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RIGHT HEART CATHETERIZATION

Werner Forssmann 1904-1979

 1929 (Klinische Wochenschrift, 8, 2085

RIGHT HEART CATHETERIZATION

, 8, 2085-87), RA catheterization



Dr. Otto KLEIN (1881

Klein O.; Zur Bestimmung des zirkulatorischen Minutenvolumens beim Menschen
Herzsondierung). Muenchener Medizinische Wochenschrift. 77 1930:1311-1312

 Born in Pilsen in 1881
 Medical studies at Charles University in 

Prague (1915)
 1919-1938 University Hospital in 

Prague
 RHC in 11 patients, CO using the Fick

principe (realistic results: 4.5–
6.7 L/min).

Dr. Otto KLEIN (1881-1968)

Menschen nach dem Fickschen Prinzip. (Gewinnung des gemischten venoesen Blutes mittels



COURNAND AND RICHARDS – CARDIAC OUTPUT MEASUREMENT

Ureteral catheter

34 individuals with normal
circulation (17 patients in the
hospital suffering from various
conditions)

Direct Fick method

CARDIAC OUTPUT MEASUREMENT

J Clin Invest. 1945 Jan;24(1):106-



André Cournand , Werner 
Richards

Nobel Prize for Physiology or Medicine in 1956 
heart catheterization and pathological changes

, Werner Forssmann, Dickinson W. 
Richards

in 1956 for their discoveries concerning
changes in the circulatory system





Humbert M et al. 2022 ESC/ERS Guidelines for thethe diagnosis and treatment of pulmonary hypertension. EHJ 2022, ERJ 



HEMODYNAMIC INDICES

Pressures 
RA, RV, PA and PCWP

Cardiac output
Thermodilution Thermodilution 
Fick

Saturations
MvO2,SaO2, (IVC, SVC, RA, RV)

Vasodilatation testing

Fluid challenge

Hepatic vein catheterization

HEMODYNAMIC INDICES



ATRIÁLNÍ KŘIVKY

PPPPPPPPPP

ATRIÁLNÍ KŘIVKY

General University Hospital in Prague
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VENTRIKULÁRNÍ KŘIVKA

PPPPPPPPPP

VENTRIKULÁRNÍ KŘIVKA

General University Hospital in Prague



ARTERIÁLNÍ KŘIVKYARTERIÁLNÍ KŘIVKY

General University Hospital in Prague



Gerges Ch et al. CHEST 2013; 143(3):758–



PULMONARY ANGIOGRAPHY

Dx., AP Dx., RAO 90°

n=33 (group I control group, group II moderate
Safety during the procedure: oxygen inhalation

General University 

PULMONARY ANGIOGRAPHY

Sin., LAO 90° Sin., AP

moderate PH, group III severe PH
inhalation, nonionic contrast medium

General University Hospital in Prague, Pitton MB et al., Circulation 1996, 94: 2485-91



CASE REPORT
CTEPH diagnosed in Nov 2013

NYHA FC III
6MWD 400 m, B6

PAMP 46, PCWP 7PAMP 46, PCWP 7
CO 3.9, CI 2.2, PVR 10 WU

CASE REPORT, ♀, * 1949

General University Hospital in Prague



NYHA 6MWD (m) PAMP 
(mmHg)

BeforePEA
(11/2013)

III 400 46

After PEA 
(5/2016)

II 500 37

PEA in March 2013

PCWP 
(mmHg)

CO (L/min) CI 
(L/min/m2)

PVR (WU)

7 3.9 2.2 10

5 5.1 2.9 6.3

General University Hospital in  Prague, Courtesy of Prof. J. Lindner



NYHA 6MWD (m) PAMP 
(mmHg)

Before PEA 
(11/2013)

III 400 46

Adempas 3x1 mg…3x2.5 mg from 5/2016

CASE REPORT

After PEA 
(5/2016)

II 500 37

After rio
(5/2016)

II 509 36

PCWP 
(mmHg)

CO (L/min) CI 
(L/min/m2)

PVR (WU)

7 3.9 2.2 10

CASE REPORT, ♀, * 1949

5 5.1 2.9 6.3

9 5.3 3.0 5.2

General University Hospital in Prague



CASE REPORTCASE REPORT, ♀, * 1949

General University Hospital in Prague



CASE REPORT

NYHA 6MWD (m) PAMP (mmHg)

Before PEA 
(11/2013)

III 400 46

After PEA 
(5/2016)

II 500 37

After rio
(5/2016)

II 509 36

After 2xBPA
(4/2019)

I 507 28

11/2018: BPA right (A2, A6, A9, A10)
1/2019: BPA left (A8, A9, A10)

CASE REPORT, ♀, * 1949

PCWP (mmHg) CO (L/min) CI (L/min/m2) PVR (WU)

7 3.9 2.2 10

5 5.1 2.9 6.3

9 5.3 3.0 5.2

9 5.1 2.9 3.7

General University Hospital in Prague



CORONARY AND BRONCHIAL ANGIOGRAPHYCORONARY AND BRONCHIAL ANGIOGRAPHY

General University Hospital in Prague



ABOUT ZERO REFERENCE LEVELABOUT ZERO RE

mid-thoracicmid-thor

ABOUT ZERO REFERENCE LEVELEFERENCE LEVEL

thoracic line
Kovacs G et al., Am J Respir Crit Care Med 2014; 190: 252–

racic line
Kovacs G et al., Am J Respir Crit Care Med 2014; 190: 252–



ABOUT PCWPABOUT PCWP

General University Hospital in Prague, Ryan JJ. Et al, AHJ 2012



ABOUT VASOREACTIVITY TESTINGABOUT VASOREACTIVITY TESTINGABOUT VASOREACTIVITY TESTINGABOUT VASOREACTIVITY TESTING



PATHOPHYSIOLOGY 
OF PULMONARY VASCULAR DISEASE

kmen
~ 30mm

A. pulmonalis sinistra
~ 20 mm

Vasoconstriction

pulmonalis dextra
~ 24 mm

Muscular artery
< 0,5 mm

PATHOPHYSIOLOGY 
PULMONARY VASCULAR DISEASE

Vasoconstriction Proliferation

General University Hospital
Tuder et al, AJRCCM 1999; 159:1925-32



Barst criteria, 1986: 
decrease in mPAP of ≥20%, unchanged or increased cardiac index, and 
decreased or unchanged PVR to SVR ratio (PVR/SVR)

Rich criteria, 1992: 
decrease in mPAP and PVR of ≥20%decrease in mPAP and PVR of ≥20%

Sitbon criteria, 2005: 
decrease in mPAP of ≥10 mm Hg reaching an 
and an increased or unchanged cardiac output.

of ≥20%, unchanged or increased cardiac index, and 
decreased or unchanged PVR to SVR ratio (PVR/SVR)

and PVR of ≥20%

N Engl J Med 1992;327:76–81
Chest 1986;89:497–503

Circulation 2005;111:3105–11
Eur Respir J 2015, 46(4):903-75

and PVR of ≥20%

of ≥10 mm Hg reaching an mPAP value of ≤40 mm Hg, 
and an increased or unchanged cardiac output.



iPAH, n=557, vasoreactivity: 17 (26%) – i.v

Acute response:  fall in mean PAP and PVR 

70 acute responders (12.6%), 38 long-term 

i.v. epo, NO

PAP and PVR of at least 20% relative to baseline

term responders (6.8%)

Circulation. 2005;111:3105-3111

87% 31%



Vasoreactivity testing – recommendations

 Expert centres

 iPAH, HPAH, PAH accociated

Humbert M et al. 2022 ESC/ERS Guidelines for the

 Inh. NO, inh. Iloprost, i.v. epoprostenol

 No recommendation for PH Groups

recommendations:

accociated with drugs

the diagnosis and treatment of pulmonary hypertension. EHJ 2022, ERJ 

epoprostenol

Groups 2-5 (III, C)



ABOUT FLUID CHALLENGEABOUT FLUID CHALLENGEABOUT FLUID CHALLENGEABOUT FLUID CHALLENGE



PH ASSOCIATED WITH LEFT HEART DISEASE

Exercise testing or fluid challenge:  
PAWP ＞ 18 mmHg
(latent postcapillary component)

PH ASSOCIATED WITH LEFT HEART DISEASE



Fluid challenge may reveal LV diastolic dysfunction in patients with
PAWP ≤15 mmHg and clinical phenotype suggestive of LHD

Humbert M et al. 2022 ESC/ERS Guidelines for the

Rapid infusion of 500 mL (7–10 mL/kg) of saline (over 5
detect abnormal increase in PAWP to ≥18 mmHg
component)

Fluid challenge may reveal LV diastolic dysfunction in patients with
clinical phenotype suggestive of LHD

the diagnosis and treatment of pulmonary hypertension. EHJ 2022, ERJ 

10 mL/kg) of saline (over 5–10 min) to 
detect abnormal increase in PAWP to ≥18 mmHg (latent postcapillary



107 SSc patients, PAMP, PCWP 

LVEDP pre-/post-fluid challenge

PVH:  PAMP≥25 mmHgPVH:  PAMP≥25 mmHg

Occult PVH:  PAMP≥25 mmHg

LVEDP>15 mmHg

PAH: PAMP≥25 mmHg

, PAMP, PCWP 

challenge

mmHg, PCWP>15 mmHg

Fox BD et al. Eur Respir J 2013; 42: 1083–1091

mmHg, PCWP>15 mmHg

mmHg, PCWP≤15 mmHg, 

mmHg before or after fluid challenge

mmHg, PCWP≤15 mmHg



Fox BD et al. Eur Respir J 2013; 42: 1083–



ABOUT SAFETYABOUT SAFETYABOUT SAFETYABOUT SAFETY



 n= 7218 cath. procedures performed in experienced centers

 Retrospective (5727) and prospective (1491)

 76 serious adverse events (1,1%

- Venous access (hematoma

- Rhythm disturbances

- Hypotension (vagal reaction, vasoreactivity testing)

 Deaths: 4 / Mortality 0.055% 

n= 7218 cath. procedures performed in experienced centers

Retrospective (5727) and prospective (1491)

J Am Coll Cardiol 2006;48:2546 –52

1,1%, IC 0,8-1,3) related to

hematoma, pneumothorax)

Hypotension (vagal reaction, vasoreactivity testing)

Deaths: 4 / Mortality 0.055% (IC 0,01-0,099)



 n= 2417 cath. procedures performed in 

 Retrospective 

 48 adverse events (1,9 %) related to

RHC COMPLICATIONS
GENERAL UNIVERSITY HOSPITAL, PRAGUE

 48 adverse events (1,9 %) related to

- Venous access: 34

- Rhythm disturbances: 7

- Hypotension (vagal reaction

 Deaths: 0 / Mortality 0

cath. procedures performed in GUH Prague (2004-2015)

related to

RHC COMPLICATIONS
GENERAL UNIVERSITY HOSPITAL, PRAGUE

related to

Hypotension (vagal reaction): 7

Unpublished data



CASE REPORTCASE REPORT, ♀, * 1959



CASE REPORT
SSc diagnosed in 2015

May 2022: 

NYHA FC III, 6MWT 400 m, B6
FEV1 102 %, Tiff 78 %, FVC 118 %
DLCO 51..34 % DLCO 51..34 % 
ECHO: normal LV, PASP 55, PEEx 0
V/Q scintigraphy: normal
proBNP 217 pg/mL

NYHA NT proBNP
(pg/mL)

PAMP (mmHg)

Diagnosis
(May 2022)

III 217 36

CASE REPORT, ♀, * 1959

General University Hospital in Prague

) PCWP 
(mmHg)

CO (L/min) CI (L/min/m2) PVR (WU)

5 7.4 4.0 4.2



CASE REPORT

NYHA NT proBNP
(pg/mL)

PAMP 
(mmHg)

May 2022
Diagnosis

III 217 36

First diagnosis: PH group 1 (SSc-APAH)

Diagnosis

2024
Bose + silde

III 1037 50

Jul 2024
Trepro s.c.

III 5198 60

Final diagnosis: PH group 1 (SSc-APAH) + 

CASE REPORT, ♀, * 1959

PCWP 
(mmHg)

CO (L/min) CI (L/min/m2) PVR (WU)

5 7.4 4.0 4.2

General University Hospital in Prague

8 6.1 3.4 6.9

14
(digital mean)

5.5 3.0 8.4

APAH) + latent PH group 2 ? 



RAP (12 mmHg), mid-thoracic line

✔
 

line

Below mid-thoracic line (20 mmHg) ❌

General University Hospital in Prague

Above mid-thoracic line (9 mmHg) ❌



RVP (88/19 mmHg) PAP (88/41/60 mmHg) 

General University Hospital in Prague



PCWP (digital mean 14 mmHg) PCWP (end-exp mean 16 mmHg

General University Hospital in Prague



PCWP (14 mmHg), mid-thoracic line

✔
 

Below mid-thoracic line (20 mmHg) ❌

General University Hospital in Prague

Above mid-thoracic line (6 mmHg) ❌



FLUID CHALLENGE
RAP before (11 mmHg)…after (15 mmHg) PCWP before (14 mmHg)…after (19 mmHg)

FLUID CHALLENGE

General University Hospital in Prague



CASE REPORT 2CASE REPORT 2, ♀, * 1955



CASE REPORT
History: 

HFpEF
Coronary artery disease, PCI in 2014
Permanent atrial fibrillation (AFib)
No history of TB, cardiothoracic surgery or radiotherapy
History of right heart failure symptoms from September 2018History of right heart failure symptoms from September 2018

November 2018, General University Hospital in Prague: 

ECHO: non-dilated, not hypertrophied LV, EF 68 %, increased filling pressures 
and inspiration septal shift with reduction of left ventricle size, RV was 
dilatated with systolic dysfunction (FAC 27 %). PASP 60 mmHg. Both atria 
were slightly enlarged and there was no pericardial effusion.

CMRI: pericardial thickening and ventricular interdependency, suspicion of CP

CASE REPORT, ♀, * 1955

No history of TB, cardiothoracic surgery or radiotherapy
History of right heart failure symptoms from September 2018History of right heart failure symptoms from September 2018

November 2018, General University Hospital in Prague: 

dilated, not hypertrophied LV, EF 68 %, increased filling pressures 
and inspiration septal shift with reduction of left ventricle size, RV was 
dilatated with systolic dysfunction (FAC 27 %). PASP 60 mmHg. Both atria 
were slightly enlarged and there was no pericardial effusion.

pericardial thickening and ventricular interdependency, suspicion of CP



CASE REPORT

Hemodynamics: 

RA 19, RV 68/17, PA  73/44/59, PCW 23, TPG 36, CO 4.6, CI 2.14, PVR 7.8 WU

CASE REPORT, ♀, * 1955

General University Hospital in Prague

RA 19, RV 68/17, PA  73/44/59, PCW 23, TPG 36, CO 4.6, CI 2.14, PVR 7.8 WU



RAP (mean 19 mmHg) PCWP (mean 23 mmHg)

General University Hospital in Prague



PAP (73/44/59 mmHg) LVEDP (mean 24 mmHg) 
RVEDP (mean 17 mmHg) 

General University Hospital in Prague



Constrictive pericarditis (CP) Restrictive myocardial

J Am Coll Cardiol 2008;51:315

myocardial disease (RMD) RVEDP vs LVEDP



Atrial fibrlation
LVEDP (mean 20 mmHg) 
RVEDP (mean 17 mmHg) 

INSPIRIUM

General University Hospital in Prague



Atrial fibrlation
LVEDP (mean 20 mmHg) 
RVEDP (mean 17 mmHg) 

INSPIRIUM

Pacing
LVEDP (mean 21 mmHg) 
RVEDP (mean 14 mmHg) 

INSPIRIUM

General University Hospital in Prague



Pericardectomy (February 2019)

General University Hospital in  Prague, Courtesy of Prof. T. Grus



SHRNUTÍ

PSK je jednoduchá, spolehlivá a bezpečná

PSK je zlatým standardem v definitivní
sledování efektu léčbysledování efektu léčby

Objemová výzva k detekci latentní

Testování vazoreaktivity k identifikaci

Diagnostika PH vyžaduje mnohdy další

SHRNUTÍ

bezpečná diagnostická metoda

definitivní diagnostice PH, role při

postkapilární komponenty

identifikaci kandidátů léčby CCB

další katetrizační vyšetření


