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Galié et al. 2009 Eur Heart J 30: 2493-537; Simonneau ef al. 2009 J Am Coll Cardiol 30{51): S43-54
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Symptoms/signsihistory suggestive of PH
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Level of probability for PH (1)

*. Doppler echo criteria:
- TR velocity

- Other signs (RV, pericardium)

* Symptoms
* Risk factors

Doppler echo (DE) criteria
I

Tricuspid regurgitant jet velocity

| |
<2.8 m/s 2.8-3.4 m/s >3.4 m/s
(36 mmHg) (36-50 mmHgQ) (50 mmHg)

Other DE criteria

No Yes Yes/No
| | |

Unlikely Possible % Likely

Galie et al. 2009 Eur Heart J 30: 2493-537




O AMEIKONIZTIKOZ EAEIMXOx

2.€ aoBevn ye moavr) vOOOo TwV TTVEUUOVIKWY AYYEIWV

o EmPepaiwvel TRV TTapouadia Kal To BaBud TnG
TIVEUMOVIKNG UTTEPTAONG

e ATTapaitnTog 0Tn d1aPopIKn didyvwon Kabwg JTTopEi
va KaBopioel TNV AITia TNG TTVEUUOVIKNG UTTEPTACNG

e 2¢& TTapoucia BpouoeuBOAIKNG VOOOU, DiVEl
TTANPOPOPIEC YIa TN OUVATOTNTA XEIPOUPYIKNG
QVTIMETWTTIONG



AKTINOIPAO®IA OQPAKA ZE NNEYMONIKH
YNEPTAzH

e AldTOON TOV KEVIPIKOV
KAGO®V TV TVELUOVIKOV
APTNPLOV UE TOYELN
eCaAElYN TOV QyYELQOV
GTNV TEPLPEPELN, TOV
TVELLLOVOL

e AvVinon tov ueyebovug
TOV 0ECIOV KUPOLOKWOV
KOIAOTNTOV

AoBeviic ue IPAH



AoBevnG 62 eTwv

AvoTrvola, BAxag TTapaywyikog, Kuavwaon, oidAPaTa KATW AKPpwV

Bapucg katviotri¢ 60py

2mpopéTpnaon: FEV,; 700 (22% pred), FVC 1300 (35% pred)

A¢pia aiparog:PaO, 58 mmHg, PaCO, 50 mmHg

ECHO: Au¢non diotacewyv OV KolIAoTATWY. EkTipwpevn RVSP 55mmHg



e AcOevnC ue OloyvOoUEVT] 1010TTolON
TVEVLLOVIKT] TVvO)

[lopanéuneton oto latpeio ILY. yia
acloAdynon

X TPOUETPNON:

FVC 0.92 (39.2%), FEV, 0.83
(42.7%), Tiff 89%, TLC 2.1 (43%),
DLco 35%

*YmoCapio-cofapoc amokopeGUOG
ot Padion (SpO, 80%)
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HRCT Owpara: Alloincelg peMknpodpog (h?)neycombing), Bpoyyektaoiec €& é?»éicog
CT angiography: apvntikn yio eupoin



*ECHO xapo1dg : moAd avEnuEVEC O10GTAGELS
oe&lv kothottev. D-shaped apiotepn
KotAia. YmoAoyilopevn RVSP 95mmHg

e Ae€10¢ KOpOLKOC KAOETNPLUGUOC!
PAP 84/23/48 mmHg, PAWP 10mmHg

10:37:40 12-10-04-102734 Philips Healthcare
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AEITOYPI'IKH EKTIMHZH

 H ompopéTpnon TIVEUPOVIKOI OYKOIl, POEG, DL
gival atrapaitnTn yia TOV ATTOKAEIOUO UTTOKEIUEVNG
TTVEUMOVOTTAOEIOC (TTEPIOPIOTIKOU ) ATTOPPAKTIKOU
TUTTOU)

o 2E& TTEPITITWON CUVUTTIAPENG TTAPEYXUMATIKNG BAGRNC,
KaBopileTal N OUPPOAN TG OTAV AVATITUEN TNG
TIVEUNOVIKNG UTTEPTAONG

 AoOBeveic ye IPAH kal CTEPH (o€ Ttooooto 20%)
TTapouaialouv NTio Treplopiouo (TLC<80%)



AEITOYPIIKH EKTIMHZzH

e AsgikTng diaxuong DL
augnon: evookapdlakd shunts
EAATTWAN: VOOOI TWV TIVEUNOVIKWY ayYEiwV
IPAH, CTEPH
vOOool KOAAayovou: okAnpodepua, SLE

*AcOgveic e akANPOdEPUQ
Tapoucidlouy (o€ TTooooTd 20%)
MEMOVWUEVN EAATTWON TOU DL

Pulmonary
" capillary

\ 2 0pBapn eAattwan Tou DL, <55%
— ‘ - UTTOONAWVEI TN MEAANOVTIKN
Respiratory A QVATITUEN TTVEUUOVIKN G UTTEPTAONG

bronchiole

*AcOgveiC ue OKANPODEPUA TTPETTE

4 Alveolar | n£p|06|Kd (K(']eﬁ 6'12 Hr’lvgg) Vva
jﬂ_,@ eAEyXOVTaI IO TNV £yKaIpn

B.
OO Plas
S QViXveuon ayyeiakng f dIapeong

Alveolar capillary Red blood

membrane cell VOOOU TWV TIVEUNOVWV




[Nuvaika 39 eTwyv, 130 kg
NoonAcuetal yia digpeuvnon
TIVEUMOVIKNG UTTEPTAONG
ECHO: RVSP 62 mmHg

AP KolAia pe KaA cuoTOAIKNA
Aeitoupyia, BaABidec K.¢.

‘Evap¢n aywyng pe ERA’s
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pean Heart Journal (2009) 30, 2493-2537 ESC/ERS GUIDELINES

Jfeurheartj/el

)" 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)

. . ' "hu” ,
Precapillary art. JCatEes
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e Mean PAP>25S mmHg
 PWP <15 mmHg

e« CO @uoworoyikog M
ELATTOUEVOS

®.T. npepioc : 14.0 3.3 mmHg,
Avo 6pto (mean 2 SD): 20.6 mmHg

Kovacs G, Olschewski H et al. ERJ 2009



European Heart Journal (2009) 30, 2493-2537 ESC/ERS GUIDELINES
EUROPEAN doi:10.1093/eurheartj/ehp297
SOCIETY OF
CARDHIOLOGY ®

Table 4 Updated clinical classification of pulmonary 3 Pulmonary hypertension due to lung diseases and/or

hypertension (Dana Point, 2008") hypoxia
3.1 Chronic obstructive pulmonary disease
1 Pulmonary arterial hypertension (PAH) 3.2 Interstitial lung disease
1.1 Idiopathic 3.3  Other pulmonary diseases with mixed restrictive and
1.2 Heritable obstructive pattern
12,1 BMPR2 34 Sleep-disordered breathing
122 ALK1, endoglin 3.5 Alveolar hypoventilation disorders

haemarrhagic telangiectasial 3.6 Chronic exposure to high altitude

17 3.7 Developmental abnormalities
13 DN~ e
14 A 4 Chronic thromboembolic pulmonary hypertension

1. 5 PH with unclear and/or multifactorial mechanisms

I- 5.1 Haematological disorders: myeloproliferative disorders,

1.

splenectomy.
143

e e R T 5 1

Systemic disorders: sarcoidosis, pulmonary Langerhans cell
histiocytosis, lymphangioleiomyomatosis,

1.5 Persistent pulmonary h:;.rper'tensir:m of the newborn neumﬂb_mmamm' vasculis _
............................................................................... 5.3 Metabolic disorders: glycogen storage disease, Gaucher

1" Pulmonary veno-occlusive disease and/or pulmonary disease, thyroid disorders
capillary haemangiomatosis 54 Others: tumoural obstruction, fibrosing mediastinitis,

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; chmnlc rEI"]al. fallur-e I:::II-I-I dlal.'l:fEIE
2 Pulmonary hypertension due to left heart disease

14.5 Schistosomiasis

146 T hranic hasrmalidic anaamais

2.1 Systolic dysfunction ALK-1 = activin receptor-like kinase 1 gene; APAH = associated pulmonary
2.2 Diastolic dysfunction arterial hypertension; BMPR2 = bone morphogenetic protein receptor, type 2;
73 Valvular disease HIV = human immunodeficiency virus; PAH = pulmonary arterial hy pertension.
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European Heart Journal (2009) 30, 2493-2537 ESC/ERS GUIDELINES

EUROPEAN doi:10.1093/eurheartj/ehp297

SOCIETY OF
CARDIOLOGY #

Table 4 Updated clinical classification of pulmonary 3 Pulmonary hypertension due to lung diseases and/or

hypertension (Dana Point, 2008") hypoxia
3.1 Chronic obstructive pulmonary disease
1 Pulmonary arterial hypertension (PAH) 3.2 Interstitial lung disease
1.1 Idiopathic 3.3  Other pulmonary diseases with mixed restrictive and
1.2 Heritable obstructive pattern
12.1 BMPR2 34 Sleep-disordered breathing
122 ALK1, endoglin (with or without hereditary 3.5 Alveolar hypoventilation disorders
haemorrhagic telangiectasia) 3.6 Chronic exposure to high altitude
1.2.3  Unknown 3.7 Developmental abnormalities
-1I3 Drugs andtoxins induced LLLLLLLLLLLL :|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.. LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL T
14 Associated with (APAH) 4 | Chronic thromboembolic pulmonary hypertension

14.1 Connective tissue diseases

14.2 HIV infection

14.3 Portal hypertension

14.4 Congenital heart disease
14,9 Schistosomiasis histiocytosis, lymphangioleiomyomatosis
1.4.6  Chronic haemolytic anaemia }‘r Y .P & . 7o '

, , neurofibromatosis, vasculitis
1.5 Persistent pulmonary hypertension of the newborn

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

5 PH with unclear andfor multifactorial mechanisms

5.1 Haematological disorders: myeloproliferative disorders,
splenectomy.

5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans cell

1" Pulmonary veno-occlusive disease and/or pulmonary disease, thyroid disorders
capillary haemangiomatosis 54 Others: tumoural obstruction, fibrosing mediastinitis,

............................................................................... I:|‘|r'DI'|iE renal failur-e on dial.:fﬁiﬁ
2 Pulmonary hypertension due to left heart disease

2.1 Systolic dysfunction ALK-1 = activin receptor-like kinase 1 gene; APAH = associated pulmonary
2.2 Diastolic dysfunction arterial hypertension; BMPR2 = bone morphogenetic protein receptor, type 2;
73 Valvular disease HIV = human immunodeficiency virus; PAH = pulmonary arterial hy pertension.



Obstructive remodelling of a small pulmonary artery in pulmonary arterial hypertension
(increased thickness of the three vessel layers and severe lumen reduction are shown) and
ongoing pathobioloaical nrocesses in the different lavers of the vessel wall (vellow boxes)
ADVENTITIA

Inflammatory cells*+
Fibrosis
1 Cyto/chemokines t+

PMMP and tenascint*
P B-FGF?

MEDIA
SMC hyperplasia*t
| K*ch dysfunction and
related I [Ca**]*

JBMPRs®
1 Angiopoietin'
INTIMA
MFB hyperplasia®
Fibrosis®
ENDOTELIUM
M Endothelin®® | 1 PDGF recepforsf
> -errostaCVC:in** I LSvig/shemokines
| 4 Nitric oxide/cGMP*t
PTxA, T8
MVEGF*
JBMPRs*
BLOOD
Hypercoagulability |
Platelets clw.;fum:t'i:m§
1PDGF!

Galie N et al. Eur Heart J 2010;31:2080-2086

European
Heart Journal


Presenter
Presentation Notes
Obstructive remodelling of a small pulmonary artery in pulmonary arterial hypertension (increased thickness of the three vessel layers and severe lumen reduction are shown) and ongoing pathobiological processes in the different layers of the vessel wall (yellow boxes) and in the blood. Asterisks indicate the potential processes involved. Corrective interactions of the related approved therapeutic interventions are also reported (green boxes). *Vasoconstriction; †Proliferation/migration; ‡Inflammation; §Thrombosis. B-FGF, basic fibroblast growth factor; BMPR, bone morphogenetic protein receptor; [Ca2+], intracellular calcium concentration; K+ch, membrane potassium channels; SMC, smooth muscle cells; MFB, myofibroblasts; MMP, matrix metalloproteases; PDE-5, phosphodiesterase type 5; PDGF, platelet-derived growth factor; TxA2, tromboxane A2; VEGF, vascular endothelial growth factor; VIP, vasoactive intestinal peptide. The pathological picture is a courtesy of Dr Carol Farver, Cleveland Clinic.
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Note Ba vurtoPractoupe NAY?

AoBeveic ne owkoyeveLlako Lotoptko INAY

ouXVOTNTA OlKoyevoUG epdaviong 6-12% , mIKpATOUVTOC
QUTOOWMOTIKOC XOLPOKTIPOLC

Noooc cuVOETIKOU LoTOU

okAnpodeppua: 30%, CREST:20-25%, 2EA: 4-14%,
pevpatoeldne apbpitida : we 21%

Juyyeveic kapdlonabela e[Tulaia umEpTaon
lotopko Tiveupovikne epBoAnce : CTEPH wc 4%
Xpnon ¢apuakwv (drug induced PH)

aminorex, methamphetamine, Fen Phen, dasatinib

AoBeveic pe HIV
APETOVOKUTTAPLKA avolLuio



PARH: A Progressive Disease

PVR = (PAP - LAP) x 80/CO
PAP = LAP + (CO x PVR)/80

Pre-symptomatic/ Symptomatic/ Declining/
Compensated Decompensating Decompensate

CO |

 ———

nghtHeart e
Dysfunction

PVR==

:

FAF = pulmonary artery pressure; LAF = left atrial pressure; LAF = left atnial pressure

Fich et al. In. Harrison’s Princinles of internal Medicine. 15th ed. 2001:1506-1507 .



MAY. KAiviki Eikova

Kavéva apxIKO UUTITWHA
Evapgn vooou ETAG10C TTPOANTITIKOC AEYXOC, OVAYKAIOC O€
TTANBuouoUC uwnAou Kivouvou

[1po0dEUTIKA OUCTIVOIA KOTTWOEWGC, KOTTWAN,

npd{'““ aioOnua TTaApwy, BwPaKIKO AAyog,
2UUTTITWHATA

OUYKOTTTIKO €TTEICOI0, BrXAC

TeNIKA 2UUTTTWHATA OECIAC KOPDIAKKC aVETTAPKEIQC,
2 UUTTTWMATA Aiataon ogayitidacg, Qidnua, Hrratoueyalia,
AoKiTng

MEoog xpovocg eTTIRiwaong Xwpic Bepartreia
©davarog 2.8 1t

1 D’Alonzo et al. Ann Internal Med 1991;115:343
Harrison's Principles of Internal Medicine, 14th ed.


Presenter
Presentation Notes
Dyspnea (on exertion) is the most important presenting symptom of PAH. 
However, even later symptoms remain non-specific which leads to confusion with other diseases and a delayed diagnosis of PAH.
ΑΠΟΥΣΙΑΖΕΙ ΜΕΧΡΙ ΤΑ ΠΡΟΧΩΡΗΜΕΝΑ ΣΤΑΔΙΑ ΤΗΣ ΝΟΣΟΥ
ΟΤΑΝ ΕΜΦΑΝΙΖΕΤΑΙ ΕΙΝΑΙ ΜΗ-ΕΙΔΙΚΗ
                   δύσπνοια, αρχικά μόχθου, μετά σε ηρεμία
                   εύκολη κόπωση
                   θωρακικός πόνος
                   συγκοπτικά επεισόδια
                   οίδημα
                   αίσθημα παλμών
ΤΑ ΣΥΜΠΤΩΜΑΤΑ ΕΠΙΔΕΙΝΩΝΟΝΤΑΙ ΣΤΑΔΙΑΚΑ
ΣΕ ΟΨΙΜΗ ΦΑΣΗ ΟΙ ΑΣΘΕΝΕΙΣ ΔΕΝ ΕΙΝΑΙ ΣΕ ΘΕΣΗ ΝΑ ΠΡΑΓΜΑΤΟΠΟΙΗΣΟΥΝ ΟΥΤΕ ΑΠΛΕΣ ΚΑΘΗΜΕΡΙΝΕΣ ΔΡΑΣΤΗΡΙΟΤΗΤΕΣ
Η ΝΟΣΟΣ ΟΔΗΓΕΙ ΣΕ ΘΑΝΑΤΟ ΝΩΡΙΣ ΣΤΗ ΖΩΗ




Diagnosis of PAH Is OfteﬁM S

Mean time between symptom onset
and diagnosis: 27 months

REVEAL Registry!] French National Registry®!
N = 1831 74% 700- N =674
1200 - 1123 500.- 750
,, 1000 - % 500 125
S 800 - E 400
S -
& 600 - 483 ; 300+
o
S 400 - < 2001
225
200 - 1004 80
7
0 - 0
i 11 \ | I Il v

Functional Class at Diagnosis Functional Class at Presentation

a. Badesch DB, etal. Chest. 2010;137:376-387.
b. Humbert M, et al. Am J Respir Crit Care Med. 2006:173:1023-1030. héart.,. Medscape




H anoteAeopatikn Oepamneutikn avripetwrion tne NAY
QUITOLTEL TAKTIKN apakoAouOnan Kot ykaipn

napsufaon

No functional impairment

"""""" P

00 I O )

Regular monitoring allows
augmentation of treatment

Functional capacity

Early intervention _ _
Progressive remodelling &

right-heart failure
in absence of treatmgnt

Late intervention

Time



Time-course of 25 published randomized controlled studies (identified by acronyms, if any, or
drug and year of publication) in pulmonary arterial hypertension as of May 2010.

Terbogrel STEP
Treprostinil Sildenafil
AIR Sildenafil STRIDE2 ARIES
Epoprostenol BREATHE1 BREATHED SUPER I PHIRST
Epoprostenol ALPHABET STRIDE1 SERAPH BREATHES PACES TRIUMPH
Epoprostenol Bosentan Beraprost
7 T1T7 71T T 1 1 | 7T T |
1990 1996 2000 ‘01 02 ‘03 ‘04 05 06 ‘08 09 "10

Monotherapy
Monotherapy and/or sequential combination

Upfront combination

Galie N et al. Eur Heart J 2010;31:2080-2086

European
Heart Journal


Presenter
Presentation Notes
Time-course of 25 published randomized controlled studies (identified by acronyms, if any, or drug and year of publication) in pulmonary arterial hypertension as of May 2010. Colour code identifies the design of the study: monotherapy (black): investigational drug vs. placebo in patients naive for pulmonary arterial hypertension approved drugs. Monotherapy and/or sequential combination (red): investigational drug vs. placebo in patients either naive for, or treated with pulmonary arterial hypertension approved drugs. Upfront combination (light blue): single drug vs. combination of two drugs in patients naive for pulmonary arterial hypertension approved drugs.


Approved Drugs for PAH

,

Macitentan |
Ambrisentan Rjociguat Ambrisentan
Bosentan - Bosentan
Epoprostenol iv Epoprostenol iv
lloprost inhal ~ lloprost inhal
- Silden4fil . Sildenafil
- Sitaxentan - Tadalafil
Tadalafil Treprostlnll sc, iv, inhal

Treprostinil sc



Therapeutic strategies for PAH — The major gap

Lung transplantation
Iv epoprostenol

7 to 8 drugs
available

Variable

Awareness
Pts treated

Progression
Survival
Quality of life

1 drug oral drugs

Therapy
complexity

1990’s Time

Today
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1. Humbert M, Sitbon O, Simonneau G. W Engl J Med 2004;351(14):1425-36
2. Yuan JX, Rubin L), Cirowlation 2005,111(5):534-538.



Prostacyclin analogues:
Chemical structures and plasma half-lives

COOH

OH C;)H
PGI, (t,,= 2 min)!

COO*

Na*
CH,
HO' Y =
OH
Beraprost (t,,= ~30 min)?

PGl,, prostacyclin; t,;,, half-life

COOH

OH OH

lloprost (t,,= ~30 min)?

COOH

OH OH

Treprostinil (t,,= ~240 min)3

1. Clapp et al. Am J Respir Cell Mol Biol. 2002;26:194-201; 2. Gomberg-Maitland et al. Eur Respir J. 2008;31:891-901;

3. Remodulin® (treprostinil) US prescribing information; United Therapeutics Corp. January 2010



=
Prostacyclin Analogues:

Intravenous, Subcutaneous, or Inhaled

Treprostinil
(Remodulin®)

ie®
Epoprostenol (Flolan®) lloprost (Ventavis®)

Treprostinil (Remodulin®)


Presenter
Presentation Notes
 Prostacyclin and prostacyclin analogues are available in intravenous (IV), subcutaneous (SC), and inhaled formulations.
 These drug delivery systems are complex.
 IV epoprostenol and treprostinil require a chronic indwelling central venous catheter, usually a tunneled catheter exiting the left upper or right upper chest wall.
 Potential complications: infection (blood stream, tunnel, or exit site infection), thrombosis, accidental removal, device malfunction. 
 SQ trepostinil
Treprostinil, a prostacyclin analogue, has a longer half-life (approximately 4.5 hr) than epo (≤6 min), and can be administered SC.
Potential complications: 85% of patients reported incidence of infusion pain and/or site reaction (redness and swelling, not dose related), leading to discontinuation in 8%. Significant infection is rare.
 Iloprost is administered via iNeb device (hand-held portable device).
 Takes approx 6-10 min to deliver the total dose, depending on the patient’s breathing pattern, plus up to 10 min per session for device cleaning (time reduced recently with new cleaning system)
 Since the dose frequency is 6-9 times per day (every 2 hours while awake), it can be cumbersome. 



FLOLAN administration

e FLOLAN : IV infusion
24 hours, daily.

e A central line & a
PUMP (200g9)

N

Rl
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IV epoprostenol: NYHA FC is predictive

of survival

PAH patients in NYHA FC Il at baseline have a higher
survival rate when treated with 1V epoprostenol compared
with those in NYHA FC |V at baseline

McLaughlin 20021 Sitbon 20022

100
_ 807 N NYHA FC Ill
> NYHA FC IlI
— 60- 1
® ~
= ~ =
2 40+ = NYHAFCIV 40 L—-, Pp=0.001
@ - - P

201 == 20- - NYHA FC IV

I -----
O I I I I I I I I I I I I I I I I
O 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84 96 108
Time on epoprostenol (months) Time on epoprostenol (months)
N 12092654631176 2 1
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Endothelin Receptor Antagonists

ET-1 promotes:

Vasoconstriction
Inflammation

Endothelial cell proliferation
and dysfunction

Angiogenesis Normal

Fibrosis pulmonary
artery

Pulmonary
hypertensive
artery

i
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%
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B
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SERAPHIN: Primary End Point*

cg - HR,0.70 ‘
|

(0.52 - 0.96)
pP=01 . HR, 0.55
0. (0.39 - 0.76)
P <.001

Placebo (n =249)
B 3 mg Macitentan (n = 250)
M 10 mg Macitentan (n =242)

Population, %
&

O 1

*Death, atrial septostomy, lung transplantation, initiation of treatment with IV or SQ prostanoids,
or worsening of PAH

SN/ st R th
ey Heartfailure o . 1ot ol N Engls Med. 2013:369:809-818.1 heéart., Medscape



Phosphodiesterase-5 Inhibitors

r’

v eNOS
sildenafil
i) tadalafil & \Prs
Soluble * PREs O o
Small distal arteries showing intimal

uanylyl
' g-‘.:‘fr_lal;g PDE-5 m lesions and occlusion of the lumen
l inhibitor ’
"‘-.,_'_“i
-I'. all kN =

VeGMP Dl

Smooth muscle relaxation
Protein [ : |
\ : kinase G Antiproliferation

eNOS, Endothelial nitric oxide synthase; GMP, Guanosing monophosphate; GTP, Guanosing triphosphate.
Wharton 1, et al. Am J Respir Crit Care Med 2005;172:105-113.



Riociguat: First in a New Class of sGC
Stimulators

Riociguat:
* Directly stimulates sGC
independent of NO

* |Increases sensitivity of
sGC to NO

Increased cGMP generation
by sGC-stimulation

a. Stasch J-P, et al. Circulation. 2011;123:2263-2273F!: b. Giaid A, et
al. N Engl J Med. 1995;333:214-221010L: ¢, Evgenov OV, et al. Nat

v H : Rev Drug Discov. 2006:5;755-768[11]; d. Ghofrani H-A, et al. Future
% Heart failure ' i & » &1 & the
g Cardiol. 2010;6:155-166.012] heart., Medscape



Avoid pregnancy (I-C)
Influenza and pneumococcal
immunization (1-C)

Supervised rehabilitation (11a-B)

Psycho-social support (l1a-C)

Avoid excessive physical activity (1lI-C)

YASOREACTIVE

WHO-FC I-ll

Expert Referral (I-C)

General measures and
supportive therapy

Oral

Acute vasoreactivity test
(I-C for IPAH)
(I1b-C for APAH)

NONYASOREACTIVE

INITIALTHERAPY

Diuretics (1-C)
Oxygen* (1-C)

Digoxin (11b-C)

anticoagulants:

IPAH, heritable PAH and PAH
due to anorexigens (lla-C)
APAH (I1b-C)

CCB (I-C)

Recommendation-

Evidence

WHO-FC ‘ WHO-FC
T 1

WHO-FC
v

Sustained response

I-A

Ambrisentan, | Ambrisentan, Bosentan,

Epoprostenol i.v.

(WHO-FC I-11)

Continue CCB

Bosentan Sitaxentan, Sildenafil
Sildenafil Epoprostenol iv,,
lloprost inhaled
I-B Tadalafilt Tadalafil
| Treprostinil s.c., inhaled{
Ha-C Sitaxentan lloprost i.v., Treprostinil i.v.| Ambrisentan, Bosentan,
Sitaxentan, Sildenafil, Tadalafilf,
lloprost inhaled, and 1.v.
Treprostinil s.c,, i.v., Inhaled}
Inival Combination Therapy
ib-B Beraprost




NYHA Functional Class

Katnyopia ZUMTTWHpOTO alcOeviy

Kavevag meploplopog tng duokne SpaotnpLotntac.
H ouvnBncg puokn dpaotnplotnta Oev MPoKaAEl
CUUTNTTWUATO

Class | (Mild)

‘Hrtiog meploplopog tng puotkng dpaotnplotntac.

.i '\
@
ﬁ: O aoBevnc eival kaAd og npepia, n ocuvnOng puoikn

Class Il (Mild)

SpaoTNPLOTNTO. TIPOKAAEL CUUTTWHLOTA

Class lll (Moderate) 2 NUOVTLKOC TIEPLOPLOMOC TNS PUOCLKAC SpaoTNPLOTNTOC.
O aoBevnc elvoll CUUMTTWHATLKOC OE npepia, aAAd
Alyotepn armo tn ouvnin duoikn dpaotnplotnta
TPOKAAEL CUMTTTW LT

TIOU aAUEAVETOL PE TNV TTaPaLKpr uotkn dpaoctnplotnra.

) .i.
Class IV (Severe) & Y UUITTWHOTO KApSLaKN G AVETIAPKELAC OE Npeuia. Avodopia
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[: Sequential combination therapy (lla-B) §

b / - \ -
BAS (I-C) and/or / \

Sk
Lung t“‘(’:fg)‘"m'““ Prostanoids === + === PDE-5|




PAH Determinants of Risk

LOWER RISK

No

Gradual

I, 1
Longer (> 400 m)

Peak VO, > 10.4 mL/kg/min

Minimal RV dysfunction

RAP < 10 mm Hg;
Cl > 2.5 L/min/m?2

Minimally elevated

BENP = brain natriuretic peptide

D HYPERTENSION

DETERMINANTS OF RISK

Clinical evidence of
RV failure

Progression of symptoms

WHO class

6MWD

CPET

Echocardiography

Hemodynamics

BNP

McLaughlin VV, et al. f Am Coll Cardiol. 2009;53:1573-1619.

HIGHER RISK

Yes

Rapid

v
Shorter (< 300 m)

Peak VO, < 10.4 mL/kg/min

Pericardial effusion,
significant RV
enlargement/dysfunction;
RA enlargement

RAP > 20 mm Hg;
Cl < 2.0 L/min/m?2

Significantly elevated

heartos
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Presenter
Presentation Notes
One RCT is ongoing to explore the effects of the addition of sildenafil to patients already on epoprostenol.
In patient with PAH, deteriorating despite chronic treatment with non-parenteral prostanoids, addition of bosentan or sildenafil to the ongoing treatment resulted in favorable improvements in pulmonary hemodynamics and exercise capacity in uncontrolled studies.
Grade of Recommendation = IIb; Level of Evidence = C 


risk-benefit analysis in chest medicine

h ~ The Kingdom of the Near-Dead

The Shortened Unnatural Life History of Primary Pulmonary
Hypertension

Eugene D. Robin, M.D.* Chest 1987:92:330-334

100

= ()] 5]
[=] [=] o
T T T

Percentage Surviving
S
T

1 1 I ! 1 g i
5 1 15 2 25 3 35 4 45 5

Years of Follow-up

o
o

D’Alonzo et al. Ann Intern Med 1991:115:343-9

NIH Registry : Emiwon 1yr 3yr 5yr
68% 48% 34%



Vascular Medicine

Survival in Patients With Idiopathic, Familial, and
Anorexigen-Associated Pulmonary Arterial Hypertension in
the Modern Management Era
Marc Humbert, MD. PhD; Olivier Sitbon, MD, PhD: Ari Chaouat, MD, PhD; Michele Bertocchi, MD;
Gilbert Habib, MD: Virginie Gressin, MD; Azzedine Yaici, MD: Emmanuel Weitzenblum, MD:
Jean-Frangois Cordier, MD; Frangois Chabot, MD, PhD: Claire Dromer, MD:

Christophe Pison, MD, PhD: Martine Reynaud-Gaubert, MD, PhD; Alain Haloun, MD;

Marcel Laurent, MD: Eric Hachulla, MD, PhD: Vincent Cottin, MD, PhD; Bruno Degano, MD, PhD;
Xavier Jais, MD: David Montani, MD. PhD: Rogério Souza, MD, PhD: Gérald Simonneau. MD

Conclusions—In the modermn management era, idiopathic, familial, and anorexigen-associated pulmonary arterial
hypertension remains_a_progressive, fatal disease. Mortality 1s most closely associated with male gender, right
ventricular hemodynamic function, and exercise mitation. (Cirelation. 2010:122:156-163.)

100+ 180T e, NYHA 1,1l
80 80 5 N
;?. n hE .i--- ------- =-‘.L:'h..-‘.-
Tl; 60 - "‘_ﬁ 60 - E--- rnnennn,
3 S —— NYHA IlI
40 = 5
gr:;. — Observed E 40 e
— Predicted (NIH Registr »
20 { aet NYHA IV
20
U | I |
0 12 24 36 0 | | .
Time, months 0 12 24 36
No. at risk

Allpatients 56 69 98 113 120 127 133 Time, months



REVEAL: Predictors of Mortality

* Functional class: lll/IV * Demographics

e 6MWD: <165 m — Men > 60 years of age
* Laboratory * Etiology
— Portopulmonary hypertension

— BNP: > 180 mL
ng/ — PAH associated with CTD
e Hemodynamics — Familial PAH

— PVR: > 32 Wood units

— MmRAP:> 20 mmH B
| _ 8 — Systolic BP: < 110 mm Hg
e Echocardiography — Heart rate: > 92 bpm

— Presence of pericardial effusion T
P e Comorbidities

e DLCO: £32% — Renal insufficiency

6MWD = 6-minute walk distance; BNP = brain natriuretic peptide; BP = blood pressure; bpm =
beats per minute; CTD = connective tissue disease; DLCO = carbon monoxide diffusing
Capacity; mRAP = mean right atrial pressure; PVR = pulmonary vascular resistance

the:
w HYPERTENSION Benza RL, et al. Circulation. 2010;122:164-172. h,euartmg

wwwww



Survivalin PAH

1.0 -

0.9 - ® Congenital heart
- \ disease
' . 4

0.7 -

@ Portopulmonaryhypertension
0.6 -

0.5 - IPAH

Survival (%)

0.4 - .

= CT1D
0.3 -

D.Z 3 HIU
0.1 -

D T T T T ]
0 1 2 3 4 5
. . . . Years

IPAH =idiopathic pulmonary arterial hypertension

From McLaughlin WV, et al. Chest. 2004:126:785-925, the g
A\ HYPERTENSION 7 hZart., Medscape

Republished with permission. e EDUCATION



OEPATIEVTIKEC OTPATNYLKEC otnv MAY

Mapovoa oTPATNYLKN
) , IR SN
3 KATNYOPLEC POPLLAKWV SCmmcemiST_

EVaAAOLKTLKN TTPOOEYYLON

eBeAtiwon Twv dtaBeoipwy popdwv
bappakwv oral PGl,

e>uvluaoTIKN Beparmeia
e Avamtuén VEwV GopUAKWV-0TOXWV
Oepareiac tyrosine inhibitors

1. Humbert M, Sitbon O, Simonneau G. W Engl J Med 2004;351(14):1425-36
2. Yuan JX, Rubin L), Cirowlation 2005,111(5):534-538.
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MEAAONTIKEZ OEPATIEIEZ
Phase |l trials completed
Double-blind or open label

. Tyrosine inhibitors (Imatinib) Q and other multi-

tyrosine kinase inhibitors (sorafenib) @

. Statins (Simvastatin) @

. Specific Serotonin R | (Escitalopram) &)

. Vasoactive Intestinal Peptide (Aviptadil) @

. Stimultor of soluble guanylate cyclase (Riuciguat}o

. Oral prostanoids oral (Treprostinil) Q
. Non-prostanoid PGI, R A (Selexipag) @)




Possible Future Targets for Therapy

INTRACELLULAR
PATHWAYS i *
ieq Rho kinase,
MAP kinase) Yo,

"'i.,..'...;'" l"
NUCLEAR
TRANSCRIFTION

0 FURTHER ALTERED
MEDIATOR CELLULAR
SYNTHESIS PHENOTYPE




[INEYMONIKH YINEPTAZH 2Tl
[INEYMONOINAQGEIEZ

Table 32 Recommendations for PH due to lung

diseases
Statement Class® Level®
Echocardiography is recommended as a screening | C
tool for the assessment of PH due to lung
diseases
RHC is recommended for a definite diagnosis of | C

PH due to lung diseases

he optimal treatment of the underlying lung I C
disease including long-term O3 therapy in
patients with chronic hypoxaemia is
recommended in patients with PH due to lung
diseases

Patients with ‘out of proportion’ PH due to lung  lla C
diseases should be enrolled in RCTs targeting

cific_druoe
CHHCOELES

The use of PAH-specific drug therapy is not 1l C
recommended in patients with PH due to lung
diseases

2(Class of recommendation.
Y evel of evidence.



[INEYMONIKH YNEPTAZH Z2TA NOZHMATA
APIZTEPHZ KAPAIAZ

Table 30 Factors favouring diagnosis of left Table 31 Recommendations for PH due to left heart
ventricular diastolic dysfunction in the presence of

disease
pulmonary hypertension as assessed by Doppler
echocardiography Statement Class® Level®
Clinical features The optimal treatment of the underlying left heart | C
Age >63 \ disease is recommended in patients with PH

Elevated systolic blood pressure due to left heart disease

R R Patients with ‘out of proportion’ PH due to left  lla C

heart disease (Table 3) should be enrolled in
RCT's targeting PH specific drugs

Obesity, metabolic syndrome
Hypertension

Coronary artery disease Increased left-sided filling pressures may be llb -

estimated by Doppler echocardiography

Diabetes mellitus
Atrial fibrillation /

Invasive measurements of PWP or LV llb C
end-diastolic pressure may be required to
confirm the diagnosis of PH due to left heart

Echocardiography
Left atrial enlargement

Concentric remodelling of the LV (relative wall thickness =0.45)

disease
LV hypertrophy RHC may be considered in patients with lib C
Presence of echocardiographic indicators of elevated LV filling : o :
64,226 echocardiographic signs suggesting severe PH

pressure ) , ) )
in patients with left heart disease

Interim evaluation {after echocardiography)

The use of PAH specific drug therapy is not Il C

Symptomatic response to diuretics . . .
recommended in patients with PH due to left

Exaggerated increase in systwolic blood pressure with exercise
388 Y P heart disease

Re-evaluation of chest radiograph consistent with heart failure®®

Modffied from Hoeper et at 2’ *Class of recommendation.

-] -
LV = left ventricle. Level of evidence,



Factors associated with a higher probability of PH
due to LHD

Clinical features
* Age >65
- Elevated systolic BP

- Elevated pulse
pressure

+ Obesity, metabolic
syndrome

- Coronary artery disease
» Diabetes mellitus
- Atrial fibrillation

Echocardiography

« Left atrial enlargement

« Concentric remodelling
of the LV

« Echocardiographic
indicators of elevated LV
filling pressure

Interim evaluation
» Symptomatic response to

diuretics

- Exaggerated increase in

BP during exercise

- Chest X-ray consistent with

HF

Galie et al. 2009 Eur Heart J 30: 2493-537




PAH Centers of Excellence: What Are
They?

Na tn BEATIOTN AVTIMETWITION TWV ACOEVWYV UE TTVEUMOVIKI
UTTEPTOAON, ATTAITEITAI | OUCTAON TTOAUBUVAUNG OHAdAG

Diagnostic Services

Echocardiogram
ECG

Chest X-ray

Team
Cardiologists
Pulmonologists
Nurse practitioners
Specialty nurses
Respiratorytherapists
Rehabilitation therapists
Home care nurses

High-resolution CT scans
VQ scan

Pulmonary function tests
Right heart catheterization
Oxygen assessment

H £€€10IKEUPEVN OJADA TTVEUHOVIKAG UTTEPTAONG CUVEPYAETAI UE
TOUG YIOTPOUG TWV TTEPIPEPIKWY VOO OKOHEIWYV Kal TG
TTPWTORABUIAG YIa TV KAAUTEPN TTOPAKOAOUONON TWV a00EVWYV

D HYPERTENSION




2XOAIA - 2YMNEPAZMATA

°H Siayvwon tng MAY ouxva kaBuotepel AOyw NG UN
el01KNC dUONC TWV CUUTTTWHUATWY TNG VOOOU

H akpBng kot €ykaipn Oldyvwon Tng vooou Eeival
kKaBoploTikn ya tTn BeAtiwon tng mMpoyvwong Kol TIPETEL
amapoltnta  vo  TeEpAapPavel TtV ALLOOUVOLULKNA
£KTLUNON TOL aLlcBevouc

*H cuvepyoaoia pe e€eldikevpeva tatpeio e€aodpalilel tn
BEATLOTN OVTIMETWTILON TWV A0BEVWV AUTWV






NEOC aluodUVANIKOC OpIoPOC TNC TTY

ESC/ERS guidelines 2009

PAPm > 25 mmHg c¢ npepio™
[Tpotpryocown ITY PCWP < 15 mmHg 1,3,4,5
CO pvororoyikn 1 erattOUEVN**

PAPm > 25 mmHg c¢ npepio
Metatpryoetdwkn ITY PCWP > 15 mmHg 2
CO @votoroyikn 1 ehattouEvn™*

[ToaOntucr; TPG < 12 mmHg***
Avtopaotiky TPG > 12 mmHg

To kp1TNp1o TG AoKNoNG EXEL Oy POPEL
Yynin kapdiakn tapoyn (CO) og vepkivnTikn KUKAOPOPIQ, GLGTNUATIKA-TPOG-TTVEVLLOVIKO,

shunt, avaipio, vTepOVPEOEIGIGUOG
TPG — transpulmonary gradient (PAPm-PCWP)




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

3-4 months

At baseline o In case
. Every after initiation .
(prior to . . of clinical
therapy) 3-6 months or changes in Worsenin
Py therapy g
Clinical
assessment
WHO-FC v v v v
ECG
6MW/T! v v v v
Cardio-pulmonary v v v
exercise testing'
BNP/NT-proBNP v v v v
Echocardiography v v v
RHC ve T v § ve §

Galie N, et al. Eur Heart J. Epub ahead of print Aug 2009.
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