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Outline

* Cardiac physiology - LV vs RV differences

* Respiratory physiology — Effects of PPV on cardiac
function

Clinical applications

* How do we approach MV when dealing with
different heart-lung conditions?




WHAT DO
WE NEED




Cardiac
physiology

LV vs RV
differences




1. The LV is a thick-
wall ventricle
trained to pump
against SVR

2. The RV is a thin-
wall ventricle that
pumps against
PVR




RV Pressure Volume Loop

Pressure
LV Pressure Volume Loop

Volume

Br Heart J
1989;58:23

3.The RV can’t cope with acute increase in afterload



RV failure — Cor pulmonale




4. Pericardial pressure follows pleural pressure during the
respiratory cycle

* Normalintrapericardial pressure is * The close correlation between pericardial

§ubatmospheric, nearly equal to and pleural pressures persisted during PPV
intrapleural pressure, and decreases Morgan. Circ res. 1965

during inspiration

Shabetai. Am J Cardiol. 1978

Pericardial pressure
~juxtacardiac pleural
pressure if no
pericardial restraint

CVP
Ppc

Paw
Ppl

Pressure (mmHg)




...fransmural pressure

Distending pressure of an elastic chamber

Transmural pressure (P;y) = P intracavitary — P extracavitary

P intracavitary

P extracavitary




P.v = P intracavitary — P extracavitary

Novak. J Appl Physiol (1985) 1988

Lung: Transpulmonary pressure (P)
PL=Pay = Ppy

Vascular: P Intravascular — Py,

Heart: P intracardiac — P Pericardial

Ptm filling: CVP - Py,

t
Afterload: Ao - Pp, Pericardium

& 5. The pressure outside intrathoracic structures (lung,
pulmonary vessels, heart, Ao) is PLEURAL PRESSURE



Respiratory
physiology

Effects of PPV
on cardiac
function
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6. Main difference between spontaneous breathing and PPV is
the change in pleural pressure



PHYSIOLOGICAL STUDIES OF THE EFFECTS OF INTERMITTENT
POSITIVE PRESSURE BREATHING ON CARDIAC

OUTPUT IN MAN?. 2 Cournand et al. August 18, 1947
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/. PPV reduces venous return to the right heart

8. Tidal inflation by ™ Ppl 2> ¥ RV preload



Simultaneous recording
- Airway Pressure

- Pulmonary capillary wedge pressure (PCWP) = Pulmonary venous

pressure
INSP. EXP. The effect of PPV on
Polat RV afterload
T
ZONE III : Ppy>Py;y

l
MM} | ZONE II : P> Py,
W el d 1
pr | | O. Tidal inflation
™ RV afterload




Circ Res. 1961;9:465

Effects of PEEP on RV afterload - PVR N

* By changing transpulmonary pressure

(Lung volume) I

* Opening collapse lung (or fail to do so) 2
* Modulation of local pulmonary vasomotor tone v -~ Tic

ry vascular resistandce, I'I"ll'l'lHl;I-'I'I'IL"I"I'lII'I

Hypoxic / hypercapnic pulmonary vasoconstriction

10. The lowest PVR are achieved if we ventilate a patient around FRC
- RV dysfunction

AVOID OVERDISTENSION!



Clinical
applications




Multiple scenarios: 1) Preload dependance

EVLW
SV

Large increase in EVLW

Large inc in filling pressures

Small increase in CO

Large increase in CO
Small increase in EVLW

Small increase in filling pressures
Inc.gradient between MCFP and CVP

Preload




Multiple scenarios: 2) Heart-lung conditions

Lower Percentage of Potentially Recruitable Lung

_45iGimef water

The Effect of PEEP on PVR Depends on Lung
Recruitability in Patients with ARDS.
Borlino. AJRCCM. 2024;210(7):900




Grand Ballroom East

CCS/CANCARE/CCCF Joint Session 0
CARDIAC ICU: Cardiac Care For the
General Intensivist

Moderators: Christian Jung, Rabia Kashur

11:.00 AM - 11:20 AM
Primary Non-Cardiac Causes of Cardiogenic Shock
Speaker: Adriana Luk

11:20 AM - 11:40 AM
Overdose Complicated by Cardiogenic Shock — What
to Do as a General Intensivist
Speaker: Janek Senaratne

11:40 AM - 12:00 PM
Ventilatory Management, Sedation for Invasive
Mechanical Ventilation and Procedures in
Cardiogenic Shock
Speaker: Gurmeet Singh

12:00 PM - 12:20 PM
Ventilation of the Cardiac Pediatric Patient
Speaker: Luciana Rodriguez-Guerineau




PEEP & Hemodynamics in lung injury

Pulmonary vascular resistance

(a) \ rightventricle afterload

Intra-
alveolar
resistance

.!.........'-.".il!i ERC

L]
-~ ot

7! right ventricle afterload

Extra-
alveolar
resistance

Lung volume

Beneficial Peep Detrimental Peep
(b) Recruitment Overdistension

Clin

<— Upper inflection point

Lung volume

Lower inflection point

Transpulmonary pressure

Curr Opin Crit Care. 2024 Feb 1;30(1):10-19.




A bedside approach to
multi-modal monitoring and
management of RV injury in
patients with ARDS

PEEP set to minimize
alveolar
collapse/overdistension

Limit driving pressure
<18 cmH,0

Avoid hypercapnia

Prone positioning

Slobod. AJRCCM 2025

Moderate to severe ARDS

Echocardiography (TTE/TEE)
within 24 hours of mechanical
ventilation (Figure 2)

|

Evidence of RV injury _
Yes (Table 1 - Hemodynamic No -
profiles) Frequent monitoring with
echocardiography and
continuous arterial/central
RV does not meet RV meets flow demand (RV VENOUS pressure monitoring
flow demand (RV dilatation/dysfunction/limitation)
failure)
Daily echocardiography. Daily echocardiography. continuous

continuous invasive arterial/central
VENnous pressure monitoring,
pulmonary hemodynamic
monitoring (Table S1)

invasive arterial/central venous
pressure monitoring, consider
pulmonary hemodynamic monitoring
(Table S1)

RYV protection and hemodynamic support:

+ PEEP set to minimize alveolar

collapse/overdistension; driving

pressure < 18 cmH,0: avoid

hypercapnia: prone positioning

Avoid vigorous breathing effort

Inhaled pulmonary vasodilators

Inodilators

Maintain systemic arterial pressure

(vasopressors)

o Fluid restrictive strategy and/or fluid
removal

e Cardiorespiratory ECLS (veno-
pulmonary ECMO, veno-veno-
arterial ECMO)

RYV protection and mitigation of RV injury
progression:

¢ PEEP set to minimize alveolar
collapse/overdistension; driving pressure
< 18 cmH,0: avoid hypercapnia: prone
positioning

e Avoid vigorous breathing effort

e IfRV is limited with evidence of systemic
venous congestion, consider a fluid
restrictive strategy and/or fluid removal

¢ IfRV injury persists. consider inhaled
pulmonary vasodilators

e Ifrespiratory ECLS is indicated and RV
injury persists. consider conversion to
cardiorespiratory ECLS (veno-pulmonary

ECMO, veno-veno-arterial ECMO)

l

Multimodal Monitoring of parameters listed in Table 1 (based on local
availability/expertise) to assess physiological response to therapeutic interventions




THANKS!
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QUESTIONS?

For more information on the content of this
presentation please contact:

Luciana Rodriguez Guerineau

% luciana.rodriguezguerineau@sickkids.ca

#CCCF2025
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