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PHYSIOLOGY - SUPINE 

 In ARDS, the dorsal/dependent regions of 
lungs are more susceptible to decruitment 
in supine position : 

 Pressure exerted by the heart 

 Pressure by lung mass itself 

 Accumulation of fluid in pleural space 

 Pressure exerted by abdominal contents (in 
patients who have lost diaphragmatic 
tone) 

 High lung compliance in nondependent 
region 

 

 The consequence is uneven alveolar filling 
with VQ mismatch 



PHYSIOLOGY - PRONE 

 Prone position results in more even alveolar 
ventilation :  

 Infiltrates redistribution   

 Reduced compression of the lungs by the heart 
and lung  

 Decreased lung compliance in nondependent 
region 

 Less pressure from abdominal contents 

 Facilitates drainage of secretions 

 

 Blood flow pattern does not change 
significantly. 

 

• VQ matching therefore improves. 



EFFECT OF PRONE ON OXYGENATION 

6 randomized controlled trials prior to 2013 

 All demonstrated improvements in oxygenation with prone.  

 But none showed statistical difference in mortality.  

 

Found : 

 Response time short.  

 Improvements in oxygenation usually persistent.  

 Most likely to respond: increased IAP, lower lung 

compliance in prone, dependent alveolar collapse, 
extrapulmonary ARDS. 



Improve 
oxygenation, 

but NOT 
mortality 

High PEEP / 
Recruitment 

APRV/ HFV 

Inhaled NO/ 
Prostacyclin 

Prone 

as Rescue 



NOT HYPOXAEMIA KILLING 

PATIENTS PER SE 



VENTILATOR ASSOCIATED LUNG INJURY 

(VALI) 

 Lung injury from: 

 Overdistension/shear -> physical injury 

 Mechanotransduction -> “biotrauma” 

 Repetitive opening/closing 

 Shear at open/collapsed lung interface 

 

 Systemic inflammation and death from:  

 Systemic release of cytokines,  endotoxin, bacteria, proteases  

Volutrauma 

Atelectrauma 



 Therapy must be directed towards preventing VALI rather than 

purely improving oxygenation. 

 

 That way, when primary pathology (e.g. pneumonia) is 

reversed, the patients can be rapidly weaned off from the 

ventilator because the lungs have not been further damaged 

by VALI.  



PRONE VENTILATION IN PREVENTING VALI 

 Lung injury from: 

 Overdistension/shear -> physical injury 

 Mechanotransduction -> “biotrauma” 

 Repetitive opening/closing 

 Shear at open/collapsed lung interface 

 

 Systemic inflammation and death from:  

 Systemic release of cytokines,  endotoxin, bacteria, proteases  

Volutrauma 

Atelectrauma 



EARLIER TRIALS ON PRONE 

VENTILATION 

ARDS – 
severe 

hypoxaemia 

Prone used 
as salvage 

therapy 

Improve 
oxygenation 

No mortality 
difference 



EARLIER TRIALS OF PRONE 

Problems : not use in a way to reduce VALI!  

 Use large tidal volumes -> amplify lung strain in both groups 

 Duration too short (hours per day, total no of days) -> not enough 
to mitigate VALI 

 Used too late -> VALI already established 

 

 



EFFECT OF PRONE ON 

MORTALITY 

 

 

Prone (early 
and 

prolonged) 

Decrease lung 
parenchymal 
heterogeneity 

Decrease 
extreme tissue 

strain 
Prevent VALI 





PROSEVA – EARLY, PROLONGED 

Indications : 

Patients with severe ARDS, defined as  

 PaO2:FiO2 ratio of <150 mmHg (20 kPa) with FiO2 of ≥0.6, PEEP of 

≥5  

 

Prone protocol : 

 At least 16 hours per day 

 Continue daily until improvement (PaO2:FiO2 ≥150 mmHg, with 

PEEP of ≤10 and FiO2 of ≤0.6, 4 hours after supine) 

 

 



PROSEVA 

Mortality 32.8% -> 16% 



COMPARED WITH EARLIER TRIALS 



CCM 2014; 42:1252-1262 

 Included 11 RCT 

 

 Prone 
ventilation 
significantly 
reduced 
mortality (odds 
ratio, 0.77; 95% 
CI, 0.59–0.99; p 
= 0.039). 









Prevent VALI 

vvECMO 

Early 
prone 

Low TV 

Improve 

mortality 



WHEN ECMO? 
Mortality 32.8% -> 16% 

Many of these 

patients don’t 

need ECMO 

Can ECMO 

produce a mortality 
< 16% in these 

patients? 

Which patients 

should be put on 

ECMO? 



PRONE FAILURE / PRONE 

RESPONSIVENESS 

 



 Looks at prone responsiveness 

 Prone criteria : PaO2:FiO2 <150 with FiO2 of > 0.5 



After 1 hour of prone ventilation, patients are classified 

as  

 

Nonresponders  

 patients without a PaO2:FiO2 improvement > 20mmHg (2.7 kPa)  

 

Responders  

 patients with a PaO2:FiO2 response > 20 mmHg  

 further subdivided into "nonpersistent" and "persistent" 

improvement according to stability of the positive effect of the 

prone position for 1 h after returning to supine 

 



   Mostly responders 

 Responsiveness highly predictive of outcome/mortality (over-

estimated due to high TV used and much shorter duration of prone 

ventilation) 

 

Mortality in 

PROSEVA 

control : 32% 



 Start ECMO early if prone fails (aim to limit VALI) 

Most responders have improvement in gas 

exchange within 1 hour 

  Estimated 
Mortality  

Decision for vvECMO 

Nonresponders ~40% 
 

Proceed to vvECMO if indications for 
vvECMO met 
 

Responder 
nonpersistent 

~30% Consider for vvECMO weighing the 
benefits and risks  
e.g. age, days of MV, viral vs bacterial, 
bleeding risks 

 
Responder 
persistent 

<16% 
 

No need for ECMO 



OUR STRATEGY IN PMH 

Difficult oxygenation/ventilation 
 

 Early prone ventilation 

 PROVESA: P/F<150, FiO2>0.6, PEEP>5 

 

 Early ECMO 

 For nonresponder 

 Things to consider : viral vs bacterial  

                                            age 

                                            days of MV 

                                            SOFA score 



PRONE VENTILATION PROTOCOL 



PMHYCH ICU CASES SINCE AUG 2013 



OUR 6 ECMO  CASES 

Case 1 2 3 4 5 6 

ICU Admission 
time 

7/9/13 
11:54  

21/1/14 
15:40  

18/2/14 
15:33  

19/3/14 
00:300 

26/11/14 
16:50  

25/12/14 
10:13  

Hospital YCH YCH PMH PMH YCH Referral 
from 
other 
ICU 

Start prone after 
ICU admission 

5 hrs  
(17:00-
10:00) 

 

2.5 hrs 
(18:00-
10:00) 

 

0.5 hrs 
(16:00-
19:00) 

 

3.5 hrs 
(04:00-
09:00) 

 

9 hrs 
(02:00-
11:00) 

 

24 hrs 
(for 10 hrs) 

Start ECMO after 
ICU admission 

22 hrs 24 hrs 3 hrs 13 hrs 21 hrs 7 days 



TRAINING:  

PRACTICE SESSIONS…… 



•   

•  •  

Turning steps  



across the 
shoulder 

Head 
support,  

eyes & 
ears  

under  
the  

pelvis 

under  
the  

shins  

Place 3 transverse pillows Use  

“C” shape donut  

or silicon 



HEAD SUPPORT 



PUT INTO ACTION…… 



COMPLICATIONS 

 

 Unplanned extubation 

 Selective intubation into main bronchus 

 Endotracheal tube obstruction  

 Loss of venous or arterial access 

 Facial and airway edema * 

 Pressure ulcers * 

 Thoracotomy tube dislodgement or kinking 

 Hypotension and arrhythmias 

 

No difference in adverse events in PROSEVA trial,  complications 

likely related to a lack of familiarity /experience with the 
procedure  

  



PRESSURE ULCERS 



CONCLUSION 

 Prone ventilation improves mortality by protecting 
the lungs from VALI. 

 

 Must be done early and for prolonged periods 
rather than using it as salvage therapy. 

 

 Complication rates are low with proper training and 
familiarity of procedure. 

 

 Should be used as part of bundle therapy in severe 
ARDS to prevent VALI: low TV -> early prone -> early 
ECMO. 

 

 

 



THANK YOU 


