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Diagnosis of PH

• The 2015 guidelines

• Problems of the 2015 definition

• The 2018  proposal

• 2018 proposal: perfect solution?



Galie N et al. Eur Heart J 2015



PH:

Mean pulmonary artery

pressure (mPAP) ≥25 mmHg

Mean pulmonary artery wedge

pressure (mPAPW)

Pre-capillary PH Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2015

Isolated post-

capillary (IpcPH)

Combined pre- and

post-capillary (CpcPH)

PVR ≤3 WU PVR >3 WU
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PH:

Mean pulmonary artery

pressure (mPAP) ≥25 mmHg

Mean pulmonary artery wedge

pressure (mPAPW)

Pre-capillary PH Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2015

Isolated post-

capillary (IpcPH)

Combined pre- and

post-capillary (CpcPH)

PVR ≤3 WU PVR >3 WU
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PH:

Mean pulmonary artery

pressure (mPAP) ≥ 25 mmHg

Mean pulmonary artery wedge

pressure (mPAPW)

Pre-capillary PH Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2015

Isolated post-

capillary (IpcPH)

Combined pre- and

post-capillary (CpcPH)

PVR ≤3 WU PVR >3 WU
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mPAP mPAWP

Transpulmonary Gradient (TPG), i.e. PVR 

TPG

TPG=mPAP-mPAWP



PH:

Mean pulmonary artery

pressure (mPAP) ≥ 25 mmHg

Mean pulmonary artery wedge

pressure (mPAPW)

Pre-capillary PH Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2015

Isolated post-

capillary (IpcPH)

Combined pre- and

post-capillary (CpcPH)

PVR ≤3 WU PVR >3 WU
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Pre-capillary pulmonary

hypertension



mPAP mPAWP

Transpulmonary

Gradient (TPG) 

and PVR 

TPG=mPAP-mPAWP

PVR= TPG/cardiac output



2015 PH classification

Group Pulmonary hypertenion (PH) Hemodynamics

1 Pulmonary arterial hypertension Pre-capillary

Idiopathic, hereditary, drugs/toxins,

connective tissue diease/HIV/liver

disease/congenital heart disease

2 PH in left heart disease Post-capillary

Systolic/diastolic dysfunction, valve disease

3 PH in patients with chronic lung

disease/hypoxia

Pre-capillary

4 Chronic thromboembolic PH Pre-capillary

5 PH with unknown/multifactorial

mechanism

Pre-capillary

Galie N, et al. Eur Heart J 2016



Fayyaz AU et al. Circulation 2018

Pulmonary vascular remodeling in HFpEF-CpcPH

control

HFrEF

HFpEF

Artery vein indeterminate vessel

Best correlation

with PA 

pressure



mPAP mPAWP

But TPG/PVR also

Combined pre- and post-capillary PH



PH:

Mean pulmonary artery

pressure (mPAP) ≥ 25 mmHg

Mean pulmonary artery wedge

pressure (mPAPW)

Pre-capillary PH Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2015

Isolated post-

capillary (IpcPH)

Combined pre- and

post-capillary (CpcPH)

PVR ≤3 WU PVR >3 WU
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Pre-capillary

PH

IpcPH

No PH

CpcPH

Log rank p<0.001

Weber L et al. Eur J Heart Heart Fail 2018

Pre-AVR CpcPH and long-term post-AVR mortality



Diagnosis of PH

• The 2015 guidelines

• Problems of the 2015 definition

• The 2018  proposal

• 2018 proposal: perfect solution?



Maron B et al. Circulation 2016

Pulmonary pressure and prognosis
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PH:

Mean pulmonary artery

pressure (mPAP) ≥ 25 mmHg

Mean pulmonary artery wedge

pressure (mPAPW)

Pre-capillary PH Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2015

IpcPH CpcPH

PVR ≤3 WU and/or

DPG < 7 mmHg

PVR >3 WU and/or

DPG ≥7 mmHg



mPAP mPAWP

DPG=dPAP-mPAWP



Gerges et al. Eur Respir J 2016



PH:

Mean pulmonary artery pressure (mPAP) 

≥ 25 mmHg

Mean pulmonary artery wedge pressure (mPAPW) or

left ventricular end-diastolic pressure (LVEDP)

Pre-capillary PH Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2015

Isolated post-

capillary (IpcPH)

Combined pre- and

post-capillary (CpcPH)

PVR ≤3 WU PVR >3 WU
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Maeder MT et al. Trends in Cardiovasc Med 2021



Maeder MT et al. CJC open 2021



Maeder MT et al. CJC open 2021

AS: mPAWP and prognosis after AVR



Maeder MT et al. CJC open 2021

AS: LVEDP and prognosis after AVR



Diagnosis of PH

• The 2015 guidelines

• Problems of the 2015 definition

• The 2018  proposal

• 2018 proposal: perfect solution?



Simonneau G et al. Eur Respir J 2019



Simonneau G et al. Eur Respir J 2019



mPAP >20 mmHg

mPAPW

Pre-

capillary

PH

Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2018

IpcPH CpcPH

PVR <3 WU PVR ≥3 WUPVR <3 WU PVR ≥3 WU

no PH



mPAP > 20 mmHg

mPAPW

Pre-

capillary

PH

Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2018

IpcPH CpcPH

PVR <3 WU PVR ≥3 WUPVR <3 WU PVR ≥3 WU

no PH

No DPG!



mPAP > 20 mmHg

mPAPW

Pre-

capillary

PH

Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2018

IpcPH CpcPH

PVR <3 WU PVR ≥3 WUPVR <3 WU PVR ≥3 WU

no PH



mPAP >20 mmHg

mPAPW

Pre-

capillary

PH

Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2018

IpcPH CpcPH

PVR <3 WU PVR ≥3 WUPVR <3 WU PVR ≥3 WU

no PH



Diagnosis of PH

• The 2015 guidelines

• Problems of the 2015 definition

• The 2018  proposal

• 2018 proposal: perfect solution?



Maron B et al. Circulation 2016

Pulmonary pressure and prognosis
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PVR

mPAWP

Typical

PAH

Atypical

PAH

HFpEF

with

IpcPH

HFpEF

with

CpcPH

PAH + 

HFpEF

Effective:

ERA, 

Riociguat, 

Prostacyclin

analogues, 

dual  therapy, 

triple therapy

Effective: PDEi, Selexipag

Effective: IAS

Not effective: 

PDEi

Harmful: ERA+/- Effective:

ERA, dual therapy

Potentially effective

Levosimendan, Sac/Val, MRA, 

SGLT2i, catheter ablation for AF

Conflicting data:

PDEi

Effective: Diuretics

Maeder MT. Eur J Heart Fail 2022



mPAP mPAWP

Transpulmonary

Gradient (TPG) 

and PVR 

TPG=mPAP-mPAWP

PVR= TPG/cardiac output



A

C D

B

mPAWP=13 mmHg mPAP=21 mmHg

mRAP=13 mmHg

v



Baseline Post-contrast

(40 ml)

Exercise

Aorta (s / d - m; 

mmHg)

170 / 63 (102)

RA (a / v - m; mmHg) 8 / 5 (4)

PA (s / d - m; mmHg) 44 / 15 (26) 47 / 17 (27) 60 / 23 (40)

PAWP (a / v - m; 

mmHg)

20 / 19 (13) 17 / 18 (14) 33 / 33 (28)

TPG (mmHg) 13 13 12

PVR (WU) 3.4

SaO2 (%) 95

SvO2 (%) 69

CO (l/min) 3.8

CI (l/min/m2) 2.3



Baseline Post-

contrast

Ruhe, 

Beine 

angehoben

Exercise

Aorta (s / d - m; 

mmHg)

170 / 63 (102)

RA (a / v - m; mmHg) 8 / 5 (4)

PA (s / d - m; mmHg) 44 / 15 (26) 47 / 17 (27) 60 / 23 (40)

PAWP (a / v - m; 

mmHg)

20 / 19 (13) 17 / 18 (14) 26 / 31 (23) 33 / 33 (28)

TPG (mmHg) 13 13 12

PVR (WU) 3.4

SaO2 (%) 95

SvO2 (%) 69

CO (l/min) 3.8

CI (l/min/m2) 2.3



Maeder MT et al. Clin Cardiol 2021



mPAP > 20 mmHg

mPAPW

Pre-

capillary

PH

Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2018

IpcPH CpcPH

PVR <3 WU PVR ≥3 WUPVR <3 WU PVR ≥3 WU

no PH



No PH (referent)

IpcPH

CpcPH

Pre-capillary PH
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Follow-up (days)

A B

Follow-up (days)

HR 4.27 (95%CI 2.20-8.28); p<0.001 HR 5.31 (95%CI 2.62-10.78); p<0.001

HR 4.09 (95%CI 1.17-14.23); p=0.03

p=ns

2015 Definition 2018 Definition

Maeder MT et al. Clin Cardiol 2021



mPAP > 20 mmHg

mPAPW

Pre-

capillary

PH

Post-capillary PH

≤15 mmHg >15 mmHg

PH Definition 2018

IpcPH CpcPH

PVR <3 WU PVR ≥3 WUPVR <3 WU PVR ≥3 WU

no PH



Pulmonary

Hypertension?

Pulmonary

arterial

hypertension?



Low PH probability

 TRV ≤2.8 m/s (sPAP ≤36 mmHg) or not measurable

AND NO indirect signs of PH

Intermediate PH probability

 TRV ≤2.8 m/s (sPAP ≤36 mmHg) AND indirect

signs of PH

 TRV 2.9-3.4 m/s (sPAP 37-50 mmHg) AND NO

indirect signs of PH

High PH probability

 TRV 2.9-3.4 m/s (sPAP 37-50 mmHg) AND indirect

signs of PH

 TRV >3.4 m/s (sPAP >50 mmHg) WITH/WITHOUT

indirect signs of PH

Galie N et al. Eur Heart J 2015



Diagnosis of PH

• The 2015 guidelines

• Problems of the 2015 definition

• The 2018  proposal

• 2018 proposal: perfect solution?



Thank you!

Micha.maeder@kssg.ch

Yock&Popp. Circulation 1984
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