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MajorMajor causes causes ofof acute RV acute RV dysfunctiondysfunction

in in criticallycritically illill patientspatients

• Sepsis-induced myocardial dysfunction

• Acute pulmonary embolism

• RV dysfunction due to ARDS



• hypoxic vasoconstriction

• mediators-related vasoconstriction

ARDSARDS--relatedrelated PulmonaryPulmonary HypertensionHypertension

• mediators-related vasoconstriction

• perivascular edema

• microthrombi in pulmonary vessels

• microvascular remodeling



• Sepsis-induced myocardial dysfunction Acute decrease
in contractility
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• Acute pulmonary embolism

• RV dysfunction due to ARDS

• Deleterious effects of MV

Acute increase
in PVR



• Sepsis-induced myocardial dysfunction
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« Structural » causes 
of RV dysfunction

« Functional » cause 
of RV dysfunction

What about fluid administration in such cases?



preload unresponsiveness

Stroke 
Volume

If RV is dilated, fluid infusion → no increase in RV stroke volume

preload responsiveness

Ventricular preload



RV end diastolic pressure

C

D

If RV is dilated, fluid infusion → large increase in RV EDP

RV end diastolic volume

A
B

C



RV LV RV LV

If RV is dilated, fluid infusion → no increase in RV stroke volume

If RV is dilated, fluid infusion → large increase in RV EDP

RV LV RV LV

Ventricular interdependence → decrease in LV stroke volume

Fluid infusionFluid infusion not only doesnot only does not increasenot increase but can evenbut can even decrease COdecrease CO
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• Pulmonary vascular resistance and lung volume

Mechanical insufflation Mechanical insufflation andand RV afterloadRV afterload



extra-alveolar vessels

increase in lung volumeincrease in lung volume

intra-alveolar vessels



 lung 
volume

 Lung volumeLung volume

decreases the resistance
of the extraextra--alveolar vesselsalveolar vessels



PVR

Lung volume

RV FRC TLC

extra-alveolar vessels



 Palv

 Pit

 Ptranspulm

 Lung volumeLung volume

decreases the resistance of
the extraextra--alveolar vesselsalveolar vessels

Increases the resistance of 

the intraintra--alveolar vesselsalveolar vessels

 Transpulmonary pressureTranspulmonary pressure
=  Palv - Pit
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PPA PPV
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Palv > PPA > PPV

PVR
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Zone 1

Zone 2

Palv > PAP > PVP

PAP > Palv > PVP

Zone 3

PAP > Palv > PVP

PAP > PVP > Palv



PVR

Lung volume

RV FRC TLC

extra-alveolar vessels

intra-alveolar vessels



PVR
Mechanical insufflation (VT)

increases PVR to a small extent

if VT is low

If VT increases, 

Palv and Ptp increase

Zones 2 are extended

PVR increase to a large extent

Lung volume

RV FRC TLC

Low
VT

↗ VT



What about PEEP application?

 Physiological aspects

 Clinical application



PVR
If PEEP recruits lung units

and increases the end-expiratory

lung volume toward FRC,

PVR should decrease a little

In this case, mechanical insufflation

induces a small increase in PVR

Lung volume

RV FRC TLC

VTPEEP



PVR
If PEEP increases the end-expiratory

lung volume above FRC 

(overdistension)

PVR should increase

In this case, VT insufflation further

increases PVR to a high value

Lung volume

RV FRC TLC

PEEP VT



PVR
PVR should increase exponentially

if VT is increased further

Lung volume

RV FRC TLC

PEEP VT



What about PEEP application?

 Physiological aspects

 Clinical application
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*

*
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Plateau pressure (cmH2O)

18-26 27-35 > 35



2016

752 pts 11 centresprevalence ACP : 22% prevalence ACP : 22% 

RV

RA

LV

ACP defined

as RVEDA/LVEDA > 0.6 

and septal dyskinesia



2016

752 pts 11 centres



10%

ACP +ACP +

145 ARDS patients

with lung protective ventilationprevalence ACP : 10% 

90%

ACP +ACP +

ACP -
• mean PAP > 25 mmHg

• RAP > PAOP

• Stroke Index < 30 mL/m2

Definition of ACP

prevalence ACP : 10% 



Reduction of transpulmonary pressure

using ventilatory strategies 

aimed at limiting plateau pressure, 

is associated with

high reduction of incidence and severity

of acute cor pulmonale during ARDS





Hemodynamic effects of PEEP application

In ARDS pts, PEEP generally:

Decreases cardiac output

Exerts no effect

It depends on volemic status

2.

3.

4.

Increases cardiac output1.

single 
choice
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Zone 1

Zone 2

Palv > PAP > PVP

PAP > Palv > PVP

Hypovolemia amplifies

the deleterious impact of MV + PEEP

on RV function 

Zone 3

PAP > Palv > PVP

PAP > PVP > Palv

PVR  ↗

Hypovolemia favors Hypovolemia favors thethe extent extent ofof zones 2 zones 2 by reducing intravascular pressures by reducing intravascular pressures 



PVR
Normovolemia

Hypovolemia
In case of hypovolemia, Pvp is low

Zones 2 are extended

PVR increases more

Lung volume

RV FRC TLC

VTPEEP



TV

Pplat : 30 cmH2O

TV
6 mL/kg

Low PEEP

High 
PEEP

13 cmH2O

TV
6 mL/kg

5 cmH2O

Passive
Leg Raising

45°

Simulating
a volume challenge



↗
↗
↘

Increased RV afterload
with PEEP

↘

↘

↘

Decreased RV afterload
with volume

↗

↗

↗
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PAP > Palv > PVP

Zone 3

PAP > Palv > PVP

PAP > PVP > Palv

PVR ↘



PVR
Normovolemia

Hypovolemia

Lung volume

RV FRC TLC

VTPEEP



In critically ill pts, RV dilation may occur due to “structural” causes 

(PE, ARDS-related PH, septic myocardial dysfunction)

Fluid infusion cannot increase CO and can even decrease CO

Conclusion Conclusion --11--

In patients receiving MV, RV dilation may also occur due to MV itself

(high PTP increasing PVR due to extension of zone 2 conditions)

By increasing Pvp, fluid infusion can restore zone 3 conditions, 

thus decreasing PVR and RV size, and can increase CO



In cases of any doubt, a PLR test can be helpful

essentially in ARDS, where « structural » 

and « functional » causes may both exist

Conclusion Conclusion --22--

In any case, the benefit/risk ratio of fluid infusion 

must be carefully assessed

essentially in ARDS, where capillary permeability is altered




