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Evolution of the ESC/ERS Guidelines





2022 4th edition of ESC/ERS Guidelines 

for PH : What is new

1. New definitions of PH including a revised cut-off level for mPAP, pulmonary 

vascular resistance (PVR) and a definition of exercise PH. 

2. The classification of PH has been updated, including repositioning of 

vasoreactive patients with IPAH and a revision of group 5 PH.

3. A new diagnostic algorithm aiming at earlier detection of PH in the community 

with expedited referral for high-risk or complex patients.

4. The PAH treatment algorithm modification highlighting risk assessment both 

at diagnosis and follow-up, and the importance of combination therapies. 

– Treatment strategies during follow-up based on the four strata model.

– The recommendations for managing PH-LHD and lung including a new 

hemodynamic definition of severe PH in patients with lung disease. 

5. In group 4 PH, 

– the term CTEPD with or without PH has been introduced

– Interventional treatment by BPA in combination with medical therapy in the 

therapeutic algorithm of CTEPH.



Definition of 

Pulmonary Hypertension (PH) 

• The definitions for PH are based on hemodynamic 

assessment by right heart catheterization (RHC). 

– an increase in pressure in the pulmonary vessels, as 

denoted by an elevation in mean pulmonary arterial 

pressure (mPAP) > 20 mmHg at rest.

European Heart Journal (2022) 00, 1–114



Normal mPAP in healthy subjects

• 62 Caucasians (32 women, 30 men)

• No patients exceeded 21 mmHg of 

mPAP during rest.

J Am Coll Cardiol HF 2016; 5:337-346

Eur Respir J 2009:34:888

• 1187 normal subjects from 47 

studies by RHC 

• mPAP = 14.0 ± 3.3 mmHg



Mild elevation of PAP as a predictor 

of mortality

Am J Respir Crit Care Med 2018:197(4):509–516 

• A total of 547 patients undergoing RHC.

• Values between 20 mmHg and 25 mmHg represent an 

independent predictor of poor survival.



Hemodynamic definitions of PH

Pulmonary Hypertension

Mean PAP > 20 mmHg at rest by right heart catheterization (RHC)

Pre-capillary PH

PAWP

≤ 15 mmHg

Mean PAP

> 20 mmHg

at rest by RHC

Pulmonary vascular

Resistance (PVR)

> 2 Wood units (WU)
+ +

Continuing Cardiology Education, 2018; 4(1)
PAWP, pulmonary arterial wedge pressure 

European Heart Journal (2022) 00, 1–114



too high PVR                            threshold ≥3 WU 

to enable an early diagnosis of PAH

• Patients with PVR <2 WU showed a significantly 
better survival than with PVR ≥2 WU. Ann Rheum Dis 2020;79:370–378.

• 284 SSc patients

• 28(9.8%) patients with 

mPAP of 21–24 mm Hg & 

PVR ≥2 WU already 

presented with early 

pulmonary vascular disease.



2022 ESC/ERS Guidelines

Hemodynamic definitions of PH

Unclassified PH

Am J Kidney Dis. 2020:75(5);713-724. 

IpcPH, Isolated post-capillary pulmonary hypertension;

CpcPH, Combined post- and pre-capillary pulmonary hypertension



Epidemiology of PH

European Heart Journal (2022) 00, 1–114



European Heart Journal (2022) 00, 1–114



Clinical classification of PH 

European Heart Journal (2022) 00, 1–114



Group 1. Pulmonary arterial 
hypertension (PAH)

PVOD, pulmonary veno-occlusive disease; 

PCH, pulmonary capillary haemangiomatosis



• 건강보험심사평가원 자료에 기반한 후향적 연구 (2008~2016년) : 

– 연간 인구 100만 명당 4.84명 (평균연령 44±13세, 여성 69.3%)

• 국내의 4개 학회가 참여한 전향적 등록연구 (KORPAH) : 

– 인구 100만 명당 1.9명으로 추정 (평균연령 48±16세, 여성호발)

• Recent data from the USA and Europe 

– 평균 연령 36세→ 50-65세

– often present with cardiovascular comorbidities

– 여성 호발→고령 환자에서 발병 시 more equal distribution 

Epidemiology of PAH 

European Heart Journal (2022) 00, 1–114

PLoS ONE 2018:13(12): e0209148

J Korean Med Sci 2015; 30: 1429-1438 



PLoS ONE 2018:13(12): e0209148

Etiology of PAH in Korea 
: derived from HIRA claim database 2008–2016



WHO  Group 1

Associated with 

Drugs and Toxins 

European Heart Journal (2022) 00, 1–114



Pathology of PAH 

작은 폐동맥에 병변이 발생하여 혈관 내부 공간이 줄어들고 점차적으로 폐혈관
저항이 증가하고, 결과적으로 우심실 후부하가 증가되어 우심실 부전 발생

WHO  Group 1

European Heart Journal (2022) 00, 1–114



Three Classic Pathways of Targeted Therapy for PAH

N Engl J Med 2021;385:2361-76
(PDE5; Phosphodiesterase-5, 

soluble Guanylate Cyclase; sGC)



Group 2. PH associated with
left heart disease (PH-LHD)

(HFpEF)

(HFrEF, HFmrEF)

(Left-sided VHD)



• PH-LHD represents the most prevalent form of PH : 65–80% of PH.

• 20–30% of patients are categorized as having CpcPH.

WHO  Group 2



Patient phenotyping and likelihood for 

Left Heart Disease as cause of PH



WHO  Group 2

Invasive assessment in PH-LHD



Use of drugs approved for PAH in PH-LHD

Eur Respir J 2018; 51: 1702589.



International Journal of Cardiology 283 (2019) 152–158

• In 40 hemodynamically precisely characterized patients with HFpEF and Cpc-PH 

who were treated with a PDE5i for at least 12 months

• A subset with HFpEF and CpcPH who tolerate PDE5i may benefit from targeted 

therapy.



Group 3. PH associated with 
lung diseases and/or hypoxia

2015 ESC/ERS guidelines for PH2022 ESC/ERS guidelines for PH





Definition of severe PH-Lung disease

2015 ESC/ERS guidelines for PH

Olsson KM, et l. Eur Respir J 2021; 58: 2101483

In COPD/ILD Threshold

non-severe PH PVR ≤5 WU

severe PH PVR >5 WU

2022 ESC/ERS guidelines for PH

449 patients with PH-ILD 

in the COMPERA registry

Zeder K, et al. Eur Respir J. 2021;58: 210094

retrospective study of 139 pts 

with PH-COPD 





N Engl J Med 2021;384:325-34  INCREASE study

WHO  Group 3



Group 4. PH associated with 
pulmonary artery obstructions



Chronic Thrombo-embolic 

Pulmonary Hypertension (CTEPH) 

• Defining CTEPH 

→ PH after 3 months of therapeutic anticoagulation 

• Persistent perfusion defect(s) on V/Q scan with 

chronic, organized, fibrotic clots in CTPA/DSA. 

•  not only a consequence of PA obstruction by organized fibrotic 

clots but can also be related to the associated microvasculopathy.

• CTEPH is thought to develop following a pulmonary embolism (PE) 

that fails to resolve in between 0.1% and 11.8% of patients.

WHO  Group 4  

Eur Heart J 2022:ehac206

European Heart Journal 2022:00, 1–114



Eur Respir J 2019; 54: 1901647



Diagnostic strategy in CTEPH

bAlternative perfusion imaging techniques—such as iodine subtraction mapping, DECT, and MRI perfusion 

CTPA, computed tomography pulmonary angiography; DSA, digital subtraction angiography; 



European Heart Journal (2022) 00, 1–114

Management strategy in CTEPH

PEA, Pulmonary endarterectomy;

BPA, Balloon pulmonary angioplasty





Diagnosis and Assessment 

of PH/PAH

New ESC Pulmonary Hypertension Guidelines Urge Earlier Diagnosis 

1. To raise early suspicion of PH 

→ fast-track referral to PH centers in patients with a high likelihood of PAH, 

CTEPH, or other forms of severe PH. 

2. To identify underlying diseases (LHD, lung disease, comorbidities)

→ proper classification, risk assessment, and treatment



Symptoms in patients with PH

European Heart Journal (2022) 00, 1–114

aThoracic compression syndromes are found in a minority of patients with PAH with 

pronounced dilation of the pulmonary artery, and may occur at any disease stage and even in 

patients with otherwise mild functional impairment.



Clinical signs in patients with PH

European Heart Journal (2022) 00, 1–114



Diagnostic algorithm

– a comprehensive medical/familial history

– thorough physical examination 

(including BP, HR,SpO2)

– blood test to determine BNP/NT-proBNP

– resting ECG

• Step 1 (suspicion) : initial evaluation 
• raise a suspicion of a cardiac or respiratory 

disorder causing the symptom



Diagnostic algorithm

• Step 2 (detection) : non-invasive lung & cardiac testing

• Screening of PH with cardiac echo is important.

• Patients should be managed accordingly based on this 

initial assessment.



Diagnostic algorithm

• Step 3 (confirmation) : comprehensive & invasive w-up

• distinguishing between the various causes of PH   

according to the current clinical classification

• Refer to PH center for further evaluation 

1) intermediate/high probability of PH

2) in the presence of RF for PAH, or a history of PE

• Warning signs must be recognized

1) rapidly evolving/severe symptoms(WHO-FC III/IV)

2) syncope, signs of low CO state, poorly tolerated 

arrhythmias, hypotension/tachycardia

3) clinical signs of RV failure

4) RV dysfunction by echocardiography, elevated 

cardiac biomarkers



European Heart Journal (2022) 00, 1–114

(confirmation) 

(detection) 

(suspicion) 



Radiographic signs of PH

CHEST 2019; 156(2):211-227



Echocardiographic probability of PH

European Heart Journal (2022) 00, 1–114







Treatment of PH/PAH



General measures
2015



Recommendations for women of 

childbearing potential

2022 Updated
2015



Comprehensive risk assessment in PAH 
(three-strata model)

2022 Updated



: Riociguat

: Selexipag

a. Cardiopulmonary 

comorbidities: a/w an 

increased risk of left 

ventricular diastolic 

dysfunction, and include 

obesity, HTN, DM, and 

coronary heart disease; 

Pulmonary comorbidities : 

include signs of mild 

parenchymal lung disease 

and are often a/w a low DLCO 

(<45% predicted value)



Risk is calculated by dividing the sum of all grades by the number of variables and rounding to the next integer



Take Home Points 

• The hemodynamic definition of PH has been updated as mPAP >20mmHg. 

– The definition of PAH also implies a PAWP ≤15 mmHg & PVR >2 WU.

• The main diagnostic algorithm for PH has been simplified following 

– a three-step approach : suspicion by first-line physicians, detection by 

echocardiography, and confirmation with RHC in PH centers

– Rapid referral for Warning signs

• Risk assessment & Treatment algorithm in PAH 

– The three-strata risk-stratification assessment at diagnosis.

– A four-strata risk stratification at follow-up

– Initial combination therapy in non-Cardiopulmonary comorbidities

• In group 3 PH, 

– Severe PH-LD : mPAP > 35mmHg  → PVR > 5WU

– PAH drugs may be considered  in severe PH-LD

– inhaled treprostinil is the first FDA-approved drug for PH-ILD 



Thank you !


