|6lomaOnc Mvevpovikn YmeEptaon
Kot coapn xpovia NMveupovikn
YIEpTOoN O€ 2UYVEVNC
KopdlomaBelc: opoLloTnNTEC Kol
SLopopEC

[ewpyLo¢ Bayevakng
ErmtipeAntne B’

Tunua Motdwv Kot ZUyyevwv
KapolomaBewwv EvnAikwv

Qvaoelo Kapdloxelpoupylko Kevtpo



OPI2MO2 MMAY 2TA MAIAIA

2710 emiTredo TNG 6aAacoag Kal
3MNVEG META TNV YEVVNON
MPAP225mmHg
PAWP<15mmHg

IAIA ME TOY2 ENHAIKE2

PVRI >4WUxm? ka1 Qp:Qs>1.5
2E MAIAIA ME ENIKOINQNIEZ



[ENIKA

To xpovo sudavitovtal 1-2 nodia/ekatop. 15-50
evnAlkec/ekatop. pe IPAH

6-10:1000 roudLa yevvioUvTal PE 2ZUYYEVN
KapdlomaBeia (2K)

To 4-15% twv nadlwyv pe 2K Ba avamtuéel
TIVEUMOVLKN aptnplokn umteptaon (MAY)

35-50% matdiwv pe MAY exouv wOlontadn MAY
~30-40% oo auta £xouv cuyyevn kapdlomabela

5K pe MAY :
93% QUTWV

NatdLd > EVAALKEC

BpeBnkav va €xouv KAmola popdn

ETILKOLVWVLOLG



XAPAKTHPIZTIKA TTAY 2TA MAIAIA

* Bpadela dtayvwon oe npoxwpnpevo otadio (I11-1V)

* Paydala emideivwon, ypnyopn €€EALEN tpOC

Bavarto (ektdc and to 0. Eisenmenger)

* Atouoia MANPWC ETITUYOUC Beparmeiac, TOAUTTAOKN
Bepaneia

e Alpoduvapikn aotabela Twv acBevwy PE OYETLKA
£UKOAN amopuBOuLON TOoUC



Suspicion of PH

Medication History, symptoms, clinical signs for PH, WHO
Toxins
High Altitude
Genetic
syndrome ECG, echocardiogram, lung No evidence for PH
function test, CPET, CXR

Further evaluation of other
causes for reported symptoms

:

Obvious causes for PH

\ Parenchymal lung disease
Cardiac catheterization with / see main text

acute vasodilator testing (AVT)
Consider cardiac MRI

see main text

* Often a histological diagnosis

El =

Obstructive Sleep Apnea
Nocturnal hypoventilation

Connective tissue disease PVOD*, PCH*

Consider Chest CT (HR)

Serological markers/ Susnicion
Laboratory testing %k C‘TEPH
Ultrasound liver, LFTs

Polysomnography*

S no
= Family history?

Genetic testing (index patient)

positive \ Genetic counseling negative
/ Family screening

E= ANOKAEIZMOY

HPAH IPAH



ASD

VSD

AVSD

PDA

TAPVR

D-TGA

AORTIC TRUNCUS




EAAEIMMATO2

* MpotplyAw)LIKA : XAUNAWV MLECEWYV —
vrtepPoptwon oykou AE KolAla Kalt To
TIVEULOVLKO OLKTUO

* MetatplyAwxvika : YYNAwV MLECEWV -
uTtepdopTwon oykou AP kolAla Kol TTieonc oTto
TIVEULLOVLKO Oiktuo Kot tnv AE kotAta (Fprivopn
avénon twv PAP!)




1)
2)

3)
4)
5)

6)

7)

Taéwvounon MAY oe ntawdia pe 2K

Yuvdpopuo Eisenmenger

MAY pe smikpatovoa dtaduyn L->R
e AlopBwoluec
e Mn SltopBwotpec

MAY pe pKpd/OUUMTWHOTIKA EAAELpLpOTOL
[MAY peta amno 6t1opBwon eAAElppATOC
ApLotepec BAaBec: Muokapdlomabeleg,
BaABLoomabeLeg (HLtpoeldoUC —a0PTIKNC),
otevwon wbuou, subAS, cortriatriatum
[TVELLOVLIKN AYYELOKN VOOOC 0 aoBeVELC e
duaololoyla povripouc kothiag (Fontan)
TUNUOTLKA TTVEVUOVLKN UTTEPTOON



* Meyala kapdLaka
eA\ELLHOTO PLE OPXLKAL
dtadpuyn L->R.

—_——___C _ .. ... AN AN ..

H ZYTKAEIZH ANTENAEIKNYTAI!!

R->L), audpidbpoun dtaduyn
A. Eisenmenger syndrome K(IL KU ('IV(L)OT]

(PAH with PVD)
*  Reversed shunt (pulmonary to systemic)

*  Chronic cyvanosis ¢ KG)\()TE (

*  Multiorgan involment including hematopoietic
system (with secundary erythrocytosis)
*  Defectclosure contraindicated




uvNOwc peyaa
eANelppato

* Aev €xouv avénbBel ot
TILEOELC TOOO TIOU VAl

urtapxet R->L

* Treat and repair or not
repair (ovaloya

B. PAH with persistent systemic to pulmonary shunt
(PAH often with PVD)
*  Moderate to large non-restrictive defects
*  Systemic to pulmonary shunt (i.e. no cyanosis at
rest)
*  Late defect closure may be merited in selected
patients




Aev eEnyouv tnv cofapotnta
tnc MNMAY

2uvnNBwc VSD<1lcm — ASD < 2cm
Aev TpemeL val KAslvovtal!

Exouv mapopoLa
C. PAH with small/coincidental defects T[ae 0 d) UO LO}\OV (_a KOl TTO p E (,a IJ,E

(PAH with PVD)
*  Small defects (generally ASD <2 cm, VSD <1cm)
*  C(Clinical presentation similar to iPAH T nv I PA H !
¢ Systemic to pulmonary shunt (may reverse during

excercise)
No merits for defect closure




FIGURE 1 PH Inchdence A fter Shant Closwre

Cumulathie Inddence of PH
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(A) Cumulative incidence of pulmonary hypertension (PH) after shent clossre.
(B) Comulative incidence of PH after shunt closure, specified per age at doswre.

Mrtopel va eceAyOel xpovia
LLETAL

XeLpOTEPN MPOYVWON

Oa IPETEL VAL UTTAPXEL
nopakoAolBnon xpovia HeTA
tnv enepPaon!

H nopouvcia avénuevwy
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Survival (%)

Survival %
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e ..., Predicted survival
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time, survival rate of the patients at Okayama Medical Center is outstanding.
Cited and modified from Refs. [ 1-3,41].

- - -




KYPIEZ AIAOOPEX

Pon-T1Tieon-0yKOC VS YEVVETIKN-AYVWOTA AiTIO
NAEITOUPYIKOTNTA KAl JEYEBOC DECIAC KOIAIOC
Kuavwon

AyyEI0OPACTIKOTNTA

ETITTAOKEC ATTO QAN CUCTAUATA
AIJATOAOVYIKEC

EmRiwon (pikpn diagopa)
[TpOYPANMATIOUOC VIO UETAPOOXEUON



Left-to-right shunt

Increased pulmonary blood flow
(shear stress/circumferential stretch)

Endothelial dysfunction and vascular remodeling
Smooth muscle cell proliferation, increase in
extracellular matrix, intravascular thrombosis

p

Increase in PVR

Inverted shunt: right-to-left

Cyanosis (Eisenmenger syndrome)
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Distance from capliary midpoint (cm)
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Mitral stenosis with
‘reactive’ pulmonary
vascular remodeling

VSD with chronic left
sided volume load
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Figure 1  Transforming growth factor-f superfamily related gene expressions. ALK: activin receptor-like kinase; BMPR2: bone
morphogenetic protein receptor Il gene; MAPK: mitogen-activated protein kinase; Smad: drosophila mothers against decap-
entaplegic protein; TGF: transforming growth factor; TGFBR2: transforming growth factor-p receptor Il

* JNUOVTLKO pOAO OoTNV opolooctaon the {wrnc Twv Aslwv
LLULKWV VWV

* Mewwvetal n anontwon Kot roAAamAocLOoUOC




e JUvbpopo Down (tplowpia 21)

e ATOKTOUV TTLO ypriyopa kuavwaon Kot MAY

* AVOTOMLKA TIPOPANMATO OTO AVWTIEPO
OVOTIVEUOTLKO- sleep apnea

* 30% twv ouvdpopwv Eisenmenger
* N MTOCOOTO UN CUMMOPIWONC LE TNV Oywyn



AIAOOPEZ AE=IA KOIAIA

(D)

AEITOYPTIKOTHTA
IPAH
[PHIOPH EMIAEINQ2H
2K

KAAA AIATHPOYMENH T1A
APKETO AIA2THMA

CARDIAC OUTPUT YIMNOZTHPIZETAI AMO THN ENMIKOINQNIA!!
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Fetal right vestricdla:
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AIADOPE2 AE KOIAIAZ

ENHAIKAZ

EMBPYO

* Yrnoéia

* YUPnAEc niEoeLg oto
TIVEUUOVLKO SLKTUO

* YdatavOpoKec

e Auénuevn pttoxovoplokn
dpaotnplotnta

e Avapyo capKOUEPLA

* Au&nUEVN QyYELOVEVVEDH

e M Exdpaocn HIF1-VEGF

* Yneptpoodia

 Mewwpevn opototaocia Ca«+

Duaololoyiko O&uyovo

XA NAEC TILEDELC

Almn

KaAn opolotacio Ca++
MeLwUEVN AYYELOYEVVEDN
NopdAAnAa copKoUEPLOL
Xwpic umteptpodla

RV-PA cuvepyla
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Pulmonary Arterial Hypertension

!

RV pressure overload

. mel Stri‘:D
7 N\ !

Alterad bloenergetics MNeurcohormonal and
Mschemia, mitochondrial remodeding] Immunological activation

\ J

Myocardial remodeling
Hypertrophy; matrix remodeling
Increase in BV contractility

Genetic
Determinants

I |
Adaptative remodeling Maladaptative remodeling
{minimally altered Ees/Ea) Ischemia
/ \ L4 (‘f

Dilatation and failure Arrhythimias

Pathophysiology of RV Dysfunction in PAH




Congenital heart diseases

(i) Tetralogy of Fallot
Transposition of the great vessels
(i) Pulmonary stenosis
(ii) Ebstein anomaly

Pulmonary hypertension
(i) iPAH

(ii) Genetics

(iii) CTEPH

Mitochondrial impairment
Substrates deprivation
Reversed glycolytic shift
Ischemia, fibrosis
Arrhythmia, dilation, paradoxical
IVS, pericardial effusion



AITIE2Z ©OANATOY
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Level of shunt [8]

Complexity of CHD [11]

Cyanosis [8, 10]

Iron deficiency anaerma [18]

NYHA functional class [12]

Rate of symptoms progression

6 minute walk distance [10]

Biomarkers (BNP,ZK CRP) [13, 14]

Echocardiographic markers [8, 15]

Acute vasoreactivity testing [16]




Table 4. Factors relating to deterioration and death and their strength according to literature. Data
(modified from D'Alto et al. 2014).

Factors relating to deterioration and death Strength
Advanced functional class ki
Complex anatomy ki
Right ventricular dysfunction kk
Renal failure -
Younger age at presentation ko
lron deficiency .
Non-cardiac surgery *
Pregnancy *
Syncope/pre-syncope -
Bleeding (haemoptysis) K
Arhythmias *

Poor/absent vasoreactivity *
Brain natriuretic peptide levels *
EGC signs of hypertrophy and/or QTc abnormalities *
Low serum albumin and potassium levels *




AITEIOAPA2TIKOTHTA

IPAH SYITENH KAPAIOMAGEIA
e MIOPEI NA EINAI e AMNOVYZIIA SYNHOQS
2HMANTIKH e EAN NAI TOTE NMPOZOXH
« KATEYOYNEI THN OEPAMEIA STHN XOPHIHZH
(] ANTATQNIZTQN ASBESTIOY

* ANTAIFQNIZTEZ A2BEZTIOY

[MPOKAAOYN AITEIOAIAZTOAH KAI
AY=ANEI H POH 2THN ENMIKOINQNIA!!



PULMONARY
HYPERTENSION




e JUUTTTWHOTO cuvOpopou Eisenmenger
- 2UYKOTTTLKA €TtELOOOLO
- AVoTmvola, otnBayxn
- Awporttuon
- EmelocobLa kevtplkoU VeEUPLKOU CUOTHOTOC

* Y UMTTTWHOTO UTIEPYAOLOTNTOC LEPLKEC POPEC OE
Hh~7N A HA+NALR

MONO TOTE XPHZIMOMOIOYME THN AGAIMA=H!!

KINAYNOZ ZOBAPHZ ZIAHPOIMENIAZ KAI

MEFAAYTEPHZ ANTANAKAAZTIKHEZ EPYOPOKYTTAPQZIHZ




ALLOTOAOYLKO OTOLXEL

e QuololoyLkn epuBpokuTTApPWaOn, OxL
TMOAUKUTTOPALLL
e Juyvotepa otabepn atpomnoinon

® JUXVO ULKPOKUTTAPLKN OLONPOTIEVLKI aVaLlLa,
xpeLlalovtal avanAnpwaon odnpou kot pulAkou
(tpavodepivn <20% - bepptrivn)

* Opopfornevia, SBuoAeltoupyia opomETAALWY aAA




ANTITTHKTIKA

e g€ |6lomaBn MAY = xapunAo kapdloko mpoiov,
LLOVLLOUC KOBETNPEC, EXOUE OLATILOTWOEL
Bpofoyevia

e Y& Eisenmenger—>Atiotavtal ot anmoelc Aoyw
TOU KWvOUVOU OILLLOPPOLY LWV



Endothelin pathway ]

Endothelial

/ cells \

Pre-pro-endothelin =9 pro-endothelin

Endothelin
receptory,

Endothelin-1

—

Endothelin
receptor
antagonists

&y

Y —endothelin

t
Vasoconstriction mcep.ors
proliferation

Smooth muscle —
cells \

Nitric oxide pathway

o

Larginine =3 Lcitrulline

Nitric oxide

Prostaqdin pathway

|

Arachidonic acid =9 prostaglandin 1,

”
Vessel
lumen

{Prostacyclir;"

@ derivatives )
Prostacyclin /

(prostaglandin 1) —

¥

l cAMP
® Exogenous

cGMP mmc Ode.l anv::;;.f‘:l'i.f:t:toi:n
Vasodilatation - ‘
anti-proliferation

phosphodiesterase |
type 5 inhibitor

jumbert.etal. N Engl J Med 2004: 351:1425-36
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Table 1. Currently available randomized controlled trials on disease-targeting therapies in patients with
pulmonary arterial hypertension due to congenital heart disease or mixed pulmonary arterial hyperten-
sion groups.

Simonneau et al. (2002)
Galid et al. (2002)
Barst et al. (2003)

MclLaughlin et al. (20086}

Tapson et al. (2012}
Tapson et al. (2013}

Jing et al. (2013)

Barst et al. (2004)
Galia et al. (2006}
Barst et al. (2006)
Galid et al. (2008)

Sandoval et al. (2012)
Pulido et al. (2013)

Galie et al. (2015)

Galig et al. (2005}
Simgh et al. (2006)
Simonneau et al. (2008)
Galia et al. (2009}

Jing et al. (2011}
Ghofrani et al. (2013)

ALPHABET

STEP

FREEDOM-C

FREEDOMN-
c2

STRIDE-1
BREATHE-5
STRIDE-2
EARLY

SERAPHIM

AMEITIOM

SUPER
PACES
PHIRST
EVALUATION
PATENT-1

Treprostinil
Beraprost™
Beraprost™

lloprost

Treprostinil
Treprostinil

Treprostinil
Sitaxsentan™
Bosentan
Sitaxsentan™
Bosentan

Sitaxsentan™
Macitentan

Ambrisentan/
tadalafil

Sildenafil
Sildenafil
Sildenafil
Tadalafil
Vardenafil®
Riociguat

Bosentan

PDE-S/ERA
PDE-S/ERA

Mone
Mone
Mone
Mone
Mone

MNone

PDE-5/
prostanoids

Mone

Mone
Mone
Epoprostenol

Bosentan
MNone

ERAS
prostanoids

PAH (470; 23)
PAH (130; 18)
PAH (116; 16)

PAH (67; not given)

PAH (354; 6)
PAH (310; 1)

PAH (349; 5)

PAH (178; 24)

ES (54)

PAH (245; 11)
PAH (185; 17)

PAH (98; 16)
PAH (250; 8)

PAH (500; 2)

PAH (278; 6)
PAH (20; 50)

PAH (267, not given)
PAH (40%; 12)

PAH (66; 9)
PAH (443; 8)

Study
duration

12 weeks
12 weeks
52 weeks

12 weeks

16 weeks
16 weeks

12 weeks
12 weeks
16 weeks
18 weeks
26 weeks

18 weeks
129

609
days

12 weeks
14 weeks
16 weeks
16 weeks
12 weeks
12 weeks

L

Primary
outcome
&-hWD
&-hAWD

Composite
end point

6-MWD,
WHO,
HD, CW

6-MWD ™
E-MWD T

6-MWD
Peak VO
SpO;
6-MWD

&-hWD,
HD»

&-hND

Composite
end point

Composite
end point

&-hND
&~
&-hND
6-MND
&-hWD
6-MWND

[55]
[56]

[57]
[58]
[59]
[510]
[511]

[512]
[S13]

[S14]

[515]
[516]
[S17]
[518]
[519]
[s20]




* MeAetn BREATHE-5 — 54 ao9, Eisenmenger, 16 €66
* Aoon 62.5 mg bid x 4 €B6, peta 125 mg bid

* AuetaBAnTOC KOPEGOC OELYOVOU

* ' PVRI (mveuOVIKEC QVTLOTAOELC)

N 6MWD

e Avouyth empunkuvon peAetnc (OLE) ewc 40 €B6:
- otaBepn > 6MWD

- P AetTtoupyLknc TaEnc
- apeTABANTOC KOPEGUOC 0EUYOVOU

Galie, N., et al. (2006). Circulation 114(1): 48-54.
Gatzoulis, M. A., et al. (2008). Int J Cardiol 127(1): 27-32.
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Figure 1: Median helght within Incremental age

categories superimpased on toWHO percentile curves
P4 H=idiopathic pulmonary arberal hypertersion. HPAH= hereditary pulmonary arterial hypertension. APAH-CH D= pulmonary arterial hypertension assocated with congenital heart dissase.

Melwpevn Kat
otouc 6uo
nAnBuopouc

Catch up growth
LLETO TNV
OTOXEULEVN




EFKYMO2YNH

AvTtevoeikvutal kal o€ IPAH kal 2K ue INMAY!
KaAuTepn Auon N TTEPIOECN TWV COATTIVYWYV

Na atro@euyovTtal avTIOUAANTITIKO JE
oloTpoyova (Bpoufoyova)- kKaAuTepa PE
TTPOYECTEPOVN

KaAn evnuEpwan yia Toug KIvOUVOUC Kal yid
TNV Java Kail 1o TTaidi!!

28% TMAY-2K ka1 36% ES

XaunAo Bapocg yeEvvnong




Endotelial disfunction/early intima
proliferation

: Increased
Sy, connective tissue

Healthy artery

Vascular injury

Inflammatory cells

Adventitial thickening
Intimal thickening

n situ thrombosis

I Advanced vascular lesion |
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Figure 1 Median survival in pediatric lung transplant recipients compared to adults (7). y
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>UvOpopo Eisenmenger: MEVIKEC APYEC

e Atopuyn adudatwonc, LOOUETPLKNC ALOKNONC

. Oﬁuv)ovoespane'ta + ( SO2<92% Kol cuVodO AVATIVEUOTIKN
VOGO

* ELBOALOIOMOC VLA TIVEU LLOVIOKOKKO KOl YPLTTTN

* Atopuyn VPOUETPOU, sumopLkd aepomhdvo achain

e E€elblkevpevn avalocOnololoyikn kaAuvpn

e E€elbkevpevn kKaAupn og eEwKaPOLAKEC EMEULATELC
e XnuelompodUAalN




2YMIMEPA2ZMATA
Enava&ioAoynoe touc aobeveic cou pe 2K yla
MAY!
Mnv xavelc touc acBeveic amo to follow up!

MaBe ta eldka yLa tnv dlaxeipnon tTwv
acBevwv pe Eisenmenger

ZUVEPYAOOU pE aAAeC eldkoTnTEC!

XPNOLLOTIOLNOE TIC OTOXEVMEVEC BeparteleC
otouc acBevelc pe 2K

Mnv KAeivelc eAAeippata emeldn prnopeic!!
Kpata vpnAo deiktn vmoiog



KAAO KAAOKAIPI!










Table 1

Prognostic predictors in patents with idopathic/ heritable pulmonary arerial

by pertension

Parameter Values predicting poor survival Reference
Exercise capacity
MNYHA functional class ol or IV [1.5.6]
G D < 1 65— 30T [5.7—a]
Peak WO, <= 10U6—-11.6 mil kg [&.10]
Hemodynamics
RAP = 102 0rmmHE [1.59,11]
mean PAP — [1]
i <25 |y min/m* [1.5.49]
W R =32 Whood units [5.11]
S0, e L [&]
Bicmarkers
BN = S0 peirml [ 5]
MNIT-proBEN P = 1400 - 1800 ng' | [G.11]
L1A =t mgid] { fermale ) [10.12]
=EOmzid]l (male]
Respiratory function
E predicted DLOO = i [1.5]
Echocardisgraphic measurements
Right atrial area - [13]
Pericardial effusion Fresence [13]
TAPSE <= 1.8 crmi [ 1]
Magnetic resonance imaging measurements
Sy < 2% mil [15]
FWEDW] == Bl ol et [15]
LWVEDWI < <0 mlim* [15]




Table 2
Echocardiographic parameters according to the location of the shunt.

All Pre-tricuspid Post-tricuspid p*
shunt shunt

RA Area, cm® 215+ 65 251+76 206+ 59 <0001
RA/LA area ratio 1554+ 04 146404 157 +£04 0.2
RV inlet mm 17+ 63 AR8N0 + 7.5 434 + 5.6 <0001

+ 56 180 + 46 0.87

£34 978423 0.71
+ 88 414+ 102 <0001
10“' + 12 250 + 09 003
4241 982+ 204 018
—_ 1 +180 709+ 134 063
2 80-
= - - +56 179 %65 0.05
e S = 60- 24471 2957 +458 0007
\ s, > £03 077+£02 <0001
: 194 476+ 139 002
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Fig. 3. Kaplan-Meier curves illustrating mortality differences between pre- and post-tricuspid shunts patients in the whole cohort and in patients > = 48 years.




Bosentan Improves Exercise Capacity in Adolescents and
Adults After Fontan Operation

The TEMPO (Treatment With Endothelin Receptor Antagonist in
Fontan Patients, a Randomized, Placebo-Controlled, Double-Blind Study
Measuring Peak Oxygen Consumption) Study

Anders Hebert, MD; Ulla R. Mikkelsen, PhD; Ulf Thilen, MD, PhD; Lars Idorn, MD, PhD;
Annette S. Jensen, MD, PhD; Edit Nagy, MD, PhD; Katarina Hanseus, DMSc;
Keld E. Sgrensen, DMSc; Lars Sendergaard, DMSc

p=0.0245
Treatment effect 1.39

2.5 1 | (95%Cl: 0.18, 2.59)
1.95

Apeak VO, (ml/min/kg)
[
Ln

Bosentan
N=32



Table | Differences between Eisenmenger syndrome and idiopathic pulmonary arterial hypertension
Idiopathic PAH Eisenmenger syndrome
RV response
RV dimensions Dilation Typically significantly hypertrophied in post-tricuspid defects
RV function Rapid deterioration Often preserved (in ventricular or atrioventricular septal defect cases),
quite stable over time
Cardiac output Reduced Supported by right—left shunting
Vasoreactivity May have significant vasoreactivity Minimal/no acute vasoreactivity
Prognosis without ATs Poor, survival limited to few years Mot as poor, patients often survive decades after diagnosis
after diagnosis
Cyanosis
Prevalence When low cardiac output or The rule in Eisenmenger syndrome
patent foramen ovale/atrial
septal defect present
Severity Rarely severe at rest Mild—severe at rest even in stable patients, severe on effort
Haematologic effect Rare haematologic manifestations. Secondary erythrocytosis common in Eisenmenger syndrome. Frequently

Systemic complications

Associated genetic/
chromosomal disarders

Perception of limitation

Coexisting left heart disease/
valve disease

Transplantation

Iron deficiency frequent

Mot common (late)

BMPR2 mutation in <25% of
iPAH, low penetrance

Mormal perception of limitation
Rare until tricuspid regurgitation
develops

Rapid progression, likely to benefit
from transplantation

iron deficient. Commonly thrombocytopenic. Predisposed to bleeding and
thrombosis. Little evidence on the use of anticoagulation

Common (renal dysfunction, gout, gallstones, etc.)
Common (Down's syndrome)

Typicaly underestimate the degree of limitation, as present from infancy
Common (eg. atrioventricular septal defect, univentricular circulation)

Slow progression, commaon systemic complications, complex cardiac disease:
not ideal candidates for transplantation



2uvoOpopuo Eisenmenger (2E)

* [TOAU TLO apyn Mopeio pe
amoteAeopa toAAol acBeveic va

eTLBLLVOLY 2, 3 éw¢ Kat 7 MBavotnTa empBiwong

OEKOETLEC, UE ONMAVTLKN TIAVIWG Loy
Bvntotnta Kol voonpotnta
: , , 0.75 -
* OL evnAlkec aoBevelc Bplokovtal
ouvnNOwc oe Taén Il N 11 kata
WHO 0.50
* & Teplmtwon Nén umapxouoaC .
oALkN ¢ 6LopOBwonc mapad tn KN ' Greenwood L
avaotpePun MAY n mpoyvwon ) confidence limits

XELPOTEPEVEL KoL CUPBOOLEL e 510 20 30 40 50 60 7
TNV Wlomabn MAY

[TapakoAouBnon (£1n)

Daliento et al. EHJ 1998, 19 (12) 1845-55.




Table 1

addition, the country of origin and short-term survival prospects reported are shown

Overview of the included studies with year of publication, number of patients incduded, average age and gender distribution. In

Short-term follow-up. Survival (%)

Mb.  First author/Ref.  Journal Pub. year n Average age % femak 1year 3years Syears 10years Country of origin

1 Sun Y} 1 Clin Pharmacol 2013 68 9 74% 906% B29% - - China

2 Sandoval 1* Cong Heart Dis 2012 2 38 67% - - 83.0% 660%  Medio

3 Dimopoulss K*'' Craulstioniown data 2010 161 34 60% W7% B833% TI% - UK

4 Adrisenssens T*®  Eur Heart 2006 17 34 70% 884% T70.0% 51.1% - Belgium

5  Callegari G Monaldi Arch Chest D 2004 47 - - - - - - ttaly

6 OmH"® Am Heart | 2002 106 34 65% W% - 77.0%  580%  Japan

7 Sandoval I® Am J Resp Crit Care 2001 B 3 74% B0% - B B Mexico

8 Cantorw)® Am J Cardiol 1999 109 29 57% - - - - UsA

9 Daliento * Eur Heart J 1998 18 3 66% B - B B Europe

10 Saha A™ Int J Cardiol 1994 201 19 54% 972% - 87.0% 796%  India

11 Corone 5™ Arch Mal Coeur Vaiss 1992 62 - - - - - 560%  France

12 Young D* Am J Cardiol 1971 57 n 53% - - - - LSA
I3 30 62%

*Only treatment naive patients were included & part of the analyds.

Ref, Reference numbes; yrs, years; X, sum.



Characteristics Fetal phenotype Adult phenotype
Environment

Oxygen environment Low High

Main blood circulation Placental circulation Systemic circulation
Ductus arteriosus Opened Closed

PVR High Low

Main vascularized heart regions Right ventricular free wall, Right side of the IVS Left ventricular free wall, Left side of the IVS
Systemic ventricle Right ventricle Left ventricle
Genetics

(ene pattern expression B-MHC a-MHC
Metabolic features

Mitochondrial function Normal/adapted Normal/adapted
mROS production Adapted to heart activity Adapted to heart activity
Energetic substrates Carbohydrates Fatty acids
Hypoxia-induced factors

Eﬂ)}:}g}% Expressed Not expressed
Ca’* homeostasis Immature Mature
Cellular features

Myocytes diameter 5-7 pm 15-25 pm
Myocytes/nonmyocytes ratio 30% 70%
Sarcomeres Disoriented Parallel
Capillary density Preserved Preserved
Fibrosis Absent Absent




E. Congenital or acquired left heart
inflow/outflow obstructive lesions
and congenital cardiomyopathies

F. Segmental pulmonary arterial
hypertension

G. Pulmonary vascular disease in
Fontan patients

Conditions with elevated pulmonary capillary wedge pressure
(>15 mmHg). Included in group 2 in the Nice recommendations.

Part of the lung vasculature develops pulmonary vascular disease,
while other areas may be normally or hypoperfused. Included in
group 5 in the Nice recommendations.

Patients with a Fontan-type circulation do not fulfill criteria for PAH
but can develop a rise in PVR, despite low pulmonary arterial
pressures (low pulmonary blood flow).




YUvopopo Eisenmenger: Metapooysuorn

* Metapooyxeuon KopOLAC/TTVEULOVWYV UTIEPEXEL OTTO
LLETOLLOOXEVCN TIVEU LOVWV
(Waddell et al J Heart & Lung Transpl 2001)

— EmBilwon 1 €tog 81% kat 70% avtiotolxa
— 5etn¢ emPBlwon nepimou 50%

e Auénuevoc mepleyxelpntikog kivduvocg (51 aoBeveic)
(Stoica et al, Ann Thorac Surg 2001)

e Avtiotown emiBiwon pe acbeveic xwpic cuvdpopo
Eisenmenger




Ligand
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Oeparela amo to otopa otnVv MAY armno 2K

* [MeploplopEva OTOLXEL

 H BREATHE-5 €ival n povn tuyoomolnpevn OutAn-tupAn
neAetn pe xpnon placebo nouv deiyvel BeAtiwon otnv
QLLOSUVOLKN KoL AoKnon o€ aoBeveic Ue o.
Eisenmenger e xopnynon bosentan emnit 16 eBdopadec

* Alyec (< 12) pun eAeyxOpEVEC MEAETEC KUPLWC UE
bosentan:
- 10-50 aoBeveic, duapketa 16-40 eBdopadeg
- aopaAnc Beparmela
- BeAtiwon KALWVLKAC ELKOVAC, AELTOUPYLKAC TAENC,
aVOXNG OTNV KOTIWOoN KAl ALLOSUVOLULKNC OTIOU
e\EYXONKe




Long-term efficacy of bosentan in treatment
of pulmonary arterial hypertension in
children

*101 aoBeveic / \\F\-(

- 42 1010TTA0EIC e 0 0 6 1 3

Time on bosentan months

- 31 dlopbwuevn 2K




2UuvOpopo Eisenmenger: Ocparteia

Awyoéivn kot 6loupnTika
aratteitoL tpoooyn 610TL N avenapkovoa de€Ld KoLl
AeLtovpyel UTTO ouvONnkec avénpevou TpodopTLou

AVTUTNKTLKO
* OPOUPWTLKEC AANOLWOELC OTLC TIVEULOVLIKEC OPTNPLEC

* YIEPTNKTIKOTNTA HE EANELLHA LVWOOYOVOU KOl
SLaTAPAYEC ALUOOTAONG

e XapnAOc oudOC yLa aVTUTNKTLKO

e Agv €xeL amodaoloBel N KAAUTEPN aywyn



e Aev nAnpeL Ta
kplttnpla tnc MAY
aAAd

* AuoAeLtoupyla otav

APAP>6mmHg n
PVRi>3WU*m?

E. Fontan operation and PVD

(PVD without PAH)
Absent subpulmonary ventricle (even mild
elevation in PVR may have detrimental effects)
Presentation may be conspicious (symptoms and

signs of early right heart failure and low cardiac
output)




2uvOpopo Eisenmenger: Ospareia

AvaotoAeic StavAou acPeotiou

MelwpeVn xpnouotnta

Mpocoxn otnVv uTIOTAoN KoL APVNTLKA tvOTpOoTn dpaon mou
LUtopeL va rtiteivel tn SuoAettovpyia tng Se€Lac KolAlag

Aev untapxouv SNUOCLEVOELC

Nuktepvnl O¢uyovoBeparmeia

BeAtiwon enBiwoncg oe maldid (Bowyer et al. BMJ 1986)

16LEC TVEVULOVLKEC TILEOELC KoL eTLBiwon o€ 23 evnALKEC UE O.

Eisenmenger (Sandoval et al. Amer J Resp Crit Care Med 2001)
JUXVA TTTwon oéUUETPLOC OTOV UTIVO

Alya, pn armoOELKTIKA OTOXELQ, XPNON O& EUTELPLKN Baon



2uvOpopo Eisenmenger: Xpovia
IPOOTAKUKALVN N avaAoya auTtnC

e Xpovia IV npootakukAivn o€ MAY amo 2K BeAtwwvel
(Rosenzweig et al. Circulation 1999)

— Aoklpaoia Badloewe 6-min
— TNV Katataén kata WHO
— TN HEON TIVEULOVLKN TILEDT, AVTLOTAOELG KoL Kapdlako deiktn

e 15 mawdia og vedpelomotlnpuevo lloprost emi 12
(Hoeper et al. NEJM 2000)

— BeAtiwon atpoduvapikng de€lac kapdlag
— BeAtiwon dokipaciog Badicewe 6-min



2uvopopuo Eisenmenger: NO

e EvepyomoleL TtV OTLC AeleC MULKEC LVEC,
QUEAVEL TO , ENATTWVEL TO EVOOKUTTAPLO KOl
NPOKAAEL

e ELloTtVEOEVO, OUVOEETAL YpRyopa LE TNV alpoodalpivn,
OVEVEPYOTIOLE(TAL KoL OEV MPOKAAEL UTTOTOION

TPR (% aAAayr attd apxikn Tiun)

28: e 23 ac0eveig pe 6GOVOPOUO
204 o0 g Eisenmenger
- o
28_ 09 ° o e 30% pe avtamdkpion (80ppm)
i o e
28 ] e OALot pe aptotepooedld opuyn
80 - Me avtatmokpion : :
1004 |2 Xwpig avramokpion o e IlpofAnuata xopriynong
120 — —

0O 05 1 15 2 25 3 35

Qp/Qs Budts et al Heart 2001



2 KEVOQOMOTOL ATTO TO oTopa otnVv MMAY -
EvOeiéeLc

*Sildenafil - MAY taéewc I-1V yia BeAtiwon avoync
oTNV KOmwaon

* Bosentan - MAY tatswc lI-IV yia BeAtiwon avoync
OTNV KOTwaon Kot KALVIKNC emtdeivwonc

* Ambrisentan eykekpipevo otic HMA armo to 2007 kot
otnv EE arto to 2008 yia MAY

* OEPATIEVTLKOL CUVOUOLOMOL LE OKEUAOUOTA ATIO TO
otopa N pootavoeldn av dev umtapéel BeAtiwon, av
Kol oL BEpaTEVTIKOL CUVOUAOUOL QKON EPEVVWVTOLL



20 ao¥eveic, 10 o. Eisenmenger
6 eB6ouadec, crossover

Aoon 100 mg x 3

™ 6MWD, 1T SLapkeLla AoKNONC
I AELTOUPYLKN TAEN

J HEoN mieon MVEVUOVLKAC
2UVNOELC TTapEVEPYELEG

Singh, T. P, et al. (2006). Am Heart J 151(4): 851 e1




AvaotoAeic pwododleoteEpaonC O€ O.
Eisenmenger

12 aoBeveic 0. Eisenmenger, Taén Il
HAwkia 34.3+10.2 €tn, 83% OnAeLg
YIAbevadiAn armo 1o otopa €Mi 3 UAVEC
Xwplic nopevepyeLeg

BeAtiwon Taénc oe

BeAtiwon 6MWT amootaong
347.3+£80.7 o€ 392.5+£82.0 m, p=0.002

BeAtiwon OAwV TwV OTOLXELWV TOU EpwTnatoAoyiou
CAMPHOR (ocupmtwpata, Spactnplotnta, tototnta {wnc)
oAtko CAMPHOR score (27.6+10.5 to 15.8+10.4, p=0.002).

Tay et al. Int J Cardiol. 2010 Mar 19.



A Children vs.adults iPAH/HPAH vs. PAH-CHD Presence of post-tricuspid shunt

P=0.754

o
S

o

No post-tricuspid shunt

o
o

o
S

§
:
3
£

o
~

Patients at risk: Patients at risk:

Patients at risk:
62 53 45 42 32 19 16 70 60 S1 44 3% 4 2 17 20 16 15 1 7 2 1
00137 29 26 18 13 9 00429 22 20 16 10 4 3 2 00479 66 56 49 38 26 24
0 1 2 3 4 5

1 2 3 4 5 6 0 1 2 3 4
Follow up time from heart catheterization (years)

S 6
Follow up time from heart catheterization (years)

Follow up time from heart catheterization (years)




Expert Referral

General: Consider Diuretics,

Oxygen, Anticoagulation, Acute Vasoreactivity Testing
Digoxin
Positive + > 1 y.o. Negative
——
ERA or PDE-5i (oral) Epoprostnol or

lloprost (inhaled) Treprostinil (IV/SQ)
Treprostinil (inhaled, USA) Consider Early Combination
ERA or PDE-5I (oral)

- Improved
- Sustained
reactivity

Conti Atrial Lung
ontinue Ambrisentan (1aC), Bosentan (1B8), CCB (IC) septostomy transplant
CCB Epoprostenc! (IB), lloprost (NbC), — pe—

Stldenatd (18**), Tadalanhl (BaC), Treprostinil SQAY
(IbC/aC), Treprostinil Inh (1IbC), atrial
septostomy (NaC)

World Symposium on Pulmonary Hypertension 2013 Consensus Pediatric IPAH/FPAH Treatment Algorithm*



Diagnaosis; referral to Functional class/other
PAH-CHD centre investigations
History and examination EMWT
Chest radiograph and ECG Quality of life questionnaire
Noninvasive tests: Biochemistry iron studies
echocardiography, cardiac (transferrin saturation)
MRI, cardiac CT
Cardiac catheterisation for
selected patients only

[ |
v
Endocarditis prophylaxis, advice on exercise and
Education other lifestyle issues
Effective contraception: risk in pregnancy very high

!

Correct iron deficiency
Therapy: Consider thromboprophylaxis
general Is there a role for reparative surgery/catheter-based
intervention?
'

Bosentan therapy for NYHA functional class Il

Therapy: patients
advanced Consider other advanced therapies if evidence base
widens

!

Lung or heart/lung transplantation for selected
patients failing medical therapy

Therapy: Prostanoids as a bridge to transplantation (or as

other destination therapy?)

Inhaled NO of iloprost may have a role for the

pregnant patient with PAH




Barst criteria

Rich criteria
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mPAP< 42 SmmHg

p<001

MPAP2 42.5mmHg

Okayama (1998-2012)
_
#

5 10
Durationafter Enroliment (years)

&
37 + 5% B6 + T% s 60
g
35+ T 85 + 5% 40
20 NIH (1981-1985) LI_'
o oo
© 3 mom 0

r pulmonary arte-

ital heart disease 0 1 2 3 4 5
1t for APAH-CHD

partial repair

ata points are Duration after Enrolment

nths.



A No. of patients

PBO SIL o Low sildenafil dose
6 ' 4 A Medium sildenafil dose
= High sildenafil dose
DS 10 A © Combined sildenafil dose
14 —
30 —y P=0.871 vs placebo
31 ——
Non- a1 [
DS a1
54 -
126 —o—i P=0.011 vs placebo*
& K K o
Ratio (95% CIl) Comparison (Sildenafil/Placebo) for PVRI
B Mo of patients
PBO SIL ® Low sildenafil dose
6 - 4 Medium sildenafil dose
m  High sildenafil dose
DS 12 12 e © Combined sildenafil dose
14 .
32 ———6——— P=0.408 vs placebo
33 ——
Non- 43 . S
ps *
57 ——
133 l—e—‘ P=0.037 vs placebo*
RIS IR R IR R P S

Mean (95% CI) Treatment Difference (Sildenafil-Placebo),
Change From Baseline, mmHg

C  No. of patients

PBO SIL ® Lowsildenafil dose
6 4 Medium sildenafil dose
m  High sildenafil dose
ps 1 ° A © Combined sildenafil dose
14 — .-
30 —_——t P=0.879 vs placebo
31 e
a 41 H—A—i
ot
55 e
127 o P=0.039 vs placebo*
T T 1
09 N R .‘?

Ratio (95% CIl) Comparison (Sildenafil/Placebo) for Cl|

Beghetti et al. BMC Cardiovascular Disorders (2017)17:177



O
m"§ Q

Inflammation

Capillary rarefaction yocardial fibrosis



Prenatal or developmental PH vascular disease
Perinatal pulmonary vascular maladaptation
Pediatric cardiovascular disease
Bronchopulmonary dysplasia

Isolated pediatric pulmonary hypertensive vascular disease (isolated pediatric
PAH)

Multifactorial pulmonary hypertensive vascular disease in congenital
malformation syndromes

Pediatric lung disease
Pediatric thromboembolic disease

Pediatric hypobaric hypoxic exposure

Pediatric pulmonary vascular diseases associated with other system

disorders

PAH indicates pulmonary arterial hypertension; and PHVD, pulmonary
hypertensive vascular disease.



| Endothelial Cell
} Injury feraMT?
\ 4 Apoptosis

\ ¥ Angogenesis - —,

fMwarod
Cellular Changes ;
N Cardiomyocyte
Remaodelling gy
)y Growmn Facters

Myofibroblast
Activation

Molecular Pathways Involved in RV Remodeling in PAH




2KELAOLLOTO OO TO oTopa otnv MAY

* JIAOevadIAN — avaoTtoléac
dwododlectepaonC

*Bosentan — dutho¢ avaotoAEac utoSoxEwWV
evo0OnAivng

* Ambrisentan — SutAé¢ avaotoléac uTtoSoxEwv
gevb0OnAivnc



CENTRAL ILLUSTRATION: Common Differences in the Etiologies of Pedi-
atric and Adult Pulmonary Hypertension

Pediatric Pulmonary

Hypertension (PH) Pediatric and Adult PH Adult PH

* Genetic syndromes « |diopathic pulmonary arterial * Drug-induced PAH

* Persistent PH Hypeitanslani(7ALD « Chronic obstructive
of the newborn » Heritable PAH pulmonary disease
» Congenital heart disease - PAH » Sleep-disordered breathing

» Bronchopulmonary dysplasia :
 Connective tissue disease - PAH (ob: ctesleEapnen)

» Developmental abnormalities ) « Chronic thromboembolic PH
(Alveolar capillary dysplasia, * Portopulmonary hypertension .
congenital diaphragmatic hernia) . |nterstitial lung disease + Chronic exposure

to high altitude - PH

« Left ventricular (LV) _ « Cardiomyopathies s lschemicloft heart disoase
outflow tract obstruction « Mvocarditis
y e Chronic arterial

* Glycogen storage disease « Connective tissue disease hypertension
* Drug-induced (chemotherapy) « Chronic renal failure
« Chronic hemolytic anemia » Myeloproliferative
disorders

« Other conditions: Sarcoidosis,

pulmonary histiocytosis, Pathophysiological events:

lymphangioleiomyomatosis,

neurofibromatosis - Alveolar hypoxia,
respiratory acidosis
Pathophysiological events: - RV hypertension

- Right ventricular (RV) hypertension — _y, systolic / diastolic dysfunction

- RV hypertrophy and maladaptation ~ (heart failure with depressed
ejection fraction / heart failure
with preserved ejection fraction)

- RV dysfunction and failure

- LV compression, LV underfilling - Postcapillary PH

- Low cardiac output syndrome - Combined pre- and

- RV-LV interactions postcapillary PH

Hansmann, G. J Am Coll Cardiol. 2017;69(20):2551-69.



PH unlikely

Extensive work-up to
diagnose connective
tissue disease,

hypercoagulability, | oo cardiac Catheterization With Acute Vasodilator Testing | cardiopulmenary

HIV, liver disease,
hemoglobinopathies,
others

Pediatric PAH: Diagnostic Evaluation

Suspected PH

|

yes ECG
#$————  Chest X-Ray

Echocardiogram normal?
Mo

Yes
Echocardiogram indicates Left e

Heart Diseasea With PH

lNu

Evaluate far left heart
and walvular diseasa

i M
Pulmaonary Function Tests _D.,
MWarmal {aside from low DLCO)

Plus Polysomnography

Extensive evaluation for lung
diseases, connective tissue disease,
neuromuscular disease or chest wall
restrictive disease, others

l‘f’es

Ventilation-perfusion scan
normal or low probability

J'TES

Prior to initiation of PH-specific Drug Therapy

&6-min walk test,

exercise test




*JuvnObwc opet\opevnoe
neyoAn aplotepodetia dlodpuyn nou
oonyel og otadlakn pn avaotpePLun
avénon Twv TIVEULOVLKWYV TILECEWV KOl
avtlotaoewVv (cuvopopo Eisenmenger)

* AlloTEAEOOTO
- Aetloaplotepn Staduyn




Table 3

Campirative Remodelingof Right Ventrile and Pulmonary Clrclation n Paients With PAH:

Main Celular and Interstitial Features (13-22)

Difrenees
Celllet hengss

Mictasculeton changes
Sinltes

Eilte st i

Mitachondf Emodding

Metabalic tnslormaion
Controversies

Inflaifiati i

Newrohofional modu tion

Py Ol aton Righ Ventde
Resislance Lo 8pophsis and abetant prikration Growth st apapsis [CH)
IPAECS and PASMCS), hypenlis, and migraon (PASHICS
Dyt g Deesed el dnly
hressed intersibalforsis et inlentt fbros
[ecragsad number abnormal H’IHF'E aid &2, Dacragsed numbar abnormel H’I.HFI! Al &2,
inrensed oudatve capacl (bereased oidalhe capely
Byedtc shit Ghcatc shit
hetesed moronuleer cels and emmalany tlokins Incessed masl el and ey tlokins
Ietesed ACE scthiy (PAECS]: doinegultion Inpitent f ATR1 sgnaling pathwey

fadenerse resplor PASHES




Ta&wounon MAY pe 2K

. 20vépopo Eisenmenger
MeyaAa kapdlaka eAAelppata pe apyika dtaduyn L>R. mpoodevtikn T
MAA kot avaotpodn (dtaduyn R—>L), apudidpoun dtaduyn Kot Kuavwaon

MAY pe emikpatovoa dtaduyn L>R
e AlopOwolLueg
e Mn 6LopBwaotpeg
Metpla poc peyaa eAAeippata, ehadpd tpoc petpla I MAA, kuplwg
Staduyn L=R xwpic kuavwon oe npepia
. MAY pe pkpd/oUUMTWHOTIKA EAAELppOTO

YoBapn T NAA pe pikpad kopdtakd eAAeippata (VSD <1cm kat ASD <2cm
nxwkapdloypadlkd o eVAALKECS), un evBuvopeva yia tov Babuo T~ MAA.
H kKAwikn elkova opotalel moAu tnv tblomadn MAY. ZUykAewon Twv
eAELUMATWY avTeVOELKVUTOL

MAY peta amno dtopBwon eAAeippatoc

MAY peta ano S1opBwon 2K eite mapapEVOUOO AUECWE LETA TN
S10pOBwaon 1 AVATTTUCCOUEVN UAVEC 1) XPOVLIA ApYOTEPA XWPLE ONUOVTLKEC
UTTOAELTTOUEVEC BAABEC




Lowet Risk Determinants of Risk Highet Risk

No Clinical evidence of RV failum Yes
No Progression of symptoms Yas
Na SynE ope Yes
Growth Failure © thrive
L WHO functional class L
Minimally slevated SBNP; NTpraBNP Significantly elevated Rising level
Ec hocandiog mphy Savers AV enlargement dvs lunction
Padcardad Busion
Systemic C© =3.0 I/min/m” Hemodvnamics Swemic Cl <25 |/'min/m’
mPAP/mSAP <0.75 mPAP/ mSAP =0.75
Acute vasoreactivity RAP =10 mm Hg

PVR =20 WU-m*




Table 2 Pul H tons)

Congenital diaphragmatic hernia

Brons hopulmonary dvsplasia

Alvedar capillay dysplasia (ACD)

ACD with misalignment of veins

Lung hypoplasia "primarny” or *secondary”)
Surlactamt protein abnormal ities

Myroid tramss ription Tactor 1/NKa2 1 homeobox mutation
Pulmonary intestiia pheogemsis

Pulmonary alveola prote nosis

Pulmonary vmphangieclasia

Developmental Lung Diseases Assodated With




Level®

Recommendations Class®

PVRi |PVR Correctable
(WU ¢ |(WU)
m2
<4 2.3 Yes lla
=8 =46 No lla
4-8 2.3— Individual patient

4.6 evaluation in lla

tertiary centres




Recommendations Class® [Level® |

Bosentan is recommended in
WHO-FC Il patients with
Eisenmenger syndrome

Other ERAs, PDE-5is and

prostanoids should be considered

in patients with Eisenmenger
ndrome

In the absence of significant
haemoptysis, oral anticoagulant
treatment may be considered in
patients with PA thrombosis or
signs of heart failure

The use of supplemental O,
therapy should be considered

in cases in which it produces

a consistent increase in arterial
O, saturation and reduces
symptoms

Recommendations Class' |Levet”_

If symptoms of hyperviscosity are
present, phlebotomy with
isovolumic replacement should be
considered, usually when the
haematocrit is >>65%

The use of supplemental iron
treatment may be considered in
patients with low ferritin plasma
levels

Combination drug therapy may be
considered in patients with
Eisenmenger syndrome

The use of CCBs is not

recommended in patients with
Eisenmenger syndrome




Characteristics Functional remodeled right ventricle Dysfunctional remodeled right ventricle
Morphology

Chambers size MNormal Dilated (i.e., RV/LV = 0,6)

Free wall thickness Thick (=5 mm) Thin

IVS motion Normal End-diastolic bowing in the left ventricle
Pericardial effusion Absent or minimal Moderate to important

CHD common features

Function
RVEF
Contractility

Cardiac index

RV-arterial coupling
Rhythm

CHD common features
Metabolic features
Mitochondria
Mitochondrial function
mROS production

Signaling pathway

Energetic substrates

Cellular and Tissular features

Myocytes
Capillary density

Ischemia

Coarse trabeculation
Hypertrophied and muscular moderator band
Abnormal tricuspid septal leaflet insertion (mitral valve proximity)

Preserved Decreased
Hypercontractility Decreased
Preserved Decreased
Bad prognosis < 2 I/min/m*
Preserved Uncoupling
Mostly preserved Arrhythmias

Tricupid and pulmonary regurgitations prior to dilation

Adapted sizes and shapes Small, abnormal shapes, clustered
Increased Decreased
Continuous and Low High accumulation
Down-regulation of p53 Up-regulation of p53
Up-regulation of HIF1lx-VEGF pathway Inhibition of HIF1x-VEGF pathway

Carbohydrates > fatty acids Total substrates deprivation
High use of PDK4, Glutl Energy starvation
= glycolytic shift = reversed glycolytic shift

Hypertrophied ?
Increased Rarefaction

Present
With role of CHD-associated coronary Present
malformations

T T Fm s v s v e



. Predicted survival
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(@) RISK FACTORS AND
ASSOCIATED CONDITIONS

Collagen Vascular Disease

» (2) VASCULAR INJURY » @) DISEASE PROGRESSION

Endothelial Dysfunction Loss of Response to Short-Acting

Vi ilator Trial
7 = ¥ Nitric Oxide Synthase asodiatogsiia
ital ) -
Songe:ta SN Lacene v Prostacyclin Production
| i .

e SYpetiension 4 Thromboxane Production e ot
HIV Infection SUSCEPTIBILITY 4 Endothelin 1 Production Smooth Muscle
Drugs and Toxins Abnormal BMPR2 Gene A Hypertrophy
Pregnancy Other Genetic Factors Vascular Smooth Muscle Dysfunction o S N

Impaired Voltage-Gated ventitial and Intimal
Prolifere ) \
Potassium Channel (K4 5) volfecaton, !
In situ & )
N -

Thrombosis N
Adventitia 7 . /
Media .- Smooth Muscle Plexiform :

Intima . \ Hypertrophy 4 Lesion

Early Intimal : ‘>

: y - %
Proliferation \ Fof - ‘)‘

Advanced Vascular Lesion
& Vasoconstriction e O “

NORMAL

REVERSIBLE DISEASE IRREVERSIBLE DISEASE

(A) CONTROL 143044;‘2123321 (B) PAH 13:03:35 0001

010572011
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