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Background
Previous trials involving patients with the acute respira-
tory distress syndrome (ARDS) have failed to show a
beneficial effect of prone positioning during mechanical
ventilator support on outcomes. We evaluated the effect
of early application of prone positioning on outcomes in
patients with severe ARDS.

Methods
Objective: The objective was to evaluate the effect of early
application of prone position on mortality in patients with
severe ARDS.
Design: The PROSEVA group conducted a multicenter,
prospective, randomized controlled trial.
Setting: Patients with ARDS were recruited from 26
ICUs in France and one ICU in Spain.
Subjects: The subjects were critically ill patients admitted
to the ICU with respiratory failure requiring mechanical
ventilation for severe ARDS. Severe ARDS criteria - an
arterial partial pressure of oxygen/fraction of inspired
oxygen (PaO2/FiO2) ratio of less than 150 mm Hg, an FiO2

of at least 0.6, a positive end-expiratory pressure of at least
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5 cm of water, and a tidal volume of about 6 mL per
kilogram of predicted body weight - were confirmed after
12 to 24 hours of mechanical ventilation in the participating
ICUs. Subjects were eligible after 12 to 24 hours of
stabilization and were randomly assigned to either the
prone group or the supine group.
Intervention: Four hundred sixty-six patients with severe
ARDS underwent prone position ventilation of at least
16 hours or ventilation in the supine position. Patients
assigned to the prone group were manually turned in
standard ICU beds to the prone position within the first
hour of random assignment and were placed prone for
at least 16 consecutive hours. Standard ventilator proto-
cols and weaning protocols were implemented for study
participants.
Outcomes: The primary outcome was the proportion of
patients who died from any cause within 28 days after
random assignment.
Results
In total, 237 patients were assigned to the prone group
and 229 patients were assigned to the supine group. The
28-day mortality rates were 16% in the prone group and
32.8% in the supine group (P <0.001). The hazard ratio for
death with prone ventilation was 0.39 (95% CI 0.25 to
0.63). Unadjusted 90-day mortality rates were 23.6% in the
prone group and 41% in the supine group (P <0.001), with
a hazard ratio of 0.44 (95% CI 0.29 to 0.67). The incidence
of complications did not differ significantly between the
groups, except for the incidence of cardiac arrests, which
was higher in the supine group.
Conclusions
In patients with severe ARDS, early application of pro-
longed prone-positioning sessions significantly decreased
28-day and 90-day mortality.
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Commentary
Prone position ventilation (PPV) has been shown to im-
prove oxygenation in many animal and human studies of
severe acute respiratory distress syndrome (ARDS) [1,2].
The benefits of PPV have been attributed to multiple mech-
anisms. First, in the supine position, there is more
expansion of ventral alveoli compared to dorsal alveoli, and
this effect is more profound in patients with ARDS because
increased lung weight compresses dorsal alveoli. At the
same time, due to the effect of gravity, blood flow is highest
in these dorsal lung fields causing a ventilation perfusion
mismatch. When the patient is placed in the prone
position, the pressure gradient from ventral to dorsal
regions of the lung is reduced and trans-pulmonary
pressures are more uniformly distributed, making ventila-
tion more uniform [3]. Second, with PPV, improved ventila-
tion in previously dependent areas in the dorsal region now
matches the sustained higher dorsal perfusion, thus signifi-
cantly reducing the ventilation/perfusion mismatch [4].
Third, PPV reduces alveolar collapse and hyperinflation by
decreasing lung compression by caudal displacement of
abdominal organs and also decreasing the weight of the
heart on the left lower lobe of the lung parenchyma [5].
Fourth, PPV improves bronchial drainage and aids secre-
tion clearance by the effects of straightening the larger
airways with gravity assistance [6]. Finally, PPV decreases
chest wall compliance, thus improving functional residual
capacity [7].
Many clinical trials have been conducted to assess the

clinical benefits of PPV in patients with ARDS. Gattinoni
and colleagues [8] conducted the first clinical trial and
demonstrated improvement in oxygenation in patients
on PPV. Similar results of improved oxygenation have
been found in another study [9]. However, none of these
earlier studies has been able to show any difference in
mortality. Proponents of PPV feel that the initial studies
were fraught with poor study design as they did not
clearly define study protocols and enrolled a hetero-
geneous group of patients with less severe ARDS and
patients with non-ARDS-related hypoxemic respiratory
failure [10]. Other criticisms include late implementation
of PPV after onset of ARDS and shorter duration of PPV
(about 6 to 8 hours per day).
Subsequent randomized controlled trials attempted to

enroll patients earlier (Guérin and colleagues [9]) and
for longer duration [11]. However, these studies were
underpowered to detect statistically significant effects on
mortality [9]. Taccone and colleagues [12] enrolled
patients with arterial partial pressure of oxygen/fraction
of inspired oxygen (PaO2/FiO2) ratios of less than 100,
with the intervention group receiving PPV for 20 hours
per day. However, this trial did not show any mortality
benefit; on the contrary, it showed a significant increase
in adverse events with PPV [12]. Nevertheless, meta-
analysis and subgroup analyses of patients with severe
ARDS have shown a trend toward mortality benefit [13].
Thus, PPV remained a grade 2B recommendation in the
2012 Surviving Sepsis Guidelines and in the primary role
as a rescue therapy in patients with severe ARDS [14].
In this multicenter clinical trial, Guérin and colleagues

(see ‘Citation’ above) examined whether PPV has any
beneficial effects in the sickest of ARDS patients with
severe hypoxemia when PPV was initiated within
24 hours after onset of ARDS and sustained for longer
duration of at least 16 hours per day. Strengths of the
study include a well-conducted multicenter trial, inclu-
sion of a homogenous group of patients with severe
ARDS, use of lung protective ventilation in both arms,
and use of standard ventilator weaning protocols. The
authors were able to show a remarkable benefit of PPV
with a huge effect size of 51% relative risk reduction
(RRR) in mortality at 28 days with a number needed to
treat of 6. This mortality reduction persisted at 90 days
(23.6% versus 41%; P <0.001).
Important limitations of the study include imbalances in

baseline characteristics with more severely ill patients
enrolled in the control group, as evidenced by higher
Sequential Organ Failure Assessment scores and increased
vasopressor requirement, compared with the PPV group.
This difference between the groups could have biased the
result toward benefit for the PPV group. In addition, the
PPV group was noted to have received more neuromuscu-
lar blockers, which may have magnified the treatment effect
as use of neuromuscular blockers has been shown to im-
prove mortality in patients with ARDS [15]. This makes us
further question the care received for the supine patients as
blinding was impossible and may have influenced the care
received by the control group. Recent meta-analysis on
PPV predicted a mortality benefit of approximately 16%
RRR in severe ARDS patients with a PaO2/FiO2 ratio of less
than 100, but the large effect size of more than 50% RRR in
the PROSEVA (Proning Severe ARDS Patients) trial has
not been reported with any critical care intervention ques-
tioning the biologic plausibility of such a huge benefit [13].
This finding might have resulted as a consequence of pos-
sible inflated control group mortality (32%) as current
ARDS studies report much lower mortality rates.
It is important to note that the study was conducted in

an environment of practitioners who are highly skilled
and trained in prone ventilation. Management of the
prone patient is an acquired skill and is technically
challenging as detailed in the video accompanying the
article. Widespread implementation of PPV requires the
health-care system to be equipped with additional
resources like training and education, PPV-specific proto-
cols, and expertise to avoid serious adverse events in order
to replicate the results and low complication rate seen in
the PROSEVA study. The PROSEVA trial also suggests
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initiating PPV for all moderate to severe ARDS (FiO2 of at
least 0.6 and positive end-expiratory pressure of at least
5), which would require initiating PPV in many patients
with ARDS and hence tremendous education efforts and
resources for widespread implementation.

Recommendation
Although the results of the PROSEVA trial need to be
replicated, the study findings suggest that using PPV
earlier, more often, and for longer durations in patients
with severe ARDS results in better outcomes than does
offering PPV as a rescue maneuver and a last-ditch
effort.

Abbreviations
ARDS: Acute respiratory distress syndrome; FiO2: Fraction of inspired oxygen;
PaO2: Arterial partial pressure of oxygen; PPV: Prone position ventilation;
PROSEVA: Proning severe ARDS patients; RRR: Relative risk reduction.

Competing interests
The authors declare that they have no competing interests.

Published:

References
1. Albert RK, Leasa D, Sanderson M, Robertson HT, Hlastala MP: The prone

position improves arterial oxygenation and reduces shunt in oleic-acid-
induced acute lung injury. Am Rev Respir Dis 1987, 135:628–633.

2. Pelosi P, Tubiolo D, Mascheroni D, Vicardi P, Crotti S, Valenza F, Gattinoni L:
Effects of the prone position on respiratory mechanics and gas
exchange during acute lung injury. Am J Respir Crit Care Med 1998,
157:387–393.

3. Lai-Fook SJ, Rodarte JR: Pleural pressure distribution and its relationship to
lung volume and interstitial pressure. J Appl Physiol (1985) 1991, 70:967–978.

4. Nyrén S, Mure M, Jacobsson H, Larsson SA, Lindahl SG: Pulmonary
perfusion is more uniform in the prone than in the supine position:
scintigraphy in healthy humans. J Appl Physiol (1985) 1999, 86:1135–1141.

5. Albert RK, Hubmayr RD: The prone position eliminates compression of
the lungs by the heart. Am J Respir Crit Care Med 2000, 161:1660–1665.

6. Pelosi P, Brazzi L, Gattinoni L: Prone position in acute respiratory distress
syndrome. Eur Respir J 2002, 20:1017–1028.

7. Pelosi P, Croci M, Calappi E, Mulazzi D, Cerisara M, Vercesi P, Vicardi P,
Gattinoni L: Prone positioning improves pulmonary function in obese
patients during general anesthesia. Anesth Analg 1996, 83:578–583.

8. Gattinoni L, Tognoni G, Pesenti A, Taccone P, Masheroni D, Labarta V,
Malacrida R, Di Giulio P, Fumagalli R, Pelosi P, Brazzi L, Latini R, Prone-Supine
Study Group: Effect of prone positioning on the survival of patients with
acute respiratory failure. N Engl J Med 2001, 345:568–573.

9. Guérin C, Gaillard S, Lemasson S, Ayzac L, Girard R, Beuret P, Palmier B, Le
QV, Sirodot M, Rosselli S, Cadiergue V, Sainty JM, Barbe P, Combourieu E,
Debatty D, Roffineau J, Ezingeard E, Millet O, Guelon D, Rodriguez L, Martin
O, Renault A, Sibille JP, Kaidomar M: Effects of systematic prone
positioning in hypoxemic acute respiratory failure: a randomized
controlled trail. JAMA 2004, 292:2379–2387.

10. Abroug F, Ouanes-Besbes L, Dachraoui F, Ouanes I, Brochard L: An updated
study-level meta-analysis of randomized controlled trials on proning in
ARDS and acute lung injury. Crit Care 2011, 15:R6.

11. Mancebo J, Fernandez R, Blanch L, Rialp G, Gordo F, Ferrer M, Rodriguez F, Garro
P, Ricart P, Vallverdu I, Gich I, Castano J, Saura P, Dominguez G, Bonet A, Albert
RK: A multicenter trial of prolonged prone ventilation in severe acute
respiratory distress syndrome. Am J Respir Crit Care Med 2006, 172:1233–1239.

12. Taccone P, Pesenti A, Latini R, Polli F, Vagginelli F, Mietto C, Caspani L,
Raimondi F, Bordone G, Iapichino G, Mancebo J, Guérin C, Ayzac L, Blanch
L, Fumagalli R, Tognoni G, Gattinoni L, Prone-Supine II Study Group: Prone
positioning in patients with moderate and severe acute respiratory dis-
tress syndrome: a randomized controlled trial. JAMA 2009, 203:1977–1984.

27 May 2014
13. Sud S, Friedrich JO, Taccone P, Polli F, Adhirkari NK, Latini R, Pesenti A,
Guérin C, Mancebo J, Curley MA, Fernandez R, Chan MC, Beuret P,
Voggenreiter G, Sud M, Tognoni G, Gattinoni L: Prone ventilation reduces
mortality in patients with acute respiratory failure and severe
hypoxemia: systematic review and meta-analysis. Intensive Care Med 2010,
36:585–599.

14. Dellinger RP, Levy MM, Rhones A, Annane D, Gerlach H, Opal SM, Sevrancky
JE, Spring CL, Douglas IS, Jaeschke R, Osborn TM, Nunnally ME, Townsend
SR, Reinhart K, Kleinpell RM, Angus DC, Deutschman CS, Machado FR,
Rubenfeld GD, Webb SA, Beale RJ, Vincent JL, Moreno R, Surviving Sepsis
Campaign Guidelines Committee including the Pediatric Subgroup:
Surviving sepsis campaign: International guidelines for management of
severe sepsis and septic shock: 2012. Crit Care Med 2013, 41:580–637.

15. Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, Loundou A,
Jaber S, Arnal JM, Perez D, Deghboyan JM, Contantin JM, Courant P,
Lefrant JY, Guérin C, Prat G, Morange S, Roch A, ACURASYS Study
Investigators: Neuromuscular blockers in early acute respiratory distress
syndrome. N Engl J Med 2010, 363:1107–1116.

Cite this article as: Tekwani and Murugan: ‘To prone or not to prone’ in
severe ARDS: questions answered, but others remain. Critical Care

10.1186/cc13893

2014, 18:305

http://ccforum.com/content/18/3/305

	Expanded abstract
	Citations
	Background
	Methods
	Results
	Conclusions

	Commentary
	Recommendation
	Abbreviations
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


