22 Septenber 2004 1 NMonitoring Auditory Evoked Potentials Background of
the invention The present invention relates to an apparatus for extracting
signals which are indicative of the |evel of consciousness of ati ent
conprising means for monitoring auditory evoked potentleﬂ%gsﬁfﬁﬁﬁy FA'¥duced
by the patient as a response to a repetitive acoustic click stimnulus,
means for extracting an AEP within a few repetitions, preferably nore than
10 and |l ess than 50 of the audio stinulus, neans for using an

aut or egressi ve nodel with exoge- nous |nﬁut (ARK), and neans for

cal culating an index (AAl) indicative of anaesthetic. Assessnment of depth

of anaest hesi . g - | i ni cal obser- vations of
physi ol ogi ¢ patfatete i *@%ﬁﬁgsure heart beat rate, pupil 'size
etc. The use of neuro- nuscular blocklng agents during general anaesthesia
di sabl es the clini cal ns that normally indicate conscious- ness. A
nunber of inéﬁﬂﬁﬁﬂ&ﬂb&ﬂ@ﬂﬁﬂﬂﬁ%ﬁﬁhhtients describe that they were fully
conscious during the surgery, and in the worst case had perception of pain

and cardi ac arrhythm as. Hence, there is a need for a nethod and ap-

paratus to addespreskat inveativhabiatesidptdn apparathie foobxiravtist sigAbisowhigsul t's
have al ready been Auditory Evoked Potentials_ (AEP) are

used to indi &5 &gt “fee\:}fgﬁ‘eollev@gﬂgt?%ﬁ?ﬂ'é Pt AdPajiené camplising meansa.
The AEP is af§uRoRRoReGantiefy é\'i&e%?&t@nﬂﬁ@' (A%fppl‘cidu'cf%d%y‘ ﬂﬁ'et[?% ous-

tic stimuli and is recorded with scalp electro 1 fi'ed anal ysed
by a conput & TESPRESAHP g ée%itk\;fﬁeaﬂqusélalCllckﬁlmulssgmanerfoe@dﬁdcﬁmgram se

neces- sary Taiownte EREreny: ol SN, MGtBRR, B M85 AR BAL T,

extract ed bjhe laediav stimglusg méang f(ﬂrOuélﬁQQarf aptiregiettive ﬁfodelﬂwmﬁéi@@?éﬁ of
akes up

the stimuli nal s s,a very tine- nsum ng process,. which
to several HPH t/BRU% Qb‘ggir?"%lﬂ‘ea'ﬁ%ﬁ?bﬁﬁ aimg A rindex (AWL)l plicalivexekssi ve

i f the anaesgnaesthetic.

"F

‘Assessment of depth of anaesthesia is in general based on clinical obser-

vations of physiologic parameters such as blood preséure, heart beat rate,

pupil size etc. The use of neuro-muscular blocking agents during géneral

anaesthesia disables the clinical signs that normally indicate conscious-

ness. A numbej‘ of incidents exist where patients describe that they were

fully conscious during the surgery, and in the worst case had perception of

pain and cardiac arrhythmias. Hence, there is a need for a method and ap-
paratus to assess the anaesthetic depth. A number of investigation resuits

have already been published, where Auditory Evoked Potentials (AEP) are

used to indicate the level of consciousness during general anaesthesia.‘

The AEP is a sub-component of the EEG signal, and it is elicited by acous-

tic stimuli and is recorded with sc:,alp electrodes, amplified and analysed by

a computer. The AEP is an electrical, small signal embedded in noise from

the ongoing EEG, and for this reason advanced signal processing is neces-

sary to extract the AEP signals. The AEP signaIS'are- traditionally extracted -
by the averaging of up to 1000‘repetitions- of the response of the stimuli

signals. This is a very time-consuming procéss. which takes up to several

minutes to carry out, typica!ly 2-3 minutes, which is excessive if the anaes-

thesiologist has to use the AEP sngnals as a predlctor of an adequate an-

aesthetic dose ‘



t hesi ol ogi st has to use the AEP signals as a predictor of an adequate an-
aesthetic dose. 22 Septenber 2004 2 Frominternational patent application
no. WD 98/ 10701 ( PCT/ GB97/02435) a control systemand a jgethod fo

cal culating an index representation of the depth of anaes#% feg'béféo%nom.
The met hod of cal culating an index indication of anaesthetic depth is
based on nonitoring AEP produced by the patient and providing a signal
corresponding to the coarseness of the nitored AEP signal. The raw AEP
signal is divided into a series of svveeg or frames of a given duration,
each sweep being synchronised with the repetitive audio stimuli. A nunber
of sweeps n are recorded in se- quence and are averaged to produce a tine
average sweep. The anaes- thesia index-is calculated for the tine-averaged
sweep. Each throm wtematiosal patenbappliestsn ne. VW OBHHIT01a(RFEWGBOEIOR4SERged
sweep is dete .and the anaest hesl a

f h
i ndex for th cpﬁﬁgl Sﬁé}gﬁrﬂit@@ i Boﬁﬁﬁé:p&ﬁaﬁeﬁah Indexirepreseniation efiex i s
constantly upR@tdupth!df mma Qe eknReh L 1Ré MBBBdaoPas] gﬁr&hgb%ﬁ%nﬂ

consci ousness, the anpli- tudes of nmost AEP peaks are reduced~and
| at enci es ar dNgjERteR qfyanagsiisctic depliaiscbiasath evemenitages AEE uproglucesit by

si mul t aneouslgys nficht atnagpr%@fa?n & & §§ﬁta| ?ﬁrr@@eﬁﬁcgh% tg%{ae oa%qer}?%g{’ ™he

sui tabl e i ndex i's one Iec

al gorithm hasmdmtmedeAEPop@wa‘l offheataw AEPngighbk is rdieidedwWnte e serger ofhm i s
based upon the sumof_the s H‘g,uare ropt s..of th& dlffe&gnce be- tween every

two successi V&SG5S cer frames ol a,giyeR guratien, £\9 synphiranisgdiwib _y

30870 2 AP B R AR SN AR Wl el UG X, 1

const ant . quence and are averaged to produce a t|me average sweep. The anaes-
thesia index is calculated for the time-averaged sweep. Each time a new
series of sweeps is recorded, a new time-averaged sweep is determined
from the most r_esent- n sweeps, and the anaesthesia index for that time-

averaged sweep is calculated. In this way the index is constantly updated.

It has been observed that when a patient loses cdnscioushess, the ampli-
tudes of most AEP peaks are reduced and their latencies are generally aiso
increased. These changes occur almost simultaneously and .in the same
direction with. all patients. Therefore, a suitable index is one, which reflects
these changes. ’

An empirical algorithm has been de\}eloped for calculating the index, which
algorithm is based upoh the sum of the square roots of the difference be- |
fween every' two successive points in the moving time-averaged sweep.
This auditory evoked potential index is given by the following equation:

255 -

AEP= kz =%l

where x1 to Xas¢ are the sample points of the time-averaged frame and k is a
scaling constant.

The AEP index is calculated for every filtered time-averaged sweep, and a



The AEP index is calculated for every filtered time-averaged sweep, and a
22 September 2004 3 plot of the index against time can be generated for
display and on a screen. When the patient is awake, the index is typically
in the range of 80 to 90, whereas during anaesthesia it ézss %ggb% [ n
the range of 35 to 40, An article in "Methods of Information'in ICcln
1996; 35: 256-260, with the title: "Autgegressive Mdeling with Exogenous
| nput of M ddl e-Latency Auditory-Evoked Potentials to Measure Rapid

Changes in th Anes- thesja" b . W Jensen, P. i ndholmand S. W

Fennaber g deddotdng ek auainskime darche Sserprdar disnlay AT agicsdess- nodel

Wi th exogenOWhenrthetpa(tm)ls alvakey, @Iﬁ@‘ﬁﬂd@( %@iﬁ@ dy-invRerangei st etedot he
Yolbt

AEP. The od was, clinically ev atien naest heti zed with
al fentani | Hegsstuping aﬂ?@s[tﬂe;%aat R)’é@' éﬁngﬁ&ﬁﬁgp Ghducti on and

the tine when t he Na- Pa arrplltude was decreased to 25% of the initial
anplitude was neasured, These neasurenents showed that ARX- estimated

conpared to MrAAELGIe i M@ﬂmﬁ Qbkfaingation Hthd}Clﬂé t16196; 35: 268c261, with
transition f rtﬁ@‘tﬁl@“%ut%‘r'é@‘é%&vb%ﬁﬂéﬁﬁ%ﬁhwﬁ el @9 t Bf ﬁ/ﬁ&&z@tl_atbnégct lon

(p <0.05. It is the object of the ent | 'S measurl

met hod in sucdhuditonsdrvaled 'ﬁaterﬁlas%‘FCéM&aés\EGtRa@da@W@%ﬁj'rt@@@lm@féﬂﬂleﬁ'rmre
rapidly, MQhéQré'ftdaﬁErlwa@hséﬁeptImﬁdﬁmpﬂfdn%ns W. meéméb%ﬂ%out 4 hout

full anaesthetizati’on is reduced i's reduce seconds
by using ARX S¥StRN| idegtificatiors aethegds an wt@r@rwswwnpﬁebmntfb@xpaenau@ t he

d f L t itgAt
procedur e T o0frn ?ﬂ@ﬁvﬁ?@e% bl%e”@rsﬁvﬁ @O%Wecé %éf‘fﬁnﬁfé‘ LEitRB )\E@ndTlﬁé’

reduce the sta Is at 1 ) e invention
produce an apgpgthadiswasr CBB'ﬁﬂ“)ﬁu@U@'UE‘Fﬁﬁn or 1 Ggpatientse anagsthetized Wlth

gggf;lt ousnes Saifeptasin afBRFoRbS. ThePRhbahtdvandetfasy prépdiesitllctdndand
the time when the Na-Pa amplitude was decreased to 25% of the initial
amplitude was measured. These measurements showed that ARX-
estimated compared to MTA-estimated AEP was significantly faster in
tracing transition from consciousness to unconsciousness during propofol
induction (p < 0.05).

It is the object of the invention to improve this measuring method in such
a manner that a safer result is achieved considerably more rapidly,
whereby the risk of treating a patient, e.g. by surgery, without full
anaesthetization is reduced.

The delay is reduced to about 6 seconds by using ARX modelling.

It is a second object of the invention to make the procedure for
anaesthetization more effective (time-efficient) and to reduce the staif
workload.

It is a third object of the invention to produce an apparatus for continuous
monitoring of the level of consciousness, which apparatus is portable and
easy to install and operate.

In accordance with an aspect of the present invention, there is provided an
apparatus for extracting signals which are indicative of the level of



In accordance with an aspect of the present invention, there is provided an
apparatus for extracting signals which are indicative of the |evel of 22
Sept enber 2004 4 consciousness of a patient conprising nmeans for nonitoring
auditory evoked potentials (AEP) produced by the patuauzigéﬁkmiigggfe to
a repeti- tive acoustic click stinmulus, nmeans for extracting an W t hi

a fewrepe- titions, preferably nore than410 and | ess than 50 of the audlo
stinmulus, neans for usi ng an aut oregressive nodel with exogenous input
(ARX), and neans for calculating an index (AAl) indicative of anaesthetic,

character- i zgthscioudrdsst be d Iﬁié@iénltscdiﬁf)n@lﬁ@ ﬂ'ﬁeads?fckrlm@mtormgﬂahd:taf AAl
- index = ify>6 riP wh

6 i3 and b Pkl atentils (AR RGIES] by dhe saiRalial & repbRacR o fobigt

xi+1 i=k2 Wrt%%eousmbechbh%ummé emegﬁs aors@ﬁmtm laAER WIS BBy, refel ch
preferably 6 Iar er th

| es 0 d which
particul ar f(%@ Yt W%@qga an n@ a‘tlz‘laé" gé Ogrmekéu%ﬂpeswﬁélussb art
and the end rﬁaam &sr um? raepéut\oﬁégfes@eéen&saelanm bﬁog@@om&m ARXGNENng he

end sanpl es, res ct|v of the,su ose 0..i ncj ude .t he
St an T hanBiRS Tk cakulated an dusk (BRI filicAtie shasestbotio FRUGCIRT 6o
0.0165 11 Xi jzedinthat the index is defined as,

o

ki X

i=k;

AAl — index = < ify>60 =k + ks

Xi— xi+]|

if y<15 and y>4 = ks + ksxe””

N
where ka, ks, ks, k7 and p are constants, and where y is defined as,
k2
y= kI % xl_xi+]|

i=k;
where x; are the samples of a sweep, k; are a constant, which preferably
is larger than 0,0100 and less than 0,02000, and which in particular may
be chosen to be 0,0165, and where k; and k3 are the start and the end
samples, respectively where k; and k; are the start and the end samples,
respectively, of the summation, chosen not to include the start and the end
of the AEP window, or that the index is defined as,

/ 69
0.0165 % 1 xi——x,u,;l

i=17

AAT—index = < jfy>60 = 0.2786y + 43.2857

¥fy<15 andy>4 —=903769 + 0-28){69’/5
N




i =17 AAl - index = ify>60 0.2786y + 43.2857 ify<15 -andy>4 = 9.3769 +

0. 28xer 15 22 Sept enber 2004 4a Further advantageous characteristics are
achieved by that which is dis- closed in the dependent clains. Wth the
apparatus according to the invention the possibility is aclfiSeptamkss 2004
extracting the AEP with only a few repetitions, often as |ow as 15, which
reduces the delay to approximately 6 secqgds. As the AEP is a very com

pl ex signal conprising several peaks and troughs it is desirable to map
the AEP into i ngl. e nunber - j ndex of nt er pr et at but
cont ai ni ng th’El é'&%’gaéﬁﬁfgtﬁﬂﬁppﬁrf: ag ISHED arga ge%(?é’sﬁ éNfb'th'%Iq'%w ng
t he met hod anglosyd wth@émm@[@mgs according to the invention. The ARX
index is typically larger than 60 when the patient is awake, and decreases

when the patient is anaesthetized; a | oss of consciousness will typically
occur when thﬂllﬂhﬂﬂ%;ﬂ%rét@é&%raﬁg tBﬂﬁeﬂﬁ%ﬁt%rP%é‘ﬁ@@é@ihﬂglsté’cﬁ| d of

I nvention can OE rate onl ree_sur- face el ectrodes ree

propritary sUPHERading) e ‘P‘é&e‘é”thtq’féy Befay repelitigns, miten ag [b@\é{t%ﬁjqﬂEthCh

avai | abl e wi tfeidlick8\thé defifto t t I [ hndex
t han the tradltlgngl Movi'n ?pﬁmété}ﬁg érréeptd(rg% %ﬁ&%ﬁ%@%ﬁﬂ% as?rgr at

vera
tracing transREKsHIRA!I o?ﬁmﬂﬁg'ﬂﬁs%‘?\(ﬁ@hB§gk$ﬂ@d‘d\/trﬁégk}%r%és de@ﬂﬁbéstcemap

accurate readh&%EP%'abénﬁnghumb%ﬁd ﬂh%ﬁﬂ%n&@k d#%eaé m@é’r%rré‘fa‘tlﬂﬁ bleatre.
Touch screen - easy tgo operate.and cl ean. di s The

appar at us accQQ’HPWQ ihe RRMERIMatiohaait Iﬂ%rAE e%h@\»ap@rs't&@rwcﬂo&ewmg
the method and by using the apparatus according to the invention. The

ARX index is typically larger than 60 when the patient is awake, and
decreases when the patient is anaesthetized; a loss of consciousness will
typically occur when the index gets below 28.

The apparatus according to the invention can operate only with three sur-
face electrodes, e.g. three propritary surface electrodes, the result being:

- Fully updated AEP available within few seconds. s
- Significantly faster calculating AEP index than the traditional
Moving Time Average method.
- Significantly faster at tracing transition from
unconsciousness and vice versa.
- Consistent, accurate readings.
- Possible optimised display for use in operating theatre.
- Touch screen - easy to operate and clean.
- Fully graphic display.
The apparatus according to the invention monitor the level of conscious-
ness during general anaesthesia independently of the biological variation of
the patients with respect to tolerance and sensitivity of the anaesthetics.



ness during general anaesthesia independently of the biological variation
of the patients with respect to tolerance and sensitivity of the

anaest hetics. 22 Septenber 2004 5 Brief description of the géﬁmﬁ s_The

i nvention will now be described in nore detail with referéfd pFﬂﬂgﬁ@m4
drawi ngs, in which: Fig. 1 shows a schematic view of an enbodi nent of a
system of the present invention for extracting the AEP (auditory evoked
po- tentials) and for cal culating an indgg, Fig. 2 shows a bl ock diagram
Wi th the necessary procedures to pro- vide the extraction and index
calculation of the AEP (auditory evoked potentials) according to an

enbodi nent of the inven- tion, and Fig. 3 shows a bl ock di agram
illustrating the generalised ARX nodel (autoregressive wth exogenous

i nput), whi cBriet desemptigrof the drawings t he i nvention. Detailed description of
the preferred enbodinment In figure 1 is schematically shown a system 1 for
extracting the AEP (audi- tory evoked potentials) and for calculating an

i ndex, whi chThe inveniiow iwilt rw Heheedeibdd of raoeeghglbvithofefardidel fR'the © The
patient 2 is subjected to, repetitive sound signals, which are delivered to
the patient HV“W@&HpﬁUﬂ@@?:earphones or the like. These sound signals are
in the formof "clicking" noise signals of short duration, approxinmately 1
- 2 ne., which are delivered to both ears of the patient, and which
produces di stKigeflive pbowatd athemhtiowevasf ARRerabodintkntosfya eysieed of the

potentials in the elegtroencephal ographic (EEQ r onse_of the patient.
The headphones and thﬁ}%scﬁ'ﬂtﬁwz%ﬂ%. g{r?rpﬁxg@ﬁ Fﬂ%?t@’gdﬂHa'tgﬁVQﬁ‘é@@d BOy. a
signal generator, aretamialshawhfortalduditirgy an index,

Fig. 2 shows a block diagram with the necessary procedures to pro-
vide the extraction and index calculation of the AEP (auditory
evoked potentials) according to an embodiment of the inven-
tion, and

Fig. 3 shows a block diagram illustrating the generalised ARX fodel
{(autoregressive with exogenous input), which is used accord-

ingj to the invention.

Detailed description of the preferred embodin;tent

In figure 1 is schematically shown a system 1 for extracting the AEP {audi-
tory evoked potentials) and for calculating an index, which is indicative of
the depth of anaesthesia of a patient.

The patient 2 is subjected to 'repetitive sound signals, which are delivered to
the patient_ by héadphones, earphones or the like. These sound signals are
in the form of “clicking” noise signals of short duration, approximately 1 - 2
ms, which are delivered to both ears of the patient, and which produces
distinctive potentials_, known as AEP or auditory evoked potentials in the
electroencephalographic (EEG) response of the patient. The headphones
and the equipment for producing the sound signals, e.g. a.signal generator,
are not shown in figure 1.



22 Septenber 2004 6 El ectrodes, with which EEG signals

(el ectroencephal ographic signals) are provided, are attached to the head

of the patient 2. Three or nore elec- trodes, e.g. scalp electrodes, nay be
used. If three electrodes are used, they are attached to 4EPHRHR] eéﬁ?"“z at
the follow ng positions: A positive elec- trode at the mddl e forehead, a

reference el ectrode at .the left forehead and a negative el ectrode behind

the ear, preferably in the region of the nastoid process. Qher positions
may be used with simlar results. The el etrodes are connected to a pati ent
cable, which leads to an anplifier 3. This anplifier 3 is an '

I nstrunentation anplifier wwth a high common node rejection ratio (CWR).

The anplified anal ogue signal is digitised by an Al D converter (not shown)

bef ore bei ng Eledirbdesd mtgiwmbhmeeﬁ%nam wﬁeétrcﬂenceﬁhbﬁ)g@aﬂhlb%lgblﬁls 4ray be
in the formof a personal. conput particu- lar a single board

per sonal conﬁ?épeﬁ@ecﬁt@qhﬁge@ @%Hﬁﬁdl%f WeaPyierd Anlinres oF gooth elere
conputer 4, WHS 18 gPLeaHagRRHcAES0 nEe egil 9P s FQ r@le{:ﬁSdeg)gréa&éédﬂ'g the

AEP (auditory evoked potentlal s) and accor to a
cal cul ati on dheware sitechediedhe natianbl% at dhe éo&tamng mgitnohe ARFpositive blec-

and- the. | nae S, A5fT HPlG 1fnEagy 8RR Shes Hler e LS efiprensad Acd 5 i <

it possible tnghutivé Bictregel BEHind thé @@rcﬂ’@wfbﬁfylﬁ thyﬂaéldnntﬁf’ ﬁ’lbsfrfid 5
may be in the formof a touch plate or-a touch screen can be com

bi ned with tKECBESDHIQLNes posiionsireay kaysed with sinplargesdltsl e to gi ve
instructions to the conputer by touching the display. The extracted and
cal cul ated val ues of the index and the AEP-signals can be transmtted to
ext er nal equi"B‘rmalecmmdesanemhnasﬁedgoaa paﬁmaocta'bdm whichWadshtee anegaplifise may

be in the for - connection. external . equi pment may for
exanpl e be a[%jn 1?21? %QB §B_F%§§dﬁ13|q| LR %@Wﬁﬁ?rh‘@“h Bg?'gﬁﬁpmrﬁﬁ’ﬁsm?’ﬁﬁ
system can baejsetion! itio (OVMMR). i Tiee tdigp Iﬁ@ﬂﬂha@?uéf signap% Biblﬁ's?éd W ad to .
the patient in'_relation to the depth of anaesthesia.

A/D-converter (not shown) before being led to a dlgutal processmg unit 4.

This digital unit may be in the form of a persenal computer (PC), in particu-

tar a single board personal computer. The digitised sighal is analysed and

stored on the computer 4, which is programmed according to algorith’ms for

extracting the AEP (auditory evoked potentials) and according to algorithms

for calculation of an index. These methods for extracting the AEP and for

calculating the index shall later be described in further detail.

The AEP and the inciex are displayed on a display 8, and with an input de-
vice 5 is it possible ta give instructions to the computer 4. This input device
5 may be in the form of a touch plate or a touch screen, which can be com-
bined with the dispiay 6, in which way it will be possible to give instructions
to the computer by touching the éisplay. '

The extracted and calculated values of the index and the AEP-signals can
be transmitted to external equipment (not shown) using a connection 7,
which connection may be in the form of a RS-232 connection. The external
equipment may for example be apparatus for administering drugs to the
patient. Thus the system can be used for controlling the amount of drug
being delivered to the patient in relation to the depth of anaesthesia. Other

examples of external equipment are apparatus for monitoring or for treating



exanpl es of external equipnment are apparatus for nmonitoring or for treéating
22 Septenber 2004 7 .the patient, for exanple apparatus for controlling the
respiratory system The procedures or functions included i a nmethod and a
system called the A-line-nonitor (AAl: A-line ARX I ndex)%? 3RtEmesr 4% o an
enbodi mrent of the invention is shown in the diagramin figure 2. The data
representing the signals fromthe patient is introduced to the processing
unit 4 in ' the formof a series of raM/Z»eeps 11. In an enbodi- nent of
the invention these sweeps 11 are provided at a sanpling fre- quency of 900
Hz, and each sweep consists of 70 sanples, giving a. sweep |ength of 80

nms. The clic rllé@ﬂn duration
and of an mFgcﬁis)?%hgf%? B}fJ é@%&n@#ﬁ@ﬁ?%@% %t@ %’%%ep i's
initially processed by an artlfact algorithm112 in order to de- cide

whet her the ncl uded for furthe ssin es of
artifact algo Fﬁ‘ﬁéggﬁ & QFHJHCEOF—'? daghu Q\ﬂiuérhadp?@-‘f:’ Qr%’s resgalleqi%lﬁ)

sweep the ampl- ifrﬁéldﬁbrﬂfort(hﬁﬂ AVinEaARX Mﬂldéx) | Aecapdipgab Hfe imahtoF “t“glan

t he anplitude of normal sweeps. The anpl i t ude, expressed as a range
nunbers, al | dentign issEoNnDD dba wiagrem in figuredk exanpl e 0 - 65534, The 95%
EEG range is 15000 - 55000, hence if a sanple is bel ow 5000 or above 60000
a nunber of subsequent sanples, e.g. 400 sanples are rejected. Second,

during peri odbeatiats represeatingrthef sighelsa i ftherpaigntdssingoauced! fo th@ve in
to a nor nal 5500 However in this period a click

artifact ari E?‘?'n SISF%UFHJZ’SE{:&[%WE‘ of AsRTIES S?V‘béwéﬁﬁ’ér'lﬂedn Mo geRboegh-
al gorithm t hpterflede e idemtion Hesd ivkept 115 argpér%m%eﬁat egﬁn'{i@ﬁghfre-

di fference of the 10 sanpl es before the click i's calcu
di f f er ence. bE8HREEH of 98 H%rﬁlﬂ sanpisweep eonsistesf 78 saniplehegiving asavede i n

the sweep n- ﬂe.ir@a' HPhs. TRRMLIER stEXAIR r%gefj fostdl@ﬁwqq{JQfﬁ&r Bl was * 2 't.h.e

cal cul at ed nea ference, hence a nunbér o
next 800 sanpieduraios ars eﬁ:amzahtensny of 70 dB above normal hearing. level.

Each sweep is initially processed by an artifact algoritbm 12 in order to de-
cide whether the sweep should be included for further processing. Two
types of artifact algorithms are used. :

First, when artefacts are present in a sweep the amplitude of the raw data
will in general be much larger than the amplitude of normal sweeps. The
ahplitude, expressed as a range of numbers, allowed of the A/D-converter,
is for example 0 — 85534. The 95% EEG range is 15000 — 55000, hence if
a sample is below 5000 or above 60000 a number of subsequent samples,
e.g. 400 samples are rejected.

Second, during periods after saturation of the amplifier 3 the signal will
move in to a normal range, i.e. 15000 — 55000. However in this period a
click artifact arising from the acoustic stimulus may be observed. Hence an
algorithm that detects the click-artifact is implemented. The mean difference
of the 10 samples before the ciick is calculated. if the difference betweén
the first sample in a sweep n and the last sample in the sweep n-1 is larger
than for-example five times the previous calculated mean difference, hence
a number of subsequent samples, e.g. the next 800 samples, ére rejected.



22 Septenber 2004 8 In order to inprove the signal-to-noise ratio (SNR) a
band pass filter 13 is included in the system previous to the application
of the noving tiner aver- age (MIA) -and the autoregressive wth exogenous
i nput (ARX) model. The filter, which in an enbodi nent of FRePleRREAEIYN has
a band pass from16 to 150 Hz, may be a fifth order Butterworth filter,
which is digitally inple- nented. The ARX nodel (autoregressive wth
exogenous input), with which a rapid extBraction of the AEP is facilitated,
shall now be described with reference to™ figure 3, which shows a

general i sed ARX nodel. The ARX nodel is obtained by addi ng an exogenous

input to theldRrdedel imp@veanslsighdldodiciid shtic %SNNF& bERA GFasshatRIg rdel
is defined by the follow ing equation: y(t)+al y(t-1)+... +any(t-n)=bl
“u(t) 4. inguded n thel pystefnreyions to thrarpligetion pf the mMitgvimer aver-

coefficients , ) | . coefficLents
(b3 . b RN B 156 QuldrbSrdsafie Bl Siolhbls ARG Boel HE

er;I or. Oc] ][i@liee vBhrcE iﬂmﬂrnbbgthrxa‘rmEZﬁvemﬁdmha‘s% lﬁ@ﬂ]d’@@sbyfrdbbhi'é@tdwi se
and is ef i’ the gvera EEG activity Pre-averagi ng may be done

usi ng 15 swgggs. r'?ﬂ\éa}@@ggﬁ%ﬂ ?F\%ﬂﬁwfl iqge%l‘%'é'l’?g2§ figitally rippple-
produced by @aysHtadi ng a nunber of sweeps, for exanple the |atest 256

sweeps. The output y from the ARX nodel is an average of a nunber,
preferably. 15, of the latest col- |ected sweeps consisting of averaged EEG’

doterm ned, - e ARK ARbef Bugredetna i Srobdidi el Wik RB' Gk agenitis
i nput u. Wt xractiolebf thel AEPOS facilitatedireHat ddw de dQRIPBY Witk Péfcfiiscdie t he

follow ng 22_Septenb 2004
wng ﬁguPe § wﬁ{ch sq'lows a generalised ARX model.

The ARX model is obtained by adding an exo_génous input to the AR model
for analysing digital signals. Hence the ARX model is defined by the follow-
ing equation:

y() +a;-y{t-1)+ ... tag-yt-n)=bi-ult)+ ...+ bm-ut-m+1y+e

where n is the order of the backwards coefficients (a4 ... a,) and m is the
aorder of the forward coeflicients (bs ... bm). The output is y, u is the exoge-
nous input and e is the error.

On ﬁguré 3 is shown the AR-part 22, which is driven by white noise and is
defined by the averaged EEG activity Pre-averaging may be done using 15
sweeps.

The exogenous input u to the block 23 is an AEP produced by averaging a
number of sweeps, for example the latest 256 sweeps. The output y from
the ARX model is an average of a number, preferably 15, of the latest col-
lected sweeps consisting of averaged EEG background activity and AEP.
When the coefficients of the model are determined, the ARX-AEP is ob-
tained by IR filtering of the exogenous input u,

With a model order of for example five, the ARX equations are the following



9 Y6 -aly5-....-abyt +blu6+...... +b5u2+e Y7-al y6-....-aby2+blu7+......
+b5u3+e Y70=-aly69-....-a5Y65+blu70+...... +b5u66+e The error terns, e, are
omtted and the equations are witten on matrix form YS

-yl U6 us W4 U3 112 y6 -Yd -Y5 -Y4 -Y3 -y2 u7 ub us ua ff?gﬁtwegéﬂ

-y69 -y68 -y67 -y66 -y65 1170. 1469 1468 U67 u66) |y7J P The equation
system shown above is an over determ ned set of |inear equations. Hence
Gaussean elimnation or LU deconposition will fail to give a satisfactory
result. A very powerful way to solve an @aver determ ned systemis the

si ngul ar val ue deconposition (SVD), which solves. the prob- Ilemin a | east
nmean squares (LMS) sense. Singularities in a matrix, which neans that the
matri x does not have a full rank, often occur when the na- trix is conposed
of data with ar a oL i n w edge, The singularity can occur if
here is an a |gU|? |n-%%§ iﬂaf?bhé qTR?? 18 a paradox be- cause on the
one hand theysysuﬂwgps owgyzddhefﬁlnedi(hahebgquatlons than unknowns) and
at the sane time it is undeterm ned because too many equations are |inear
(or close to-linear) conbinations of each other. SVD not only diagnoses
and solves the singularity problens and produces ' a 22 Septenber 2004 10
meani ngful nunerical result but it also provides the LMs-solution. The
nodel order i-s determ ned by considering the error function. The error
function is defined by

Y70 = -A1Yeg - .... —8sYgs + byUzo + ...... + bsUgs + ©

The error terms, e, are omitted and the equations are written on matrix

form:
(—ys ~¥Y4 —¥3 —y2 =¥ u6 us us ul uz) [ y6
~¥Y -—-y5 -y —~¥3 =¥ 41 Uué us us W3 ¥y7
. ) (aq .
- . las -
b1}
bSJ
3
\" Y —ys8 —Yy61 —y65 —yE5 uT0 UG NES MU6T UES ) Lym )

The equation system shown above is an over determined set of linear
equations. Hence Gaussean elimination or LU-decomposition will fail to
give a satisfactory resuilt. A very powerful way to solve an over determined
system is the singular value decomposition (SVD). which solves.the prob-
lem in a least mean squares (LMS) sense. Singularities in a matrix, which
means that the matrix does not have a full rank, often occur.when the ma-
trix is composed of data with no clear a priori knowledge. The singularity
can oceur if here is an ambiguity in the equations. This is a paradox be-
cause on the one hand the system is over determined (more equations than
unknowns) and at the same time it is undetermined because too many
equations are linear (or close to linear) combinations of each other. SVD

not only diagnoses and solves the singularity problems and produces a



Ne(i)2 Ar 1=1 where e(i) =y(i) - r(i) and N the nunber of sanples in one
sweep. The variables y(i) and y"(i) are the real 'and the predicted
pre-average of a num ber of sweeps, for exanple 15 sweeps e ctively.
The identification is tested by Andersons test on mhitené?§&8ﬁﬁﬁﬁﬁzmm
prediction error, e. If the pre- diction error is white at a confidence

| evel of 95% the identification is ac- cepted. The optimal values of n ‘and
m are selected by mnimsing the final qbediction error (FPE) function
defined by Akai ke (Akai ke H "Statistical ™ predictor identification”, Ann.
Inst. Statist. Math, 1970; No. 22, pp 203 - 217): FPE= L(N+n+1)/(N--n-1)

where n is thﬂebﬁlr@fulrﬂmﬁ@fﬁcé?fre%fﬁﬁﬁfﬁb%ﬁo@fdés*}ﬁe/t%.%ﬂﬁim.':%

represents a need of mnimsing the error function and the need of |Iim
iting the nunber of paranmeters of the ARX nodel. The order of the ARX nodel

shoul d i deal | ] h . Ihi.s IS avery ti consum ng
process, hen C'Zh%’@q%%é&pﬁ?ééﬁwﬁﬁ]étg f]né’ﬁ%gie%? ?Eﬁ&fjggw F@B Sy fHBCL)t((?r?reﬂg‘?l CE R age
nmodel - or der duntiiowe if defirtedt by backwar d- and forward-coefficients was
chosen. It i's obvious that another suitable nunber nmay be chosen,
preferably a nunber |ess than 10. As shown on figure 2, the output fromthe
bl ock 15, which _Zgnt he AEP achieved by an novinng tinme average (MIA)

cal cul at ed ovdr= Eeﬁ}éeps wi th each sweep weighted equally, is led to the
display 6 (fig. &6!,=l where it 22 Septenber 2004 11 may be displayed as an
AEPMTA-di spl ay 16. Further the output fromthe band pass filter 13, i.e.

i opl ayed o6 WiEER B ol Vi SAR ATt st sabPiscinone SWeabsBheed 1o
the ARX nodelvaHabl@d¢h)@itd YA ) are the real and the predicted pre-average of a num-
ber of sweeps, for example 15 sweeps, respectively. The identiﬂcatioh is
tested by Andersons test on whiteness of the prediction error, e. If the pre-
diction error is white at a confidence level of 95% the identification is ac-
cepted. The optimal values of n and m are selected by minimising the final
prediction error (FPE) function defined by Akaike (Akaike H. “Statisticai
predictor identification”, Ann. Inst. Statist. Math, 1970; No. 22, pp 203 -
217):

FPE=L-(N+n+1)/(N-n-1)

where n is the total number of coefficients of the ARX model.

FPE represents a need of minimising the error function and the need of lim-
iting the number of parameters of the ARX model. - '

The order of the ARX model shéuld ideally be calculated for each sweep.
This is a very time consuming process, hence to comply with the need of
fast processing time an average model-order of five for both backward- and
forward-coefficients was chosen. It is obvious that another suitable number
may be chosen, preferably a number less than 10.

As shown on figure 2, the output from the block 15, which is the AEP
achieved by an moving time average (MTA) calculated over 256 sweeps
with each sweep weighted equally, is Jed to the display 6 (fig. 1), where it



the output fromthe output fromthe block 17, which produces a MIA over a
m nor nunber of sweeps, preferably 15 sweeps. The output fromthe ARX
nodel 18, which as expl ai ned above is an AEP extracted by 2t22§e ARX a?
which is called an AEPARX, is also led to the display unit?26PrTper $404
where it may be displayed as an AEPARx-display 19. In order to quantify
the level of anaesthesia it is desirable to map the AEPARX into an index.
In order to do this, the output fromthe ARX nodel is led to a block 20
for index calculation, the function of which shall be ex- plained in the
foll owi ng. The index cal culated by the block 20 is called the-A-line
ARX- i ndex (AAIéy : %nd may be displayed on the display unit 6 (fig. 1),
where it may BaY A& displayecag am i lisPlaR16.i FuBked the lcayp@1roffh theAEP

the peaks wi tp e HEe. 1! HSERRSicRla s RERPREGEPBNS Mt avhaitney ™
AEP (MLAEP), ildwaybecdisplayetias amEEsadispiay 14, anaest heti zed and at the same

time the laten- cies of the peaks are prolonged. The index according to the
i nvention pre- serves these two rules in order not to | ose information.

Fur t her nor e iTheosatput frbfh BRIHIBER & ieAIEE ' ' rSses
are conplied wth: Val i di téy.{tor tshe I gé}cggiﬁ%ﬁﬁﬁ%gﬁlo%%& Bgﬁ’ggﬁ“%r& I bl e,

1.

i ndependent ~ &€ oytRugdrom thel ontputifearn dhelblepk 12, wiiobprdguces advTA dvegui r ed
bet ween awakenq; - ' di stingui sh awar eness changes
from noi se. %’geﬂﬂgﬁé%%;%e%ﬁr @J?%?%%’yi té)gw\?neﬂﬁ'o%%foqtﬂ gD t X may
precl ude 22 Seqriadritd; rwiiohasléxplhinesit alsdveaidan MER RS IAEEDBY Whd BRK and ‘
Preferably tgﬁ&&ndom% tE%lgo -- 80 ms wi ndow of the AE¥> and | atency an
anpl i tude ch I G |wr\}%?§m'€8 ledhgidisplay heitd (fig B wherefit t he
wi ndow i s ch baelisgigyddas WAAEBAGR B 1pt em Audi tory Evoked

Potential s) and auricular nuscular arte- facts and the 80 ns end of the

wi ndow i s choseh in order not' to include |

~In order to quantify the level of anaesthesia it is desirable to map the
AEParx into an index. In order to do this, the output from the ARX model is
led to a block 20 for index calculation, the function of which shall be ex-
plained in the following. ' '
The index calculated by the block 20 is called the. A-line ARX-index (AAD
and may' be displayed on the display unit 6 (fig. 1), where it may be dis-
played as an AAI-(AEPagrx.)index display 21. The AEP consists of severa}
peaks. It is generaﬁly accepted that the amplitudes of the peaks with latency
10~ 100 ms, corresponding to the middie latency AEP (MLAEP), de-
creases when the patient is anaesthetized and at the same time the laten-
cies of the peaks are prolonged. The index according to the invention pre-
serves these two rules in order not to lose information. Furthermore in order
to achieve a reliable index the following premises are complied with:

- 1. Validity for the largest number of patients possible, independent of
surgery and aesthetic drugs.

2. Good dynamics is required between awake and asleep state in order
to distinguish awareness changes from noise. |

The AEP-index is calculated in a window of the AEP, which may preclude



LLAEP. This is because BAEP and LLAEP (Long Latency Auditory Evoked
Potentials) do not correlate well to anaesthetic depth. The AEP index (AAl)
according to the jnvention has shown good discrimnation 2ﬁﬁ%% en 0020

sci ous and anaesthetized patients in previous studies. Qﬂ%m)
Is defined to reflect the hypnotic |evel during anaesthe5|a. First y is
defined as: A-3 vy, kijJx,--x1+1l JAk, where x; are the sanples of a sweep,
P k1 are a constant, which preferably is #arger than 0,0100 and | ess than
0, 02000, and which in particular may be thosen to be 0, 0165, and where k2
and k3 are the start and the end sanples, respectively, of the summation,

h d AEP
i ndow consi 308 et PG oF g3 Rub Oy CPEBiatly o Tndtli fhe 20540, "G
ThE5AA1I° - Qgexﬂss"”ﬂdbmk(; hesAER, akd ZéteNEylrl xantll dmplitkie Adingesnidete AE‘JTstt k4

+k5 i fy<lb5an >4=:>k6+ " are constants.
>F/>r ef er a%l y -0 V%éb ted EQUQIK(BX@@)éo 'Hﬁd;t?'ﬁ of 1&%%'"3?‘%‘&&\9&*&% tozingl '-!5’92786
22 Septenber EA86 (BlaeRfltsnt B/0R00 Porkits hdAey AR thid far B
preferred formk5 " 43, Pret'erably 9, 1000 in armst

preferred forfactscard ghemgms Pﬂ@ftﬁrthblwlrﬂo%l%lmen i, G@iera‘rm toninaiudest

preferred f OrLrE/hEYP TRIS is ‘because BAEP and LLAEP (Long Latency Auditory Evoked
Potentials) do not correlate well to anaesthetic depth. The AEP index (AAl)
according to the invention has shown good discrimination between con-
scious and anaesthetized patients in previous studies. The AEP-index (AAl)
is defined to reflect the hypnotic level during anaesthesia.

A

Firsty is defined as:

l;‘.)
y=kK Zl X "'x1+1|
inks
where x; are the samples of a sweep, ,

ki are a conétant, which preferably is larger than 0,0100 and less than
0,02000, and which in particular may be chosen to be 0,0165, and

whére k2 and ks are the start and the end samples, respectively, of the
summation, chosen not {o include the start and the end of the AEP window,

If the AEP window consists of 70 samples, ko may preferably be 17, and ki
may be 69. '

The AAl-index is defined as: *

ky
klZl x!_xHIl

iekty
AAl —index = if y>60=>k, y +4,
if y<1Sand y>4=>k,+k,xe"'”

where k4, ks, ks, Ky and p are constants.
Preferably 0,2500 < k4 < 0,3000, and in a most preferred form k, = 0,2786.



Preferably 4:5 p:5 6, and in a nost preferred formp = 5. In the nost
preferred enbodi nent of the invention the ARX index is defined as: 69
0.01651: 1xi-xi.11 i-17 AAl-index= if y>60 0.2786y+43. 2857 jf_ y<lband
y>4=9. 3769+0. 28xeris The index is in the range of .0 to 9@,25\)%@(‘1?9’2004

i ncreasing value indicates ele vated | evel of consciousness. P The
apparatus according to the invention nmay essentially be perforned on a
conputer 4, e.g. a Single Board conputer with 486 Mz cl ock frequency and
provi ded with programm ng with matching $bftware, e.g. using the pro-
gramm ng | anguage Borl and Pascal, so that the algorithns or parts thereof,

whi ch are ex i ned in descri pt] nd disclosed.in the ¢clains, are
per- formed FJﬁg#?ﬁﬁwya‘*wHﬁgﬁﬁﬁaf H@BQ@S. dif @SUFQSti%reg‘i’ﬁ?‘i\/fgﬂ?‘ ks &
cal cul ati on 4angt spl ay of the AAlI-index explained above. The program
according to the invention is storable on any known type of computer

readabl e nedFPueferakly &, hG0 ktksi<s9.888D| gnd irs s ahbstdrisfertdrbfarnmiog e, 3769.22

Sept enber 2004 14 I . An aratus for extracting signals. which are

i ngi cative o r?fkéaq%m%b fc%@ggadéfa@s@%#pr@f?ra@qi @ffr?t‘bﬁ%?:?gi ng means for
itori i i - by th ti t

Toni Loring ayiieniy £YQKER, BALEILIALS dARRePLs Dy the patient as a

response to a repet ive acoustic ¢ ans for extracting an
AEP within a few repe- titions, preferably nore than 10 and | ess than 50 of
the audio stilnﬂ_{jaus, rree%ns for using an autoregressive nodel wth exogenous
i nput (ARX), 'ThHE Masipeeeged smbedimard f dhe inveasion Axg PRR dndex isdefine

anaest hetic, ggharacter-

69
0.0165 ), x|
=17

AAT — index= if y>60=0.2786 y+43.2857
if y<15and y>4=>9.3769+0.28xe"’*

A

The index is in the range of 0 to 99, where increasing value indicates ele-
vated level of consciousness. ,
The 'apparatus according to the invention may essentially be performed on
a computer 4, e.g. a Single Board computer with 486 MHz clock frequency
and provided with programming with matching software, e.g. using the pro-
gramming Ianguagé Borland Pascal, so that the algorithms or parts thereof,
which are explained in the description and disclosed in the claims, are'per-
‘formed in such a manner that the desired result is 'lachieved, i.e. calculation
and display of the AAl-index explained above. The program according to
the invention is.storable on any known type of computer readable medium,
so that it is easily installed in the computer 4.



ized inthat the index is defined as: 11 AAl -- index= Jr, RE x= " x1+11
I"k2 f y>60::* k4 y+ks f y<l5and y>4=kGtk, xe"' where k4, k6 k6, k7 and p
are constants, and where y is defined as: k, y=k,il x1--Xx, i =k2 where

XE are the sanples of a sweep, ki are a constant, which pr?éfséﬁpéﬁﬂlifr Qo4

| arger than 0,0100 and |l ess than 0, 02000, and mhlch in particular may be
chosen to be 0,0165, and where k2 and k3 are the start and the end sanpl es,
respectively where k2 and k3 are the stggt and the end sanpl es,
respectively, of the summation, chosen not to include the start and the
end of the AEP wi ndow, or that the index is defined as: 69 | 0.0165F x, -x

il r=i7 AAJ - index=f y> 60= 0.278¢ yiPMRE57 1 fy<l5and

y>49. 3769+0. 28xeY 5 22 Sept enber 2004 15 2. An apparatus according to claim
1, characterized in that it further com prises neans for filtering the AEP

oo S o AP gRARPSEFatild Sortld Wy MO ABRRLEP el 350,

consciousness of a patient comprising means for monitoring auditory
'evoked potentlals (AEP) produced by the patient as a response to a repeti-

tive acoustic click stimulus, means for extracting an AEP within a few repe-
titions, preferably more than 10 and less than 50 of the audio stimulus,
means for using an autoregressive model with exogenous input (ARX), and
means for calculating an index (AAl) indicative of anaesthetic, character-

ized in that the index is defined as:

#

L N
. ksz!x;"'x;+s|

=k
AAIl — index= ify>60=k, y+k,
| ify<l5and y>d=k, +k,xe"'"

where Kk, ks, ks, k7 and p are constants, and where y is defined as:

-
J’=k12|xf"xi+:| .

ity

where x; are the samples of a sweep,

ks are a constant, which preferably is larger than 0,0100 and less thén
0,02000, and which in particular may be chosen to be 0,0165, and

where kz and k; are the start and the end samples, respectively where kz
and ks are the start and the end samples, respectively, of the summation,
chosen not to include the start and the end of the AEP window, or

that the index is defined as:

0.0165 ilxj—-x,.ﬂl

1=l

Adl - index= if y>60=>0.2786y+43.2857
if y<15and y>4=>9.3769+0.28xe" "’




3. An apparatus according to clainms 1 - 2 characterized in that only sig-
nals in an AEP w ndow consi sting of about 100 ms (mlliseconds) are used

in calculating the index, preferably a w ndow of 20 - 80 ns precl ud|n t he
start and the end of the sweep. 4. 4 apparatus accordi ng t%@P ,
characterized in that the AEP wi n- dow consists of maxi mnum 80 sarrpl es, and
in that k2 may preferably be 17, and in that k3 may preferably be 69. 5. A
apparatus according to claiml1l - 4, characterized in that k4, k5, k6, k7
and p are defined as follows: P Preferabl1550 2500 < k4 < 0,3000, and in a
nost preferred formk4 = 0, 2786. Preferably 43, 0000 < k5 < 43,5000, and

t 857. Pref b DO k6 9, 8000,
bnd i a most2nPut rnaatisAetorgth 6 T Rsheteize i Bt & Rther 6omD. ” and
in a nost pr qumre“saﬁefaﬂsﬁbkﬂiteﬂrﬁ; %AEﬂﬁbﬁéﬁbeeféfaﬂh{é t?anc?ﬁggé Ritér withSt

preferred fo An par at us accord

.
char act er i zeoanb%nfjmﬂss fﬁorﬂo"rﬁ O $E &2, magnrrefeyabhyr a digiiaty iswkepentad But-

sanpl i ng frecﬂéﬁﬂ@bfh(ﬁfteﬁepﬁﬁh SRy 1000 Hz, - preferably about 900 Hz, and an
AEP wi ndow of maxinmum 1 ms, 1 n that onI y signals within the wi ndow are

used in calculating the [ ndex preferably a wi ndow of 20-80 ns precluding
the start andyt f the 7, An apparatus according to claim1l -
6, characterlqazé‘gﬁiaﬁ%%ﬁ Slqcc%%ﬁpetge@a’%gns%toﬁi’ﬁf%‘ifﬁﬂﬁedrmt’baélo@haslgt-he
cal cul ated i ndg if 8 AEP window consisting of about 100 ms (milliseconds) are used

in calculating the index, preferably a window of 20 — 80 ms preciuding the
start and the end of the sweep.

4. A apparatus according to claim 1 - 3, characterized in that the AEP win-
dow consists of maximum 80 samples, and in that k, may preferably be 17,
and in that k3 may preferably be 69,

5. A apparatus according to claim 1 - 4, characterized in that k,, ks, Ks, K7
and p are defined as foliows: : ’
Preferably 0,2500 < ks < 0,3000, and in a most preferred form ke = 0,2786..
Preferably 43,0000 < ks < 43,5000, and in a most preferred form ks =
43,2857, |
Preferably 8,1000 < k¢ < 9,8000, and in a most preferred form ks = 9,3769.
Preferably 0,25 < k7 < 0,30, and in a most preferred form k; = 0,28,

Preferably 4 < p <6, and in a most preferred form p = 5.

6. An apparatus according to claim 1 - 5, characterized in that is com-
prises means for providing sweeps at a sampling frequency of about 700-
1000 Hz, preferably about 800 Hz, and an AEP window of maximum 100
ms, in that only signals within the window are used in calculating the index,

preferably a window of 20-80 ms precluding the start and the end of the
. sweep.

7._ An apparatus according to claim 1 - 8, characterized in that it comprises
means to display or to signal the calculated index (AAI).



