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Epidemiology




Prevalence

Global population

Hoeper MM, Humbert M, Souza R, Idrees M, Kawut SM, Sliwa-
Hahnle K, et al. A global view of pulmonary hypertension. Lancet
Respir Med 2016; 4:306—-322



Pul monary Vasc

Right Ventricular Failure

Wwithout 1 reatment

Ultimately

Death g

Farber HW, Loscalzo J. Pulmonary arterial hypertension. N Engl J Med 2004;351:1655-65



The Management of
Pulmonary
Hypertension



M

e
managemen tor

1.

Identify Groups



Pulmonary hypertension
| (Dana Point classification)

GROUP 2 GROUP 3 GROUP 4 GROUP 5
Left-heart related Lung/hypoxia related CTEPH and other Other
| pulmonary artery
Idiopathic (IPAH) - e Systolic dysfunction e Chronic obstructive obstructions PH with unclear
Heritable e Diastolic dysfunction pulmonary disease multifactorial
Drug- and toxin- e Valvular disease (COPD) * CTEPH mechanisms
induced e Congenital/acquired e |Interstitial lung ¢ Other pulmonary
Associated with left heart inflow/ disease (ILD) artery obstructions
other conditions outflow tract e Other pulmonary
(APAH) obstruction and diseases with mixed
congenital restrictive and
Group 1’ cardiomyopathies obstructive pattern
Pulmonary veno- e Congenital/acquired e Sleep-disordered
occlusive disease pulmonary veins breathing
Pulmonary capillary stenosis e Alveolar
hemangiomatosis hypovétilation
disordss,
Group I o ClfrigftpPpsure to
Persistent pulmonary h '
hypertension of the - réopertal lung
newborn (PPHN) diseases

Galie N et al. Eur Respir J 2015;46:903-975. 11



PAH is.group of conditions wit, common symptoms and pathophysiology

GROUP 1 (PAH)

Idiopathic [ . ] Drug- or toxin- Associated
[ (IPAH) J Sleria e { induced with... (APAH)
e Sporadic disease e Genetic factors: e Aminorex e Connective tissue
with no apparent BMPR2 e Fenfluramine diseases
family history or risk ALK1 e Dexfenfluramine e HIV infection
factors Endoglin e Toxic rapeseed oll e Portal hypertension
SMADS e Benfluorex e Congenital heart
CAV1 e Selective serotonin disease
KCNK3 reuptake inhibitors e Schistosomiasis
Unknown

ALK1, activin receptor-like kinase type 1; BMPR2, bone morphogenetic protein receptor type 2; CAV1, caveolin-1; HIV, human immunodeficiency virus; KCNK3, gene
encoding potassium channel super family K member-3; SMAD9, mothers against decapentaplegic 9. Galié N et al. Eur Respir J 2015;46:903-975.
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World Health Organization (WHO) Functional

Classification for pulmonary hypertension
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FUNCTIONAL CLASSES

.

Class 2

PULMONARY ARTERIAL HYPERTENSION WH(;§|

R

Class 1 * Slight
limitation
* No
limitation of
activity

Class 4
Class 3 * Severe
limitation
* Marked
limitation

Chest. 2019 Mar;155(3):565-586. doi: 10.1016/j.chest.2018.11.030. Epub 2019 Jan 17. Erratum in: Chest. 2021 Jan;159(1):457. doi: 10.1016/j.chest.2020.11.021. PMID: 30660783.



3. PAH-directed
therapy






1T Endothelin 1

£ NO-sGC-cGMP
,  — Vasoconstrictor

Vasodilator factors

-
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~ factors

ZProstacyc]jn

Barst RJ, Gibbs US, Ghofrani HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. J Am Coll Cardiol 2009; 54:578.



Fibroblasts

Adventitia '
. e Jascular Vascular Scarrin
(Adventitial) 2] Dvsfuncti | g
Media Endotheliel dlqjlrlruu'r_rrl Muscle Proliferation
Intima

Smooth muscle Oxidative stress Vascular remodeling

cells (Media)

Endothelial dysfunction

Endothelial cells & Smooth muscle cell proliferation

(Intima) * *

Normal Right ventricular hypertrophy Heart failure

https://www.researchgate.net/figure/Schematic-progression-of-pulmonary-arterial-hypertension-Progressive-vascular-remodeling_figl 361256722



Plexiform Lesions




Plexiform Lesions

Thrombi form




Plexiform Lesions

Thrombi form

Severe PAH



PAH-directed therapy

Prostanoid IP/receptor agonist

Endothelin receptor antagonist Soluble guanylate cyclase (sGC)

stimulator

Barst RJ, Gibbs US, Ghofrani HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. J Am Coll Cardiol 2009; 54:578.



< Vasodilation and

anti-proliferation

Soluble
guanylate cyclase PDES
Riociguat (oral) sGC y / PDE5 Sildenafil (oral)
stimulator ~ Endothelium -, Inhibitors Tadalafil (oral)

Vasoconstnctlon
and proliferation

\'r

N

ETRp

ETR,

g"pm“ O””al"enous' inhaled) Prostanoid/ ) N ‘ (_Endothelin Endothelin Ambrisentan (oral)
pOp(OSthO %

Gntra\{enous, inhaled) IP receptor Smooth Muscle receptor Bost'entan (oral)
Selexipag (oral) agonist antagonist Macitentan (oral)
Treprostinil >

(intravenous, subcutaneous, inhaled, oral)



Riociguat in PAH

C20H19FN8O2



Riociguat stabilizes NO binding fo sGC and
also directly stimulates sGC independent
of NO, increasing generation of cGMP

Chest, 151(2), Ghofrani HA, Humbert M, Langleben D, et al, Riociguat: mode of action and clinical development in pulmonary hypertension,
468—480, Copyright (2017), with permission from Elsevier.26



CLINICAL

CHEST-2



Riociguat . . Treatment .- Arterial

Hypertension

The safety and efficacy ot riociguat » PAH
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EW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Riociguat for the Treatment

of Pulmonary Arterial Hypertension

Hossein-Ardeschir Ghofran

g e A A
nminger, v

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of
pulmonary arterial hypertension. N Eng J Med 2013;369:330-40.




PATENT-1 trial
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e Y y R == Riocigua t

Pulmonary Arterial Hypertension
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An international {30 countries}
Multicenter {24 centers}
Randomized
placebo controlled clinical trial. 16

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of pulmonary arterial hypertension. N Engl J Med 2013;369:330-40
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PATENT -1

Riociguat titrated to

1.5 mg

3 times daily

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of pulmonary arterial hypertension. N Engl J Med 2013;369:330-40



PATENT -1

aily

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of pulmonary arterial hypertension. N Engl J Med 2013;369:330-40



PATENT -1

Increasing

6MWD

30 meters at 12

weeks

Change from Baseline in 6-Minute Walk Distance (m)

40- 233
=== Riociguat 235
me= Placebo 241 Y
®
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]
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20—
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PATENT -1

I/mprovements in:

PVR

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of pulmonary arterial hypertension. N
Eng ] Med 2013;369:330-40.




Improvements in:

N-terminal pro—brain natriuretic

peptide (NT-pro-BNP)

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of pulmonary arterial hypertension. N
Eng ] Med 2013;369:330-40.




Improvements in:

Functional class

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of pulmonary arterial hypertension. N
Eng ] Med 2013;369:330-40.




Improvements in.

Time to clinical worsening at 12

week

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of pulmonary arterial hypertension. N
Eng ] Med 2013;369:330-40.
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Riociguat for the treatment of pulmonary
arterial hypertension: a long-term

extension study (PATENT-2)

Lewis J. Rubin', Nazzareno Galié?, Friedrich Grimminger®*, Ekkehard Griinig>,

Marc Humbert®’®, Zhi-Cheng Jing’, Anne Keogh'®, David Langleben'’,

Arno Fritsch'?, Flavia Menezes'?, Neil Davie'? and Hossein-Ardeschir Ghofrani®*'4

European Respiratory Journal 2015 45: 1303-

1313; DOI: 10.1183/09031936.00090614
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Conducted 97 ofthe 124 centers that part1c1pated fn
PATENT-1




Ghofrani HA, Galie N, Gr



70-
<))
=
] 60-
©
e £ 50-
S
° = 40+
g’~o
©@.2  30-
&)
=
@ 20- — :
g ® Former riociguat 2.5 mg maximum
10- ¢ Former riociguat 1.5 mg maximum
A Former placebo
0"" ‘ T T T T 1
Baseline 12 weeks 12 weeks 6 months 9 months 1 year

PATENT-1 PATENT-2

European Respiratory Journal 2015 45: 1303-1313; DOI: 10.1183/09031936.00090614
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PATENT-2

Improvement in 6MWD at 24 weeks

Maintained for up to 1 year of in the long-term extension

study

Ghofrani HA, Galie N, Grimminger F, et al. Riociguat for the treatment of pulmonary arterial hypertension. N Engl J Med 2013;369:330-40
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Comparison of hemodynamic parameters in ) o
treatment-naive and pre-treated patients with

pulmonary arterial hypertension in the randomized

phase III PATENT-1 study

Nazzareno Galié, MD,” Fnednch Grimminger, MD, PhD,” Ekkehard Griinig, MD,"
Marius M. Hoeper, MD,” Marc Humbert, MD, PhD,® Zhi-Cheng Jing, MD,’

Anne M. Keogh, PhD,° David Langleben, MD," Lewis J. Rubin, MD,’
Arno Fritsch, PhD,’ Neil Davie, PhD,’ and Hossein-Ardeschir Ghofrani, MD"*




Soluble Guanylate
Cyclase (sGC)
Stimulator:

PLACEBO
Riociguat

(ADEMPAS)

N. Gali' e, F. Grimminger, E. Griinig, et al., Comparison of hemodynamic parameters in treatment-naive and pre-treated patients with pulmonary arterial hypertension in the randomized phase III PATENT-1study, ]. Heart Lung
Transplant. 36 (5) (2017) 509—519.



Soluble Guanylate

Endothelin Receptor

Cydase (SGC) Antagonists:
Stimulator: Bosentan (TRACLEER)

o e Macitentan (opSuMIT)
Riociguat
Ambrisentan (LETARIS)

(ADEMPAS)

N. Gali'e, F. Grimminger, E. Griinig, et al., Comparison of hemodynamic parameters in treatment-naive and pre-treated patients with pulmonary arterial hypertension in the randomized phase III PATENT-1study, J. Heart Lung

Transplant. 36 (5) (2017) 509—519.



Soluble Guanylate
Cyclase (sGC)
Stimulator:

Non-intravenous

prostanoids

Selexipag (UPTRAVI)

Riociguat

(ADEMPAS)

N. Gali' e, F. Grimminger, E. Griinig, et al., Comparison of hemodynamic parameters in treatment-naive and pre-treated patients with pulmonary arterial hypertension in the randomized phase III PATENT-1study, ]. Heart Lung
Transplant. 36 (5) (2017) 509—519.
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Riociguat + ERAs +- Non-intravenous prostanoids

e

i

N. Gali' e, F. Grimminger, E. Griinig, et al., Comparison of hemodynamic parameters in treatment-naive and pre-treated patients with pulmonary arte

Transplant. 36 (5) (2017) 509—519.

ypertension in the ra T-1study, J. Heart Lung



Riociguat + ERAs +- Non-intravenous prostanoids

"’
Mean Arterial Pressure

(both p< 0.0001)

N/

N. Gali' e, F. Grimminger, E. Griinig, et al., Comparison of hemodynamic parameters in treatment-naive and pre-treated patients with pulmonary arte

Transplant. 36 (5) (2017) 509—519.

pertension in the ra



400- p <0.0001

Riociguat + ERAs +- Non- 300- (95% C1-0.30 to -0.11)
intravenous prostanoids 200-
1 1 *E' 100+
S
s 0
a
-100-
B
'200 1 I T 1
Pulmonary vascular 2000 -1000 0 1000 2000
APVR (dyne - sec/cm™)

resistance(PVR)

= Riociguat 2.5 mg tid-maximum group
+ Placebo
¢ Riociguat 1.5 mg tid-maximum group

N. Gali' e, F. Grimminger, E. Griinig, et al., Comparison of hemodynamic parameters in treatment-naive and pre-treated patients with pulmonary arterial hypertension in the randomized phase IIl PATENT-1 study, J. Heart Lung Transplant. 36 (5) (2017) 509—519.



Cardiac Index

]

Riociguat + ERAs +- Non-

intravenous prostanoids

N. Gali' e, F. Grimminger, E. Griinig, et al., Comparison of hemodynamic parameters in treatment-naive

and pre-treated patients with pulmonary arterial hypertension in the randomized phase IIl PATENT-1
study, J. Heart Lung Transplant. 36 (5) (2017) 509—519.

r=0.16
p <0.0016
(95% Cl 0.06 to 0.25)

3 4 @ 1 2
ACardiac index (liters/min/m?)




Riociguat is
An effective long term

treatment for PAH

2sa Monotherapy .- Combination
therapy



CHEST-1

CLINICAL

Riociguat for the treatmen ] | [ ary Ghofrani HA, DA
Grimminger F, Hoeper MM, J& )| \] onneau G, Wilkins MR, Fritsc
Neuser D, Weimann G, Wang C, CH Sroup Engl J Med. 2013 Jul;369(4): 31929
hypertension.
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The NEW ENGLAND ]OURN:\L of MEDICINE

ORIGINAL ARTICLE

Riociguat for the Treatment of Chronic

Thromboembolic Pulmonary Hypertension

i, M.D., Andrea M. D'Armini, M.D.,
Jansa, M.D.,

d Simonneau, M.D.,
eter Neuser, M.D.,
CHEST-1 Study Group™

Hossein-Ardeschir Ghofran
Friedrich Grimminger, M.D., Marius M. Hoeper, M.D., Pavel
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Pulmonary Thromboendarterectomy (PTE)

59



Balloon Pulmonary Angioplasty

https://www.researchgate.net/figure/Angiographic-classification-of-lesion-morphology-based-on-the-lesioj@pacity-and-the_figl 309022463




CHEST -1study Group

f v ::

| g

A multicenter
Randomized

placebo-controlled trial

»
‘ B Countries where patients were recruited

Ghofrani H-A et al. N Engl ] Med 2013;369:319-29
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CHEST -1 study Group

WHO functional class I -111 ° f§
.
ﬁ: } i- Class 4
Class 3 * Severe

R

limitation
Class 2 * Marked
limitation
Class 1 * Slight
limitation
* No
limitation of
activity

N Engl J Med Volume 369(4):319-329 July 25, 2013



CHEST -1 study
Group

Mean Change from
Baseline in the 6-

Minute Walk Distance

6MWD

increased 39 m

Ghofrani H-A et al. N Engl J Med 2013;369:319-329

Change from Baseline in 6-Minute Walk Distance (m)

50-

40-

30-

L
T

=== RioCiguat

w Placebo

O Observed
% Imputed

157

I

2

Week




CHEST -1 study Group

/"'

Pulmonary hemodynamics
PVR
\l/ \l/ [2.8 Wood units]

'7'

Ghofrani H-A et al. N Engl ) Med 2013;369:319-329



CHEST-2

CLINICAL




CHEST-2 : predictors o long-term outcomes

Lancet Respir Med. 2016;4(5):372. Epub 2016 Apr 8.



CHEST-2 : predictors o long-term outcomes

Patients treated with Riociguat

for

Chronic Thromboembolic Pulmonary
Hypertension

Lancet Respir Med. 2016;4(5):372. Epub 2016 Apr 8.



CHEST-2

Open-label

Randomized
Long-term extension trial
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A follow-up long—term extension study (CHEST-2) reported that...

resulted ina

similar efficacy and safety proﬁle
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High Quality evidence...
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CLINICAL CLASSIFICATION ;

| Pulmonary arterial
hypertension (PAH)

'« |diopathic/heritable
'« Associated
conditions

THERAPEUTIC STRATEGIES )

Medical therapy

» PAH drugs

«CCBin
responders

Lung
transplantation

PH associated with
left heart disease

| PH associated with
lung disease

PH associated with
pulmonary
artery obstructions

PH with unclear §
and/or multifactorial
mechanisms

* Non-severe PH « CTEPH * Haematological
» CpcPH + Severe PH  Other pulmonary disorders
obstructions * Systemic disorders J
IpcPH: PH-lung disease: Surgical therapy: Optimized
« Treatment of LHD* « Optimized care of = « PEA treatment of
underlying lung Interventional: underlying disease
CpcPH: o « BPA « Potentially: PAH
« Treatment of LHD* Severe PH: Medical therapy: drugs (trials)
* Potentially: PAH « Potentially: PAH e PH drugs
drugs (trials) drugs (trials)

@ ESC @ ERS—




WHO functional class I

Monotherapy v . PAH-specific agent

PDES5I
ERA

Riociguat (Grade 2C)

rat h e r than no treatment

FI’ an / HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. | Am Coll Cardiol 2009; 54:578.



WHO functional class II/III

NO-cGMP
pathway

(Grade 2B)

Barst RJ, Gibbs US, Gh (0] f ran / HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. | Am Coll Cardiol 2009; 54:578.



WHO functional class IV

—

Prostanoid IV > PDE 5

Epoprostenol inhibitor

S~ (Grade 2C)

Fr an / HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. | Am Coll Cardiol 2009; 54:578.



[ - .
WHO functional class IV

»

PDE 5i

Prostanoic
4

Barst R, Gibbs US, Gh (0] f ra ni HA, et al. Updated evidence-based treatment algorithm in pulmonary arterial hypertension. ] Am Coll Cardiol 2009; 54:578.




4. Supportive therapy



Supportive Therapy

B A A

Oral Anticoagulants
H . B =

Diuretics

Digoxin



Exercise rehabilitation
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Clinical classification of PH

(updated)

N ' @



GROUP 1 Pulmonary arterial hypertension (PAH)

e o= ENENETRNENE NSNS _
: 1.1.1 Non-responders at vasoreactivity testing [
: 1.1.2 Acute responders at vasoreactivity testing :
ooeE TN ] e e I

1.3 Associated with drugs and toxins®
1.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease

1.4.5 Schistosomiasis

: 1.5 PAH with features of venous/capillary (PVOD/PCH) involvement

|
|
I 1.6 Persistent PH of the newborn :

European Respiratory Journal Jan 2022, 2200879; DOI: 10.1183/13993003.00879-2022



GROUP 2 PH associated with left heart disease

2.1 Heart failure:

2.1.1 with preserved ejection fraction

2.1.2 with reduced or mildly reduced ejection fraction
2.2 Valvular heart disease

2.3 Congenital/acquired cardiovascular conditions leading to post-capillary

PH

European Respiratory Journal Jan 2022, 2200879; DOI: 10.1183/13993003.00879-2022



GROUP 3 PH associated with lung diseases and/or hypoxia

3.1 Obstructive lung disease or emphysema
3.2 Restrictive lung disease (LAM)
3.3 Lung disease with mixed restrictive/obstructive pattern

3.4 Hypoventilation syndromes

3.5 Hypoxia without lung disease (e.g. high altitude)

3.6 Developmental lung disorders

European Respiratory Journal Jan 2022, 2200879; DOI: 10.1183/13993003.00879-2022



GROUP 5 PH with unclear and/or multifactorial mechanisms
5.1 Haematological disorders
5.2 Systemic disorders
5.3 Metabolic disorders
5.5 Pulmonary tumour thrombotic microangiopathy

5.6 Fibrosing mediastinitis

European Respiratory Journal Jan 2022, 2200879; DOI: 10.1183/13993003.00879-2022
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Diagnostic algorithm steps for
PH



Step 1

Suspicion



Unexplained Dyspnea Or signs
symptoms

suggesting PH



Dyspnoea on exertion (WHO-FC)

Fatigue and rapid exhaustion

Dyspnoea when bending forward (bendopnoea)
Palpitations

Haemoptysis

Exercise-induced abdominal distension and nausea
Weight gain due to fluid retention

Syncope (during or shortly after physical exertion)

Rare symptoms due to pulmonary artery dilation®

Exertional chest pain:
dynamic compression of the left main coronary artery

Hoarseness (dysphonia):

compression of the left laryngeal recurrent nerve

(cardiovocal or Ortner’s syndrome)

Shortness of breath, wheezing, cough, lower respiratory
tract infection, atelectasis:

compression of the bronchi

~-@ESC @ ERS-



Signs of PH

* Central, peripheral, or mixed cyanosis

* Accentuated pulmonary component of the
second heart sound

* RV third heart sound

« Systolic murmur of tricuspid regurgitation

‘ ¢ Diastolic murmur of pulmonary regurgitation

Signs pointing towards |
underlying cause of PH

+ Digital clubbing: Cyanotic CHD, fibrotic lung
disease, bronchiectasis, PVOD, or liver disease

* Differential clubbing/cyanosis:
PDA/Eisenmenger’s syndrome

* Auscultatory findings (crackles or wheezing,
murmurs): lung or heart disease

* Sequelae of DVT, venous insufficiency: CTEPH

« Telangiectasia: HHT or SSc

¢ Sclerodactyly, Raynaud’s phenomenon, digital

ulceration, GORD: SSc

Signs of RV baclkward failure

* Distended and pulsating jugular veins
¢ Abdominal distension

* Hepatomegaly

¢ Ascites

'{ ¢ Peripheral oedema

¢ Peripheral cyanosis (blue lips and tips)
¢ Dizziness
¢ Pallor

¢ Cool extremities
* Prolonged capillary refill

~-@ESC @ ERS-



Prognosis




Prognosis

Estimated

one year - Mortality
L S



Determinants of prognosis Low risk Intermediate risk High risk
(estimated 1-year mortality) (5%) (5—20%) (20%)

Clinical observations and modifiable variables

Eur Respir Rev 2013; 22: 526534 | DOI: 10.1185/09059180.00006313



Determinants of prognosis Low risk Intermediate risk

(estimated 1-year mortality) (5%) (5—20%)

Clinical observations and modifiable variables

Signs of right HF Absent

Progression of
symptoms and
clinical
manifestations

Slow

Eur Respir Rev 2013; 22: 526-534 | DOI: 10.1183/09059180.00006313

High risk
(20%)

Rapid




Determinants of

prognosis Low risk Intermediate risk
(estimated 1-year (5%) (5—20%)
mortality)

Clinical observations and modifiable variables

Syncope _ Occasional syncope
Peak VO2 >15 fnef/':n\llr?/i 1(13-;-5657
CPET mL/min/kg (>65% pred.) 8 °

pred.) VE/CO2 slope 36-
44

VE/CO2 slope <36

Eur Respir Rev 2013; 22: 526-534 | DOI: 10.1183/09059180.00006313

High risk
(20%)

Repeated syncope

IV

Peak VO2 <11
mL/min/kg (<35% pred.)
VE/VCO2 slope >44




Sﬁf)l ol yadl e &LI:S)‘ :&;L‘g Lo (18] Ll sas
wlol jgkad puis 3 syncope i)l Ul o ay yoll ol gl aady A

yblia b iy Yo LLoY! Bud aundl b o ylime 6MWD (3565 6 bl Jlzs! yiay ¥ . B
uW‘ u’ag}.n

y9hasd] Jle poyell coa [class IV] 2oy o] dudiS 25 cyn oSty 5301 gyl ity o C

o) Ul 5l daglin b (5901 il 950 s« D



Sﬁf)l ol yadl e &Las,t :&;L‘g Lo (18] Ll sas
wlol johas pais 3 syncope i)l Ul e oyl Olganiol sady A

Sylolia b wads Yo LYl 808 sl 3 Loge lyloma 6MWD 3565 6 2l jltsl puzay ¥ B
bl gag

Byghasdl Jle po50ll (o [class IV] 21, o UST Lanis U5 (ya 9Ky 1 g sl iy .C

o) Ul 59l daglia b (539401 did] 55 gy D



oyl Byblia B s ¥ Lol 80 el 5 Loga lne MWD (3365 6 tuall jLiisf yura ¥
olad!




6MWD

6-minute walking

distance

<165 m




6MWD

6-minute walking

distance

<165 m

High Risk mortalit};




Step 2 Detection



iographic parameters

T L
-~ J

Transthoracic e




Echo

Enk | righ te: gl::;a::!: with basal RVALV
f ong -t four-chamber view
RVOT AT <105 ms '\_ . /a a
notch Dustoke Systole
le e wmmsdm Reduced right ventricular
fractional area change (<35%);

midesystolic ‘noteh’ indicative of f Minhas visas

>28 m/s

: Increased systolic peak tricuspid
Enlarged atrial
=18 <:m’)‘:'ht i Ppgacion wiochy: (el TRY);
) ot ’ measured with continuous
- wave Doppler

Flattened interventricular septum
(arrows) leading to ‘D-shaped’ LV;
decreased LV eccentricity index;
parasternal shortsaxis view

©

M-Mode

TAPSE
<18 mm

Decreased tricuspid annular

plane systolic excursion (TAPSE)
measured with M-Mode (<18 mm)

>28 mls

Estmation of systolic pulmonary
artery pressure (sPAP);

sPAP = TR pressure gradient +
estimated RAP

<Llem >50% 3 (0-5)
>21lem >S0% 8 (5-10)

'-MTRV >l om <S0% 15 (10-20)

Distended inferior vena cava
with diminished inspiratory
collapsibility: subcostal view

S' <95 em/s

Decreased peak systobie (S)
velocity of tricuspid annulus
(<9.5 em/s) measured with
tissue Doppler

Presence of pericardial effusion;
four-chamber view;

parasternal shortsaxis view:;
other views (e.g. subcostal view)

@ESC @ ERS—



Determinants of prognosis

(estimated 1-year mortality)

Intermediate risk High risk
(5—20%) (20%)

Eur Respir Rev 2013; 22: 526-534 | DOI: 10.1183/09059180.00006313



Determinants of prognosis

(estimated 1-year mortality)

Intermediate risk High risk
(5—20%) (20%)

Echo

RA area
' 18-26 cm2

Eur Respir Rev 2013, 22: 526—534 6313



Determinants of prognosis

(estimated 1-year mortality)

Low risk Intermediate risk High risk
(5%) (5—20%) (20%)

RA area:18 cm2 RA area 18-26 cm2 RA area .26 cm2

TAPSE/sPAP BRARSIALGUM TAPSE/sPAP
0.19-0.32
0.19 mm/mmHg

mm/mmHg

Echo

v

O. 32 mm/mmHg

Eur Respir Rev 2013; 22: 526534 -6313 -



Determinants of prognosis

(estimated 1-year mortality)

Intermediate risk High risk
(5—20%) (20%)

E h RA area:18 cm2 RA area 18-26 cm2 RA area .26 cm2
cno

TAPSE/sPAP TAPSE/sPAP TAPSE/sPAP
0.32 mm/mmH L IhER 0.19 mm/mmH
' .32 mm/mmHg TR B . g

Moderate or
large
pericardial
effusion

No Minimal

pericardial pericardial
effusion effusion

Eur Respir Rev 2013; 22: 526-534 | DOI: 10.1183/09059180.00006313



Cardiac magnetic resonance
imaging

Eur Respir Rev 2013; 22: 526-534 | DOI: 10.1183/09059180.00006313



Cardiac magnetic resonance imaging

Eur Respir Rev 2013; 22: 526-534 | DOI: 10.1183/09059180.00006313



Cardiac magnetic resonance imaging

Eur Respir Rev 2013; 22: 526-534 | DOI: 10.1183/09059180.00006313



Determinants of prognosis

(estimated 1-year mortality)

Low risk Intermediate risk High risk
(5%) (5—20%) (20%)

RVEF : 54% RVEF: 37—54% RVEF: 37%

SVI:40 mL/m2 SVI: 26—40 mL/m?2 SVI: 26 mL./m2

RVESVI
RVESVI: 42 mL/m2 RVESVI: 54 mL/m2
42—54 m]l./m?2

Eur Respir Rev 2013; 22: 526-534 | DOI: 10.1183/09059180.00006313
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Determinants of prognosis

(estimated 1-year mortality)

Biomarkers: BNP Intermediate risk High risk
(5—20%) (20%)
or

NT-proBNP

Kylhammar D, Hesselstrand R, Nielsen S, Scheele C, Radegran G. Angiogenic and inflammatory biomarkers for screening and follow-
up in patients with pulmonary arterial hypertension. Scand J Rheumatol 2018, 47:319-324



Determinants of prognosis

(estimated 1-year mortality)

Intermediate risk High risk
Biomarkers: BNP (5—20%) (20%)
or

NT"PI'OBNP B N P

50-800 ng/L

BNP > 800 ng/L

Kylhammar D, Hesselstrand R, Nielsen S, Scheele C, Radegran G. Angiogenic and inflammatory biomarkers for screening and follow-
up in patients with pulmonary arterial hypertension. Scand J Rheumatol 2018, 47:319-324



Determinants of prognosis

(estimated 1-year mortality)

Intermediate risk High risk
Biomarkers: BNP (5—20%) (20%)
or
NT-proBNP BNP

BNP > 800 ng/L

50-800 ng/L

NT-proBNP NT-proBNP NT-proBNP
<300 ng/L 300-1100 ng/L B kNG T-94k

Kylhammar D, Hesselstrand R, Nielsen S, Scheele C, Radegran G. Angiogenic and inflammatory biomarkers for screening and follow-
up in patients with pulmonary arterial hypertension. Scand J Rheumatol 2018, 47:319-324



Step 3 Confirmation
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RHC: Recommendation

Confirming «. diagnosis « PH



RHC: Recommendation
Confirming «. diagnosis  PH

Support treatment decisions



' GROUP 1 i’_ulmonary arterial hypertension (PAH)
1.1 Idiopathic
1.1.1 Non-responders at vasoreactivity testing
1.1.2 Acute responders at vasoreactivity testing
1.2 Heritable®
1.3 Associated with drugs and toxins®
1.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis
’ 1.5 PAH with features of venous/capillary (PVOD/PCH) involvement
1.6 Persistent PH of the newborn

RHC



& A
GROUP 4 PH associated with pulmonary artery obstructions

4.1 Chronic thrombo-embolic PH

4.2 Other pulmonary artery obstructlons
W




Chronic Thromboembolic Pulmonary Disease (CTEPD)
without PH



Chronic Thromboembolic Pulmonary Disease (CTEPD)
without PH

Chronic Thrombo-embolic Pulmonary Hypertension
(CTEPH)






Nitric Oxide

the miracle molecule

Acute challenge with a vasodilator

(preferably 10—20 ppm NO)

N 4
y

Galie N et al. Eur Respir J 2015;46:903-975.



A positive acute response of a vasoreactivity
1mPAP by =10 mmHg « reach an absolute value <40 mmHg

with

Increased or unchanged CO

Galie N et al. Eur Respir J 2015;46:903-975.



Positive acute responders .
s /_" v %\




Positive acute responders

may be eligible for treatment win calcium channel

blockers (CCBs)

Galie N et al. Eur Respir J 2015;46:903-975.
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Galie N et al. Eur Respir J 2015;46:903—-975.




me hemodynamic definition s PH +.. been updated



Definition

Haemodynamic
characteristics

PH

MPAP >20 mmHg

Pre-capillary PH

MPAP >20 mmHg
PAWP <15 mmHg
PVR >2 WU
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Echocardiogram with pulmonary pressure = 50 mmHg
Echocardiogram with pulmonary pressure = 55 mmHg
RHC with mean PAP = 25, wedge <10,PVR>2 WU

RHC with mean PAP = 20 at rest, wedge <15, PVR>2 WU
RHC with mean PAP = 20, wedge < 10, PVR > 3 WU
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St 3Ly (PAH) sobl oyl po baiis $165,3 39001 £ 0elisalf Loarintidll planll Lo
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Echocardiogram with pulmonary pressure = 50 mmHg
Echocardiogram with pulmonary pressure = 55 mmHg
RHC with mean PAP = 25, wedge <10,PVR>2 WU

RHC with mean PAP 2 20 at rest, wedge < 15, PVR > 2 WU
RHC with mean PAP = 20, wedge < 10, PVR > 3 WU



RHC with mean PAP = 20 at rest, wedge <15, PVR>2 WU
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Refractory Patients
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Potts Shunt and Pulmonary Hypertension

Potts shunt

Right
pulmonary
artery
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Screening

Asymptomatic high-

risk groups




Screening

Early detection of
symptomatic patients in

at-risk groups









