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Werner Forssmann

1904 –1979
1929 Gerda Ditzen

Forssmann W (1929) Die Sondierung des Rechten Herzens. Klein Wochenschr 8:2085

In conclusion I should point out that this method has opened the prospect of many possible 

metabolic researches and studies of the function of the heart, some of which I have already 

begun

Forssmann W (1931) Ueber Kontrastdarstellung der Hohlen des lebenden rechten Herzens und der 

Lungenschlagader. Miinchener Med Wochenschr 78:489



Werner Forssmann

1904 –1979
1929

Werner Forssmann: „The typical man before his time!” 

– Erste Herzkatheterisierung im Selbstversuch
Anästhesiol Intensivmed Notfallmed Schmerzther 2008; 43(2): 162-165

Ένας άνθρωπος μπροστά από την εποχή του

University of Mainz1954



1895 – 1988

André Cournand

1944



Dickinson Richards

1895 – 1973



Circulation Research, Vol. II, September 1954



Nobel 1956



Nobel 1956

Honorary Professor of Surgery and Urology

University of Mainz (1956)

National University of Cordoba (1961)

Who is this guy?



1919: Kassa (Κόσιτσε, Slovakia)

1947: Charles University (Prague)

1966: Escape in Vienna with only the clothes he

was wearing (47 years old!!!)

1966: USA - Cedars Sinai Medical Centre (chief 
of cardiology Jeremy Swan)

1937: School of medicine, Charles University, Prague

1944: Escape to Budapest (Before sent to Auschwitz)

1919-2009



Santa Monica Bay

Sunday

Is it possible to introduce the catheter in pulmonary artery without x-ray?

Swan and Ganz:





New Engl J Med 1970



American Heart Journal March, 1972 Vol. 83, No. 3, pp. 306-311

Tb injection









Kovacs et al. Eur Respir J 2013; 42: 1586–1594



Optimal                       Overdamped                   Underdamped

The "fast flush" test



Pressures may be overestimated
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Representative pressure tracings of a) pulmonary arterial pressure and b) pulmonary arterial 

wedge pressure (PAWP). 

Stephan Rosenkranz, and Ioana R. Preston Eur Respir Rev 

2015;24:642-652



American Heart Journal March, 1972 Vol. 83, No. 3, pp. 306-311

Tb injection



PRESSURES      FLOWS (CO)

RESISTANCE

Resistance = Driving pressure for flow (change in pressure)/flow



Resistance = Driving pressure for flow (change in pressure)/flow

Current (I) ≈ Flow

Volt (V) ≈ Pressure

PRESSURES      FLOWS

RESISTANCE

R= ΔP/CO



Alveolus

Ppa > Pcap

Rup Rdown
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PVR = Rup+Rdown

The catheter should be in Zone III
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Pcap

Pwedge

Occlusion



Alveolus

Ppa > Pcap

Rup (60% total) Rdown (40% total)

High compliance 
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C
O

PAPmean - Pwedge

PVR = (PAPmean-Pwedge)/CO

PVR = 1/slope

PAPmean=Pwedge



Alveolus

High compliance 

Low resistance

Alveolus
Pulmonary 

arteries
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veins
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network



C
O

PAPmean - Pwedge

PVR = (PAPmean-Pwedge)/CO

PVR = 1/slope

PAPmean=Pwedge

Message:

PVR is heavily depended 

on flows (cardiac output)

Flow=0

when Pwedge<PAPmean



C
O

PAPmean - Pwedge

PVR = (PAPmean-Pwedge)/CO

PAPmean - Pwedge

C
O

Vasodilation

Vasoconstriction
??

??



Does the patient have 

Pulmonary hypertension?
Mean pulmonary arterial pressure (PAPm) ⩾25 

mmHg at rest as assessed by right heart 

catheterization

The normal PAPm at rest is 14 ± 3 mmHg with 

an upper limit of normal of approximately 20 

mmHg

Patients presenting with a pulmonary artery 

pressure (PAP) between 21 and 24 mmHg 

should be carefully followed when they are at risk 

for developing PAH

Eur Respir J 2015; 46: 903–975



1. Pulmonary arterial hypertension (Group 1)

2. Pulmonary hypertension due to left heart disease (Group 2)

3. Pulmonary hypertension due to lung disease and/or 

hypoxia (Group 3)

4. Chronic thromboembolic pulmonary hypertension and other

pulmonary artery obstruction (Group 4)

5. Pulmonary hypertension with unclear and/or multifactorial

mechanisms (Group 5)

Classification of PH

Eur Respir J 2015; 46: 903–975

PAPm ⩾25 mmHg 

and PVR>3 WU



1. Pulmonary arterial hypertension (Group 1)

2. Pulmonary hypertension due to left heart disease (Group 2)

3. Pulmonary hypertension due to lung disease 

and/or hypoxia (Group 3)

4. Chronic thromboembolic pulmonary hypertension and other

pulmonary artery obstruction (Group 4)

5. Pulmonary hypertension with unclear and/or multifactorial

mechanisms (Group 5)

Classification of PH

Eur Respir J 2015; 46: 903–975



Alveolus

Ppa > Pcap

Alveolus
Pulmonary 

arteries

Pulmonary 

veins

Capillary 

network
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Pwedge

Group 1, 3, 4, 5

Pre-capillary Pulmonary Hypertension

PAPm ≥25 mmHg
Pwedge ≤15 mmHg



1. Pulmonary arterial hypertension (Group 1) 

2. Pulmonary hypertension due to left heart disease (Group 2)

3. Pulmonary hypertension due to lung disease 

and/or hypoxia (Group 3)

4. Chronic thromboembolic pulmonary hypertension and other

pulmonary artery obstruction (Group 4)

5. Pulmonary hypertension with unclear and/or multifactorial

mechanisms (Group 5)

Classification of PH

Eur Respir J 2015; 46: 903–975



Alveolus

Ppa > Pcap

Alveolus
Pulmonary 

arteries

Pulmonary 

veins

Capillary 

network

>Pla

Pwedge

Group 2 and 5

Post-capillary Pulmonary Hypertension

PAPm ≥25 mmHg
Pwedge >15 mmHg



212 patients referred for PH underwent a right-sided heart 

catheterization.

Hemodynamic measurements were obtained at baseline 

and immediately after intravenous administration of 7 

mL/kg of saline over 5 to 10 min.



Normal Pre-capillary PH Post-capillary PH 

After fluid challenge, 5 of 66 patients with no PH (8%) and 8 

of 124 with precapillary PH (6%) had the diagnosis 

reclassified as post-capillary PH.

18 

mmHg
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8% (diagnosed as normal) and 

6% (diagnoses with Pre-capillary PH)

Post-capillary 

Pulmonary Hypertension
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Post-capillary PH

PAPm ≥25 mmHg
Pwedge >15 mmHg

Isolated post-capillary PH
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Combined post-capillary 

and pre-capillary PH

(Cpc-PH)



Alveolus

Ppa > Pcap

Alveolus
Pulmonary 

arteries

Pulmonary 

veins

Capillary 

network

>Pla

Pwedge

Post-capillary PH

Isolated post-capillary PH

(Ipc-PH)

Combined post-capillary 

and pre-capillary PH

(Cpc-PH)
DPG <7 mmHg and/or

PVR ≤3 WUDPG ≥7 mmHg and/or

PVR >3 WU

TPG = PAPmean-Pwedge ≥12 mmHg

PAPm ≥25 mmHg
Pwedge >15 mmHg



Eur Respir J 2013; 41: 217–223

TPG depends on 1) cardiac output, 2) recruitment and distension of 

the pulmonary vessels, 3) stroke volume and 4) arterial compliance

DPG is superior to the TPG for the diagnosis of ‘‘out of proportion’’ 

pulmonary hypertension



Robert Naeije et al. Circ Heart Fail. 2017;10:e004082

preserved ejection fraction/

diastolic heart failure

reduced ejection fraction/

systolic heart failure



Alveolus

Ppa > Pcap

Rup (60% total) Rdown (40% total)

High compliance 

Low resistance

Alveolus
Pulmonary 
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Pulmonary 

veins

Capillary 

network

PVR

>Pla

(PAPmean – Pcap)/CO (Pcap – Pwedge)/CO(PAPmean – Pwedge)/CO

Should Pcap be measured?

Yes!!



Pcap

Pwedge

Occlusion It is simple!!!



Christian Gerges et al. Eur Respir J 2018;51:1800067



Models of the pulmonary circulation with corresponding phenotypes of pressure decay curves 

in a) isolated post-capillary pulmonary hypertension (Ipc-PH) and b) combined post- and pre-

capillary PH (Cpc-PH). 

Christian Gerges et al. Eur Respir J 2018;51:1800067



Nick H.S. Kim et al. Circulation. 2004;109:18-22

Patients with Rup values <60% 

appear to have the highest 

postoperative risk

Group 4 and Rup

26 patients



Rup is capable of distinguishing 
between operable and inoperable 
disease

Cutoff point of 79.3%: 
100% sensitivity
57.1% specificity 

Cutoff point of 83.8%: 
83.3% sensitivity
71.4% specificity 

14 operable CTEPH, 15 inoperable CTEPH

Toshner et al. Eur Respir J 2012; 40: 612–617



Positive response to vasoreactivity testing:

A reduction of mean PAP ≥10 mmHg to reach an absolute 

value of mean PAP ≤40 mmHg with an increased or 

unchanged cardiac output

Pulmonary vasoreactivity testing is recommended only for 

patients with: 

1) IPAH 

2) HPAH or 

3) drug-induced PAH 

Vaso-reactivity test

1. Inhaled nitric oxide (NO)

2. Epoprostenol

3. Adenosine 

4. Inhaled iloprost



C
O

PAPmean - Pwedge

PVR = (PAPmean-Pwedge)/CO

PAPmean - Pwedge

C
O

Vasodilation

Vasoconstriction
??

??



RHC and follow up





Large V waves in CVP and Pwedge


