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Oxygen is a drug. As a drug, it is unique in that humans
are continuously exposed to a low, homeopathic dose
from the atmosphere. Clinically, the primary indication
for supplemental oxygen is to reverse hypoxemia. This
drug is unique in that it is regularly delivered in unknown
doses to patients without indications or attempts at titra-
tion. The casual use of oxygen by the health community
may simply be secondary to the ease of application via the
respiratory tract and the misnomer that too much oxygen
is clearly better than too little. However, as with many
medical therapies, better can be the enemy of good.

The benefit of oxygen is often conflicted with its basic
yet forgotten biological harm. Severinghaus and Astrup
[1] provide us with a novel and eloquent description of
oxygen when they state:

‘‘Oxygen is addicting; in its grip are all the mito-
chondrial-rich eukaryotes who learned to depend on it
during the past 1.4 billion years. This, the first
atmospheric pollutant, is the waste product of

stromalites (formation of algal plankton), which
excreted it at least 2.3 billion years ago. Since then
sediments have been rusted or oxidized. Oxygen is
toxic. It rusts a person in a century or less. With
oxygen came the danger and blessing of fire. If
introduced today, this gas might have difficulty get-
ting approved by the Food and Drug Administration.’’

In the intensive care unit, oxygen toxicity during
mechanical ventilation is presumed to occur at levels
exceeding 0.40. Oxygen is rarely a single factor to pro-
duce lung injury. Pulmonary oxygen toxicity is associated
with aggressive ventilation, time, and inspired oxygen
concentration (FIO2) [2–5]. Hyperoxia of the lung is
presumed to precipitate lung injury through the produc-
tion of reactive oxygen intermediates [6]. Experimental
models of hyperoxic lung injury demonstrate endothelial
cell injury, an increase in pulmonary capillary perme-
ability, and a marked increase in inflammatory cells [5].

From a clinician’s perspective, the reduction of FIO2 to
safe levels through the appropriate use of positive end
expiratory pressure (PEEP) and manipulation of mean
airway pressure is a common and appropriate goal. The
ARDSnet ARMA trial utilized a minimum FIO2 of 0.35 and
PEEP of 5 cmH2O. The PEEP/FIO2 table was developed
through expert opinion with knowledge that treated patients
would enter the trial with a PaO2/FIO2 \200 mmHg
[7]. The more aggressive ARDSnet ALVEOLI trial main-
tained a lower FIO2 through manipulation of PEEP, but
found no differences in outcomes [8]. Historically, a higher
FIO2 limit often prevents hypoxemia during ICU manipu-
lations and is below the threshold for pulmonary oxygen
toxicity.

In this issue of Intensive Care Medicine, de Graaff and
colleagues [9] demonstrate that Dutch clinicians appear to
be guided by the concept of minimizing FIO2 to levels
that are presumed to be non-toxic with little regard for
arterial oxygenation (PaO2). Their population of pre-
dominantly surgical patients (including cardiothoracic
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and neurosurgical) typically do not require high FIO2 to
maintain arterial normoxemia. The group demonstrated
that if FIO2 was B0.40 and PEEP was 5 cmH2O, even in
the presence of hyperoxemia (PaO2 [120 mmHg) reduc-
tions in FIO2 were only made in 22% of cases. In the
presence of hyperoxemia and an FIO2[0.40, FIO2 or PEEP
changes were made in 65–82% of cases, with higher FIO2

resulting in the most frequent changes. These findings
suggest that while there is concern about pulmonary tox-
icity caused by hyperoxic gas mixtures administered to the
lungs, there appears to be little concern for hyperoxemia.

The article by de Graaff raises more questions than it
answers. Even today, we still do not know what consti-
tutes a safe FIO2. Data from animal studies and the
collective ICU experience over the last 40 years suggest
that an FIO2\0.40 is non-toxic. The data from de Graaff
et al. beg the question, should FIO2 continue to be
decreased in the face of hyperoxemia? Clearly, there is no
advantage to oxygen delivery by elevated PaO2 under
normobaric conditions. Exceeding the required FIO2

to create normoxemia may also mask the presence of
worsening pulmonary function [10]. At a PaO2 of
120 mmHg and oxygen saturation of 99%, a fall in PaO2

of 50% would still provide an SaO2 of C90%. In this
instance, pulse oximetry goals would not be violated, and
there would be no warning of a significant decrease in
pulmonary dysfunction.

Lung injury occurs over a wide spectrum requiring
individualized oxygen requirements and mechanical
ventilation needs. Our recent work in closed loop control
of oxygenation demonstrates that even severely injured
trauma patients (injury severity score[25) can frequently
be managed immediately postoperatively with an FIO2

\0.30. In a number of cases, these patients have had PaO2

[80 mmHg on an FIO2 of 0.21 [11]. These data have
important implications for military care in austere con-
ditions where oxygen is a limited resource. In contrast,
civilian hospitalists rarely worry if their oxygen supply
will run out.

A growing body of evidence suggests that hyperoxemia
may result in worse outcomes in a number of conditions.

Kilgannon et al. reported results of a multi-center trial
comparing outcomes in patients after non-traumatic car-
diac arrest based on PaO2. They showed that hyperoxemia
(PaO2 C300 mmHg) was associated with increased mor-
tality compared to both the normoxemic (PaO2

B300 mmHg C61 mmHg) and the hypoxemic group
(PaO2 B60 mmHg) [12]. These findings support earlier
animal studies of hyperoxemia following experimental
cardiac arrest. In a recent systematic review of oxygen use
in the treatment of myocardial infarction, Wijesinghe and
colleagues [13] found few studies with significant power
to evaluate the safety of oxygen therapy. However, sev-
eral studies suggest that hyperoxemia may result in
vasoconstriction in the coronary circulation and hemo-
dynamic instability [14–17]. These studies do not
dissuade the use of oxygen following myocardial infarc-
tion, but rather reinforce the need for the titration of
oxygen to a normal saturation. The concept of oxygen
titration is gaining traction. Recent work with severe
traumatic brain injury suggests that both hypoxemia and
hyperoxemia are associated with increased mortality and
disposition [18]. This is in conflict with the current trend
of using hyperoxemia to achieve acceptable levels of
brain tissue PO2 when the deleterious effects of hypox-
emia in this population are well described.

The work of de Graaff et al. suggests that FIO2 titration
might best be accomplished using a goal PaO2/FIO2 ratio
with a lower limit of FIO2 set at 0.21. It also reminds us
that, despite the fact that oxygen is ubiquitous in the
hospital and easily delivered, often without a physician
order, it is a drug that should be titrated to the desired
effect. Both hypoxemia and hyperoxemia have conse-
quences beyond pulmonary oxygen toxicity.

The discovery of oxygen is an interesting account of
several investigators arriving at the same conclusion
around 1773–1774. Before Lavoisier coined the term
‘oxygen’ it had been called ‘nitro ariel spirits,’ ‘dephlo-
gisticated air,’ ‘fire air,’ and ‘eminently breathable air’
[19]. As oxygen nears its 250th birthday, it is time to treat
it as an important drug with consequences for both under
and over dosing.

References

1. Servinghaus JW, Astrup PB (1986)
History of blood gas analysis: IV
Leland Clark’s oxygen electrode. J Clin
Monit 2:125–139

2. Bailey TC, Martin EL, Zhao L,
Veldhuizen RA (2003) High oxygen
concentrations predispose mouse lungs
to the deleterious effects of high stretch
ventilation. J Appl Physiol 94:975–982

3. Davis JM, Penney DP, Notter RH,
Metlay L, Dickerson B, Shapiro DL
(1989) Lung injury in the neonatal
piglet caused by hyperoxia and
mechanical ventilation. J Appl Physiol
67:1007–1012

4. Quinn DA, Moufarrej RK, Volokhov A,
Hales CA (2002) Interactions of lung
stretch, hyperoxia, and MIP-2
production in ventilator-induced lung
injury. J Appl Physiol 93:517–525

5. Sinclair SE, Altemeier WA, Matute-
Bello G, Chi EY (2004) Augmented
lung injury due to interaction between
hyperoxia and mechanical ventilation.
Crit Care Med 32:2496–2501

6. Altemeier WA, Scott SE (2007)
Hyperoxia in the intensive care unit:
why more is not always better. Curr
Opin Crit Care 13:73–78

2



7. The Acute Respiratory Distress
Syndrome Network (2000) Ventilation
with lower tidal volumes as compared
with traditional tidal volumes for acute
lung injury and the acute respiratory
distress syndrome. N Engl J Med
342:1301–1308

8. NHLBI Acute Respiratory Distress
Syndrome Network (2004) Higher
versus lower positive end-expiratory
pressures in patients with the acute
respiratory distress syndrome.
N Engl J Med 351:327–336

9. de Graaff AE, Dongelmans DA,
Binnekade JM, de Jonge E (2011)
Clinicians response to hyperoxia in
ventilated patients in a Dutch ICU
depends on the level of FIO2. Intensive
Care Med. doi:
10.1007/s00134-010-2025-z

10. Downs JB (2006) Is supplemental
oxygen necessary? J Cardiothorac Vasc
Surg 20:133–135

11. Johannigman JA, Branson RD, Edwards
MG (2009) Closed loop control of
inspired oxygen concentration in
trauma patients. J Am Coll Surg
208:763–768

12. Kilgannon JH, Jones AE, Shapiro NI,
Angelos MG, Milcarek B, Hunter K,
Parrillo JE, Trzeciak S, Emergency
Medicine Shock Research Network
(EMShockNet) Investigators (2010)
Association between arterial hyperoxia
following resuscitation from cardiac
arrest and in-hospital mortality.
JAMA 202:2165–2171

13. Wijesinghe M, Perrin K, Ranchord A,
Simmonds M, Weatherall M, Beasley R
(2009) Routine use of oxygen in the
treatment of myocardial infarction:
systematic review. Heart 95:198–202

14. Verecki V, Martin E, Rosenthal RE,
Hof PR, Hoffman GE, Fiskum G (2006)
Normoxic resuscitation after cardiac
arrest protects against hippocampal
oxidative stress, metabolic dysfunction
and neuronal death. J Cereb Blood Flow
Metab 26:821–835

15. Balan IS, Fiskum G, Hazelton J,
Cotto-Cumba C, Rosenthal RE (2006)
Oximetry guided reoxygenation
improves neurologic outcome after
experimental cardiac arrest. Stroke
37:3008–3013

16. McNulty PH, King N, Scott S, Hartman
G, McCann J, Kozak M, Chambers CE,
Demers LM, Sinoway LI (2005) Effects
of supplemental oxygen administration
on coronary blood flow in patients
undergoing cardiac catheterization. Am
J Physiol Heart Circ Physiol
288:H1057–H1062

17. Davidson RM, Ramo BW, Wallace AG,
Whalen RE, Starmer CF (1973) Blood
gas and hemodynamic responses to
oxygen in acute myocardial infarction.
Circulation 47:704–711

18. Davis DP, Meade W, Sise MJ (2009)
Both hypoxemia and extreme
hyperoxemia may be detrimental in
patients with severe traumatic brain
injury. J Neurotrauma 26:2217–2223

19. Severinghaus JW (2002) Priestly, the
furious free thinker of the
enlightenment, and Scheele, the taciturn
apothecary of Uppsala. Acta Anesth
Scand 46:2–9

3

http://dx.doi.org/10.1007/s00134-010-2025-z

	Oxygen: when is more the enemy of good?
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


