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Indications for Hemodynamic 
Monitoring

Preemptive

Patients “at risk” of 
deterioration

Adapt monitoring 
strategy

Diagnostic

Help understand 
underlying 

pathophysiological 
process

Guide 
Management

Pre-load, cardiac 
function and afterload 

management to 
improve CO and 
eventually DO2
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Vincent JL in Handbook of Acute CardioVascular Monitoring, ACVC/ESC 2022



“Monitoring on its own is not a treatment and there is no 
evidence that any form of monitoring improves outcomes” 
– Prof. JL Vincent
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“Gold standard”

Diagnosis

Rx responsiveness

RV function

Pulm HTN

MCS candidacy, escalation 

and weaning

Vascular complications

Infections

Misinterpretation of data

Knotting of PAC

PA rupture

Less invasive methods 

available



Pulmonary Artery Catheter Use Trends
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Hernandez GA et al. J of Cardiol Fail 2019



Pulse Contour Analysis
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• Continuous CO monitoring (as opposed to intermittent)

• Very precise assuming stable vascular tone

• Non-calibrated vs. calibrated



Transpulmonary Thermodilution 
(TPTD)-Based Monitoring Systems

TPTD cardiac output

Continuous CO monitoring (Pulse Contour Analysis)

Volumetric hemodynamics
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Stewart-Hamilton Equation
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Area under 
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Comparison of PA and TD 
Thermodilution Curves
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Sakka SG et al. J Clin Monit Comput 2012
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Monnet X et al. Critical Care 2017
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Monnet X et al. Critical Care 2017

Mean Transit time (MTt) X CO = ITTV Downslope time (Dt) X CO = PTV
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Monnet X et al. Critical Care 2017



Extravascular Lung Water (EVLW)
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Cardiogenic or non-Cardiogenic 
Pulmonary Edema?
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Images from radiopaedia.org



Pulmonary Vascular Permeability 
Index
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Pulmonary Permeability Diagnoses 
Etiology of Pulmonary Edema
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Monnet X et al. Intensive Care Med 2007
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Hilty MP et al. Ann Int Care 2017



Correlation in CO Measurements in 
Pulmonary Artery Thermodilution and 
TPTD
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Hilty MP et al. Ann Int Care 2017

r = 0.69, p< 0.0001

bias 0.9 l min -1
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Extra-Vascular Lung Water and PAWP
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TPTD Correlates Well with Pulmonary 
Artery Thermodilution In HF
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Friesecke S et al. Crit Care Med 2009



Pitfalls of TPTD 

• Depends on correct injection technique

• Demographic data very important

• Overestimates volumes in AS, MR and TR, shunts, PE

• Not reliable with IABP, aortic aneurysm, cardiac tamponade, 
ECMO

• Underestimates volumes in S/P lung resection, atelectasis, 
pleural effusions
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Complications

• N=514 w/ PiCCO monitoring

• 475 femoral, 26 radial, 9 axillary, 4 brachial arteries

• First attempt success rate 86%

• Minor bleeding and removal of catheter ~ 3.5%

• “Small hematomas” 4.5%

• Catheter-related infection 0.78%

• Ischemia 0.4% and femoral artery thrombosis 0.2%
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Belda FJ et al. Brit J of Anaesth 2011



When to Use TPTD?
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More suitable for TPTD Less suitable for TPTD

Mixed, non-responsive severe forms of shock Shock non-responsive to initial therapies

Severe ARDS and hemodynamically unstable Severe RV dysfunction

No contraindications (severe PAD, etc.) Severe pulmonary hypertension and need to tailor 

PHTN therapies

Advanced HF therapies candidates

Patients already on MCS



My Personal Take on Minimally 
Invasive Hemodynamic Monitoring

• What are the questions I want to answer?

• How will the information added by the system change 
management?

• Did I review pitfalls/contraindications?
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My Personal Take on Minimally 
Invasive Hemodynamic Monitoring

• Avoid trusting a single parameter and rather use other 
methods to confirm/rule out suspected diagnosis

• Discontinue invasive monitoring and remove catheters 
“one day before planned”
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fercherno@gmail.com
@fercherno

Thank You!


