J Anesth (2009) 23:57-60
DOI 10.1007/500540-008-0704-5

Journal .of
Anesthesia

© JSA 2009

Recovery of dynamic balance after general anesthesia with sevoflurane

in short-duration oral surgery

TosHiakl Fuiisawa, ERIKO M1YAMOTO, SHIGERU TAKUMA, MAKIKO SHIBUYA, AKIHIRO KUROZUMI,
Yukirumi KiMmura, NoBuHITO KAMEKURA, and Kazuakl FUKUSHIMA

Department of Dental Anesthesiology, Graduate School of Dental Medicine, Hokkaido University, Kita-13 Nishi-7, Kita-ku,

Sapporo 060-8586, Japan

Abstract

Purpose. Recovery of dynamic balance, involving adjust-
ment of the center of gravity, is essential for safe discharge on
foot after ambulatory anesthesia. The purpose of this study
was to assess the recovery of dynamic balance after general
anesthesia with sevoflurane, using two computerized dynamic
posturographies.

Methods. Nine hospitalized patients undergoing oral surgery
of less than 2 h duration under general anesthesia (air-oxygen-
sevoflurane) were studied. A dynamic balance test, assessing
the ability of postural control against unpredictable perturba-
tion stimuli (Stability System; Biodex Medical), a walking
analysis test using sheets with foot pressure sensors (Walk
Way-MG1000; Anima), and two simple psychomotor function
tests were performed before anesthesia (baseline), and 150
and 210 min after the emergence from anesthesia.

Results.  Only the double-stance phase in the walking analy-
sis test showed a significant difference between baseline
and results at 150 min. None of the other variables showed
any differences among results at baseline and at 150 and
210 min.

Conclusion. The recovery times for dynamic balance and
psychomotor function seem to be within 150 min after emer-
gence from general anesthesia with sevoflurane in patients
undergoing oral surgery of less than 2-h duration.

Key words Dynamic balance - General anesthesia - Sevoflu-
rane - Computerized dynamic posturography - Oral surgery

Introduction

Recovery of postural balance is one of the essential
criteria for safe and appropriate discharge after ambula-
tory anesthesia [1]. Korttila [2] identified different levels
of recovery after outpatient anesthesia: home readiness,
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street fitness, and complete recovery. Home readiness
is a term that is used for patients who can be safely dis-
charged with an escort and can recover from residual
impairment at home [3], while street fitness indicates
that the patients can safely walk on the street [4]. The
definition of street fitness is controversial. Some studies
equate it with home readiness [5,6], some classify it
somewhere between home readiness and complete
recovery [1,2], while others equate it with complete
recovery [3]. The usual walking or standing tests that
are generally used in clinical practice are adequate indi-
cators of home readiness. However, the ability to walk
straight without staggering in a hospital setting, i.e.,
home readiness, does not guarantee that a patient can
safely walk outside, because unpredictable perturbation
stimuli might occur [1]. Therefore recovery of higher
levels of motor and balance functions must be assessed
by computerized dynamic posturography (CDP), which
measures motor and balance functions by changing the
subject’s center of gravity, enabling us to obtain funda-
mental data for assessing the criteria for safe discharge
on foot after ambulatory anesthesia. Although there are
a few studies that have evaluated the process of recov-
ery of dynamic balance by CDP after general anesthesia
[7-9], no precise evaluation of dynamic balance and
motor function with multiple CDPs has ever been
reported.

The purpose of the present study was to investigate
the recovery of the ability of postural control against
perturbation stimuli and the ability to walk, after general
anesthesia with sevoflurane, using two types of CDPs.

Patients and methods

After obtaining the approval of the ethics committee
of our institution and informed consent from the
patients, nine hospitalized patients, American Society
of Anesthesiologists (ASA) class 1, who underwent
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short-duration oral surgeries (within 2 h) were enrolled.
Patients received either no premedication or only an
H,-blocker on the night or morning before surgery.
Anesthesia was induced with 1.5 ug-kg" fentanyl and
2.0 mg-kg™' propofol 1V, and the trachea was intubated
after the administration of 0.1 mg-kg™ vecuronium IV.
No subsequent doses of vecuronium were administered
after induction. Anesthesia was maintained with air-
oxygen-sevoflurane. Local anesthetics were injected in
the oral mucosa of all patients. Fentanyl 1 pg-kg™ was
injected intravenously just before starting surgery. The
concentration of sevoflurane for the maintenance of
anesthesia was limited to 3.0%.

Two CDPs and two simple psychomotor function
tests were performed before anesthesia (baseline), and
150 and 210 min after the emergence from general anes-
thesia. The dynamic balance test, in which responses to
unpredictable perturbation stimuli were tasked, was
performed using the Stability System (Biodex Medical,
Shirley, NY, USA) as previously reported [10]. Briefly,
an unstable platform tilted in all directions according to
changes in body weight applied by the tips of the toes
and heels. The subjects were asked to maintain the plat-
form horizontal for 20s. The degree of tilt from the
horizontal in all directions during the test was expressed
as the stability index. Walking analysis test at a normal
speed was carried out using sheets with foot pressure
sensors (Walk Way-MG1000; Anima, Tokyo, Japan).
The following four variables were measured: stride
width-step length ratio, walking speed, stride length,
and double-stance phase. Stride width is the distance
between both heels in the frontal plane, while step
length is the distance between the heel of the current
footprint to that of the previous footprint of the oppo-
site foot (i.e., a step) in the sagittal plane. The stride
width-step length ratio is obtained by dividing the stride
width by the step length. Stride length is the distance
between the heels of two consecutive footprints of the
same foot (i.e., two steps) in the sagittal plane. Double-
stance phase is the period when both feet are on the
floor, there being two such periods during a gait cycle
time. Double-stance phase is expressed as a percentage
after dividing the mean of the two periods by the gait
cycle time. For psychomotor function tests, the digit
symbol substitution test (DSST) and Trieger dot test
were performed, as previously reported [11].

Recovery time after the emergence from anesthesia
was defined as the earliest time when the difference
between the value at each time point and the baseline
value was not significant. An increase in each variable
(except for the walking speed, stride length, and DSST)
indicated a reduction in function. The actual measured
values, not including those obtained by applying divi-
sion methods, were analyzed by repeated-measures
analysis of variance (ANOVA), and subsequent multi-
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ple comparisons were performed by the Bonferroni
method. Other variables were assessed by Friedman’s
test, and subsequent multiple comparisons were per-
formed by the Wilcoxon #-test with Bonferroni correc-
tion. The level of significance was set at 5%. Data values
are presented as means + SD, or as medians (ranges).

Results

The age, height, body weight, and body mass index of
the patients were 30.4 £ 12.1 years, 172.1 + 8.2 cm, 64.0
+ 89kg, and 21.8kgm™ (17.5-26.5kgm™), respec-
tively. Concentrations of sevoflurane for the mainte-
nance of the early and middle periods of general
anesthesia were 2% or under in five patients and 2%-
3% in four patients. Reversal of vecuronium was done
with neostigmine in eight patients. Surgery and anesthe-
sia times were 84.4 + 26.9 min and 129.4 + 27.2 min,
respectively.

Serial changes in the values of the CDPs and the
simple psychomotor function tests are shown in Table
1. None of the values in the CDPs (except for the
double-stance phase) or in the psychomotor function
tests at 150 and 210 min after emergence from anesthe-
sia showed significant differences from the baseline.

Discussion

As a result of this study, we found that there were no
significant changes at any time points compared to base-
line in the two CDPs, except for the double-stance
phase at 150 min in the walking analysis test. The mag-
nitude of the difference between the double-stance
phase at baseline and 150 min was, however, only 1%,
the walking speed at 150 min being the same as that at
baseline (i.e., not the careful, slow-paced walk of incom-
plete recovery). Hence, dynamic balance function was
deemed to have recovered within 150 min after emer-
gence from general anesthesia with sevoflurane. This
result indicates that recovery of dynamic balance in
short-duration oral surgery takes significantly less time
than complete recovery, which takes 24 h or more and
includes recovery of the ability to drive a car [12,13].
The dynamic balance test used in the present study is
reported to detect the residual inhibitory effects of mid-
azolam with greater sensitivity than computerized static
posturography (CSP) [10]. This test also seems to be
appropriate for the evaluation of balance for safe dis-
charge on foot, because unpredictable perturbation
stimuli from all directions, which are tasked in this test,
can potentially induce falling. The walking analysis test,
using sheets with foot pressure sensors, may detect
careful and slow walking, signifying incomplete recov-
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Table 1. Serial changes in values of the two CDPs and two psychomotor function tests after the emergence from general anes-

thesia with sevoflurane

Test Measure (unit)

At 150 min after

Baseline emergence 210 min after

CDPs
Dynamic balance test
Walking analysis test

Stability index (°)
Stride width-step length ratio
Walking speed (cm-s )
Stride length (cm)
Double-stance phase (%)
Psychomotor function tests
DSST
Trieger dot test

Number of correct answers
Number of error dots

1.85 (1.33-3.03)
0.15 (0.06-0.2)

1.75 (1.5-3.25)
0.13 (0.03-0.21)

1.80 (1.55-2.53)
0.12 (0.07-0.28)

119 +20.1 113.9 +26.2 119 +24.8
1229 +222 1207 £21.5 1234 213
10.8 (7.7-13.6) 12.0 (7.8-14.0)* 10.2 (8.9-13.4)
747 + 14.1 68.7 + 14.6 74.6 + 16.0
25+ 1.6 40+2.6 41433

*P < 0.05 (vs baseline)
Values are means + SD, or medians (ranges); n =9

CDP, Computerized dynamic posturography; DSST, digit symbol substitution test

ery after general anesthesia, as indicated by an increase
in the stride width-step length ratio, prolongation of the
double-stance phase, or a decrease in walking speed.
Hence, we selected these CDPs in the present study.

Evaluation of psychomotor function also occupies an
important role in the assessment of recovery from
general anesthesia. With regard to the criteria for home
readiness, recovery of the fundamental function of ori-
entation in person, place, and time is considered to be
adequate [14]. However, for safe discharge on foot,
higher psychomotor functions, such as judgment and
attention, also need to recover. Although the degree of
recovery of psychomotor function that is required for
safe discharge on foot is not clearly known, a person
may be considered as having the ability required for
such discharge if a psychomotor function test which is
known to be generally reliable shows adequate recov-
ery. The DSST is considered to be a more useful and
sensitive psychomotor function test than the critical
Flicker Fusion Test [15] and is, therefore, frequently
used for the evaluation of recovery of psychomotor
function after general anesthesia [16]. The recovery
time of the DSST in the present study was 150 min,
similar to that of the CDPs. Therefore, the time to
recovery of dynamic balance and psychomotor function
after general anesthesia in patients undergoing oral
surgery of less than 2-h duration seems to be 150 min.

Although many discharge criteria after ambulatory
anesthesia advocate the presence of an escort to accom-
pany the patient home [13,14,17], some patients anes-
thetized with short-acting drugs may be able to go home
safely without an escort after a sufficient recovery
period. The degree of recovery of cognition, psychomo-
tor, and memory function that is required for discharge
without an escort, however, has not yet been revealed,
necessitating further investigations.

Time to home readiness is reported to be acquired
about 2 h after ambulatory surgery [18], and the recov-

ery of dynamic balance is reported to take 20 min more
than that of static balance after intravenous sedation
with midazolam [10]. Therefore, in the present study we
set the time points of measurement as 150 and 210 min
after emergence from general anesthesia. However, we
did not clarify whether there was a difference between
the times required to home readiness and recovery of
dynamic balance. It is also possible that the number of
patients investigated in the present study was too small
to clarify statistically significant differences between
values at baseline and 150 min. Further studies with
investigations at earlier time points after termination of
anesthesia and with larger sample sizes than in the
present study are, therefore, still required.

In conclusion, for ambulatory oral surgical proce-
dures (within 2 h), the time to recovery of dynamic
balance and psychomotor function for safe discharge on
foot seems to be within 150 min after the emergence
from general anesthesia with sevoflurane.

Acknowledgments. This research was supported in part by a
Grant-in-Aid for Scientific Research from the Ministry of
Education, Culture, Sports, Science and Technology of Japan
(15390605).

References

1. Chung F. Discharge criteria—a new trend. Can J Anaesth.
1995;42:1056-8.

2. Korttila K. Postanesthetic cognitive and psychomotor impair-
ment. Int Anesthesiol Clin. 1986;24:59-74.

3. Japan Society of Anesthesiologists, Japan Society for Clinical
Anesthesia and Japan Society for Ambulatory Anesthesia.
Chapter 5; emergence, PACU, discharge criteria. In: Japan
Society of Anesthesiologists, Japan Society for Clinical Anesthe-
sia and Japan Society for Ambulatory Anesthesia, editors. Guide-
book for “Higaerimasui no anzen notameno kijyun” (in Japanese).
Tokyo: Kokuseido; 2001. p. 45-57.

4. Korttila K. Psychomotor recovery after anesthesia and sedation
in the dental office. In: Dionne R, Laskin DM, editors. Anesthesia



60

10.

11.

and sedation in the dental office. New York, NY: Elsevier; 1986.
p. 135-47.

. Aldrete JA. The post-anesthesia recovery score revisited. J Clin

Anesth. 1995;7:89-91.

. Aldrete JA. Modifications to the postanesthesia score for use in

ambulatory surgery. J Perianesth Nurs. 1998;13:148-55.

. Ishii M, Toriumi K, Takinami M, Tanifuji Y, Akiyama K, Yashiro

T, Yoshida S, Moriyama H. Analysis of dynamic equilibrium
function and ocular movement after administration of propofol
(in Japanese with English abstract). Masui to sosei (Anesth
Resus). 1998;34:227-8.

. Ledin T, Gupta A, Tytor M. Postural control after propofol

anaesthesia in minor surgery. Acta Otolaryngol Suppl (Stockh).
1995;520:313-6.

. Makker R, Bailey P, Royston R, Kulinskaya E. Computerized

dynamic posturography to assess recovery comparing general
anaesthesia with sedation and local anaesthesia for day case nasal
surgery. Anaesthesia. 2001;56:1090-102.

Fujisawa T, Takuma S, Koseki H, Kimura K, Fukushima K.
Assessment of the recovery of dynamic balance after intravenous
sedation with midazolam. J Anesth. 2005;19:26-30.

Fujisawa T, Takuma S, Koseki H, Kimura K, Fukushima K.
Study on the usefulness of precise and simple dynamic balance

T. Fujisawa et al.: Recovery of dynamic balance after anesthesia

12.

13.

15.

16.

17.

18.

tests for the evaluation of recovery from intravenous sedation
with midazolam and propofol. Eur J Anaesthesiol. 2007;24:
425-30.

Korttila KT. Post-anaesthetic psychomotor and cognitive func-
tion. Eur J Anaesthesiol. 1995;12 (Suppl 10):43-6.

Awad IT, Chung F. Factors affecting recovery and discharge
following ambulatory surgery. Can J Anaesth. 2006;53:858-
72.

. Korttila K. Recovery from outpatient anaesthesia Factors affect-

ing outcome. Anaesthesia. 1995;50 (Suppl):22-8.

Jansen AALI de Gier JJ, Slangen JL. Diazepam-induced changes
in signal detection performance. A comparison with the effects
on the critical flicker-fusion frequency and the digit symbol sub-
stitution test. Neuropsychobiology. 1986;16:193-7.

Sinclair DR, Chung F, Smiley A. General anesthesia does not
impair simulator driving skills in volunteers in the immediate
recovery period—a pilot study. Can J Anaesth. 2003;50:238—
45.

The American Society of Anesthesiologists Task Force on
Postanesthetic Care. Practice guidelines for postanesthetic care.
Anesthesiology. 2002;96:742-52.

Chung F. Recovery pattern and home-readiness after ambulatory
surgery. Anesth Analg. 1995;80:896-902.




<<
  /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
  /CreateJDFFile false
  /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 150
  /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 0.76
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


