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Prediction of movement at laryngeal mask airway insertion:
comparison of auditory evoked potential index, bispectral index,
spectral edge frequency and median frequency
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We have studied 46 patients to compare the efficacy of the auditory evoked potential (AEP)
index, bispectral index (BIS), 95% spectral edge frequency (SEF) and median frequency (MF) in
predicting movement in response to insertion of the laryngeal mask airway (LMA). Anaesthesia
was induced with target-controlled infusions of propofol and alfentanil. After loss of eyelash
reflex and adequate jaw relaxation, the LMA was inserted without the assistance of a
laryngoscope or neuromuscular blocker. Patients who showed any visible spontaneous muscle
movement within | min of LMA insertion were defined as movers. Values in movers and non-
movers at 30 s before LMA insertion were analysed. Only AEP index discriminated between
movers and non-movers with a prediction probability of 0.872. BIS, SEF and MF could not
predict movement at LMA insertion. AEP index was the most reliable predictor of movement
in response to LMA insertion.
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Several electroencephalographic variables have been studiadugh to prevent movement in response to this manoeuvre.

as a monitor of depth of anaesthesia, including spectrithere is no published study which has assessed how well

edge frequency (SER)2 median frequency (MB)and the AEP can predict movement in response to any noxious

bispectral index (BISY-1° The auditory evoked potential stimuli or the ability of BIS, MF or SEF to predict movement

(AEP) is another possible monitor of depth of anaesthesin insertion of the LMA.

Middle latency auditory evoked potentials (MLAEP) have We recorded simultaneously the four variables, AEP

been reported to correlate well with depth of anaesthesiandex, BIS, SEF and MF, in patients undergoing general

and to demonstrate potential awaren®s& However, anaesthesia in whom a LMA was to be placed. In this

MLAEP are usually obtained intermittently and the wavestudy, we wished to assess if the four variables could predict

forms can be difficult to interpret in the clinical situationmovement in response to insertion of the LMA.

More recently, the auditory evoked potential (AEP) index,

which is derived from the AEP, has been proposed as a sin%e .

numerical value for monitoring depth of anaesthésia’ Patients and methods

AEP index reflects the shape of AEP waveforms and After obtaining approval from the Ethics Committee and

calculated from the amplitude difference between successinéormed patient consent, we studied 46 patients (16 males)

0.56-ms segments of the curtfel’ undergoing elective surgery. Mean age and weight were 51
A major requirement of a monitor of depth of anaesthes{gange 16-86) yr and 6% 15) kg, respectively.

is to predict movement caused by stimuli. Because noAnaesthesia was induced with target-controlled infusions

neuromuscular blocker is used for insertion of the laryngeaf propofol and alfentanit® 1° The target plasma concentra-

mask airway (LMA) in most cases, monitors of depth dfion of alfentanil was set at 25 ng mithroughout induction

anaesthesia should be able to predict if anaesthesia is deEpnaesthesia using a TCI system described previd@isly.
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The initial blood target concentration of propofol was sdgble 1 Difference in heart rate and systolic arterial pressure at 30 s before

2 FLusi Dibrif TCI Th heti insertion of the LMA, time elapsed after start of the propofol infusion until
fat Hg mIusing a IPI’I usor - system. € anae_St et'%‘isertion of the LMA, amount of propofol infused until insertion of the LMA
in charge of the patient then increased progressively thei target blood propofol concentration at insertion of the LMA in movers and
target blood concentration of propofol until there was loss @¢n-movers (mears)). No significant differences between groups

eyelash reflex and adequate jaw relaxation for insertion

‘ . A Movers Non-movers
of the LMA. The LMA was inserted without the assistance (n=14) (h=32)
of a laryngoscope or neuromuscular blocker. The anaesthet= :
i blinded to the electroencephalographic variablgsar 2 (et mir 714 10.1) 709 (125)
Ist V\(aS. In - e p g9 p. ’ ei:%/stollc arterial pressure (mm Hg) 123.7 (17.4) 134.3 (22.7)
Monitoring during anaesthesia included non-invasive artime elapsed (s) 258 (110) 286 (165)
erial pressure, ECG, capnography and pulse oximetry. Propofol infused (mg kd) 3.0 (1.2) 2.8 (0.9)

Propofol target concentratiopg mi™) 6.6 (2.8) 5.9 (2.3)

Definitions of movers and non-movers

Movers were defined as patients who showed any visiltiee shape of the AEP. The value was calculated as the sum
spontaneous muscle movement, such as withdrawal or flex#the square root of the absolute difference between every
movement of the arms and legs, frowning of the foreheado successive 0.56-ms segment of the AEP waveférm.
muscles or coughing, within 1 min of LMA insertion. The

examiner evaluating the patient’s response to LMA insertidaata analysis

was not blinded to the target concentration of propofol. Each variable was recorded simultaneously and averaged
values for 15 s were obtained at five times: before induction
Surface EEG analyses of anaesthesia, 60 and 30 s before insertion of the LMA,

The EEG was obtained from four disposable silver—silvé0 s after insertion of the LMA and 30 s before surgical
chloride electrodes (Zipprep, Aspect Medical Systems, MA)cision. Values at these five times were analysed using the
USA) placed bilaterally on the outer malar bone (Atl anfruskal-Wallis test with Dunnett’s test. Averaged values in
At2), with Fpz as the reference and Fpl as the groun@overs and non-movers at the five times were analysed
Impedance of the electrodes was confirmed to be less th#ing the Mann—Whitney test.
2000 Q. BIS, MF and 95% SEF were measured using an The efficacy of each variable to predict movement in
EEG monitor (A-1000, BIS 3.1 algorithm, rev. 3.12 softfesponse to insertion of the LMA was evaluated using
ware, Aspect Medical Systems, MA, USA). BIS, MF andprediction probability (Pk), which compares the perform-
95% SEF required at least 30 s to be fully updated. Valu@gce of indicators with different units of measurement. The
were stored automatically on a microcomputer (T2130CMathematical basis of Pk was described by Smith and
Toshiba, Japan) atintervals of 5 s. The EEG before inducti6alleagues? A Pk value of 1 means that the values of the
of anaesthesia was obtained with the patient's eyes closBtgdicting variables, for example an anaesthetic depth
indicator, always correctly predicts the value of the variable
Auditory evoked potentials acquisition to be predicted, in this example, the true observed anaes-

The AEP were obtained using a similar system to thtrt1et|c depth. A Pk value of 0.5 means that the values of

described in our previous studiés® ’from three electrodes the indicator predict no better than a 50-50 chance, as

. . . . would be obtained by flipping a coin. The jacknife method
Egpg:%pzzggcazd t?lg t:];c:rgmrenaitr]oédg}nrg:ggfvacg:hcias?oWas used to compute Pk values and the standard error of

L . : : e estimate. A paired-data jacknife analy$isas used to
built with a 5 kvmedical grade isolation. It had a COMMON o termine if the Pk value for one indicator differed from

impedance, input voltage noise of 0.3 mV (10 Hz to 1 I(Héorrection to the paired-data jacknife analysis was used
rms) and current input noise of 4 pA (0.05 Hz to 1 kH b J y '

; . The prediction probability was calculated using a custom
rms). A third-order Butterworth analogue band-pass filter -
with a bandwidth of 1-220 Hz was used. The clicks Wersenreadshe_et macro, P_K_MACRQGJProbabmty values<0.05

. . . ere considered significant.
70 dB above the normal hearing level with a duration aI]then a variable had a Pk value significantly larger than
1 ms. They were presented at a rate of 6.9 Hz to both e 9 y'arg

The ampied EEG wassample at a equency of 1776 o, "2 ALershios between moverent i fesponse o
by a 12-bit analogue-to-digital converter (PCM-DAS08 9109

Computer Boards Inc., MA, USA) and was processed f’rtlagressmn .(SPSS’ Chicago, US.A)' The valugs for.pred|ct|ng
: : movement in 50% or 5% of patients at LMA insertion were

real-time by the microcomputer. AEP were produced bé’ culated directly from the best-fitting logistic curve

averaging 256 sweeps of 144 ms duration. The time require"f‘jJ y glog '

for a full update of the signal was 36.9 s, but a movin

time averaging technique allowed a faster response time sults

any change in the signal. The AEP were obtained at intervdlable 1 shows the differences between movers and non-

of 3 s. AEP index is a mathematical derivative that indicatesovers in heart rate, systolic arterial pressure at 30 s before
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Fig 1 A: Auditory evoked potential (AEP) index at five times: beforerig 2 a: 95% spectral edge frequency (SEF) at five times: before induction
induction of anaesthesia (Before), 60 s and 30 s before insertion of theanaesthesia (Before), 60 s and 30 s before insertion of the LMA (60 s
LMA (60 s and 30 s before LMA, respectively), 40 s after insertion ofnd 30 s before LMA, respectively), 40 s after insertion of the LMA (40 s
the LMA (40 s after LMA) and 30 s before incision, in movers=(14)  after LMA) and 30 s before incision, in movens={14) and non-movers
and non-moversn=32) (mean ¢p)). *P<0.05 compared with values (n=32) (mean ¢p)). B: Median frequency (MF) at the same five times in
before anaesthesiaP+0.05 compared with non-movers: Bispectral movers G=14) and non-moversn=32) (mean $b)).
index (BIS) at the same five times in movers=(1l4) and non-movers
(n=32) (mean $p)). *P<<0. 05 compared with values before anaesthesia.

Table 2 Prediction probability (Pk) values of the four electroencephalographic

. . . . . yariables (auditory evoked potential (AEP) index, bispectral index (BIS), 95%
insertion of the LMA, time elapsed after the start of InfUSIOPsllpectral edge frequency (SEF) and median frequency (MF)) at 30 s before

of propofol until insertion of the LMA, amount of propofol insertion of the LMA (mean sgm). *P<0.05 indicates Pk value was
infused until insertion of the LMA and the target bloocbignificantly larger than 0.5;F<0.05 indicates the Pk value was significantly
concentration of propofol at LMA insertion. There were ng'erent from that of AEP index

differences between groups for any of these variables. Pk
Induction of anaesthesia decreased values for AEP index— .
and BIS (Fig. 1). Although those before and after insertid@FSP index gfjf(gfgg),r
of the LMA were significantly smaller than those beforger 0.549 (0.103)t
anaesthesia, there was no difference between the valMés 0.587 (0.094)t

before and after LMA insertion. Non-movers had signific-

antly smaller AEP index values at 30 s before and 40 s

after insertion of the LMA than movers. However, therd a patient will move in response to LMA insertion, was

was no difference in BIS between movers and non-movesgnificantly higher than 0.5. However, Pk values for BIS,

at any time. 95% SEF and MF were not significantly different from 0.5.
SEF and MF values did not differ between the thre€he Pk value for AEP index differed significantly from

periods or between movers and non-movers (Fig. 2).  those for BIS, 95% SEF and MF. Because only AEP
Pk values of the four variables at 30 s before insertiandex was shown to be a reliable indicator for predicting

of the LMA are shown in Table 2. The Pk value for AERmovement, the AEP index value predicting movement in

index, which indicates the probability of correctly predictindg0% or 5% of patients was determined to be 45.4 or 33.1.
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Non-movers eeoamemoee  © of movement in response to LMA insertion to be less
Movers x X X X %K X X X
" ! . . . . than 5%.
1.01 Although previous studi€s® reported that BIS could
E predict movement in response to skin incision, we did not
0.8 . . )
£ find any difference in BIS values between movers and non-
é 0.6 movers. Our finding is consistent with that of Katoh, Suzuki
5 and Iked&® who showed that BIS was an accurate indicator
2 0.4 of sedation but could not predict movement after skin
=l incision during sevoflurane anaesthesia.
S 0.2 In a previous study, we reported that BIS was related
& closely to the target blood concentration of propdfoln
0% ) 20 50 60 7o  the present study, target blood concentrations achieved in

AEP index both non-movers and movers were similar. BIS is related

) . ) ) . mainly to the hypnotic component of anaesth&&and so
Flg 3_ Probablllty of movement in response tq insertion of the LMA as ?nay not be expected to differentiate movers from non-
unction of auditory evoked potential (AEP) index at 30 s before LMA . . L.
insertion. In the upper part of the figure, individual observations af@OVers when hypnotic concentrations are similar. In con-

presented. The lower part shows the relationship between AEP index dhdst, our previous study showed that AEP index provided
probability of movement (with 95% confidence limits for the probabilitya clearer indication of the level of arousal of the patient

of 50%). compared with BIS, SEF or MF. AEP index was related

less to the target blood concentration of propofol than BIS.

Non-movers o oo o 00 ®Wo @® ® @WOEO®O © With regard to SEF and MF, the results of our study
Movers x x XX K X XX were consistent with those of a previous stiftlin which

0 20 étl'% 60 80  neither SEF nor MF could distinguish movers from non-

movers in response to skin incision during sevoflurane
anaesthesia. The present study revealed that no surface

Non-movers
M e °0 @ o e e EEG derivatives (BIS, SEF and MF) could successfully
overs X X XX X XX XX X X X X . . . .
. : : . : ‘ predict movement in response to insertion of the LMA.
0 5 10 15 20 25 .
95% SEF (Hz) In our study, the target blood concentration of propofol
was increased progressively. Although target blood concen-
Non-movers o awan 00 co o o o o om trations could be controlled by the Diprifusor TCI system,
Movers xxoo X X x x x x propofol concentrations in blood and at the effective site
0 2 4 6 8 10 12 would not be in equilibrium at the time of insertion of the
MF (Hz) LMA. The non-steady-state propofol concentrations may

Fig 4 Bispectral index (BIS), 95% spectral edge frequency (SEF) aneprIam the lack of differences between movers and non-

median frequency (MF) at 30 s before insertion of the LMA. Each symbmmovers in target blood propofol concentrations and in

represents one patient. None of the BIS, 95% SEF or MF values predicté®® amount of propofol infused. Therefore, we could not

movement in response to LMA insertion. determine the median effective dose @ggDof propofol
blood concentration for preventing movement in response

Figure 3 shows the relationship between AEP index ar%% LMA insertion. W_e merely ShO.WEd t_hat the target blood
the probability that movement at LMA insertion will occur.prOpOfOI (_:oncentratlo_n at LMA m;ertlon and amount_ of
ropofol infused until LMA insertion could not predict

I 0,
It was not possible to relate BIS, 95% SEF or MF and tIﬂrr%)%ovement on LMA insertion under the conditions of

?lz?gt?af)l_“ty of movement using logistic regression analystﬁiS study. - |
Because our study was performed under clinical condi-
. . tions, loss of eyelash reflex was necessary to confirm that
Discussion the patient was unconscious at LMA insertion and sufficient

We have shown that the AEP index predicted movemerglaxation of the jaw was also essential to attempt LMA
on LMA insertion. Although Schwender and colleagilesinsertion. There were no spontaneous patient movements at
and Thornton and colleagi@seported that surgical stimuli the time of insertion of the LMA. The level of anaesthesia
increased the amplitude of midlatency auditory evoke®quired to achieve these two criteria made the variability
potentials, no study has evaluated the ability of AEP tof depth of anaesthesia small. This small variability could
predict movement in response to any stimulus. Thus obe a possible reason why BIS, 95% SEF and MF values
study is the first report of AEP as a predictor of movementvere not different between movers and non-movers.

Our results suggested that, during propofol and alfentanil Variables such as heart rate, systolic arterial pressure,
anaesthesia, an AEP index of less than 33 indicates tpatdicted propofol blood concentration and amount of
the level of anaesthesia is deep enough for the probabilibfused propofol, did not predict movement in response to
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insertion of the LMA. These variables may be related to during propofol/nitrous oxide anesthesia. Anesthesiology 1996; 84:
the level of anaesthesia in each subject, but large variations 5263
between patients may conceal the differences betweeh &/2ss PS. Bloom M, Kearse L, Rosow C, Sebel P, Manberg P.
. L . Bispectral analysis measures sedation and memory effects of
movers and non-movers. Despite the limitations deSCI’Ib.e.d propofol, midazolam, isoflurane, and alfentanil in healthy
above, our study suggested that AEP has a greater ability yolunteers. Anesthesiology 1997; 86: 83647
to predict responses to noxious stimuli compared withd Katoh T, Suzuki A, Ikeda K. Electroencephalographic derivatives
surface EEG derivatives. This may be because the AEP as a tool for predicting the depth of sedation and anesthesia
reflects not only cortical but also subcortical brain activities. nduced by sevoflurane. Anesthesiology 1998; 88: 642-50
In summary, AEP index discriminated between movetjé Thornton C Konieczko KM, Knight AB, et al. Effect of prop9f0|
. . - on the auditory evoked response and oesophageal contractility.
and non-movers in response to insertion of the LMA, but Br | Anaesth 1989 63: 41117

BIS, 95% SEF, MF, heart rate, SyStOIiC arterial pressure amf‘ Davies FW, Mantzaridis H, Fisher AC, Kenny GN, Fisher C.

predicted blood propofol concentration did not. Middle latency auditory evoked potentials during repeated
transitions from consciousness to unconsciousness. Anaesthesia
1996; 51: 10713
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