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2022 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension

ﬁ‘_‘ - Developed by the task force for the diagnosis and treatment of
pulmonary hypertension of the European Society of Cardiology

- E U rO p e a N H e a rt ~ (ESC) and the European Respiratory Society (ERS).

Endorsed by the International Society for Heart and Lung

=Journal (2022) 43, S Trmdion (LT oo e eor

— Authors/Task Force Members: Marc Humbert © (France), Gabor Kovacs (Austria),
3 6 1 & 3 7 3 1 Marius M. Hoeper (Germany), Roberto Badagliacca (ltaly), Rolf M.F. Berger

— (Metherlands), Margarita Brida (Creoatia), Jern Carlsen (Denmark),

— Andrew ).5. Coats (United Kingdom), Pilar Escribano-5Subias (Spain),
Pisana Ferrari (Italy), Diogenes 5. Ferreira (Brazil), Hossein Ardeschir Ghofrani
{Germany), George Giannakoulas (Greece), David G. Kiely (United Kingdom),
Eckhard Mayer (Germany), Gergely Meszaros (Hungary), Blin Nagavci (Germany),
Karen M. Olsson (Germany), Joanna Pepke-Zaba (United Kingdom),
Jennifer K. Quint (United Kingdom), Géran Radegran (Sweden),
Gerald Simonneau (France), Olivier Sitbon (France), Thomy Tonia (Switzerland),
Mark Toshner (United Kingdom), Jean-Luc Vachiery (Belgium),
Anton Yonk Noordegraaf (Netherlands), Marion Delcroix © T (ERS Chairperson)
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European Heart Journal (2022) 43, 363831
https://doi.org/10.1093/eurheartj/ehac237
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— 3728 pages

European Heart Journd2@22) 43, 36183731
https://doi.org/10.1093eurheartj/eha237
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Prevalence

Global popu

HoeperMM, Humbert M, Souza R, Idrees KgwutSM, Sliwa
HahnleK, et al. A global view of pulmonary hypertension. Lancet
Respir Med 2016; 4:3@822
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Farber HW_oscalz@). Pulmonary arterial hypertension.Bxigl) Med2004351:165565
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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: 46305, 11



PAHK growgonditieasommon symppatiphysiology

GROUP 1 (PAH)

Idiopathic [ . ] Drug- or toxin- Associated
[ (IPAH) ] lefitao { induced with... (APAH)
e Sporadic disease e Genetic factors: e Aminorex o Connective tissue
with no apparent BMPR2 e Fenfluramine diseases
family history or risk ALK1 e Dexfenfluramine e HIV infection
factors Endoglin e Toxic rapeseed oil 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, caveolinl; HIV, human immun odeficiency virus; KCNK3, gene
encoding potassium channel super family K member3; SMAD9, mothers against decapentaplegic 9.Galie N et al. Eur RespirJ 2015;46:903i 975.
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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.
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Barst RJ, Gibbs US, Ghofrani HA, et al. Updated evitbaiseel treatment algorithm in pulmonary arterial hypertension. J AmQ@otliol2009 54:S78.



Fibroblasts .
(Adventitial) Endothelial.Dysfunction.

S ot Niuschél ProlitéEation

Adventitia

VascularScarring
Media

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/Schematiprogressiorof-pulmonaryarteriakhypertensionProgressiverasculairemodeling_fig. 361256722
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Plexiform Lesions



Severe PAH



PAMirected-therapy

Prostanoid IP/recept
PDE:inhibitors
Endothelin receptor Soluble guanylate@ycl
stimulator

v

Barst RJ, Gibbs US, Ghofrani HA, et al. Updated evibaseel treatment algorithm in pulmonary arterial hypertension. J AmQ@uotliol2009 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)
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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,
468i' 480, Copyright (2017), with permission from Elsevier.26
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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 HAGalieN, Grimminger F, et a@Riociguafor the treatment of
pulmonary arterial hypertension. BngJ Med2013369.330-40.




GhofraniHA,GalieN
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Arnternati@sadountries)
Multicent@kenters)
Randomized
placebo controlled clinic

,Grimmingerf, et al. Riociguat for the treatment of pulmonary arterial hypertensioBnijlJ Med2013369.:330-40
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GhofraniHA,GalieN, Grimmingerf, et al. Riociguat for the treatment of pulmonary arterial hypertensioBnijlJ Med2013369:330-40
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GhofraniHA,GalieN, Grimmingerf, et al. Riociguat for the treatment of pulmonary arterial hypertensioBnijlJ Med2013369:330-40
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Improvementsn.

PVR

Ghofrani @aljd, Grimminger Riostiglatthe treatment of pulmonary arterial i
Eng M&d) 13638340




Improvementsn.

NterminalNbrain natriuretic
peptide MNMEBNP)

Ghofrani @aljd, Grimminger Ricsigla@tthe treatment of pulmonary arterial i§/pertension. N
Eng M&d 133340
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Functional class

Ghofrani @aljd, Grimminger Riostiglatthe treatment of pulmonary arterial i
Eng M&d) 13638340
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Ghofrani @aljd, Grimminger Ricsigla@tthe treatment of pulmonary arterial i§/pertension. N
Eng M&d 133340
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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 Respirat@@i46lL3a0al

131B0110.113331936.00090614




A multlcenter

Operabel
Slnggsroup study




C()ndUGrtgaf trflé‘dentemartlc:lpa:ted
PATEPSlT

ThStUdy COﬂ&IMek




PATENT

S\AUD.




