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To the Editor:

Children emerging from anesthesia may experience a

variety of behavioral disturbances described as postopera-

tive agitation [1]. We could easily expect some autonomic

changes in these agitated children. Frequency-domain

analysis of heart rate variability (HRV) is a sophisticated

noninvasive tool to assess autonomic nervous system

(ANS) regulation of the heart [2]. When humans are under

various physical and mental stress conditions, disturbances

in the ANS occur. In the present study, we calculated

children’s HRV and analyzed the relationship between

their behavior on emerging from anesthesia and the low

frequency components (LF) to high frequency components

(HF) (LF/HF) ratio of their HRV.

After obtaining approval from the Ethics Committee of

Aichi Medical University and written informed parental

consent, we studied 28 children, aged 2–4 years, who were

scheduled for removal of a nevus. Forty-five minutes

before anesthetic induction, midazolam 0.5 mg kg-1 was

given orally. After arrival in the operating room at 08:15,

the mothers were encouraged to sit in a straight-back chair

and to hold their child during the anesthetic induction.

After anesthesia was induced with 7% sevoflurane in 100%

oxygen, fentanyl 1 lg kg-1 and vecuronium 0.1 mg kg-1

were injected intravenously to facilitate tracheal intubation.

Then, plastic surgeons infiltrated the nevus with 0.25%

lidocaine 5–10 ml. Anesthesia was maintained with sevo-

flurane (1.5%–2.5%) in 100% oxygen and fentanyl

4 lg kg-1 without further vecuronium. On completion of

the surgery, sevoflurane was discontinued and a palm-sized

electrocardiographic unit (Active Tracer.AC300; GMS,

Tokyo, Japan) [2] was placed on each child for continuous

recording of variation in their autonomic nervous activities.

When the child displayed a facial grimace, purposeful

movement, and protective upper airway reflexes, and was

breathing spontaneously, regularly, and adequately, and

had opened their eyes, the tracheal tube was removed. We

transferred the children to the recovery room and observed

them for 20 min. An observer scored the child’s emergence

behavior on a five-point scale: (1) obtunded with no

response to stimulation; (2) asleep but responsive to

movement or stimulation; (3) awake and responsive; (4)

inconsolable crying; and (5) thrashing behavior requiring

restraint. For 20 min in the recovery room, the observer

recorded the highest level reached. Data recorded for more

than 30 min in the palm-sized electrocardiographic unit

were analyzed for HRV by the maximum entropy method

(CHIRAM; Suwa Trust Japan, Japan). Since three children

were excluded because of refusal to midazolam, 10 boys

and 15 girls were included in the study; median age (range)

was, 3 (2–4) years; median weight, 16 (12–22) kg; and

median anesthetic time, 125 (67–194) min. The relation-

ship between the score for emergence behavior and the LF/

HF ratio of their HRV showed a significant, positive cor-

relation (rs = 0.6219, n = 25, p \ 0.0009) (Fig. 1).

Stressful conditioning leads to the augmentation of

sympathetic nerve activity, thereby influencing heart rate

and blood pressure [3, 4]. Also, emotional factors are

known to influence the sympathetic nervous system [5].

Thus, we believe that, in the present study, emergence from
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sevoflurane anesthesia would have led to behavioral and

emotional disturbances in some children, thereby having

induced augmentation of sympathetic nerve activity.
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Fig. 1 Scatterplot of scores for emergence behavior versus the low

frequency components (LF) to high frequency components (HF)

(LF/HF) ratio with regression line; low emergence scores indicate

that the patient was less agitated. rs = 0.6219, n = 25, p \ 0.0009;

Spearman’s rank correlation coefficient

318 J Anesth (2010) 24:317–318

123


	Behavior of children emerging from general anesthesia  correlates with their heart rate variability
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


