
Physiol-14A5 Explain the effects of intermittent positive pressure ventilation on 
left ventricular output.  
 
Background 
 
Spontaneous breathing produces negative pleural, transpulmonary and intrathoracic 
pressures during inspiration 
 
Intermittent positive pressure ventilation (IPPV) produces positive pressure to drive 
gas into the lungs during inspiration, which results in positive intrathoracic pressures 
 
Consequence = positive intrathoracic pressure is transmitted to the heart, pulmonary 
and great vessels ! augment left ventricular output 
 
LV Output During IPPV Cycle 
 
 
Inspiration ! ↑intrathoracic pressure 
 
1. Blood squeezed from pulmonary vessels ! ↑LA filling ! ↑LV preload ! initial 
transient ↑LV output 
 
2. ↑RA pressure ! impair venous return ! ↓RV preload ! ↓LV preload ! 
eventual ↓LV output 
 
3. Compression of pulmonary vessels ! ↑RV afterload ! ↑RV pressure ! 
ventricular interdependence with bulging of interventricular septum to the LEFT ! 
compresses LV ! further ↓LV preload 
 
Expiration ! ↓intrathoracic pressure 
 
4. Pulmonary vessels expand ! ↓LA filling ! ↓LV preload ! further ↓LV output 
 
5. ↓RA pressure ! venous return increases back to baseline ! ↑RV and LV preload 
! return of LV output to baseline 

 
Additional factors 
 
IPPV and continuous positive airway pressure (CPAP) both exert ↑transmural 
pressure on LV relative to abdomen ! ↓LV afterload ! ↑LV output 
 
↓LV output seen with IPPV is enhanced by: 

- hypovolaemia 
- high airway pressures 
- high CPAP 

 



Overall effects 
 
Overall, IPPV has mixed effects on LV output depending on the position on the Frank 
Starling curve 
 
In healthy patients at bottom of Frank Starling Curve, IPPV ! ↑intrathoracic 
pressure ! preload reduction ! generally ↓cardiac output 
 
In patients with congestive cardiac failure operating at top part of Frank Starling 
Curve, IPPV ! preload reduction ! returns heart to more optimal part of curve ! 
may ↑LV performance and thus cardiac output 
 
Examiner’s comments – 55% of candidates passed this question 
 
On inspiration; 
" An initial increase in left ventricular stroke volume as the increased intra-thoracic 

pressure squeezes blood into the left atrium, increasing LV preload. 
" Then a decrease in left ventricular stroke volume as the venous return to the right 

ventricle decreases and the afterload of the right ventricle increases. 
 
On expiration; 
" The decrease in intrathoracic pressure and increase in pulmonary vascular 

compliance initially allows blood from the right to collect in the lungs before it 
crosses to improve the left ventricular stroke volume 

" The venous return to the right ventricle improves as the intrathoracic pressure 
decreases. 

 
Additional marks were given for comments on the left ventricular afterload, 
compliance and ventricular interdependence, and also for the exaggerated drop in 
blood pressure seen with hypovolaemia and PEEP. 
 
Important points: 

" Ventricular interdependance: Increased RV afterload and endsystolic volumes 
increase the RV chamber and push the interventricular septum to the left. This, 
coupled with external splinting due to positive thoracic pressure decreases 
ventricular compliance, further adding to the reduction in LV preload. 

" LV Afterload: is decreased (increased intrathoracic pressure reduces the 
transmural gradient and therefore reduces tension in the LV wall - Law of 
LaPlace tension proportional to transmural pressure), therefore IPPV is 
beneficial in CCF by both reduction in LV preload and afterload. 

" Effect of PEEP: The presence of higher inspiratory pressures or positive end 
expiratory pressure (PEEP- which prevents 3 and 4 from occurring back to 
basal levels) exaggerates the decrease in LV output seen. 

" Effect of hypovolaemia: The presence of hypovolaemia reduces central venous 
pressures, reducing the ability to offset the reduction in venous return caused 
by PEEP, also exaggerating the reduction in LV output seen with IPPV. 

" Overall CVS effects: are unpredictable but in young people with normal LV 
function IPPV tends to cause a reduction in cardiac output and BP, and in the 
elderly or those with impaired LV function cardiac output and BP tend to be 
unchaged or improved. 



 


