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Background. The Alaris AEP monitorÔ (Alaris, UK, version 1.4) is the ®rst commercially

available auditory evoked potential (AEP) monitor designed to estimate the depth of anaesthe-

sia. It generates an `Alaris AEP index' (AAI), which is a dimensionless number scaled from 100

(awake) to 0. This study was designed to compare AAI and BISÔ (Aspect, USA, version XP)

values at different levels of anaesthesia.

Methods. Adult female patients were premedicated with diazepam 0.15 mg kg±1 orally on the

morning of surgery. Electrodes for BIS and Alaris AEP monitoring and a headphone to give

auditory stimuli were applied as recommended by the manufacturers. Anaesthesia was induced

with remifentanil (0.4 mg kg±1 min±1) and a propofol target-controlled infusion (DiprifusorÔ
TCI, AstraZeneca, Germany) to obtain a predicted concentration of initially 3.5 mg ml±1. After

loss of consciousness the patients were given 0.5 mg kg±1 of atracurium. After tracheal intuba-

tion, remifentanil was given at 0.2 mg kg±1 min±1 and the propofol infusion was adjusted to

obtain BIS target values of 30, 40, 50, and 60. AAI and BIS values were recorded and matched

with the predicted propofol effect-site concentrations. Prediction probability was calculated for

consciousness vs unconsciousness. Values are mean (SD).

Results. Fifty female patients, 53 (15), range 18±78 yr, ASA I or II were studied. Mean values

before induction of anaesthesia were 95 (4), range 99±82 for BIS and 85 (12), range 99±55 for

AAI. With loss of eyelash re¯ex both values were signi®cantly reduced to 64 (13), range 83±39

for BIS (P<0.05) and 61 (22), range 99±15 for AAI (P<0.05). The prediction probability PK for

consciousness vs unconsciousness (i.e. loss of eyelash re¯ex) was better for BIS (PK=0.99) than

for AAI (PK=0.79). At a BIS of 30, 40, 50, and 60 the corresponding AAI values were 15 (6), 20

(8), 28 (11), and 40 (16), and these were signi®cantly different.

Conclusions. During propofol-remifentanil anaesthesia a decrease of the depth of anaesthesia

as indicated by BIS monitoring is accompanied by corresponding effects shown by the AAI.

However, wide variation in the awake values and considerable overlap of AAI values between

consciousness and unconsciousness, suggests further improvement of the AAI system is

required.
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Estimation of `depth of anaesthesia' is of great interest.

Many investigations have used the raw EEG, but derived

measures were not available until modern computing

became available. Several monitor systems are now com-

mercially available and have been introduced into clinical

practice.

One of these is the bispectral index monitor (BIS, Aspect

Medical Systems Inc., Newton, USA), which can quantify

the pharmacodynamic action of anaesthetic drugs in the
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laboratory setting,1 and has been used clinically to titrate the

depth of anaesthesia.2 Although the ability of the BIS to

reduce the risk of intraoperative awareness is questioned,3

less anaesthetic drug use and faster and improved recovery

have been reported when using the BIS monitor.4±10

Middle-latency auditory evoked potentials (AEP) can

also quantify action of anaesthetic drugs,11±14 and may be

better able to detect the transition from unconsciousness to

consciousness than the BIS.15 The Alaris AEP monitor

(Alaris, Hampshire, UK, version 1.4) is the ®rst commer-

cially available AEP monitor designed to measure the depth

of anaesthesia. It generates an index (AAI), which is a

dimensionless number scaled from 100 (awake) to 0.

Comparisons of AAI and BIS values in awake patients at

loss of consciousness and during surgical anaesthesia are

advisable before the AAI is introduced into clinical practice.

We compared measures of the depth of anaesthesia by the

AAI with BIS values (version XP) during anaesthesia with

propofol and remifentanil.

Methods

We obtained institutional review board approval and written

informed consent, and studied 50 adult female patients

about to have gynaecological surgery. We excluded patients

with disabling central nervous or cerebrovascular diseases, a

history of hypersensitivity to opioids or substance abuse, or

those receiving treatment with opioids or any psychoactive

medication.

All patients were premedicated with diazepam 0.15 mg

kg±1 orally on the morning of surgery. An i.v. catheter was

inserted into a large forearm vein and standard monitors

were applied. The EEG was recorded continuously using an

Aspect A-2000 BIS monitor (version XP) and the Alaris

AEP monitor (version 1.4). The skin of the forehead was

degreased with isopropanol 70%, and the BIS (BIS

sensorÔ), the Alaris AEP monitor electrodes (AEP elec-

trodes; Danmeter A/S), and a headphone for auditory

stimuli were applied as recommended by the manufacturers.

The three AEP electrodes were placed at mid forehead, left

forehead (reference) and left mastoid; both forehead elec-

trodes were positioned cranially to the BIS sensor.

Impedances were measured for each set of electrodes to

be sure that electrode contact was optimal, and an averaging

period of 30 s was chosen for BIS calculations.

Induction of anaesthesia was started with a remifentanil

infusion at 0.4 mg kg±1 min±1; 5 min later a propofol target-

controlled infusion (TCI, DiprifusorÔ, AstraZeneca,

Wedel, Germany), was started with a propofol target

concentration set at 3.5 mg ml±1. After loss of verbal

response the eyelash re¯ex was continuously tested, and its

loss was de®ned as the time of loss of consciousness.

Oxygen was given by face mask, patients were given 0.5 mg

kg±1 of atracurium, the trachea was intubated 3 min later,

and the lungs ventilated to obtain an end-tidal carbon

dioxide partial pressure of 35 mm Hg. AAI and BIS values

were recorded immediately before and after intubation.

After intubation the remifentanil infusion was reduced to

0.2 mg kg±1 min±1. Fifteen minutes later the propofol TCI

setting was adjusted to obtain a BIS target value of 30, and

then to BIS values of 40, 50, and 60 while the patients

received no surgical stimulation. After a stabilization period

of 15 min at the respective BIS levels, AAI and BIS values,

and the corresponding propofol effect-site concentration

displayed by the TCI Diprifusor, were recorded. Mean

arterial pressure and heart rate values were obtained at these

times. Complete neuromuscular block during the investiga-

tion was ensured by further atracurium, 0.25 mg kg±1.

After these measurements, anaesthesia was continued

according to individual clinical needs, and the surgical

procedure was started.

Statistics

Statistical comparisons used the Student's t-test or one-way

analysis of variance (ANOVA) for repeated measures, with

Student±Newman±Keuls test for multiple comparisons

where appropriate. All tests were two-tailed with statistical

signi®cance de®ned as P<0.05; data are presented as mean

and standard deviation (SD). In addition, linear and non-

linear correlation between AAI and BIS values were

calculated.

The ability of EEG measures to predict consciousness/

unconsciousness was measured with prediction probability

(PK), which compares the performance of indicators. The

mathematical basis of PK is described by Smith and

colleagues.16 A PK value of 1 means that the values of the

predicting variable (e.g. anaesthetic depth indicator such as

BIS or AAI) always correctly predicts the variable to be

predicted (e.g. consciousness vs unconsciousness). A PK

value of 0.5 means that the prediction is no better than

chance alone. Using a spreadsheet macro the PK value was

computed for the assessments made while awake but during

remifentanil infusion, that is immediately before the

propofol TCI was started, and immediately after loss of

eyelash re¯ex.

Statistical analysis was done with SigmaStat 2.03 and

SigmaPlot 2000 computer software (SPSS Inc., Erkrath,

Germany).

Results

Fifty female patients with ASA physical status I or II were

enrolled in this study. They had a mean age of 53 (15) [range

18±78] yr, weighed 68 (13) kg, and were 165 (6) cm tall.

The awake mean values for AAI were 85 (12) and for BIS

95 (4). Five minutes after the remifentanil infusion had been

started at 0.4 mg kg±1 min±1 the AAI values decreased

signi®cantly to 79 (18) whereas BIS values remained

unchanged at 92 (7). After the propofol TCI infusion was

started the mean time to loss of eyelash re¯ex was 52 (22) s.

Loss of eyelash re¯ex occurred at a mean propofol effect-
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site concentration of 1.1 (0.4) mg ml±1 (Table 1) and was

accompanied with a signi®cant reduction of mean AAI to 61

(22) and BIS to 64 (13). However, the range of values

obtained at the time of loss of eyelash re¯ex was 15±99 for

the AAI and 39±83 for the BIS monitor (Fig. 1). The

prediction probability PK for consciousness vs unconscious-

ness de®ned as the loss of eyelash re¯ex was greater for BIS

(PK=0.99) than for AAI (PK=0.79). Mean AAI values just

before intubation were 23 (12) and remained unchanged just

after intubation at 23 (15). The same was true for the BIS

values with 44 (11) before and 44 (10) after intubation. The

circulatory values at the different times are given in Table 1.

Propofol effect-site concentrations at the different times

and the respective AAI and BIS values are shown as a

scatter diagram in Figure 2A and B, and as mean values in

Table 1. With induction of anaesthesia and increasing

propofol effect-site concentrations we observed a signi®cant

reduction of the mean AAI and BIS values. As the propofol

TCI was reduced to obtain BIS values of 40, 50, and 60, this

was accompanied by a signi®cant decrease in the effect-site

concentrations and a signi®cant increase of mean AAI

values: at a BIS of 30, 40, 50, and 60 the corresponding AAI

values were 15 (6), 20 (8), 28 (11), and 40 (16), and these

were signi®cantly different. Linear correlation for these

values between AAI and BIS was calculated as

AAI=0.823BIS ± 11.1 with a correlation coef®cient of

r=0.63 (Fig. 3). The relationship of all the BIS and AAI data

was best described by a sigmoidal model (AAI=15.5+70.1/

(1+e ((BIS ± 64.3)/8.5)); r=0.92) (Fig. 3).

Discussion

Middle-latency AEPs have been used to measure the effects

of anaesthetics.11±14 We compared the depth of anaesthesia

indicated by the AAI with BIS values.

Awake state

The awake values for AAI were less than BIS values with a

mean value of 85 and showed substantially more variation

between subjects than the BIS values. This supports

previous investigations which reported mean awake values

for AAI of 70,17 74.9,18 79,19 or 86.20 The reported ranges

for individual awake AAI values were 51±9917 and 61±9920

compared with our observed range of 55±99.

A small variation in baseline values is needed to allow

de®nition of anaesthesia and the quanti®cation of depth of

sedation or anaesthesia.21 Technical aspects such as high

electrode impedances, contamination with electrical noise

and electrical activity from the temporalis or postauricular

muscles may explain the wide interindividual variation of

the AAI.19 Alpiger and colleagues19 used a preliminary

version of the device that did not monitor impedance and

EMG, and suggested that a revised version of the Alaris

AEP monitor with impedance and EMG meters might solve

these problems. The present results suggest that this

problem remains unsolved.

Table 1 Predicted propofol effect-site concentrations, AAI and BIS values, and circulatory measurements at the different stages of the study. Values are mean

(SD). The asterisk (*) indicates that values are signi®cantly different with P<0.05 (repeated measures ANOVA; Student±Newman±Keuls test) when compared

with preceding values. Remifentanil+5 min, 5 min after start of remifentanil infusion; LOC, loss of consciousness; before NMB, immediately before injection

of neuromuscular blocker

Propofol
effect-site
concentration

AAI BIS Heart rate
(beats min±1)

Mean arterial
pressure
(mm Hg)

(mg ml±1)

Baseline 0 85 (12) 95 (4) 80 (15) 96 (16)

Remifentanil+5 min 0 79 (18)* 92 (7) 76 (14) 93 (21)

LOC 1.1 (0.4)* 61 (22)* 64 (13)* 68 (19)* 72 (28)*

Before NMB 1.8 (0.8)* 45 (23)* 55 (13)* 65 (13) 66 (26)

After intubation 2.5 (0.4)* 23 (15)* 44 (10)* 67 (13) 66 (17)

BIS 30 3.1 (0.4)* 15 (6)* 31 (1)* 60 (9)* 64 (20)

BIS 40 2.6 (0.8)* 20 (8)* 40 (1)* 59 (9) 64 (11)

BIS 50 2.1 (0.8)* 28 (11)* 50 (1)* 59 (10) 65 (11)

BIS 60 1.8 (0.7)* 40 (16)* 60 (1)* 60 (9) 62 (20)

Fig 1 Cumulative onset of unconsciousness indicated by loss of eyelash

re¯ex as a function of AAI (dotted line) and BIS (solid line) values.

Kreuer et al.

338

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/91/3/336/297420 by guest on 10 April 2024



Loss of consciousness

We used the eyelash re¯ex because this test is widely used

clinically to determine transition from consciousness to

unconsciousness. Because of a substantial overlap with the

awake AAI values, we obtained a smaller prediction

probability for consciousness vs unconsciousness for AAI

(PK=0.79) than for BIS (PK=0.99). In contrast, Struys and

colleagues17 found similar prediction probabilities for AAI

and BIS while also using the eyelash re¯ex test. However,

these authors used a more gradual increase of the propofol

plasma concentration (i.e. an increase of 0.5 mg ml±1 every

4 min). This would allow a more accurate determination

of the loss of consciousness and also reduce the in¯uence

of the calculation time of both monitors while the depth of

anaesthesia was changing. The present investigation, with a

more rapid induction of anaesthesia and a time to loss of

eyelash re¯ex of 52 s, represents clinical circumstances, and

in these conditions, the PK value for BIS was greater than

that for the AAI. In addition, neither the study of Struys,17

our study, or the study of Barr and co-workers,20 using loss

of response to verbal command, support a study where

AEPs gave a better prediction of the transition from

unconsciousness to consciousness compared with BIS.15

This study was done with a different AEP index, described

by Kenny and colleagues.15 22 These measuresÐalthough

based on the same principleÐmay involve different com-

putation and cannot easily be compared.

Surgical depth of anaesthesia

During surgery a BIS target value between 40 and 60 is

suggested.2 Adjusting the BIS to this range gives less

anaesthetic use and faster and improved recovery.4±10

Therefore, it is relevant to study the AAI in this BIS

range. While increasing the BIS value in steps from 30 to

40, and then 50 and 60, a slight but signi®cant increase of

the AAI values was noted with substantial overlap. The

slope of the correlation between AAI and BIS in this range

was less than 1 (0.82). This accords with the observation

that a sigmoid curve ®tted the relationship between all AAI

and BIS values and this range was in the ¯at part of the

curve for the AAI values. This observation supports Struys

and co-workers17 who found that the AAI reached its

minimum early compared with the BIS with no difference

for AAI between the OAA/S scores 2, 1, and 0, while BIS

discriminated between OAA/S score 2 and 1. In the study of

Alpiger and colleagues,19 the AAI did not change signi®-

cantly at end-expiratory steady-state sevo¯urane concentra-

tions of 2.0, 1.5, and 1.0%. In contrast, in the study of Katoh

and co-workers23 BIS changed substantially between

Fig 3 At stepwise increased BIS values of 30, 40, 50, and 60,

signi®cantly increasing AAI values (mean (SD)) were measured as 15 (6),

20 (8), 28 (11), and 40 (16). In this range, the regression relationship was

AAI=0.823BIS ± 11.1 (dashed line). The correlation coef®cient was

r=0.63. A sigmoid model (AAI=15.5+70.1/(1+e ((BIS ± 64.3)/8.5)); r=0.92)

(solid line) described the correlation between all BIS and AAI values

(BIS range 30±100).

Fig 2 Individual values of AAI (A) and BIS (B) at increasing propofol

effect-site concentrations.
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end-expiratory steady-state sevo¯urane concentrations of

1.5 and 1.0%.

The BIS seems to reach a plateau value at around 30±

35,24 25 which is less than the target range of 40±60. In

contrast, the AAI might reach these plateau values earlier,

possibly just inside a supposed target range. This could

explain why guidance from the AAI did not reduce the

sevo¯urane consumption or the emergence time in the study

of Assareh and colleagues.26

Conclusion

Wide variation in the awake values, considerable overlap of

AAI values between consciousness and unconsciousness,

and an apparent plateau of the values in a range of major

clinical interest suggest further improvement of the AAI

method is needed.
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