MH2 160mm

AV U:D 10m/sec Cardiac

Normale 15-25 mm >50% 5-10

Normale 15-25 mm < 50%

| AT = 600msec 2 ¥ Gerora V.
15-20 AT- = 100bpm 3
Pend = 0.02m/s? e Scorr.=50mm/s
PY%LT = 9744msec =

>20

Altro Parametro PAD L Ak I Al )

E/Em > 6 "'i':" VU\"rl “l 'w ‘Y“ Fy

Dilatata >25 <50%

Dilatata Assente

Tricuspid E’ velocity by tissue Doppler imaging at baseline and
survival rate

> 10 mmHg

1¢
I
‘,II N=24
-~ . . e veee » = ..

=4 =Em<tons DCal /e

Event-Free Survival

“y7 I A A

J Am Soc Echocardioar. 2010 Juk23(7):685-713; quiz 786-8. doi 10.1016/,echo.2010.05.010. A ’
47th Annual Meeting of the Associ, Rl y g ” § i n ’ N N M
Guidelines for the echocardiographic assessment of the right heart in adults: a report from the American Society x
Figure 6. Ever nd ticusgid Em velocty on of Echocardiography endorsed by the European Association of Echocardiography, a registered branch of the

SN European Soc|ety of Cardlology, and the Canadian Soaety of Echocardlography



S

% Ecocardiografica-Doppler %

Anche“ se esiste una correlazione stastisticamente significativa tra stima
ecocardiografica e misura emodinamica di PAPs, gli ampi limiti di confidenza della
relazione rendono impreciso il confronto nel singolo paziente, esponendo al rischio
di falsi positivi, specie in caso di aumenti di lieve entita in pazienti asintomatici

Int J Cardicl. 2013 Oct 9;168(4):4058-62. doi: 10.1016/j.ijicard.2013.07.005. Epub 2013 Jul 23.

Accuracy and precision of echocardiography versus right heart catheterization for the assessment of pulmonary
hypertension.

D'Alto M, Romeo E, Argiento P. D'’Andrea A, Vanderpool R, Correra A, Bossone E, Sarubbi B, Calabré R, Russo MG, Naeije R.

Author information

Abstract
BACKGROUND: Echocardiographic studies have contributed to progress in the understanding of the pathophysiology of the pulmonary circulation and
have been shown to be useful for screening for and prognostication of pulmonary hypertension, but are considered unreliable for the diagnosis of
pulmonary hypertension. We explored this apparent paradox with rigorous Bland and Altman analysis of the accuracy and the precision of
measurements collected in a large patient population.

METHODS: A total of 161 patients referred for a suspicion of pulmonary hypertension were prospectively evaluated by a Doppler echocardiography
performed by dedicated cardiologists within 1 h of an indicated right heart catheterization.

RESULTS: Nine of the patients (6%) were excluded due to an insufficient signal quality. Of the remaining 152 patients, 10 (7%) had no pulmonary
hypertension and most others had either pulmonary arterial hypertension (36%) or pulmonary venous hypertension (40%) of variable severities. Mean
pulmonary artery pressure, left atrial pressure and cardiac output were nearly identical at echocardiography and catheterization, with no bias and tight
confidence intervals, respectively + 3 mm Hg, £ 5 mm Hg and + 0.3 L/min. However, the + 2SD limits of agreement were respectively of + 19 and - 18
mm Ha for mean oulmonarv arterv oressure. + 8 and - 12 mm Ha for left atrial oressure and + 1.8 and - 1.7 L/min for cardiac outout.

CONCLUSIONS: Doppler echocardiography allows for accurate measurements of the pulmonary circulation, but with moderate precision, which
explaing why the procedure is valid for population studies but cannot be used for the Indidual diagnasis of pulmonary hypertension.




Le linee guida 2009
della Societa Europea
di Cardiologia e
Pneumologia hanno
proposto una tabella
con del criteri definiti
«arbitrari» per indicare
la probabilita di IP

Arbitrary criteria for estimating the presence
of PH based on tricuspid regurgitation peak velocity and
Doppler-calculated PA systolic pressure at rest
(assuming a normal right atrial pressure of 5 mmHg)
and on additional echocardiographic variables
suggestive of PH

Class® Level®

Echocardiographic diagnosis: PH unlikely

spid regurgitation velocity 2.8 mis, PA |

Echocardiographic diagnosis: PH possible

ricuspid regurgitation velocity

Echocardiographic diagnosis: PH likely

spid regurgitation velocity = 3.4 m/s, PA

Exercise Doppler echocardiography is not
recommended for screening of PH
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Misure util

Parasternale asse corto

f 21 Gen 14
1 UO. Cardiologia Pediatrica AO. Ferrarotto CT
10:57:50

NTHI General
63dB  S1/+1/1/4
Guod=-16dB  A=3

. lemo in corso

Canc set Bioc set

D2/D1 >2

Quattro camere diametro trasverso massimo e medio,
diametro longitudinale, area telediastoolica
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j ~ Ipertensione polmonare moderata-severa s e’
&2 VVDx diventa camera sistemica da cui dipende | 7P
una adeguata portata

misure Valori normali Valori patologici valore
Area telediastolica VD 19+3.7 cm2 > 25 cm2 Utile

Diametro trasverso massimo VD 35+ 4 mm > 42 mm Indispensabile
Diametro trasverso tratto efflusso 26 mm (14 mm/m2) > 35 mm

Diametro tronco polmonare <30 mm > 30 mm Utile
Diametro anulus polmonare 9-22 mm Utile

Area telesistolica Atrio dx 15 cm2 Indispensabile

Spessore parietale <5mm utile

Aspetti Morfologici

Dilatazione anulus tricuspidalico > Rigurgito valvolare
setto interv. mesotelediastole verso sn D2/D1=1 D2/D1> 2
Setto interatriale Convesso a sinistra

Versamento pericardico predittore di mortalita, indice di scompenso destro avanzato

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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Tabella I. Valori normali indicizzati per BSA calcolati all’ecocardiogramma. Le misure dei diometri ventricolari
sinistro destro sono relativi alla sezione parasternale asse lungo in telediastole. | diametri delle valvole corta a
polmonaresono misurati a livello dell’anulus. Tutti | valori sono espressi in millimetri

|
Media Dev St Media Dev St Media Dev St Media Dev St
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» Ecocardiogramma i
@ Indici di funzione sistolica ventricolo dx 7%

Misure di funzione sistolica del Ventricolo destro (VD)i

Valori normali Disfunzione VD
TAPSE 22+0.4 <15 Indispensabile
Acc.% Area Vdx (Atd-Ats/Atd x100) 41.5+1.2 < 35% Utile

Acc% TE (Dtd-Dts/Dtd x 100) % 61+ 13 <45%

Tei-index o IPM = TCI-TRI/TE 0.28+0.04 >0.40 Utile

IPM-TDI 0.39+0.05 > 0.55 Utile

E/Em <6 > 6 (PAD > 10 mmHg) Indispensabile
Tei-index o IPM indice di perfomance miocardica, Atd=area tedelistolia, Ats= area telesistolica, TCI= tempo di contrazione

isovolumetrica; TRI =tempo di rilasciamento isovolumetrico; TE= tempo di eiezione

a-b TRI+ TCI
IPM =

(——)
<————>
/\/\( /\/\ /\/\ J Am Soc Echocardiogr. 2010 Jut23(7):685-713; quiz 786-8. doi: 10.1016/.echo.2010.05.010.
TCI - rm : Z 77 :;'.{ ,

_ Guidelines for the echocardiographic assessment of the right heart in adults: a report from the American Society
Rigurgito Tr. of Echocardiography endorsed by the European Association of Echocardiography, a registered branch of the
European Society of Cardiology, and the Canadian Society of Echocardiography.

Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, Chandrasekaran K, Solomon 8D, Louig EK, Schiller NB.
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RVP= rapporto tra pressione polmonare e 1”
flusso polmonare

PVR = =
. Mean PAP — mean LAP (or PCWP) Utilizzate solo a
RVP Cateterismo dx > scopo di ricerca

« RVP= Gradiente transpolmonare/portata cardiaca

« RVP=PAPmedia-PCWP/PC _
RVP Ecocardio Doppler

» Pressione polmonare= velocita di rigurgito tricuspidalico= gradiente
transpolmonare

« PC=Flusso polmonare= integrale velocita tempo del flusso nel tratto
d’efflusso del ventricolo destro

« RVP=10xVRT(m/sec)/IVTTEVD (cm)
« VRT/IVTTEVD >0.2; RVP>2UW
« PC Doppler= (IVTTEVD x (diametro TEVD)2 x (0.785)] x FC

QP/QS Ecocardio Doppler

« QP/QS= (velocita ne TEVD x area del
TEVD/velocita TEVS x area TEVS

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Conclusioni

« Le terapie avanzate specifiche per IAP hanno aperto nuovi
opzioni terapeutiche per questi pazienti

« Questi farmaci sono efficaci nell'alleviare 1 sintomi, riducendo
le resistenze vascolari polmonari, ma il loro effetto non e
curativo, ma palliativo

« Tollerabilita a lungo termine deve essere valutata

» Nella popolazione Eseinmenger, per il benessere e la prognosi
di questi pazienti, e essenziale un approccio multidisciplinare
per la cura ottimale (gestione dell’eritrocitosi Secondaria,
abolizione del salasso di routine, supplemento di ferro,
adeguato sostegno alla chirurgia non cardiaca

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Correzione di Fonten

Uso di vasodilatatori polmonari

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



le c.c con ventricolo unico
anatomico o funzionale vengono
palliate secondo tecnica di Fonten
Intervento che ha contribuito
notevolmente nella riduzione del
tasso di mortalita

L’unico ventricolo La circolazione polmonare avviene
viene utilizzato per direttamente nelle arterie polmonari
la circolazione sfruttando la pressione negativa intratoracica
sistemica e la meccanica respiratoria

Il flusso sanguigno transpolmonare dipende
dalla pressione venosa sistemica e dalle
Conn, at\)o polmonare , resistenze vascolari polmonari

Fontan Procedure

llllllll

ake
mmmmmm

cavo-polmonare tubo extracardiaco cavo-polmonare tubo mtra tracardiaco
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“oweNella circolazione tipo Fontan, la resistenza vascolare
polmonare e un fattore determinante nella limitazione della
gittata cardiaca: anche un minimo aumento della resistenza
vascolare polmonare puo sia ostacolare la chirurgia Fontan o
fare evolvere a scompenso questo tipo di circolazione

Valori emodinamici favorevoli

« PVRI <2 WU/m?
 MPAP<15mmHg
« PWC<12mmHg

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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@ s Cause di aumento delle remstenze‘f’
i vascolari polmonari

« || follow -up a lungo termine ha dimostrato che le RVP
possono aumentare anche molti anni dopo la procedura di
Fontan. Tra le cause possibile:

— micro-emboli dall’atrio destro dilatato o dal sistema venoso
— Invecchiamento
— disfunzione linfatica causa ostruzione delle vie aeree

— assenza di flusso pulsatile polmonare
e causa un rilascio dall’endotelio di molecole vasoattive

— prolungata sovraespressione di vasocostrittori (endotelina-1)*

*Livelli plasmatici di endotelina- 1 sono risultati essere significativamente piu
elevati nei pazienti Fontan rispetto ai controlli sani

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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Gli antagonisti del recettore dell’endotelina-1 i
potrebbero contribuire al miglioramento dello ,‘)
stato clinico di questi pazienti g

See 1 citation found by title matching your search:
Contemp Clin Trials. 2011 Jul;32(4):586-91. doi: 10.1016/.cct.2011.04.001. Epub 2011 Apr 17,

Rationale and design of a trial on the role of bosentan in Fontan patients: improvement of exercise capacity?
Schuuring MJ, Vis JC, Bouma BJ, van Dijk AP, van Melle JP, Pieper PG, Vliegen HW, Sieswerda GT, Mulder BJ.

Author information

Abstract

BACKGROUND: The Fontan circulation is a palliative procedure performed in patients with complex congenital heart disease (CHD), making
transpulmonary blood flow dependent on the systemic venous pressure. In a Fontan circulation a low pulmonary vascular resistance (PVR) is crucial,
as Is epitomized by the observation that a high PVR is a strong predictor of mortality. Long-term follow-up has shown that PVR may rise many years
after the Fontan procedure has been performed, possibly due to micro-emboli from a dilated right atrium or from the venous system. Other
mechanisms of increased PVR might be aging, obstructed airways caused by lymphatic dysfunction, lack of pulsatile pulmonary flow causing a
release of endothelium-derived vasoactive molecules, and prolonged overexpression of vasoconstrictors such as endothelin-1. Mean plasma |evel of
endothelin-1 has been shown to be significantly higher in Fontan patients compared to healthy controls. In patients with pulmonary arterial
hypertension (PAH), therapy with bosentan, an endothelin-1 receptor antagonist, has demoenstrated to improve exercise capacity and to reduce the
elevated PVR. In addition, reduction of PVR is shown early and late after the Fontan procedure on treatment with exogenous NO, another advanced
PAH therapy. However, the long term effect of reducing the PVR by bosentan treatment on exercise capacity in Fontan patients is still unknown.

METHODS: We designed a prospective, multicenter, randomized open label trial to study the effect of bosentan in Fontan patients. The primary
endpoint will be the change in maximum exercise capacity (peak \'02).

CONCLUSION: We hypothesize that treatment with bosentan, an endothelin-1 receptor antagonist, improves maximum exercise capacity and
functional capacity in adult Fontan patients.

U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT



Impact of Oral Sildenafil on Exercise Performance in
Children and Young Adults After the Fontan Operation

A Randomized, Double-Blind, Placebo-Controlled, Crossover Trial

David J. Goldberg, MD: Benjamin French, PhD: Michael G. McBride. PhD;
Bradley S. Marino, MD, MPP, MSCE; Nicole Mirarchi, MA:; Brian D. Hanna, MD, PhD;
Gil Wernovsky, MD; Stephen M. Paridon, MD; Jack Rychik, MD

Background—Children and young adults with single-ventricle physiology have abnormal exercise capacity after the
Fontan operation. A medication capable of decreasing pulmonary vascular resistance should allow improved cardiac
filling and improved exercise capacity.
Methods and Results—This study was a double-blind, placebo-controlled, crossover trial conducted in children and young
adults after Fontan. Subjects were randomized to receive placebo or sildenafil (20 mg three times daily) for 6 weeks.
After a 6-week washout, subjects crossed over for an additional 6 weeks. Each subject underwent an exercise stress test
at the start and finish of each phase. After taking sildenafil, subjects had a significantly decreased respiratory rate and
decreased minute ventilation at peak exercise. At the anaerobic threshold. subjects had significantly decreased
ventilatory equivalents of carbon dioxide. There was no change in oxygen consumption during peak exercise, although
there was a suggestion of improved oxygen consumption at the anaerobic threshold. Improvement at the anaerobic
threshold was limited to the subgroup with single left or mixed ventricular morphology and to the subgroup with
baseline serum brain natriuretic peptide levels =100 pg/mL.
Conclusions—In this cohort, sildenafil significantly improved ventilatory efficiency during peak and submaximal exercise.
There was also a suggestion of improved oxygen consumption at the anaerobic threshold in 2 subgroups. These findings
suggest that sildenafil may be an important agent for improving exercise performance in children and young adults with
single-ventricle physiology after the Fontan operation.
Clinical Trial Registration—URL: http://clinicaltnals.gov. Unique identifier: NCT00507819. (Circulation. 2011;123:1185-1193.) INICAL RESEARCH
Eé‘f.‘ﬁfi‘;ﬁ doi:10.1093/eurheartj/ehn215 Congen[ta[ heart disease

CARDIOLOGY'*

Effect of sildenafil on haemodynamic response to
exercise and exercise capacity in Fontan patients

Alessandro Giardini*, Anna Balducci, Salvatore Specchia, Gaetano Gargiulo,
Marco Bonvicini, and Fernando Maria Picchio

Conclusion In Fontan patients, oral administration of a single dose of sildenafil improves exercise capacity and haemodynamic
response to exercise.
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| UPDATE Rev Esp Cardiol. 2010;63(10):1179-93

The Right Heart and Pulmonary Circulation (X)
Pulmonary Hypertension in Congenital Shunts

Maurice Beghetti and Cecile Tissot

Pediatric Cardiology Unit, Children’s University Hospital of Geneva, Geneva, Switzerland

Pochi dati pubblicati sul trattamento di pazienti con insufficienza della
circolazione tipo Fontan.

Ossido Nitrico  Riduce le RVP, nessun significativo effetto sull’indice cardiaco

Sildenafil Aumenta la tolleranza all’esercizio e la risposta emodinamica all’esercizio,
dimostrato miglioramento in caso di bronchite plastica e in caso di
enteropatia-proteino-disperdente

Prostanoidi nessuna documentazione

Bosentan migliorano la capacita di esercizio, classe funzionale WHO, la qualita di
vita e i parametri emodinamici (RVP, PAP)

Ambisertan Non dati disponibili

« hanno un potenziale ruolo sia nell’aumentare 1I’operabilita sia nel
trattamento postoperatorio dell’TAP

» Necessari follow-up a lungo termine
U.O. Cardiologia Pediatrica Ospedale Santo Bambino CT
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Ipertensione Polmonare

Agata Privitera
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