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Approach

Approach Advantages Disadvantages

Jugular Easy and safe Miss PFO

Cannot perform left heart cath if 
need

Femoral Easy and safe Need fluoro

Can approach PFO More difficult rich PA and PAWP

Can perform left heart cath if need Bed rest for some time

Any large systemic vein may be used: cephalic, basilic, subclavian



J Am Soc Echocardiogr 2011;24:1291-318

It is the recommendation of the council that individuals gain the requisite knowledge, develop the 

required dexterity, and perform 10 ultrasound-guided vascular access procedures under 

supervision to demonstrate competence to independently practice this technique.





Circulation 2009;119:2250-94
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Swan-Ganz 
catheter

Cold saline in right atrium (proximal).
Temperature variation in pulmonary artery.
Lower temperature reduction… higher cardiac output.
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Cardiac output: thermodilution



Cardiac output (CO) by Fick principle

The Fick method (described by Adolph Fick in 1870) for measuring pulmonary blood 
flow:

In the absence of a significant intracardiac shunt, the pulmonary and systemic blood 
flows are equal.

Fick equation:

CO (L/min)  = O2 consumption (mL/min)
Δ arterio-venous O2

Adolph Fick (1829–1901)  
mathematician, physicist 
and physiologist.

QP (L/min)  =                            O2 consumption (mL/min)
Pulmonary vein O2 - Pulmonary artery O2



Recommendations for vasoreactivity testing

High dose CCB

Idiopathic, hereditary and anorexigen-related PAH 



Survival in IPAH with CCB

Circulation 2005;111:3105-3111



Additional use of “vasoreactivity testing”

Prognosis in CHD-PAH

• 38 Eisenmenger patients
• ΔPVRi <25% showing a positive 

predictive value (for clinical worsening) 
100% and a negative predictive value 
75.9%.

Heart 2010;96:1475-1479

“Pulmonary vasoreactivity” is a significant predictor of clinical worsening in CHD-PAH



Additional use of “vasoreactivity testing”

To close or not to close an ASD?

Hansmann G, et al. J Heart Lung Transplant 2019;38:879−901



Additional use of “vasoreactivity testing”

Decision making for heart transplantation

J Heart Lung Trans 2018; 35(1);1-28



Additional use of “vasoreactivity testing”

Decision making for heart transplantation

* Intravenous nitrates (or inhaled nitric oxide)

*



Caveat!



1 mmHg = 13 mmH2O = 1.3 cmH2O 

+10 mmHg = +13 cmH2O 

-10 mmHg = -13 cmH2O 
Ideal zero line

Caveat: zero setting at mid-thoracic level!



Caveat: exclude very high V wave!

Mean PAWP

Mean PAWP > end-diastolic PAWP = LVEDP
(possible negative DPG!)  

High V wave



Caveat: avoid PAWP over-estimation

ideal

over-wedge
(PAP vs PAWP)

over-wedge
(intra-baloon
pressure)

over-wedge
(vessel wall 
pressure)

D’Alto M, Heart Fail Clin 2018;14:467-477



Caveat: “difficult” PAWP 
trace: true or false?

57 yo male

Moderate mitral valve insufficiency

Suspected pulmonary hypertension

PAWP 20 mmHg?



PAWP (mmHg)

15Pre-capillary Post-capillary13 18

Fluid challenge (Hidden post-capillary)

Haemodynamic definition of PH:
certainties and doubts 

LHD 
risk 

factors

Courtesy S. Rosenkranz, modified

“typical” 
PAH

“atypical” PAH 
(comorbidities)

“Cpc-PH” “Ipc-PH”



6th WSPH, Nice 2018



6th WSPH, Nice 2018



J Am Coll Cardiol 2006;48:2546 –52

5-year retrospective and 6-month prospective evaluation of SAE related 
to RHC in patients with PH (total 7,218 RHC).

The most frequent complications were related to venous access (e.g., 
hematoma, pneumothorax), followed by arrhythmias.

Four fatal events were recorded, resulting in an overall procedure-related 
mortality of 0.055% (1/1,805 RHC).



Conclusions

◼ The gold standard for the evaluation of the  functional state of the 
pulmonary circulation is a right heart catheterization 

◼ Pulmonary vascular pressures and flow measurements should be done 
by expert physicians (not only cath placement but also waveform 
interpretation and understanding pathophysiology).

◼ RHC is an essential tool for diagnosis and follow-up but it is a part 
of a complex diagnostic algorithm. 

◼ A deep knowledge of the disease is a key point in RHC execution 
and interpretation.

◼ RHC is a safe procedure in the expert centers.


