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Opioids form the backbone of most analgesic strategies, yet their use in acute post-operative pain is associated 
with an unappreciated degree of morbidity and mortality. The use of an unbalanced strategy for pain 
management, which emphasises the need for better pain management and lower pain scores without stressing 
the need for appropriate patient assessment and monitoring, can and does lead to an increase in adverse events. 
In the Lee Moffatt Cancer Centre, aggressive adoption of PCA analgesia in response the US JCAHO call for pain 
to be assessed as a “5th Vital Sign,” resulted in a significant increase in opioid overdosage events and ICU 
admissions.1 While some studies have indicate that neuraxial opioids pose a much higher risk than intravenous 
opioids (up to 7.9 times; 95% CI 1.4 – 40.3),2 other comprehensive reviews have identified that PCA opioids, and 
even IM opioids, also carry a significant risk of adverse events.3 Data from our own institution supports this, with 
event rates of 0.8% for epidural opioids, 1.1% for IV PCA opioids and 2.2% for intrathecal morphine. However, a 
significant problem with all such analyses is that the definition of what constitutes respiratory depression is highly 
variable. 
 
Opioid Induced Ventilatory Impairment (OIVI) more appropriately describes the impact of opioids on patients than 
the term ‘respiratory depression,’ because opioids affect consciousness (sedation), airway tone, and central 
respiratory drive.4 Postoperatively, the addition of sedatives, residual anaesthetic agents and fatigue further adds 
to these risks. Finally, individual patient factors may contribute as well – especially advanced age, obesity and a 
history of sleep disordered breathing (such as obstructive sleep apnoea). Any strategy to reduce the risk of OIVI 
in patients receiving parenteral opioids needs to address all these areas. It should be noted however, that the risk 
in a given individual is difficult to predict and many of the tragic cases of postoperative death related to the use of 
parenteral opioids occur in relatively young, apparently healthy individuals. Coroner’s reports frequently identify a 
failure to adequately monitor patients postoperatively as a major contributing factor to adverse outcomes. 
 
Monitoring strategies for OIVI should address all three of the above mentioned effects of opioids – sedation, 
depression of respiratory drive and loss of airway tone. Patient clinical observations should therefore include a 
standardised sedation score (perhaps the 6th vital sign), respiratory frequency and some assessment of airway 
patency. The latter is difficult by observation alone but includes training in identification of obstructive patterns of 
ventilation and an awareness of the risks of the ‘snoring’ patient. Probably the most controversial area is the 
clinical assessment of sedation. Assessment of simple arousal does not appear to be sufficient – and the ability to 
remain responsive for, say, 10 seconds or more seems to be important.5 Thus a sedation scale might be: 0 – 
awake, alert; 1 – mild sedation, easy to rouse by voice (10 second eye opening); 1S sleeping, easy to rouse; 2 – 
moderate sedation, easy to rouse BUT unable to remain awake (<10 second eye opening); 3 – difficult to rouse / 
unrousable. With such a scale a level of 2 or more would require a clinical intervention of some sort. The question 
of the sleeping patient is a vexed one, but overall the stakes are too high to ‘ignore’ sedation assessments in a 
patient who is apparently asleep. 
 
The ideal frequency and duration of monitoring is uncertain, however most events occur within 24 to 36h of 
surgery.6 Assessment frequency should also be influenced by patient factors and changes in therapy. Many 
factors limit the ability of people to reliably perform clinical assessments; these include fatigue, distraction and 
inadequate training. Therefore to reliably care for these patients, monitoring for OIVI should be enhanced by 
electronic systems. This is a process that has been promoted by the Anesthesia Patient Safety Foundation 
(APSF) in the US. 
 
Oxygen saturation monitoring (SpO2) has been advocated as a requirement for all patients receiving parenteral 
opioids. The APSF summarised the sensitivity, specificity, reliability, response times and costs of a number of 
methods of monitoring ventilation and / or oxygenation – respiratory rate, tidal volume, continuous measurement 
of oxygen saturation and end-tidal CO2, blood gas analysis, minute ventilation and chest wall impedance.7 Despite 
recognising the limitations of currently available monitors, and despite the low sensitivity of continuous pulse 
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oximetry in patients given supplemental oxygen (common in many countries), the recommendation of the APSF 
was for “the use of continuous monitoring of oxygenation (generally pulse oximetry) and ventilation in non-
ventilated patients receiving PCA, neuraxial opioids or serial doses of parenteral opioids.”7 This approach has 
been questioned by the American Society of Anesthesiologists with respect to neuraxial opioids.8 In any case, if 
the patient is receiving supplemental oxygen, the added oxygen may mask deterioration in respiratory function 
and there can be reasons other than opioids for hypoxaemia, especially in the postoperative setting.9 Therefore, 
although useful for patient care, SpO2 should not be relied upon on its own. 
 
Sedation can be assessed electronically by BIS or Entropy, but these may be too sensitive and not specific 
enough for monitoring the unattended patient.10 They are also not very responsive to opioid induced sedation per 
se. Therefore sedation needs to be assessed by clinical response (arousal) in response to stimulation using a 
standardised scale (see above). 
 
For measuring adequacy of ventilation, PaCO2 should ideally be continuously monitored – the most reliable non-
invasive current technology uses transcutaneous devices but they are not well-suited for longer-term use.11,12 
Expiratory capnography has the advantage of monitoring actual ventilation and respiratory rate. Nasal sampling 
devices are more comfortable to wear and allow supplemental oxygen to be administered, but may dislodge. This 
is however, currently the most reliable monitor of OIVI. Respiratory rate may reflect the central respiratory effects 
of OIVI but non-capnographic assessments are unreliable. 
 
Bedside-only alarm systems have the advantage that tones may serve as local arousal mechanisms, thus 
providing a safety reserve. All electronic systems have the disadvantage of causing ‘alarm fatigue’ and therefore 
being ignored by clinical staff. The best way to avoid frequent false alarms is not to rely on threshold based 
triggers but to intelligently monitor multiple parameters as well as analysing for patterns or trends in measured 
values, similar to the monitoring strategies used in anaesthesia. Consistent recording or charting of trends must 
be undertaken either electronically or manually. 
 
Finally and importantly, strategies for intervention must be clearly defined to ensure that when a patient does 
show signs of deterioration, clinical staff have established responses that they can implement and unambiguous 
reporting and clinical care escalation pathways. The risks of OIVI are real and the frequency is higher than most 
clinicians expect. We need to detect problems at an early stage to increase the chance of avoiding significant and 
permanent patient harm. 
 

References 
 

1. Vila H, Jr., Smith RA, Augustyniak MJ et al. The efficacy and safety of pain management before and after 
implementation of hospital-wide pain management standards: is patient safety compromised by treatment 
based solely on numerical pain ratings? Anesth Analg 2005; 101(2): 474-80 

2. Meylan et al. Benefit and risk of intrathecal morphine without local anaesthetic in patients under-going 
major surgery: meta-analysis of randomized trials. Br J Anaesth 2009; 102(2): 156–67 

3. Cashman JN & Dolin SJ. Respiratory and haemodynamic effects of acute postoperative pain 
management: evidence from published data. Br J Anaesth 2004; 93(2): 212-23 

4. Macintyre P, Loadsman J, Scott DA. Opioids, ventilation and acute pain management. Anaesth Intensive 
Care 2011; 39(4): 545-58 

5. Sessler CN et al. Am J Resp Crit Care Med 2002; 166: 1338-44 
6. Shapiro A, Zohar E, Zaslansky R et al. The frequency and timing of respiratory depression in 1524 

postoperative patients treated with systemic or neuraxial morphine. J Clin Anesth 2005; 17(7): 537-42 
7. Weinger MB. Dangers of postoperative opioids. APSF Newsletter 2006-2007; 21: 61-7 
8. Horlocker TT, Burton AW, Connis RT et al. Practice guidelines for the prevention, detection, and 

management of respiratory depression associated with neuraxial opioid administration. Anesthesiology 
2009; 110(2): 218-30 

9. Larson MD, Itkin A & Severinghaus JW. Postop hypoxia multifactorial and should be treated with 
supplemental oxygen. APSF Newsletter 2007; 22: 39 

10. Menkel J et al. Gastrointest Endosc 2010; 72: 112-7 
11. Kopka A, Wallace E, Reilly G et al. Observational study of perioperative PtcCO2 and SpO2 in non-

ventilated patients receiving epidural infusion or patient-controlled analgesia using a single earlobe 
monitor (TOSCA). Br J Anaesth 2007; 99(4): 567-71 

12. McCormack JG, Kelly KP. Transcutaneous carbon dioxide monitoring. Anaesthesia 2007; 62(8): 850-1 
 



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[Press Quality]'] 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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


