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Abstract

In well-resourced areas of the world anesthesia has become safer over the past decades, and
anesthesia mortality does seem to be reducing. However, there is a lack of international agreement
over definitions of anesthetic mortality and, therefore, difficulty in knowing exactly what the rate of
anesthetic mortality is. Avoidable harm from error is still a problem, and sophisticated analysis
suggests that more deaths than generally appreciated may be attributable to factors under the control
of anesthetists. Mortality rates in low income areas of the world are unacceptably high. There is more
to be done if anesthesia is to become truly safe for all patients.

Introduction and context
It is widely believed that the rate of mortality associated
with anesthesia is steadily decreasing, and that anes-
thesia today is very safe indeed [1]. However, this
assertion has been questioned by Lagasse [2], who argues
that the definitions of anesthetic mortality used in
different studies over the years have not been consistent.

Recent advances
Perhaps the best data on anesthesia mortality come from
Australia, where the state-based Anesthetic Mortality
Review Committees have followed a relatively consistent
approach with clear definitions (Table 1) for 20 years
[3,4]. Case mix clearly makes a substantial difference to
the risk of anesthesia, but the sequential triennial reports
of these committees do suggest that anesthesia has
become safer over time and that the risk of death
definitely and entirely attributable to anesthesia today is
close to 1 in 200,000 in patients who are essentially
healthy and undergoing minor or moderate surgical
procedures. It is disappointing, however, that even these
data relate primarily to deaths within either 24 or
48 hours of anesthesia, whereas most people would
probably be more interested in knowing their chances of
actually going home from hospital and surviving for a

reasonable period thereafter (30 days post-surgery, for
example). There is very little information on this,
although at least one European study suggests that
these risks may be much higher than generally appre-
ciated [5]. This European study also confirms earlier
evidence [6,7] suggesting that anesthesia makes an
important contribution to outcome after surgery.

Fundamental to any discussion of the safety of anesthe-
sia is the matter of when mortality should be attributed
to anesthesia. The Australian Mortality Committees have
provided definitions by which perioperative deaths can
be attributed to one of eight categories, three of which
relate to anesthesia (Table 1) [4]. The critical words are:
“…caused by the anesthesia or other factors under the
control of the anesthetist.” It is these other factors that
have largely been overlooked in efforts to estimate the
true incidence of mortality (let alone morbidity)
attributable to anesthesia.

Perioperative myocardial ischemia is a case in point [8]:
clearly it may be attributable or amenable to factors
under the control of the anesthetist; its consequences
often manifest several days postoperatively [8] so are
easily overlooked, particularly in studies that focus on

Page 1 of 3
(page number not for citation purposes)

Published: 14 September 2009
© 2009 Medicine Reports Ltd

mailto:a.merry@auckland.ac.nz
http://F1000.com/Reports/Medicine/content/1/69


the first 24 or 48 hours after surgery; and it may
contribute to death, although often only some time
later. In a study by the Study of Perioperative Ischemia
Research Group, patients surviving a postoperative
in-hospital myocardial infarction had a 28-fold increase
in the rate of subsequent cardiac complications within
6 months following surgery, a 15-fold increase within
1 year, and a 14-fold increase within 2 years [9]. Are
these extra deaths attributable to anesthesia? We would
argue that they are. In the Perioperative Ischemic
Evaluation (POISE) study [10], a multicentre prospective
blinded controlled trial involving 8,351 patients, the
incidence of perioperative myocardial infarction in
patients randomized to receive metoprolol was 4.2%
compared with 5.7% in those receiving placebo (con-
firming the value of beta-blockers in protecting the
heart), but the overall mortality was 3.1% and 2.3%,
respectively. In other words, the perioperative use of
beta-adrenergic blocking drugs, a factor very much under
the control of anesthetists, was associated with an excess
mortality rate of 0.8%. The wider question of how and
when to use beta-blockers during anesthesia, and of the
other factors relevant to optimal management, is of
course complex [10], which is exactly why anesthetists
are rebranding themselves as experts in perioperative
medicine. However, one cannot have it both ways: the
fact that the overall management of patients periopera-
tively can make a substantial difference to outcome is
strong endorsement of the argument for a central role for
well-resourced medically qualified practitioners in the
provision of anesthesia, but it also makes a nonsense
out of blanket claims that the risk of dying from an
anesthetic is very low.

There are many parts of the world in which anesthesia
mortality rates are many multiples of those in high
income countries such as the USA, Europe, and Australia
[11-13]. Clearly, many advances that have been made in
the safety of anesthesia have not been realized every-
where. Even worse, many patients do not receive
desperately needed surgical and anesthetic services at
all. The number of surgical operations undertaken
around the world every year has only recently been

estimated, and, at about 234 million, actually exceeds
the number of births [14]. Unfortunately, these opera-
tions are very unevenly distributed, with only 3.5% being
undertaken amongst those 34.8% of the global popula-
tion who live in countries spending $100 or less per
person on healthcare. It seems that about 11% of the
global burden of disease measured in disability-adjusted
life years arises from conditions amenable to surgery
[15], so access to appropriate surgery is clearly essential,
and obviously depends on equal access to safe anes-
thesia. Even in high income countries there is substantial
variance in access to services: more disturbingly, there is
astonishing variance in practices over and above the
variance attributable to resource differences [16].
Furthermore, there is ongoing evidence that even those
patients who actually do receive appropriate healthcare
(including surgery and anesthesia) are at unacceptable
risk of harm from avoidable errors [17-20].

Implications for clinical practice
The Safe Surgery Saves Lives initiative [21] of the World
Health Organization has developed a surgical safety
checklist to address some of these errors through a cost-
effective tool applicable to surgery and anesthesia
everywhere. In a study undertaken in eight pilot sites
around the world, introduction of this checklist sig-
nificantly and substantially reduced harm associated
with surgery [22]. The pilot study was not a randomized
controlled trial, but it was prospective and large (data
from almost 4,000 patients collected at baseline were
compared with data from a similar number after the
introduction of the checklist). This checklist is now being
widely adopted around the world. It will not eliminate
errors, but it is highly likely to reduce them and, through
enhanced teamwork, to improve outcomes more gene-
rally. There is now a considerable onus on senior
clinicians to promote the use of the checklist in a
meaningful manner involving the engaged participation
of all members of the operative team. There is also
considerable onus on the organizations associated with
anesthesia to continue to support initiatives to improve
the training and resources available for anesthesia in
resource-limited regions of the world. The World
Federation of Societies of Anaesthesiologists has pro-
vided strong leadership in this regard [23] and in recent
years the support for anesthesia from the World Health
Organization has increased considerably [24].

As with so many things, the sophistication and accuracy
of the way in which we measure outcome has increased
in parallel with other advances in anesthesia. This has the
effect of highlighting risks of anesthesia that, in previous
years, may not have been appreciated at all. So is
anesthesia becoming safer? Certainly – and this is self

Table 1. Definitions of categories of death attributable to
anesthesia used by Australian Anesthesia Mortality
Committees [4]

Category 1 Where it is reasonably certain that death or
morbidity was caused by the anesthesia or other
factors under the control of the anesthetist

Category 2 Where there is some doubt whether death or
morbidity was entirely attributable to the anesthesia
or other factors under the control of the anesthetist

Category 3 Where death or morbidity was caused by both
medical/surgical and anesthesia factors
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evident to anyone who has practiced for more than three
decades. Is it safe enough? Certainly not, especially in
higher-risk patients, and in low-income regions of the
world. We are making commendable progress, but there
is a long way to go to achieve the goal that “no patient
shall be harmed by anaesthesia” [1,25].

Abbreviation
POISE, Perioperative Ischemic Evaluation.

Competing interests
The authors have financial interests in Safer Sleep LLC,
which produces a system to promote safety in anesthesia.

References
1. Cooper JB, Gaba D: No myth: anesthesia is a model for

addressing patient safety. Anesthesiology 2002, 97:1335-7.
2. Lagasse RS: Anesthesia safety: model or myth? A review of the

published literature and analysis of current original data.
Anesthesiology 2002, 97:1609-17.

3. MacKay P: Safety of Anesthesia in Australia. A review of Anaesthesia
Mortality 1997-1999. Melbourne: Australian and New Zealand College
of Anaesthetists; 2002.

4. Gibbs N: Safety of Anesthesia in Australia. A review of Anaesthesia
Mortality 2000-2002. Melbourne: Australian and New Zealand College
of Anaesthetists; 2006.

5. Arbous MS, Meursing AE, van Kleef JW, de Lange JJ, Spoormans HH,
Touw P, Werner FM, Grobbee DE: Impact of anesthesia
management characteristics on severe morbidity and mor-
tality. Anesthesiology 2005, 102:257-68.

F1000 Factor 6.0 Must Read
Evaluated by Patrick Wouters 09 May 2006

6. Slogoff S, Keats AS: Does perioperative myocardial ischemia
lead to postoperative myocardial infarction? Anesthesiology
1985, 62:107-14.

7. Merry AF, Ramage MC, Whitlock RM, Laycock GJ, Smith W,
Stenhouse D, Wild CJ: First-time coronary artery bypass
grafting: the anaesthetist as a risk factor. Br J Anaesth 1992,
68:6-12.

8. Mangano DT, Hollenberg M, Fegert G, Meyer ML, London MJ,
Tubau JF, Krupski WC: Perioperative myocardial ischemia in
patients undergoing noncardiac surgery–I: Incidence and
severity during the 4 day perioperative period. The Study
of Perioperative Ischemia (SPI) Research Group. J Am Coll
Cardiol 1991, 17:843-50.

9. Mangano DT, Browner WS, Hollenberg M, Li J, Tateo IM: Long-term
cardiac prognosis following noncardiac surgery. The Study

of Perioperative Ischemia Research Group. JAMA 1992,
268:233-9.

10. Yang H, Beattie WS: POISE results and perioperative beta-
blockade. Can J Anaesth 2008, 55:727-34.

11. Ouro-Bang’na Maman AF, Tomta K, Ahouangbévi S, Chobli M:
Deaths associated with anaesthesia in Togo, West Africa.
Trop Doct 2005, 35:220-2.

12. Heywood AJ, Wilson IH, Sinclair JR: Perioperative mortality in
Zambia. Ann R Coll Surg Engl 1989, 71:354-8.

13. Hansen D, Gausi SC, Merikebu M: Anaesthesia in Malawi:
complications and deaths. Trop Doct 2000, 30:146-9.

14. Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz SR,
Berry WR, Gawande AA: An estimation of the global volume of
surgery: a modelling strategy based on available data. Lancet
2008, 372:139-44.

15. Debas HT, Gosselin R, McCord C, Thind A: Surgery. In Disease
Control Priorities in Developing Countries. Edited by Jamison DT,
Breman JG, Measham AR, Alleyne G, Claeson M, Evans DB, Jha P,
Mills A, Musgrove P. Washington DC: International Bank for
Reconstruction and Development/World Bank; 2006:1245-60.

16. Wennberg J, Gittelsohn A: Variations in medical care among
small areas. Sci Am 1982, 246:120-34.

17. Kohn LT, Corrigan JM, Donaldson MS: To Err Is Human: Building a Safer
Health System. Washington DC: National Academy Press; 1999.

18. Webster CS, Merry AF, Larsson L, McGrath KA, Weller J: The
frequency and nature of drug administration error during
anaesthesia. Anaesth Intensive Care 2001, 29:494-500.

19. Runciman WB: Iatrogenic harm and anaesthesia in Australia.
Anaesth Intensive Care 2005, 33:297-300.

20. Merry AF: Safety in anaesthesia: reporting incidents and
learning from them. Anaesthesia 2008, 63:337-9.

21. WHO: Safe Surgery Saves Lives. [http://www.who.int/patient-
safety/safesurgery/en/index.html].

22. Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat AH,
Dellinger EP, Herbosa T, Joseph S, Kibatala PL, Lapitan MC,
Merry AF, Moorthy K, Reznick RK, Taylor B, Gawande AA; Safe
Surgery Saves Lives Study Group: A surgical safety checklist to
reduce morbidity and mortality in a global population. N Engl J
Med 2009, 360:491-9.

Changes Clinical Practice
F1000 Factor 6.0 Must Read
Evaluated by Manfred Seeberger 16 Mar 2009

23. Enright A, Merry A: The WFSA and patient safety in the
perioperative setting. Can J Anaesth 2009, 56:8-13.

24. Cherian MN, Merry AF, Wilson IH: The World Health Organiza-
tion and Anaesthesia. Anaesthesia 2007, 62:65-6.

25. Macintosh R: Deaths under anaesthetics. Br J Anaesth 1948,
21:107-36.

Page 3 of 3
(page number not for citation purposes)

F1000 Medicine Reports 2009, 1:69 http://F1000.com/Reports/Medicine/content/1/69

http://f1000medicine.com/article/id/13555
http://www.who.int/patientsafety/safesurgery/en/index.html
http://www.who.int/patientsafety/safesurgery/en/index.html
http://f1000medicine.com/article/id/1158143

	Abstract
	Introduction and context
	Recent advances
	Implications for clinical practice
	Abbreviation
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


