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[MveupoVviKi KUKAopopia
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aro tnv Nvevpovikn BaABida(PV)
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1. ®ducloloyia- Naboduoiodoyia

Ilveu MOVI KI"] KU KAO(POP T BOLGLKEC QLPXEC

* OAo¢ o oykocg raApou /OAn n kapdlakn rapoxn (CO)
«OQYETAL» YE TIOAU XOUNAEC TILECELG

e Obényoc niteon P1-P2— mPAP-PCWP

e [MveVuMOVIKEC ayyeLlakeg avTtiotaoelc (PVR)

 mPAP= PAWP+ (CO x PVR)

| Elevated PH may be due to
¢ Elevated PVR
¢ Increased CO

b e Increased PCW
D * MeydAo nocooto tng PVR — pkpokukAodopia

e JTpatoAoynon — Aldtaon TpLYoedwv

PVR= (mPAP-PCWP)/CO




2. OpIouOG

\ By //

|
"\
/] . =
b
Lr "‘
. (B
e
> ,A'.f‘ !
’/ - 3 ’
'l < (X ,:
K
g4 v ir
L aY

\
A
"‘ "\
% \.'
“\
= )
u\ 9N
-yy SEY
> \
: A
S\

S e BL5
I
- s
’,




2. OpLopOG

[MveupoVviKi KUKAopopia

MNEYMONIKH YNEPTAZH (PH)= AY=HMENH MNIEXH NMNEYMONIKHX APTHPIAZ (mPAP>20 mm Hg)

HFpEF
MVS/ MVR
Muéwpa LA

COPD
IPF

PAH
PA §
PC

K.Av./HFrEF
AVS/AVR
MYOKAPAIONAGEIA

Haemodynamic definitions and updated clinical classification of pulmonary hypertension
Gérald Simonneau et al, ERJ Dec 2018,



2. OpLopOG

[MveupoVviKi KUKAopopia

MNEYMONIKH YNEPTAZH (PH)= AY=HMENH MNIEXH NMNEYMONIKHX APTHPIAZ (mPAP>20 mm Hg)

HFpEF
MVS/ MVR
Muéwpa LA

COPD
IPF

PAH
PA ~=
PC

K.Av./HFrEF
AVS/AVR
MYOKAPAIONAGEIA

1 Oykog NMNaApov
1 PAWP
L-R Awaduyég
YnepyAowdtnta aipatog
AITEIONAGEIA NNEYMONIKHZ KYKAOQOPIAZ (NAY)

Haemodynamic definitions and updated clinical classification of pulmonary hypertension
Gérald Simonneau et al, ERJ Dec 2018,
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l SERIES
WORLD SYMPOSIUM ON PULMONARY HYPERTENSION

@ Haemodynamic definitions and updated
clinical classification of pulmonary
hypertension

CrossMark

TABLE 1 Haemodynamic definitions of pulmonary hypertension [PH]

Definitions Characteristics Clinical groups”

Pre-capillary PH mPAP >20 mmHg 1,3, 4and 5
PAWP <15 mmHg
PVR 23 WU

Isolated post-capillary PH [(IpcPH) mPAP >20 mmHg Zand 5
PAWP »15 mmHg
PVR <3 WU

Combined pre- and post-capillary PH (CpcPH) mPAP >20 mmHg 2and 5
PAWP =15 mmHg
PVR 23 WU

mPAP: mean pulmonary arterial pressure; PAWP: pulmonary arterial wedge pressure; PVR: pulmaonary
vascular resistance; WU: Wood Units. ™: group 1: PAH; group 2: PH due to left heart disease; group 3: PH
due to lung diseases and/or hypoxia; group 4: PH due to pulmonary artery obstructions; group 5: PH with
unclear and/or multifactorial mechanisms.




1. ®ducloloyia- Naboduoiodoyia

fiveupoviK KUKAo@opia

Normal pulmonary hemodynamics

‘ Systolic PAP, mmHg: 13-30
- Diastolic PAP, mmHg: 6-15
Nean PAP, mmHg: 8 - 20— §20-25mmHg
PAWP, mmHg >—12
PPC, mmHg 8-12
DPG, mmHg: 0-5 = §5-7 mmHg {I
TPG, mmHg 2—-12
RAP, mmHg 0-8
CO, L/min: 4-8
C1, L/min/m2 25-45
PVR, WU: 0.2-12=—» §12-3 WU

MR:MMWMMWOW Diseases and their
Treatment. 4nd ed. CRC Press, Boca Raton, FL, 2016, chap 2, pp 11-24
Kovocs et al, Eur Respir J 2009; 34: 888-94 : h
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(\ _TF 4: PH Haemodynamic definitions
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1. Should we redeﬁne pulmonary hypertensnon (PH) and *
pre-capnllary pulmonary pulmonary hypertensnon?

e —— et - —

_ A mean PAP>20 mmHg should be considered as upper normal value o
It is not defining a disease but it is only abnormal increase of PAP pl'ESSUfEJ |

- Pre-capillary pulmonary hypertension could be defined as

mmmp| mean PAP> 20 mm Hg PAWP <15 mm Hgand PVR> 3 WU il

I'Iveuuovum Aptnplokn YrnEptaon(PAH)
R ey - < o~ SR
vl



DECEMBER 13, 2018 Pulmonary hypertension in chronic lung disease and hypoxia
Steven D. Nathan et al

. European Respiratory Journal 2018
ERJ Early View ’ PRE

2018 Nice
QDuoclodoykn mPAP= 14+ 3.3 mmHg

CLD without PH
mPAP <21mmHg | mPAP 21- 24 kou PVR<3WU

CLD with PH
mPAP 21- 24 xon PVR23WU 11 mPAP2 25mmHg

mPAP >35mmHg
mPAP2 25mmHg mapoucia XapnAng KapdIakAg Tapoxng
(Cl <2L/min/m?)

Am J Respir Crit Care Med.2018
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Proposed criteria for Exercise - PH
WSH (consistent with £RS statement 2017)

* mPAP > 30mmHg AND TPR > 3mmHg per litre CO
* Thiscoyld be dup te

(1) | ArtokoAUmttel NMveupoviki Ayyelakni Nooo

(1) Auénon tng mieong otov LA (mou ekdpaletal pe avénon tng PAWP)

(Il Katta duo

* How to distinguish?? More research needed...
» Careful exercise-PAWP; Clinical Score for LHD; Exercise Echo/MRI; a good
opportunity for Al/mdﬂh’c’;_l?f?llng algorithms



2. OpLopog

[Mveupovikn Ymréptaon - PH

NNEYMONIKH YNEPTAZH (PH) Pre-capillary PH mPAP 520 mmHg
AY=HMENH MNIEZH MNEYMONIKHE APTHPIAY Pﬂﬁnﬁ"g m“u
(mPAP>20 mm Hg) #

COPD
IPF

RV , PA §
PC

NnE

i

Isolated post-capillary PH (IpcPH) mPAP >20 mmHg K'Av'/ HFrEF
AP=(P1-P2)=mPAP-PCWP PAWP >15mmtg  AVS/AVR
Q x PVR = AP ) PVR= PVR <3 WU MYOKAPAIOMAGEIA
Q Combined pre- and post-capillary PH [CpcPH) mPAP >20 mmHg
PAWP >15 mmHg

DPG=Diastolic Pressure Gradient= DPAP- PAWP PVR 23 WU
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3. Ta§wvounon

AyyelodpaoTtikoTnTa kot PVOD/PCH

DAVID MONTANI

0_0203:1 4

(. CLINICAL CLASSIFICATION OF PH E2

1. Pulmonary Arterial Hypertension

3. PH due to lung diseases and/or hypoxia (Table 6)

1.1 Idiopathic PAH
1.2 PAH with vasoreactivity (Table 1)
1.3 Heritable PAH (Table 2)
- 1.4 Drugs and toxins induced (Table 3)
1.5 Associated with:

1.5.1 Connective tissue disease

3.1 Obstructive lung disease

3.2 Restrictive lung disease

3.3 Other lung disease with mixed restrictive/obstructive pattern
3.4 Hypoxia without lung disease

3.5 Developmental lung disorders (Table P3)

1.5.2 HIV infection
1.5.3 Portal hypertension 4. PH due to pulmonary artery obstruction
1.5.4 Congenital heart disease (Table 4)
1.5.5 Schistosomiasis ) .
1.6 PAH with overt signs of venous/capillaries 4.1 Chronic thromboembolic PH 'y
(PVOD/PCH) involvement (Table 5) 4.2 Other pulmonary artery obstructions (Table 7)
1.7 Persistent PH of the Newborn syndrome (Table P1)
2. PH due to left heart disease 5. PH with unclear mechanisms (Table 8) .
|
\
2.1 PH due to heart failure with preserved E.F 5.1 Haemat.ologlc disorders ':
~ : 5.2 Systemic disorders |
2.2 PH due to heart failure with reduced E.F 5 3 Others
2.3 Valvular heart disease ¥ . .
2.4 Congenital post-capillary obstructive lesions (Table P2) 5.4 Complex congenital heart disease (Table P4)
e ST F - TR R e, - e i

~ -
— .-



1.1 1510100 G MAY
1.2 KAnpovopiki MAY
1.3 MpokaAoUpevn aTrd GAPUAKA KOl TOSIVES
1.4 ZxeTI{Opevn pe
1.4.1 Noofata Tou ouvOETIKOU 10TOU
1.4.2 Noipwén atrd HIV
1.4.3 MuAaia Ytrépraon
1.4.4 Tuyyeveig kapdiomadeleg 1.5.5
1.4.5.Lx10TOOWIC0ON
1.5 MAY pe pakpoxpovia ayyeiodpaoTiKOTNTA
1.6 Mveupovik PAefoatTroPpaAKTIKI) VOOOG-
TIVEUHOVIKNA TPIXOEISIKA ApayYEIWHATWON
(PVOD/PCH)
1.7 Eppévouoa lMveupovikn Yéptaon veoyvou

MY Adyw K.Av. pe diatnpnuévo EF

MY Adyw K.Av. pe ehattwpévo EF
BaABidomra0eIeg

LUYVYEVEIG HETATPIXOEIDIKEG OTTOPPAKTIKEG

BAGPeg

el o

3.1 ATTo@POKTIKG TIVEUHOVIKG VOO AT

3.2 Mep10pIOTIKA TTVEUHOVIKG VOO AT

3.3 AA\O TTVEUHOVIKG VOO HOTA LE MIKTO
Atro@pakTIKO/TEPIOPIGTIKO TTPOTUTTO

3.4 Ymodia xwpig Tveupoviki Tadnon

3.5 Noofuara Tou TveUPova KOTa TV avaTrTugn

4.1 Xpovia OpogppogupoAikn MY
4.2 ANAeG aiTieg amoQpaAtng TNG TTVEUHOVIKAG
apTtnpiag

5.1 AipatoAoyia voonuata

5.2 ZuoTtnpatikG voofjparta

5.3 AN\a voonfjpara

5.4 LOPTTAOKEG OUYYEVEIS KOPDIOTTABEIES




Comprehensive clinical PAF

KATHIOPIA 1

PAH
EIAIKH ATTEIOAIAZTAATIKH ArQrH

* iPAH
* CTD- (2kAnpodeppa)
 CHD

* Drugs and Toxins

PVR>3
PAWP< 15mmHg

2. Pulmonary hypertension due to left heart disease

KATHIOPIA 2

* APIZTEPH KAPAIAKH NOz0O2
PAWP>15mmHg
Isolated post or pre + post

www.escardio.org

Imonary hypertension

KATHIOPIA 3

* ANAINEYZTIKA NOZHMATA
PVR>3

PAWPs< 15mmHg

4, Chronic thromboembolic pulmonary hypertension

and other pulmonary artery obstructions

KATHIOPIA 4
* XPONIA OPOMBOEMBOAIKH MY

CTEPH PVR>3
PAWP< 15mmHg

5. Pulmonary hyperitension with unclear and/or
multifactorial mechanisms

KATHIOPIA 5

2Y2THMATIKA NOZHMATA

PAWP>15mmHg
Isolated pre, post or pre + post

»
ooooo

. =
RESPIRATORY
S SOCIETY

EUROPEAN
SOCIETY OF

European Heart Journal 2016:37:67—119 -doi:10.1093/eurheartj/ehv317 CARDIOLOGY *

European Respiratory Journal 2015 46: 903-975;

3. Ta§wounon



ERJ Early View

HIV infection

Portal hypertension
Congenital heart disease
Schistosomiasis

WHO Group I’ (pulmonary
veno-occlusive disease and
pulmonary capillary
haemangiomatosis)

WHO Group I” (persistent
pulmonary hypertension of
the newborn)

dysfunction

« Left ventricular diastolic

dysfunction

+ Valvular heart disease
» Specific congenital

abnormalities

pulmonary disease
Interstitial lung diseases
Other mixed restrictive or
obstructive lung disease
Sleep-disordered breathing
Alveolar hypoventilation
disorders

Chronic exposure to high
altitude

Developmental lung diseases

+ Chronic thromboembolic
pulmonary hypertension

+ Other pulmonary artery
obstructions (eg,
angiosarcoma, other
intravascular tumours,
arteritis, congenital stenoses,
and parasites)

(eqg, sickle cell disease)
+ Systemic disorders
(eg, sarcoidosis, Langerhans
cell granulomatosis)
+ Metabolic disorders
(eg, Gaucher's disease)
+ Others (eg, renal disease)



Group?2

Ap. Kapdiakng Noéoou Group3

- Group4
| CTEPH

» hereditary/ = CTD « PPHTN = HIV = congenital  » drugs
idiopathic
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EUROPEAN RESPIRATORY journal search
FLAGSHIP SCIENTIFIC JOURNAL OF ERS Avanced Search
Home Articles About For authors For readers Subscriptions

)

Pulmonary hypertension and pulmonary arterial hypertension: a clarification is needed

M. Galig, M. Palazzini, A. Manes
European Respiratory Journal 2010 36: 966-990; DOI: 10.1183/09021935.00028410

« PHIS AHAEMODYNAMIC AND PATHOPHYSIOLOGICAL CONDITION
- PH CAN BE FOUND IN AT LEAST 37 SYNDROMES
« PAH IS A CLINICAL GROUP OF RARE CONDITIONS

* Mveupovikn YniEptaon
* Mveupovikn Aptnplakn YrEptaon
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DAVID MONTANI

WoFH

m 3 main issues

1| et
1] Harnsn

e o et Ayyelo8paotikr MAY —
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ERJ Early View

TABLE 4 Definitions of acute and long-term response

Acute pulmonary vasoreactivity" for patients with Reduction of mPAP >10 mmHg to reach an absolute value of mPAP <40 mmHg
idiopathic, hereditable or drug-induced PAH Increased or unchanged cardiac output
Long-term response to CCBs New York Heart Association Functional Class I/l

With sustained haemodynamic improvement [same or better than achieved
in the acute test) after at least 1 year on CCBs only
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Ayye100p 0O TIKOTNTA

MAY pe AyyeLodpaoTikotnTa

Table 1. Definition of acute and long-term response

1.+Teot o&eiag AyyelobpaotikotnTag § * EAattwon mPAP 210mmHg omov gtavel
MONO ot iPAH, HPAH, Drug induced amoAvtn Tiu] mPAP<40mmHg

Alatipnon 1 adEnon ™S KaPSLAKNG TTAPOXTG

2. Alatripnon TNG avtamoKkpLlong oe NYHAI T] Il , ’
uln\éc 86ceLc CCB Me Swm],pncm ™m¢ ouu,oéivvocu,umg BeAtiwong
['la TovAdylotov 1 xpovo peta toug CCB

" Nitnc oxide (10-20 ppm) Is recommended for performing vasoreactivity testing
IV epoprostendi is an afternative. Adenosing or inhaled llopros! may be consicerad 3s an atemative.
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ROBERT NAELJE . B

Effects Of Acute Vasodilator Challenge
In IPAH
WSPH

RESPONDER NONRESPONDER
PRE POST PRE POST

Langleben, Orfanos et al, Ann Intern Med 2015;162-154-6.
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Ayye100p 0O TIKOTNTA
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Table 7 Updated risk level of drugs and toxins known
to induce pulmonary arterial hypertension

Definite Likely Possible
*Fenfluramine <= + Dasatinib -mm
* Dexfenfluramine * L-tryptophan .
* Benfluorex drugs
* Selective serotonin -;n::mna-andﬂ
7 inhibitors* .
DAVID MONTANI i g
agents such as
S associated PAH i s
DRUGS and TOXIN _ r

Table 3.

Definite association Definite Possible ¥
| Epldemic or epidemiological case- Amnarex Cocaine |
1 control study, large multicenter series Fonfluramine Amphotamines

Pathophysiological mechanisms Dextent ° Phenvl i |

Mathamphotammnes L-Tryptophan
Possible association ¥
Benfluorex St John's Wort
Isolated case reports or small series Dasalind Interforon @ and B i
Objective Toxic Rapeseed ol Alkylating agents
To help physicians to (dentify drugs Sercionn ioupiako-inh (1able PPHN)  Bosutinid
requiring speafic surveillance DAAs against HCV
Leflunomide
Indirubin (chinase herb Qing-Dai)

- \m E—
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ERJ Early View

Drugs and Toxins

TABLE 3 Updated classification of drugs and toxins associated with PAH

Definite

Possible

Aminorex
Fenfluramine
Dexfenfluramine
Benfluorex
Methamphetamines
Dasatinib

Toxic rapeseed oil

Cocaine

Phenylpropanolamine
L-tryptophan

St John's wort

Amphetamines

Interferon-a and -p

Alkylating agents

Bosutinib

Direct-acting antiviral agents against hepatitis C virus
Leflunomide

Indirubin [Chinese herb Qing-Dai)




R 1.6 Mveupovikn QAeLoaTTOPPAKTIKN VOTOG- TIVEUHOVIKN TPIXOEIBIKA apayyeiwpaTwon (PVOD/PCH)

ERJ Early View PV O D / P C H

TABLE 5 Signs evocative of venous and capillary (pulmonary veno-occlusive disease/pulmonary
capillary haemangiomatosis) involvement

Pulmonary function tests Decreased OLco (frequently <50%)
Severe hypoxaemia
Chest HRCT Septal lines

Centrilobular ground-glass opacities/nodules
Mediastinal lymph node enlargement

Response to PAH therapy Possible pulmonary cedema
Genetic background Biallelic EIF2ZAK4 mutations
Occupational exposure Organic solvent [trichloroethylene)
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ERJ Early View G rou p 4

TABLE 6 Pulmonary hypertension (PH) due to pulmonary artery obstructions

4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions
4.2.1 Sarcoma [high or intermediate grade) or angiosarcoma
4.2.2 Other malignant tumours
Renal carcinoma
Uterine carcinoma
Germ cell tumours of the testis
Other tumours
4.2.3 Non-malignant tumours
Uterine leiomyoma
4.2.4 Arteritis without connective tissue disease
4.2.5 Congenital pulmonary artery stenoses
4.2.6 Parasites
Hydatidosis
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ERJ Early View

Group 5

TABLE 7 Pulmonary hypertension with unclear and/or multifactorial mechanisms

5.1 Haematological disorders  Chronic haemolytic anaemia
Myeloproliferative disorders

5.2 Systemic and metabolic Pulmonary Langerhans cell histiocytosis
disorders Gaucher disease
Glycogen storage disease
Neurofibromatosis
Sarcoidosis

5.3 Others Chronic renal failure with or without haemodialysis
Fibrosing mediastinitis

5.4 Complex congenital heart  See the Task Force article by Rosenzweic et al [31] in this issue of the
disease European Respiratory Journal
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Diagnostic investigations utilised in patients with PH

» Electrocardiogram

* Chest radiograph

» Echocardiography

* Pulmonary function tests and arterial blood gases

» Ventilation/perfusion lung scan

» High-resolution computed tomography, contrast enhanced computed tomography

» Cardiac magnetic resonance imaging

* Blood tests and immunology

« Abdominal ultrasound scan

» Right heart catheterization and vasoreactivity

« Pulmonary Angiography

EUROPEAN
RESPIRATORY
SOCIETY

H EUROPEAN
www.escard 10.01g SOCIETY OF
European Heart Journal 2016:37.67—119 -doi:10.1093/eurheartj/ehv317 CARDIOLOGY*

European Respiratory Journal 2015 46: 903-975;




Assess probability of PH Echocardlogorfagnf probability | Low
Identify high-risk Fast-track referral of Consider other

<«— High or intermediate
causes and/or
L follow-upf

patients selected patients

Consider V/Q scan to
screen for CTEPH*

v

Consider left heart
disease (assess pre-test
probability) and lung
disease$

v

No clinically significant
left heart disease or
lung disease

Diagnose common

causes of PH V/Q scan abnormal

¢ DECEMBER 13, 2018
Diagnose rare causes of PH Refer to PH expert >
centref ERJE .
arly View
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DINESH KHANNA : y 7 00:09:02

loTopLKO- TP AYOVTEC KLVOUVOU

OwKoyeVveLaKo LoToplkd (BMPR2/EIF2AK4)
Nooo¢ ouvdetikoU Lotou (CREST)
Juyyevng kapdlomdBela

MuAaia uTtéptaon

OAeBkn BpouBwaon/ Mveuvpovikr epBoAn
Xpron avopefloyovwv

Systemic sclerosis (scleroderma)

* PAH In SSc Is present In approximately 13% patients'

+ The prevalence of PAH Is 19% In patients with DLCO < 60% ¢
Rheumatoid arthritis

Systemic lupus erythematosus

Sjogren’s syndrome

é\ Connective tissue diseases-associated PAH
WS !

HIV PolymyosltIs/DermltomyosltIs
Mixed connective tissue disease
All,lO O'd) ap lVOT[dG el Undifferentiated connective tissue disease
14 ] 4 N
ZTANVEKTOW)

TABLE 3 Updated classification of drugs and toxins associated with PAH

Definite Possible

Aminorex Cocaine

Fenfluramine Phenylpropanolamine
Dexfenfluramine L-tryptophan

Benfluorex St John's wort
Methamphetamines Amphetamines
Dasatinib Interferon-a and -p
Toxic rapeseed oil Alkylating agents ’ 7
Bosutinib KAwiwkn eé€taoon

Direct-acting antiviral agents against hepatitis C virus
Leflunomide
Indirubin [Chinese herb Qing-Dai)

e AKTIVoypadia
o HKT




loTtopLKO- MaPAYOVTECG KLVOUVOU

OwKoyeVveLaKo LoToplkd (BMPR2/EIF2AK4)
Nooo¢ ouvdetikoU Lotou (CREST)
Juyyevnc Kapdlomadeia

MuAaia uTtéptaon

OAeBikn BpouBwaon/ Nveupovikn epBoAn
Xpnon avopefloyovwv

HIV
Alpoodatpvonabela
ITANVEKTOUNA
Definite k - : : o ‘
Aminorex Cocaine
Fenfluramine Phenylpropanolamine
Dexfenfluramine L-tryptophan

Benfluorex St John's wort

C virus

4. Aepelivnon

Juyva pun edwka/ kabuotepnon dtayvwonc (2y)

ApXLKA OTNV AoKNoN
Avomvola

2tnBayxn

JUYKOTITLKO EMELCOSLO
AloOnua moApwy
@awopevo Raynaud
Avoneyia

Alpontuon

Bpayxog dwvng

KAwikn e€€taon
e AKtvoypadia

o HKT

Rechtsherz-
insuffizienz:

Zyanose, Stauung
der Jugular-
venen, Hepato-
megalie, Aszites,
Odembildung an
abhangigen
Korperpartien,
erhohter Venen-
druck

n
|

erhoht -

|
normal —

‘ b ! = /’ » G ‘ / $ '
g 1 ) ,‘\’4 0 ' -;: y
T™P2 o < N
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Yrokeipevn vooocg
(CTD, ILD, COPD, CHF,
HIV)
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NYHA Functional Class

Class Patient Symptoms

R
£

Class Il (Moderate

Class | (Mild) No limitation of physical activity. Ordinary

physical activity does not cause undue symptoms

Class II (Mild) Slight limitation of physical activity. Comfortable

at rest, ordinary physical activity results in symptoms.

Marked limitation of physical activity.
Comfortable at rest, but less than ordinary activity
causes symptoms.

)
»

Class IV (Severe) Symptoms of cardiac insufficiency at_

rest. If any physical activity is undertaken,
@ discomfort is increased.



C

History, symptoms, signs and/or laboratory >

tests suggestive of PH

Screening test
AlaBwpakiko Yriepnyxokapdloypadnua(TTE)

4

Echocardiographic probability

Identify high-risk
patients

Fast-track referral of
selected patients

Diagnose common
causes of PH

Diagnose rare causes of PH

V/Q scan abnormal

of PH#

| Low

.

High or intermediate

v

Consider V/Q scan to
screen for CTEPH+*

v

Consider left heart
disease (assess pre-test
probability) and lung
disease’

|

No clinically significant
left heart disease or
lung disease

v

Refer to PH expert >

centref

v

Consider other
causes and/or
follow-upf

DECEMBER 13, 2018

ERJ Early View
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Al1aBwpakiko utrepnxokapdioypa@nua(TTE)
Screening tool

PASP = (4 x [TRVmax]?) + RAP




A10OwpPaKIKS UTTEPNXOKAPOIoypa@nua(TTE) -
Screening tool

Tricuspid regurgitation (TR)

\ «3.0 .
. (36) (31) (29)

TR jet velocity (v)

Syst PAP= Right Ventricular Systolic Pressure

(in absence of pulmonary outflow obstruction)

RVSP= 4v? + RAP*

*ESC guidelines. Eur Heart J 2004 Dec;25(24):2243-78



Ynepnxokapdioypadikn ektipnon tng mbavotnrac ya MY

OE GUUITWHATIKO acBevi pe vrtoPia NMVEVUOVIKAC YIREPTAONG

TRV max

Peak tricuspid regurgitation velocity
(mls)

=2 8 or not measurable

Presence of other echo
“PH signs”

29-34

A. KOIAIEZ

Right ventricle/ left ventricle basal
diameter ratio >1.0.

B. MNEYMONIKH
APTHPIA

Right ventricular outlflow
Doppler acceleration time
<103 m/sec and/or midsystolic
notching.

Echocardiographic probability
of pulmonary hypertension

Intermediate

I KATQ KOIAH ®OAEBA KAl
AE KOANO

Inferior cava diameter >21 mm
with decreased inspiratory
collapse (<50 %with a sniff or <20
% with quiet inspiration).

Flattening of the interventricular
septum (left ventricular eccentricity
index >1.1 in systole and/or diastole).

Early diastolic pulmonary
regurgitation velocity
>2.2 m/sec.

Right atrial area (end-systole)
>18 cmZ.

PA diameter >25 mm..

www.escardio.org

European Heart Journal 2016:37:67—119 -doi:10.1093/eurheartj/ehv317

EUROPEAN
SOCIETY OF
CARDIOLOGY*®

European Respiratory Journal 2015 46: 903-975;
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Pericardial fluid RV wall thickness Inferior vena cava
>5 mm in diastole >5 mm diameter >21 mm,
A B inspiration collapse
E C H O <50% suggests high
¥ RA pressure , ,
NepkapSiakr ouMoyn |/ =53 Ao RV C ALOLp.STpO(';- AVOTIVELOTIKN
LA RA y Expiration Inspir dlaky pavaon IVC
/ LA \ / 4
Pericardial effusion M dXOC 10 LX(b HATOG RV
Tricuspid regurgitation- Tricuspid annular plane | RV dilation
peak systolic velocity systolic excursion RVEDD/LVEDD >1.0
- of TR>2.8 m/s TAPSE <17 mm RV basal diameter >41 mm
Averapkela TRV E) Tricuspid Annular Plane
m : Systolic Excursion
2
& L
Peak :
velocity Awataon RV
RV fractional area Ventricular Systolic S’ velocity of
change, FAC <35% interdependence: tricuspid annular
G septal shift, D shaped LV <9.5 cm/s by DTI
oastole  sytole  [Wpressure  voume [ s Tricuspid Systolic S’
overload overload \ , ,
EF RV RV RV | Tayvtnta (cm/s) kivnong tou
= — ,.. e " TPLYAw)WIKOU dakTtuAiou
RA RA Systole Diastole S’ TRV

D shape
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History, symptoms, signs and/or laboratory )

tests suggestive of PH

Screening test
AlaBwpakiko Yriepnyxokapdloypadnua(TTE)

4

Identify high-risk
patients

Fast-track referral of
selected patients

Diagnose common
causes of PH

Diagnose rare causes of PH

V/Q scan abnormal

Echocardiographic probability
of PH#

Low

.

High or intermediate

v

Consider V/Q scan to
screen for CTEPH+*

v

Consider left heart
disease (assess pre-test
probability) and lung
disease’

|

No clinically significant
left heart disease or
lung disease

v

Refer to PH expert >

centref

v

Consider other
causes and/or
follow-upf

Juxva aitio
Katnyopia2 (Kapdiakn voocog)
Katnyopia3 (Avanvevotiko voonua)
PFT’s+DLCO, HRCT

DECEMBER 13, 2018

ERJ Early View



( History, symptoms, signs and/or laboratory )

tests suggestive of PH

4

Screening test
AlaBwpakiko Yriepnyxokapdloypadnua(TTE)

Echocardiographic probability

of PH#

| Low

ldeptify high-risk Fast-track referral of
patients selected patients

Diagnose common

causes of PH V/Q scan abnormal

Diagnose rare causes of PH

.

High or intermediate

V/Q scan
CTEPH

v

Consider left heart |
disease (assess pre-test
probability) and lung
disease’

|

No clinically significant
left heart disease or
lung disease

v

Refer to PH expert >

centref

—

v

Consider other
causes and/or
follow-upf

|

Juxva aitia

Katnyopia2 (Kapdiakni vaoog)
Katnyopia3 (Avanveuotiko voonua)
PFT’s+DLCO, HRCT

DECEMBER 13, 2018

ERJ Early View



Q scanning TTVEUMOVWV.
gIKova evoeIkTIKR CTED



CTPA

IOYN 2016 IAN 2017
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Ag§10¢ kapdrlakog kadetnplacpog- RHC

Sysiiistolic

m | AUAUEY.

mm Hg

10 —
M}\J fJ ./ Diastolic
Diastolic —
0

Right atrial pressura Right ventricular pressure Pulmenary artery pressure Pulmonary artery
0-8 mm Hyg Systalic: 20-30 mm Hg Systolic: 20-30 mm Hg wedge pressure
Diastolic: 0-8 mm Ha Diastolic: 8-15 mm Hg B-12 mm Hg



RHC

4. Aepelivnon

mPAP>220mmHg/ PVR>3/ PAWP< 15mmHg

Diastolic

Dastolc

Right atnal pressure
0-8 mm Hg

Right ventricular pressure
Systolic. 20-30 mm Hg
Diastolic 0-8 mm Mg

Pulmonary anery pressure
Sysiolic. 20-30 mm Hp
Diastodc: 815 mm Hyg

Pulmonary anery

wedge pressure
8-12 mm Mg




Parameter

PAH

PVH

RV size

Enlarged

May be
enlarged

LA size

Small

Large

RA/LA size ratio

Increased

Normal
(LA > RAsize)

~ -

PULMONARY
ARTERIAL

Interatrial
septum

Bows from
right to left

Bows from
left to right

RVOT notching

Common

Rare

E/A ratio

<<

> 1

Lateral e'

Normal

Decreased

Lateral E/e’

<8

>10

Aortic pressure

Normal/Low

Normal/High

PCWP

<15 mmHg

> 15 mmHg

PADP-PCWP

> 7 mmHg

<5 mmHg

PULMONARY
VENOUS

4. Aiepelvnon

HYPERTENSION

HYPERTENSION

mPAP = 60 mmHg, PCWP = 10 mmHg, CO =4 L/min mPAP = 60 mmHg, PCWP = 24 mmHg, CO =4 L/min
PADP-PCWP = 28 mmHg, PVR = 12.5 WU PADP-PCWP =12 mmHg, PVR = 9 WU
100 100 100

mPAP = 48 mmHg, PCWP = 38 mmHg, CO =4 L/min
PADP-PCWP = 0 mmHg, PVR = 2.5 WU

80

(=]
o

80

60 60

(=2
o

40 40

Pressure (mm Hg)

Pressure (mm Hg)
Pressure (mm Hg)

»n
o

0

Pre-capillary PH Combined pre- and post-capillary PH Post-capillary PH

Vallerie V. McLaughlin et al. JACC 2015;65:1976-1997

American College of Cardiology Foundation
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Diagnostic Algorithm for Pulmonary Hypertension (2)

V/Q scan
Mismatched perfusion

defects?

Yes Refer to PH No
expert centre

CTEPH muBavi

Ayyeloypadia

CTPA, RHC +/-Nveupovikn Yes

RHC

1. Noonpato cuvdeTikoU LoToU

2. Odappoaka kot Togiveg

3. HIV

|I6lonadn¢ n KAnpovopouuevn PVOD/PCH

PAH likely Specific
diagnostic tests

4. Yuyyeveic kapdlomabeLeg
I —_:’

Drugs - Toxin 5. NMuAatomveupovikn Yéptaon
| ——rmesmwsses

6. 2xloTtoowpiaon
| e —————

Consider
other causes

|6lomta B¢ 1 KAnpovopoupevn iPAH

www.escardio.org

European Heart Journal 2016:37,67—119 -doi:10.1093/eurheartj/ehv317
European Respiratory Journal 2015 46: 903-975;

EUROPEAN
SOCIETY OF
CARDIOLOGY*




Diagnostic Algorithm for Pulmonary Hypertension (2)

V/Q scan
Mismatched perfusion
defects?

Katnyopia 4 res il 0 }_“°
CTEPH mBavn
CTPA, RHC +/-Mveupoviki Yes RHC No
Ayyeloypadia ‘

PAH likely Specific Consider
diagnostic tests other causes

CTD p CHD
4 —p Group 5
Katnyopia 1 Porto-
Drugs - Toxin >
pulmonary
: Schisto-
Katnyoptla 5 HIV e
Heritable : Idiopathic Idiopathic
PVOD/PCH PVOD/PCH PAH
www.escardio.org SOCIETY OF

European Heart Journal 2016:37,67—119 -doi:10.1093/eurheartj/ehv317 CARDIOLOGY*
European Respiratory Journal 2015 46: 903-975;
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5.EkTignon Kivéuvou

Table 13 Risk assessment in pulmonary arterial hypertension

Determinants of prognosis®
(estimated l-year mortality)

Clinical signs of right heart failure

¢-£ Progression of symptoms
Syncope
WHO-FC WHO functional class
6MWT 6MWD
CPET Cardiopulmonary exercise testing
BNP NT-proBNP plasma levels
ECHO, Imaging (echocardiography, CMR imaging)
MRI
RHC Haemaodynamics

Low risk <5%

Absent

Intermediate risk 5=10%

Absent

No

Slow

No

QOccasional syncope®

L

>440 m

[65=440 m

Peak VO, =15 ml/min/kg
(>65% pred.)
VE/VCO:; slope <36

Pealk VO,
| =15 ml/min/kg (35-65% pred.)
VEVCO: slope 36-44.9

BNP <50 ng/l
NT-proBNP <300 ngfl

BNP 50-300 ng/l
NT-proBNP 300-1400 ng/l

RA area <|8 cm’
No pericardial effusion

RA area |8-26 cm?

Mo or minimal, pericardial
effusion

RAP <8 mmHg
Cl 22.5 l/min/m?
SvO; >65%

RAP 8-14 mmHg
Cl 2.0-2.4 I/minfm?
SvO, 60-65%

High risk >10%

Present
Rapid
Repeated syncope*
v
<|65 m

Peak VO. <1 | ml/min/kg
(<35% pred.)
VEVCO; slope 245

BNP >300 ngfl
NT-proBNFP >1400 ng/l

RA area >26 cm’
Pericardial effusion

RAP >14 mmHg
Cl <2.0 l/min/m*
SvO,; <60%




5.EkTignon Kivéuvou

HLIN 00:10:5]

/ \ Simplified Risk stratification in PAH

Low risk _ lntermedlaté#rlék

Prognostic Criteria variables variables

WHO functional class
MWD >440mMm 165-440 m
NT-proBNP/BNP BNP < 50 ng/t BNP 50-300 ng/l BNP > 300 ng/l

plasma levels NTproBNP < 300 ng/mi . NT-proBNP 300-1400 RS TCLULERENGHT
OR OR | naf OR |
RAP RAP < 0 mmHg O . RAP > 14 mmMHg

RAP 8-14 mmHg a2
cl cl 2z 2.5 Umin/im? Cl 2.0-2.4 Umin/m? Cl < 2.0 Yminim?

OR OR ‘ OR OR

8v0, 60-65% 8v0, < B0%

‘wj’“* s eamsh

- —— - - —_—
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é Simplified Risk stratification in PAH

Low risk " | Intermediate risk | High risk

At least 3 low risk Definitions of low or At least 2 high risk

iteria includin
e a2 high risk not fulfilled SRR SrSNOL




Scores eKkTipnoncg Kivouvou

TABLE 1

Summary of four regisiries assessing risk scores

REVEAL [17-19] Swedish PAH Register [6] COMPERA [7] French Pulmonary Hypertension Network [8]
Required variables n 12-14 ] o 4
Patients at baseline n 2716 530 1588 1017
Patients at follow-up n 2529 383 1094 1017
Associated PAH included Yes Yas Yas Mo

Definition of low risk

<6 REVEAL score

=1.5 average score

<1.5 average score

3—4 out of 4 low-risk criteria

1-year mortality by risk group (low/intermediate/high) %

=2 6/7.0/210.7

1.007.0/26.0

2.8/99212

1.0/NAM3.0-30.0







H pepid Tou TTVEULOVOAOYOU
2°V - Algpguvnon

Atepevvnon MY og acBevn pe Nvwoto Avarmveuvotiko Noonua

' Ymoyia Evioxuon EruBepaiwon

ZUMITTWHOTO KoL ONMELD
Avornvola Sucavdaloyn, 1P2,
HKI,BNP-nT proBNP |

PFT’s
DLCO |

6MWT J ECHO
lamoéotaon, onuavtikog | TRV max, PASP _
ATIOKOPETUOG, Borg? ! RV SucAettoupyia

CT '
‘Ektaon vooou/Auvénuevn PA '
P/A>1 1

~

CPET |

> Steven Nathan




H pepi1a Tou KAIVIKOU
1°v —-YTToyia

Aveényntn SUoTvolo KOTTWGoNG iPAH

Avomnvola o€ a.oBevn e vooo tou ouvoeTikoU Lotov  CTD-PAH

Epupevouoa duomnvola og acBevn pe ME CTEPH

Avoavaloyn AvoTmvola CPFE, COPD, ILDs, ZAYY
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7. Ogpaneia

[TAY -NOOOG UTTEPTTAOCIAG KAl ATTO@PALNS

Normal pulmonary artery

Note the thin media and the monolayer of endothelial cells
laying down on wavy internal elastica

Adventitia = Collagen fibers and fibroblasts
Media = Smooth muscle cells

Intima = Endothelial cells ;
Internal elastica

External elastica

| Pulmonary arterial changes in PAH

Yneptpodia,
OpouBwon, \

plexiform

Tertiary lymphoid C

follicle Fibrous
Neointima ‘aAAowoEL G

EvBobnhwaxn AaBn —— B Prgeon sl

AUES’K WB E I.E W‘t—."[‘wv exiform lesion rombotic lesion
‘LNO Synthase/ ‘l' PCI . ,W , Note the glomeruloid lesion due to aberrant Note the recanalized
TETl / TTXA MULKWV VWV AYYELWV angiogenesis arising within a branch of small thrombus in the lumen

, , supernumerary pulmonary artery
Tolded intermadl eldsticd with BA}QIBQDWNOK}QMM&@VWK}, Egé)\L&n V(')O'OU
endothelial cells pinched and pulmonary lymphoid neogenesis

between their folds
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e /_,w-"//: //
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< A _ gl Kt &l
q}j | A * AyyelodLaotoAn
> * AvtutoAAanAaclaotiky 6pdon
—_— £ \ * AvtipAeypovwdn dpaon

ET-1

e Ayyelocuonoon
* Kuttapiko noAAanAacioopo/Ynetpodia




7. Ogpaneia

Treatment of pulmonary arterial hypertension.
Humbert M, Sitbon O, Simonneau G.
N Engl J Med. 2004 Sep 30;351(14):1425-36.

Endothelin pathway

Prostacyclin pathway

Vessel

) Endothelial Nitric oxide pathway jinen
4 cells
v\(

Y
Arachidonic acid =3 Prosta

re-proendothelin =3 Pr [ ——
L-arginine =) L-citrulline
f:i‘:::;‘r':' LNl Prostacyclin -
taglandin | . .
AN Endothelin-1 o (prostagiandin ) ' prostanoids: Epoprostenol iv
ERAs Bosentan m(_‘" lloprost inh
. &  —— Treprostinil i, s, i
Ambrisentan - Qm:.m. (T o p iv, sc, inh,
Macitentan Pt L b T antiprolifer |P receptor agonist: Selexipag p.os.
\‘,"‘,;' ind - -

/
o’
-

»

v
-

~ PDE5inh Sildenafil //
Tadalafil //‘/

sGC Riociguat




Treatment-naive

patient

General measures?
Supportive therapyP

Vasoreactive |« Acute vasoreactivity test
o (IPAH/HPAH/DPAH only)

CCB therapy¢ Non-vasoreactive

A

-intermediate riskd

High riskd

A

Residual role for initial Initial oral

monotherapy [table 2)¢ combinationf

Initial combination
including i.v. PCAf

A

After 3-6 months of treatment

Patient already
on treatment

Structured follow-up9

» Intermediate or IS

Triple sequential

combinationh

N

Consider referral
for lung
transplantation

After 3-6 months of treatment

Maximal medical therapy

and listing for lung transplantation

A

Intermediate or LS

A
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General measures for patients with pulmonary hypertension

S iy ¥

Supplemental oxygen

Avoid pregnancy Influenza and pneumococcal Psychological counselling Supervised exercise
inmunisation Frequent depression, training
according to STIKO anxiety disorders
Supportive therapy

%
¥-

2 by

Diuretic administration Long-term oxygen therapy Anticoagulation Iron deficiency
loop diuretics, aldosterone Saturation <90%, CTEPH Correction
antagonists (Pa0O, <60 mm Hg) Not routinely recommended

in PAH

ACE Inhibitors, AT,-antagonists,
B-blockers, ivabradine only if
specifically indicated

Regional anaesthesia should
be preferred over general
anaesthesia whenever
possible

Y

Treatment of arrhythmias
Electrical cardioversion /
ablation for atrial fibrillation




Treatment-naive

patient

Vasoreactive

PAH confirmed by
expert centre

General measures?
Supportive therapyP

A

Acute vasoreactivity test

CCB therapy¢

ERAs Bosentan
Ambrisentan
Macitentan

PDE5inh Sildenafil
Tadalafil
sGC Riociguat

(IPAH/HPAH/DPAH only)

.

Non-vasoreactive

A

-intermediate riskd High riskd

Residual role for initial

monotherapy (table 2)¢

h 4

Initial oral Initial combination
combinationf including i.v. PCAf

Prostanoids: Epoprostenol iv
lloprost inh

Treprostinil i, sc, inh,
IP receptor agonist: Selexipag p.os.

A

After 3-6 months of treatment

Maximal medical therapy
and listing for lung transplantation

Structured follow-up9

» Intermediate or NS

Triple sequential

combinationh

!

Consider referral
for lung
transplantation

After 3-6 months of treatment

A 4

Intermediate or il NIES
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Endothelial-to-mesenchymal
transition

Pericyte-mediated vascular
remode lling

TGF-f signalling

PDGF and FGF signalling

Inflammation and immunity

Resting membrane potential

Destrogen signalling

Iron ho meostasis

Can activate the YAP/TAZ co-transcription factors, leading to further
ECM remodelling and modulation of metabolic pathways

Can be induced by haemodynamic changes associated with PAH

TGF-p signalling and HMGAT may play a role in EndMT

EndMT cells can migrate, remodel the ECM and have increased
apoptosis resistance

Increased pericyte density in distal pulmonary arteries has been
reported in PAH

FGF-2 and IL-4 can stimulate pericyte migration and proliferation

TGF-f can promote the differentiation of pericytes into SMCs

Loss of function heterozygous BMPRZ mutations hawe been reported ir
FAH

In the absence of a mutation, EMPR=Il expression is frequently
reduced in PAH

Suppression of EMPR-1I signalling leads to increased proliferation
and decreased apoptosis in vascular cells

Inflammatoery mediators, e.g. TNF-w, may play a role in PAH
pathogenesis in the context of BMPRZ mutations

Dver-expression of POGF and FGF has been reported in PAH and may
be involved in abnormal proliferation and migration of SMCs, as wel
as endothelial dysfunction

Inflammatory mediators and cell infiltrates are frequently observed in
PAH

Vascular cells can respond to inflammatory stimuli by enhanced
proliferation and migration and reduced apoptosis

Loss-of -function KCNK3 mutations have been reported in PAH

May contribute to pulmonary vasoconstriction and pulmonary
vascular remaodelling

Expression of the Kv1.5 channel is also reduced in human and
experimental PAH

EZ metabolites can exert both detrimental and protective effects in
FAH

E2 may directly protect against the development of FH in animal
maodels

Iron deficiency may play a role in pulmonary vascular remodelling

R

targets

TABLE 2 Additional pathogenic pathways and potential therapeutic targets in pulmonary arterial hypertension [PAH]

Pathway Role in PAH Potential therapeutic Refs
targets
Transcription factors  FoxO1, a member of the Forkhead box O [FoxO) family of transcription Fox01 [28, 82, B3]
factors that are key regulators of cellular proliferation, is downregulated STATI/PIM1
in pulmonary vessels/PASMCs of human/experimental PH lungs MFAT, HIF-Ta
Activation of the prosurvival transcription factors STAT3, MFAT, and
HIF-1w has been demonstrated in experimental models of PAH
NOTCH3-HESS NOTCHS is overexpressed in small PASMCs in human PH MOTCH3-HESS pathway [B4]
signalling There is evidence for a link between MOTCH3 receptor signalling through
HESS5 and SMC proliferation in the development of PAH
Epigenetic Methylation-induced downregulation of 5002 in PASMCs may create a 5002 [B5-B8]
mechanisms metabolic state that favours proliferation and suppresses apoptosis HOACSs
Aberrant expression of HDACs and BRDS [a transcriptional regulator that BRD&
recognises acetylated Lysine residues] is consistent with altered mikMAs
epigenctic mechanisms in PAH
Studies have shown that miRNAs [small RNA molecules that negatively
regulate expression of target genes| are dysregulated in patients with
FPAH
DNA damage/ Activation of PARP-1 [a DNA repair enzyme] may lead to subsequent DMA damage/PARP-1 [82, 871
PARP-1 signalling activation of transcription factors [NFAT, HIF-Te) that are implicated in signalling pathway
pathway FPAH
Inflarnmation induces DMA damage in PASMCs (levels of baseline and
mutagen-induced OMA damage are intrinsically higher in PAH cells],
which may lead to activation of PARP-1 in PAH
YEGFR signalling VEGF plasma levels are elevated in patients with severe PAH, and VEGFR signalling [901

Iron replacement

expression of VEGF and VEGFRZ is robust in complex vascular lesions of
FaAH lungs
Role of VEGF in mechanisms of PAH development is not clear

[76-81]
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Potential role of initial monotherapy -1

« 1I/H/D PAH patients responders to acute vasoreactivity tests and with near- !
normalization of symptoms, exercise capacity, PAP and PVR on highest tolerated ;

doses of CCBs

* Long-term treated historical PA}; patients with monotherapy (>5-10 years) stable

with low risk profile

- PAH Patients > 75 yo with multiple risk factors for heart failure with preserved left
ventricular ejection fraction (high blood pressure, diabetes mellitus, coronary
artery disease, atrial fibrillation, obesity)

. PAH patients with suspicion or high probabﬂity of PVOD/PCH |
et e P S e e




7. Ogpaneia

* Patients with PAH associated with HIV or portal hypertension or uncorrected CHD

as they were not included in RCTs of initial combination therapy

* PAH patients with very mild disease (e.g. WHO FC I, PVR < 4 WU, mPAP < 30

mmHg, normal RV at echocardiography)

* Combination therapy unavailable or contraindicated (e.g. severe liver disease)



MovoOBepartreia oTav

TABLE 2

Potential role for initial monotherapy in specific pulmonary arterial hypertension (PAH) subsets

IPAH, HPAH and drug-induced PAH patient responders to acule vasoreactivity tests and with WHO FC 11l and sustained haesmodynamic improvement (same or batter than achieved in the
acute test) after at least 1 year on CCBs only

Long-term-treated historical PAH patients with monotherapy (=510 years) stable with low-risk profile

IPAH patients >75 years old with multiple risk factors for heart failure with preserved LVEF (high blood pressure, diabetes mellitus, coronary artery disease, atrial fibrillation, obesity)

PAH patients with suspicion or high probability of pulmonary veno-occlusive disease or pulmonary capillary haemangiomatosis

Patients with PAH associated with HIV infection or portal hypertension or uncomected congenital heart disease, as they were not included in RCTs of initial combination therapy

PAH patients with very mild disease (e.g. WHO FC |, PVR 3—4 WU, mPAP <30 mmHg, normal right ventricle at echocardiography)

Combination therapy unavailable or contraindicated (e.g. severe liver disease)
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Localization of PA obstructions is critical for
therapeutic decisions (Germany 2017)

and these are dependent on CTEPH center experience with
surgery, 8FPA, and medical treatment

LA o Tt T
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PEA

PH targeted

therapy
OuAia Dr Mayer 2017 Bologna



. Combination of treatment modalities &+ i

There are many ,hybnd” options in CTEPH

PEA +/- medical treatment @Epdﬂ&ia

BPA +/- medical treatment

*

Hybrid PEA/BPA vs staged PEA/BPA or BPA/PEA?

*» Combination medical CTEPH therapy?

Ouhia Dr Mayer 2017 Bologna



CTEPH diagnosis
Continue lifelong anticoagulation

Treatment assessment by an
expert CTEPH team#.1

Operable

I

v

Non-operable

'

Pulmonary endarterectomy
(treatment of choice]

Targeted medical therapy
with or without BPAT.+

!

!

Persistent/recurrent symptomatic
pulmonary hypertension
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WHY IS THIS PLANT STILL
BEING WATERED?

A PILL (there are now many) IS TOO EASY
TO GIVE

IT’S EASY TO JUST FOLLOW THE
INSTRUCTIONS, BUT TREATING TOO LONG
WITHOUT RECOGNIZING FAILURE IS
DANGEROUS

IRREPLACEABLE TIME IS LOST BEFORE
ESCALATING THERAPY

NEED EXPERIENCED FOLLOW UP



Take home messages

1. mPAP=PAWP+ CO x PVR
2. PH-PAH — PAH: aptnplonadeia nvevpovikwv ayyeiwv (TPVR)

3. 1°BApa va to uoYlaotw:
» Adieukpiviotn dvonvola,
» AuoovAaAoyn TOU UTTOKELLEVOU OVATIVEUOTLKOU VOO LOLTOG,
» Eppévouoa peta ano ME,

» High risk mtAnBuopoi (CTD)

4. Screening tool to SLaBwpakiko untepnxokapdloypadpnpa

1. TRVmax kat éppeocoug deikteg (PA, RV, IVC-RA)

5. RHC navta

6. Ewbwkn Bepamneia katnyopieg 1 kat 4 Kol Kota mepinmtwon o€ AAAeg katnyopies (2,3,5)
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Q@ 31y, un kanviotpia,

HNTEPA EVOC ayoplol 7€Twv

8 Nog 2015
TEM NN «ATTIKON» yiot TPOGUYKOTTIKO EMELCOOLO

Avornvola emdeVoUUEVN

AA
2kAnpuvon kata Aakac (2009)/ INF-b (2010)
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Echocardiography

TRVmax 4,8 m/s
RVSP 95 mmHg
TAPSE 16 mm
Awataon RV

Me duayutn unokiwvnoia
D-shape LV




Algpeuvnon

PFT’s edo
DLCO 72 %
pro BNP 182 pg/ml

Xwpic Slaitepa supAparta | |

ono:
Q scanning MVEULOVWV
ATAO £pyaoTnpLOKO

avOGOAOYLKO, OUPEOELSIKO K

HIV (-)

ATTIKON U.H.A
35603




RHC 1

Algpelvnon

RHC -1 Results
RAP (mmHg) 5

PAP (mmHg) 74/42/53
PAWP (mmHg) 10

co (I/min) 3.3

Cl (1/min/m?) 1.9

PVR (Wood Units) 13

Sv02 (%) 78

Test ayyelodpactikotnrag (-)
(iv epoprostenol- 12ng/kg/min)




Clinical classification of Pulmonary Hypertension (ESC/ERS guidelines 2015)

|1 ldiopathic
|.2 Herttable

[.2.1 BMPR2 mutation

II 3 Drugs and toxing Iuin:edl

| 4 Assoclated with:
|.4.1 Connective tissue disease
1.4.2 Human immunedeficiency virus (HIV) infection
|.4.3 Portal hypertension
| 4.4 Congenital heart disease (Table &)
|.4.5 Schistosomiasts

I". Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis

I".1 Idippathic
I'.2 Herttable
I".2.1 EIF2AK4 mutation
[".2.2 Other mutatons
I".3 Drugs, toxins and radiation induced
I'.4 Assoctated with:
I".4.] Connective tissue disease
1".4.2 HIV infection

1", Persistent pulmonary hypertension of the newborn

1.1 Left ventricular systolic dysfunction

1.2 Left ventricular diastolic dysfuncdon

1.3 Valvular disease

2.4 Congenital / acquired left heart inflow/outflow tract
obstruction and congenltal cardiomyopathles

15 Congenital lacquired pulmonary velns stenosls

3. Pulmonary hypertension due to lung diseases andlor

i

3.1 Chronic obstructive pulmonary disease
3.2 Intersudal lung disease

3.3 Other pulmonary diseases with mixed restrictive and

obstructive pattern

3.4 Sloep-disordered breathing

1.5 Alveclar hypoventilation disorders

3.6 Chronlc exposure to high altitude

3.7 Developmental lung diseases (YWeb Table IIl)

4. Chronic thromboembolic pulmonary hypertension

and other pulmonary artery obstructions

4.| Chronic thromboembolic pulmonary hypertension
4.1 Other pulmonary artery obstructions

4.2.1 Anglosarcoma

4.1.2 Other iIntravascular tumors

4.13 Arterids

4.2.4 Congenital pulmonary arteries stenoses

4.1.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear and/or
" hani

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

5.2 Systemic disorders, sarcoldosls, pulmonary histlocytosis,
lymphangiolelomyomatosis

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

5.4 Others: pulmonary tumoral thrombothic microanglopathy,
fibrosing mediastinitls, chronic renal fallure {with/without

dialysis), segmental pulmonary hypertansion




Table 7 Updated risk level of drugs and toxins known
to induce pulmonary arterial hypertension

Definite Likely Possible
* Aminorex * Amphetamines * Cocaine
* Fenfluramine * Dasatinib * Phenylpropanclamine
* Dexfenfluramine * L-tryptophan * St John's Wort

* Toxic rapeseed oil | * Methamphetamines | * Amphetamine-like
* Benfluorex
+ Selective serotonin * Interferon o and ||
reuptake inhibitors® * Some
chemotherapeutic
agents such as
alkylating agents
(mytomycine C,
cyclophosphamide)”

*Increased risk of persistent pulmonary hypertension in the newborns of mothers
with intake of selective serotonin reuptake inhibitors.
bﬂlq'latil'lg agents are possible causes of pulmonary veno-occlusive disease.

PH guidelines 2015



OepaTreia

Ambrisentan +
tadalafil®

Other ERA +
PDE-5i

Bosentan +
sildenafil +

i.v. epoprostencl

Bosentan + iv.
epoprostenol

Other ERA or
PDE-5i +
s.c. treprostinil

Other ERA or
PDE-5i + other
i.v. prostacyclin

analogues

Ref.”
WHO-FC
v
247
246
198,

245

Recommendations for efficacy of initial drug
combination therapy for PAH (group 1) according to WHO FC

1. Awakonmn
Interferone-b

AvTtikotdotaon ME
yKAatipapépn(copaxone)

2. 3m

Ambrisentan 10mg
+

Tadalafil 40mg




MapakoAouBnon- Follow up

PARAMETERS Nov 2015 Sep 2016 Feb 2017
NYHA 11 || Il early
6MWT 312 510 536
nT-pro BNP (pg/ml) 184 32
TTECHO

TRVmax (m/s) 4.9 3.6 2.8

RVSP (mmHg) 95 60 35-40

TAPSE (mm) 16 21 20
RHC

RAP (mmHg) 5 6

PAP (s/p/m) (mmHg)  74/42/53 49/21/30

PAWP (mmHg) 10 7

co (I/min) 3.3 6.5

Cl (I/min/m?) 1.9 3.8

PVR WU 13 3.5

SVO2 (%) 78 82




NMNapakoAouBnon- Follow up
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NMNapakoAouBnon- Follow up

1 v 2.81 m/s
p 31.6 mmHg

Feb 2017
TRVmax: 2.8m/sec




Risk assessment 2

Determinants of prognosis®

High risk >10%

(estimated |-year mortality)
Clinical signs of right heart failure Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncope® Repeated syncope:

WHO functional class LN i v

6MWD >440 m 165440 m <|65m

PeakVOs; =15 mlfmin!kg Peak VO4 PeakVO: <11 ml/min/kg
Cardiopulmonary exercise testing (>65% pred.) I 1=15 ml/min/kg (35-65% pred.) (<35% pred.)
VEVCO: slope <36 VEVCO; slope 36—44.9 VEVCO; 245

BNP <50 ng/l BNP 50-300 ng/l BNP >300 ng/l

NT-proBNP plasma levels NT-proBNP <300 ng/mi NT-proBNP 300-1400 ng/l NT-proBNP >1400 ng/l

RA area <I8 em? RA area 18-26 cm?

Imaging (echocardiography, CMR imaging) No pericardial effusion No or minimal, pericardial
effusion

RA area »26 cm?

Pencardial effusion

RAP <8 mmHg RAP 8-14 mmHg RAP >14 mmHg
Haemodynamics Cl1 22.5 Umin/m? Cl 2.0-2.4 limin/m?* Cl <2.0 l/min/m?
SvO, >65% SvO; 60-65% SvO, <60%




