
Proning: Is Flipping Such a Proning: Is Flipping Such a 
Good Thing?Good Thing?

Pro/ConPro/Con

Toan Huynh, MD, FACS, FCCM (Toan Huynh, MD, FACS, FCCM (The ConThe Con))
vs vs 

William S. Miles MD, FACS, FCCM, FAPWCA (William S. Miles MD, FACS, FCCM, FAPWCA (The ProThe Pro)                )                

My OpponentMy Opponent
Toan HuynhToan Huynh

•• Toan = Toan = ““tonetone””, , ““twintwin”” ““tintin”” ““twan (John? Joan?)twan (John? Joan?)

•• Huynh = Huynh = ““hunehune”” ““hunhun”” ““waynewayne””

•• So it must be Twan (John) WayneSo it must be Twan (John) Wayne------

•• How is he an expert on proning?How is he an expert on proning?

GastonGaston
•• I assumed Gaston Co. NCI assumed Gaston Co. NC

•• I was wrong when researchedI was wrong when researched

•• He always says he is He always says he is ““GASTONESEGASTONESE””

GastoneseGastonese

GasGas--tun (gastunese)tun (gastunese)

GASTUN

I found several pictures of I found several pictures of 
my opponentmy opponent



GastuneseGastunese

Ninja Proning

Dancing with the Stars

Proning Expert

Being from GastunBeing from Gastun
•• They have many childrenThey have many children…………..

These are just 9 of his 12 kids These are just 9 of his 12 kids 
from Gastunfrom Gastun Proning ExpertProning Expert

•• He has spent a lot of time proning, being a He has spent a lot of time proning, being a ““NinjaNinja””
and all and all 

•• So I guess I do have a worthy opponent!So I guess I do have a worthy opponent!

So.....ProningSo.....Proning Concept Concept 
•• Dense consolidation of dependent lung units is Dense consolidation of dependent lung units is 
common in ARDS patients who are kept supinecommon in ARDS patients who are kept supine

•• These lung units are richly perfused owing to These lung units are richly perfused owing to 
gravitational forcesgravitational forces

•• The The net result net result is is shunt with refractory hypoxemiashunt with refractory hypoxemia
•• By turning the patients in the prone position, By turning the patients in the prone position, 
theoretically the less consolidated areas will theoretically the less consolidated areas will 
receive more ventilation & perfusionreceive more ventilation & perfusion



ARDS/ALIARDS/ALI

Strategies to Strategies to 
combatcombat AdjunctsAdjuncts

Mechanism Mechanism 
•• In prone position, the weight of heart is on sternum In prone position, the weight of heart is on sternum (rather than on the lung as in supine position)(rather than on the lung as in supine position)
•• This may cause the pleural pressure to be less This may cause the pleural pressure to be less positive in the dependent areas & hence decrease positive in the dependent areas & hence decrease atelectasis of the alveoliatelectasis of the alveoli
•• Thus there appears to be a Thus there appears to be a more homogenous more homogenous distribution of regional ventilation in prone distribution of regional ventilation in prone positionposition
•• Regional perfusion is relatively unaffected by Regional perfusion is relatively unaffected by changing from supine to prone positionchanging from supine to prone position
•• The net effect is reduction in V/Q mismatching & The net effect is reduction in V/Q mismatching & improved oxygenation improved oxygenation 

Benefits of prone Benefits of prone 
positioningpositioning

•• Improves V/Q mismatchImproves V/Q mismatch
•• Increased ventilation in dependent areas Increased ventilation in dependent areas 
•• Decreases physiologic shuntDecreases physiologic shunt
•• Improved ventilation in areas where perfusion Improved ventilation in areas where perfusion remains the same remains the same 
•• Decreases compression/Increase FRCDecreases compression/Increase FRC
•• Prevent ventilator associated lung injuryPrevent ventilator associated lung injury
•• Enhances mobilization of secretions Enhances mobilization of secretions 



Physiology Physiology 
Ventilation Redistribution Ventilation Redistribution 

Normal Lung Normal Lung ––––alveolar distension pressures follow a alveolar distension pressures follow a 
gravitational gradientgravitational gradient

Transpulmonary pressure is greater in nondependent Transpulmonary pressure is greater in nondependent 
areas areas 

•• Areas of lung collapse are common in patients with Areas of lung collapse are common in patients with 
acute respiratory distress syndrome (ARDS). acute respiratory distress syndrome (ARDS). 

•• An elevated alveolar distending pressure is desirable to An elevated alveolar distending pressure is desirable to 
recruit closed alveoli. recruit closed alveoli. 

•• The alveolar distending pressure is estimated by the The alveolar distending pressure is estimated by the 
transpulmonary pressure (Ptp), which is defined as the transpulmonary pressure (Ptp), which is defined as the 
difference between airway (Paw) and pleural pressure difference between airway (Paw) and pleural pressure 
(Ppl):(Ppl): Ptp = Paw Ptp = Paw -- PplPpl

Transpulmonic pressure Transpulmonic pressure 
in ARDSin ARDS

Ventilation Ventilation 
RedistributionRedistribution

Effect of prone position on ventilation Effect of prone position on ventilation 
redistributionredistribution

Physiology Physiology 
Perfusion Redistribution Perfusion Redistribution 

•• In normal lungs in supine position there is a perfusion In normal lungs in supine position there is a perfusion 
gradient going from non dependent to dependent areasgradient going from non dependent to dependent areas

•• In prone position there does not seem to be any change In prone position there does not seem to be any change 
in distribution of perfusion i.e. dorsal; areas remain in distribution of perfusion i.e. dorsal; areas remain 
maximally perfused maximally perfused 



Perfusion Perfusion 
redistributionredistribution Just CompareJust Compare

V/Q relation in V/Q relation in 
prone positionprone position

Lung compression by Lung compression by 
heartheart

•• % of total lung volume under heart when % of total lung volume under heart when supinesupine: 7% : 7% 
(subcarinal) to 42% (lower section)(subcarinal) to 42% (lower section)

•• % of total lung volume under heart when% of total lung volume under heart when proneprone: 1% to : 1% to 
4% for same sections4% for same sections

•• This effect is more prominent on left lungThis effect is more prominent on left lung

Cardiac CompressionCardiac Compression
Lung compression by Lung compression by 
abdominal contentsabdominal contents

•• Supine positionSupine position ––––intraintra--abdominal pressureabdominal pressure
causes cephalad displacement of diaphragmcauses cephalad displacement of diaphragm
–– Decreases FRCDecreases FRC
–– Enhanced by sedation and paralysisEnhanced by sedation and paralysis
•• Prone positionProne position ––––less affect of intraless affect of intra--abdominal abdominal pressure on diaphragmspressure on diaphragms
–– Improves FRCImproves FRC
–– Works best when abdomen is unsupportedWorks best when abdomen is unsupported



Lung compression by Lung compression by 
abdominal contentsabdominal contents

Mobilization of Mobilization of 
secretions secretions 

•• It is observed in multiple studies that there is It is observed in multiple studies that there is 
increased bronchial secretions & need for suctioning increased bronchial secretions & need for suctioning 
with pts pronewith pts prone

•• Although one study tried to correlate amount of Although one study tried to correlate amount of 
secretions with change in P/F but did not show any secretions with change in P/F but did not show any 
correlationcorrelation

BenefitsBenefits
Prone positioning in ARDSProne positioning in ARDS

•• More than 60% of pts demonstrate improvement in More than 60% of pts demonstrate improvement in 
oxygenationoxygenation

•• The degree of improvement varies in different studiesThe degree of improvement varies in different studies
•• Patients who benefit from prone positioning are likely Patients who benefit from prone positioning are likely 
to show some improvement in the first 30 minutes after to show some improvement in the first 30 minutes after 
switching from supine to proneswitching from supine to prone

BenefitsBenefits
Prone positioning in ARDSProne positioning in ARDS

•• The improvement in oxygenation is most likely in the The improvement in oxygenation is most likely in the 
early, exudative phase of ARDSearly, exudative phase of ARDS

•• This improvement may be sustained in 50% of patients This improvement may be sustained in 50% of patients 
even when they are switched back from prone to even when they are switched back from prone to 
supine positionsupine position

Guerin, et al. Effects of systematic prone Guerin, et al. Effects of systematic prone 
positioning in hypoxemic acute positioning in hypoxemic acute 

respiratory failure. JAMA , respiratory failure. JAMA , 20042004; 292(19): ; 292(19): 
23792379-- 2387. JAMA2387. JAMA

Prospective, RCT, unblind,791 pts from 21 ICUProspective, RCT, unblind,791 pts from 21 ICU’’s in Frances in France

Inclusion criteriaInclusion criteria
•• Age > 18 Age > 18 
•• Hemodynamically stable Hemodynamically stable 
•• P/F < 300 P/F < 300 
•• Expected length of MV > 48 hrs Expected length of MV > 48 hrs 

•• Exclusion criteriaExclusion criteria
•• Prone positioning prior to enrollment Prone positioning prior to enrollment 
•• High risk of death in 48hrs High risk of death in 48hrs 
•• Chronic respiratory failure Chronic respiratory failure 
•• Contraindication to lying prone Contraindication to lying prone 



Guerin, et al. Effects of systematic prone Guerin, et al. Effects of systematic prone 
positioning in hypoxemic acute positioning in hypoxemic acute 

respiratory failure. JAMA , 2004; 292(19): 2379 respiratory failure. JAMA , 2004; 292(19): 2379 
2387. JAMA, 23792387. JAMA, 2379--

•• Study ProtocolStudy Protocol
•• Vent mode, sedation, paralytics as per protocol Vent mode, sedation, paralytics as per protocol 
•• Complete prone position for at least 8hr/d Complete prone position for at least 8hr/d 
•• Pts in control group could cross over for severe hypoxemia Pts in control group could cross over for severe hypoxemia 
•• Prone position was stopped if complications or once Prone position was stopped if complications or once 
improvement was shown improvement was shown 

•• Weaning was per protocol Weaning was per protocol 
•• Significant crossoversSignificant crossovers

Guerin, et al. Effects of systematic prone Guerin, et al. Effects of systematic prone 
positioning in hypoxemic acute positioning in hypoxemic acute 

respiratory failure. JAMA , 2004; 292(19): 2379 respiratory failure. JAMA , 2004; 292(19): 2379 
2387. JAMA, 23792387. JAMA, 2379--

ComplicationsComplications

�� Decrease in P/F by 20% Decrease in P/F by 20% 

�� Extubation Extubation 

�� ETT obstruction ETT obstruction 

�� Hemoptysis Hemoptysis 

�� O2 sat <85% for > 5min O2 sat <85% for > 5min 

�� Cardiac arrest Cardiac arrest 

�� Bradycardia > 1min Bradycardia > 1min 

�� SBP < 60 for 5 min SBP < 60 for 5 min 

�� Pressure sores Pressure sores 

�� Elevated ICP Elevated ICP 

�� Pneumothorax Pneumothorax 

�� VAPVAP

ImprovementImprovement

•• Major Criteria (at least 1)Major Criteria (at least 1)

1. Improvement in P/F >30% from randomization 1. Improvement in P/F >30% from randomization 

2. FiO2<60% 2. FiO2<60% 

•• Minor Criteria (at least 1)Minor Criteria (at least 1)

1.PEEP <8cm H2O 1.PEEP <8cm H2O 

2.No sepsis 2.No sepsis 

3.Cause of ARF under control 3.Cause of ARF under control 

4.Stable or improving CXR 5.<3 organ dysfunction<dysfunction4.Stable or improving CXR 5.<3 organ dysfunction<dysfunction

Guerin, et al. Effects of systematic prone Guerin, et al. Effects of systematic prone 
positioning in hypoxemic acute positioning in hypoxemic acute 

respiratory failure. JAMA , 2004; 292(19): 2379 respiratory failure. JAMA , 2004; 292(19): 2379 
2387. JAMA, 23792387. JAMA, 2379--

Primary End PointPrimary End Point
•• mortality at 28 days mortality at 28 days 
Secondary End PointsSecondary End Points
•• Mortality at 90 days Mortality at 90 days 
•• Incidence of VAP Incidence of VAP 
•• Duration of mechanical ventilation Duration of mechanical ventilation 
•• oxygenation oxygenation 

ComplicationsComplications
Guerin, et al. Effects of systematic prone Guerin, et al. Effects of systematic prone 

positioning in hypoxemic acute positioning in hypoxemic acute 
respiratory failure. JAMA , 2004; 292(19): respiratory failure. JAMA , 2004; 292(19): 

23792379-- 2387. JAMA2387. JAMA

ConclusionsConclusions
�� Prone positioning did not reduce mortality and was associated wiProne positioning did not reduce mortality and was associated with th some harmful effectssome harmful effects
�� It did improve oxygenation and reduce the incidence of VAPIt did improve oxygenation and reduce the incidence of VAP
�� Same results as in Gattinoni et al. NEJM 2001Same results as in Gattinoni et al. NEJM 2001

WeaknessesWeaknesses
�� –– Cross CrossCross Cross--over from supine to prone groupover from supine to prone group
�� –– Mechanical ventilation not per protocolMechanical ventilation not per protocol
�� –– 25% of prone patients were proned for <8 hrs/d25% of prone patients were proned for <8 hrs/d
�� –– No difference in pCO2No difference in pCO2



Gattinoni, et al. Crit Care Med 2003; 31 Gattinoni, et al. Crit Care Med 2003; 31 
(12): 2727(12): 2727--2733. 2733. 

•• Retrospective analysis of patients in pronation arm of Retrospective analysis of patients in pronation arm of 
controlled RCT on arm prone positioning in controlled RCT on arm prone positioning in 
ALI/ARDS (225 pts)ALI/ARDS (225 pts)

•• If PaCO2 decreased by >1mmHg there was improved If PaCO2 decreased by >1mmHg there was improved 
2828--day survivalday survival

–– 35% vs 52%35% vs 52%--survivalsurvival

Mancebo J.,Mancebo J., Fernandez R.,Fernandez R., Blanch L.,Blanch L., et et 
al:al: AA multicenter trial of prolonged prone multicenter trial of prolonged prone 

ventilation in severe acute respiratory distress ventilation in severe acute respiratory distress 
syndrome. syndrome. Am J Respir Crit Care MedAm J Respir Crit Care Med 173.173. (11): 1233(11): 1233--

1239.2006 1239.2006 

•• A prospective randomized study (nA prospective randomized study (n = 136), with guidelines = 136), with guidelines 
established for ventilator settings and weaning, examined established for ventilator settings and weaning, examined 
the efficacy of the prolonged prone position (continuous the efficacy of the prolonged prone position (continuous 
prone position for 20 hours daily) in severe prone position for 20 hours daily) in severe ARDSARDS patients patients 
with 48 hours of tracheal intubation. with 48 hours of tracheal intubation. 

•• Multivariate analysis documented that randomization to the Multivariate analysis documented that randomization to the 
supine position was an independent risk factor for mortality supine position was an independent risk factor for mortality 
(OR 2.53, (OR 2.53, PP = .03). = .03). 

•• CONCLUSION:  CONCLUSION:  prone ventilation is feasible and safe, and prone ventilation is feasible and safe, and 
may reduce mortality in patients with severe ARDS when it is may reduce mortality in patients with severe ARDS when it is 
initiated early and applied for most of the day.initiated early and applied for most of the day.

Abroug F.,Abroug F., OuanesOuanes--Besbes L.,Besbes L., Dachraoui F.,Dachraoui F., et al:et al: An An 
updated studyupdated study--level metalevel meta--analysis of randomised analysis of randomised 
controlled trials on controlled trials on proningproning in in ARDSARDS and acute and acute 

lung injury. lung injury. Crit CareCrit Care 15.15. (1): R6. 2011 (1): R6. 2011 

•• In patients with ALI or In patients with ALI or ARDSARDS, more recent randomized , more recent randomized 
controlled trials (RCTs) showed a consistent trend of controlled trials (RCTs) showed a consistent trend of 
mortality reduction with prone ventilation.mortality reduction with prone ventilation.

•• An updated metaAn updated meta--analysis included 2 subgroups of studies: analysis included 2 subgroups of studies: 
those that included all ALI or hypoxemic patients, and those that included all ALI or hypoxemic patients, and 
those that restricted inclusion to only those that restricted inclusion to only ARDSARDS patients. patients. 

•• In the overall metaIn the overall meta--analysis that analysis that included 7 RCTs included 7 RCTs with 1675 with 1675 
adult patients (862 in prone position)adult patients (862 in prone position), prone position was not , prone position was not 
associated with a mortality reduction (OR 0.91, 95% CI 0.75associated with a mortality reduction (OR 0.91, 95% CI 0.75––
1.2, P1.2, P = .39). = .39). 

Abroug F.,Abroug F., OuanesOuanes--Besbes L.,Besbes L., Dachraoui F.,Dachraoui F., et al:et al: An An 
updated studyupdated study--level metalevel meta--analysis of randomised analysis of randomised 
controlled trials on controlled trials on proningproning in in ARDSARDS and acute and acute 

lung injury. lung injury. Crit CareCrit Care 15.15. (1): R6.2011 (1): R6.2011 

•• However, in However, in the 4 most recent RCTs the 4 most recent RCTs that enrolled only that enrolled only 
patients with patients with ARDSARDS, and that also applied the longest , and that also applied the longest 
prone position durations and used lungprone position durations and used lung--protective protective 
ventilationventilation, , prone position was associated with prone position was associated with 
significantly reduced mortality significantly reduced mortality (OR 0.71, 95% CI 0.5(OR 0.71, 95% CI 0.5––
0.99, 0.99, PP = .048; number needed to treat= .048; number needed to treat = 11).= 11).

•• Prone position was Prone position was not associated with any increase in not associated with any increase in 
major airway complications major airway complications in this metain this meta--analysis. analysis. 

Cesana B.M.,Cesana B.M., Antonelli P.,Antonelli P., Chiumello D.,Chiumello D., et al:et al: Positive Positive 
endend--expiratory pressure, prone positioning, and expiratory pressure, prone positioning, and 
activated protein C: a critical review of metaactivated protein C: a critical review of meta--
analyses. analyses. Minerva AnestesiolMinerva Anestesiol 76.76. (11): 929(11): 929--936.2010 936.2010 

•• A recent review of all published metaA recent review of all published meta--analyses on the analyses on the 
efficacy of prone position in ALI and efficacy of prone position in ALI and ARDSARDS
concluded that concluded that prone ventilation was associated with prone ventilation was associated with 
reduced mortality in patients with severe hypoxemic reduced mortality in patients with severe hypoxemic 
respiratory failurerespiratory failure

So, who should we prone So, who should we prone 
when and how?when and how?



Predictors of ResponsePredictors of Response

•• Secondary ARDS vs primary ARDSSecondary ARDS vs primary ARDS

•• Patchy or lobar infiltratesPatchy or lobar infiltrates

•• Patients with increased intraPatients with increased intra--abdominal pressureabdominal pressure

•• Patients with good chest wall compliancePatients with good chest wall compliance

•• Patients in whom there is an initial drop in pCO2Patients in whom there is an initial drop in pCO2

Suggested TechniqueSuggested Technique
•• Sedation/paralysis is neededSedation/paralysis is needed
•• Increase FiO2 to 1.0 app 15Increase FiO2 to 1.0 app 15--20 min before 20 min before 
repositioningrepositioning

•• Ensure that patient is hemodynamically stableEnsure that patient is hemodynamically stable
•• Explain procedure to the patient if applicableExplain procedure to the patient if applicable

How you do it?How you do it?

Vollman Proner KCI Rotoprone Bed

Use four persons (at Use four persons (at 
least)least)

•• One to stabilize endotracheal tube & ventilator tubingsOne to stabilize endotracheal tube & ventilator tubings
•• One to stabilize vascular access, A lineOne to stabilize vascular access, A line
•• Two people to turn the patient from supine to lateral & Two people to turn the patient from supine to lateral & 
finally to prone positionfinally to prone position

•• Do not apply pressure to the abdomen, the chest & Do not apply pressure to the abdomen, the chest & 
pelvis should be supported during the turn.pelvis should be supported during the turn.

•• Support the head, chest and pelvis with the pillows. Support the head, chest and pelvis with the pillows. 
This should relieve the abdomen of most of the This should relieve the abdomen of most of the 
pressurepressure

•• Check following:Check following:
•• PIPsPIPs
•• VTVT
•• SaO2 SaO2 

•• Suction the patient Suction the patient 
•• Lower down the FiO2 to pre positioning level in 15Lower down the FiO2 to pre positioning level in 15--20 20 
minmin

•• Switch from prone to supine & supine to prone every 8 Switch from prone to supine & supine to prone every 8 
–– 12 hours12 hours

•• Patients who demonstrate a significant deterioration Patients who demonstrate a significant deterioration 
with prone positioning can be reverted back earlierwith prone positioning can be reverted back earlier



Sighs and Recruitment Sighs and Recruitment 
ManeuversManeuvers

•• Because Prone position increases homogeneity Because Prone position increases homogeneity 
of lung inflation, may enhance potential for of lung inflation, may enhance potential for 
recruitmentrecruitment

Pelosi et al. AJRCC 2003; 167: 521Pelosi 521Pelosi et al. AJRCC 2003; 167: 521Pelosi 521--
527.527.

–– Increased PaO2 with sighs in prone positionIncreased PaO2 with sighs in prone position
Oczenski et al.CritCare Med2005;33(1):54Oczenski et al.CritCare Med2005;33(1):54--61.61.
–– Increased P/F with RM after 6hrs Prone in Increased P/F with RM after 6hrs Prone in 
both responders and nonboth responders and non--respondersresponders

Practical ConsiderationsPractical Considerations
ContraindicationsContraindications
•• Spine instability Spine instability 
•• Hemodynamic instability Hemodynamic instability 
•• Arrhythmias Arrhythmias 
•• Thoracic and abdominal Thoracic and abdominal 

surgeries surgeries 
•• Increased intracranial Increased intracranial 

pressure pressure 

ComplicationsComplications
•• Hemodynamic instability Hemodynamic instability 
•• Extubation Extubation 
•• Selective intubation Selective intubation 
•• ETT obstruction ETT obstruction 
•• Dislodging CVCs Dislodging CVCs 
•• Facial edema Facial edema 
•• Pressure sores Pressure sores 
•• Fall in SpO2Fall in SpO2

SummarySummary
•• Theoretical benefits of prone position include Theoretical benefits of prone position include improved V/Q mismatch, improved FRC, improved V/Q mismatch, improved FRC, decreased VLI, and improved secretion decreased VLI, and improved secretion clearanceclearance
(All would meet goals of (All would meet goals of ““open openopen open--lunglung””ventilation)ventilation)
•• Prone position has been shown to improve Prone position has been shown to improve oxygenation in ALI/ARDS, and other diseasesoxygenation in ALI/ARDS, and other diseases
•• Several studies have begun to show benefit on Several studies have begun to show benefit on ventilator free days and trending mortality with ventilator free days and trending mortality with Prone positioning=Prone positioning=If started early!If started early!

Questions laterQuestions later……....
•• Now your 2011 NCSRC Physician of the YearNow your 2011 NCSRC Physician of the Year

Dr. Toan WayneDr. Toan Wayne
•• Routine prone positioning of all patients with ALI or Routine prone positioning of all patients with ALI or 
ARDS is not recommended because there is ARDS is not recommended because there is 
substantial inconvenience associated with its use and substantial inconvenience associated with its use and 
there is insufficient data demonstrating improvement there is insufficient data demonstrating improvement 
of patientof patient--important outcomes.important outcomes.

•• Consider prone positioning ifConsider prone positioning if goals of lunggoals of lung--protective protective 
ventilation are not being met, or if there is persistent ventilation are not being met, or if there is persistent 
respiratory acidosis or tissue hypoxia despite standard respiratory acidosis or tissue hypoxia despite standard 
ventilation in the supine position.ventilation in the supine position.



•• Prone positioning appears to improve the oxygenation Prone positioning appears to improve the oxygenation 
of most patients with ALI or ARDS; however, a of most patients with ALI or ARDS; however, a 
mortality benefit has not been established.mortality benefit has not been established.

•• PostPost--hoc analyses of multiple studies suggest that the hoc analyses of multiple studies suggest that the 
greatest benefit of prone positioning occurs in the greatest benefit of prone positioning occurs in the 
sickest patients if used early after the diagnosis of ALI sickest patients if used early after the diagnosis of ALI 
or ARDS.or ARDS.


