WO 01/ 74248 PCT/ DKOO/ 00636 1 Monitoring Auditory Evoked Potentials
Background of the invention 5 The present invention relates to a nethod and
an appar avois1/f4aus cal cul ating an index representing the deQpi/bkoé/0636

anaest hesi a when nonitoring the audio evoked potentials of a person, and a
conput er program adapted to perform the qyrethod on a conputer. 10
Assessnent of depth of anaesthesia is in general based on clinical obser-
vations of physiologic paranmeters such as bl ood pressure, heart beat rate,
pupi | size et aponfdsingFudiory EvbRedPotadtiils bl ocki ng agents during general
anaest hesi a disables the clinical signs that normally indicate conscious-
ness. A nunber of incidents exist where patients describe that they were 15
fully conscio | r , and in the worst case had perception of
pai n and car d‘lBQaCﬂ (el f*}ﬁe%‘véﬁ_@ée’ there is a need for a nethod and ap-
paratus to assess the anaesthetic depth. A nunber of investigation results
have al ready been published, where Auditor voked Potentials (AEP).are
used to Pndi cdfe RIEEENENENERN ﬁ?@itBL%H@é%O(g@P A gendAays Lﬂﬁé’%&%%tg]ga 20
The AEP is a z w IRer itofil ous-
tic stimuli ﬁﬁ%%@@?ﬁ%ﬁ%ﬁ {uﬂ@gggﬁpéﬂe ectsﬁgﬁﬂg,wierppﬁﬂltgghggge laé%létjlﬁ)f/sed
by a conput eevoRéd paEmtiats aha peesarn, iand|a cempltergirgaram adbptagelo paifainl se
from the ongg’i] na}ql;&% and for this reason advanced signal processing is
neces- sary t&%® Q¢ OPRCHBBYS 'ynhal s. The AEP signals are traditionally
extracted 25 by the averaging of up to 1000 repetitions of the response of
the stinuli signals. This is a very tinme-consum ng process, which takes up
to seved@l niAssessmeot ohdepthoot anaggihesialiy imgenaral lrased qihcliticaloksefessi ve
|f the anaes- géﬁ%ﬁ%?}‘ @ﬂ'&%@%o@?@ ptapanqét%ré Qﬁchb‘gg ﬁb@@%lréss‘ﬁ?e?h@éﬁ%b%{ Péte,of an

adequat e an-

pupil size etc. The use of neuro-muscular blocking agents during general
anaesthesia disables the clinical signs that normally indicate conscious-
ness. A number of incidents exist where patients describe that they were
15 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 results
have already been published, where Auditory Evoked Potentials (AEP) are
used to indicate the level of consciousness during general anaesthesia.
20 The AEP is a sub-component of the EEG signal, and it is elicited by acous-
tic stimuli and is recorded with scalp 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 signals are traditionally extracted
25 by the averaging of up to 1000 repetitions of the response of the stimuli
signals. This is a very time-consuming process, which takes up to several
minutes to carry out, typically 2-3 minutes, which is excessive if the anaes-
thesiologist has to use the AEP signals as a predictor of an adequate an-
aesthetic dose.
30
From international patent application no. WO 98/10701 (PCT/GB97/02435)



30 Frominternational patent application no. WO 98/ 10701 (PCT/ GB97/02435)
WO 01/ 74248 PCT/ DKOO/ 00636 2 a control systemand a nethod for cal culating
an i ndex wepregent ati on of the depth of anaesthesia are kRoDbpRoo/ddses met hod
of calculating an index indication of anaesthetic depth is based on

moni toring AEP produced by the patient apd providing a signal
corresponding to the coarseness of the 5 nonitored AEP signal. The raw AEP
signal is divided into a series of sweeps or frames of a given duration,

each sweep beiangorityd) cdyiststh sl wi methdd forr epeailatiny @naindier repreadntatioh ofinber
of sweeps n are recorded in Se- quence and_are aveqrégg?d }o roduce &@%i me
aver age sweepthergleptthgtéanaegthesia preikrows. Jhecmet GAIQUREING AR-B9RY aged

sweep. Each U iifRcdidtP Bt LaSEiefs Rptf 1€ Helior #icHiihg AERCPHIduERIBPT aged

sweep i s determne resent n sweeps, an e anaest hesl a

i ndex for thathé ipstientsrd ayeddngee sigral carespandidg tonthehccarsepesheof thedex i s
constant Ly updated. |t s bee serve at en tient loses

consci Quéness,m‘?m@rﬁwgg fienal d-gge J@WEFD@ e'ﬁk@'vg]%éjl r‘rgau%e%?rk?ﬁdof hei r

| atenci es ar e (QRRBEA I arAES Bf a'd?%r?éﬁ%qion:r@_ﬁéﬁsﬁ@éﬂ%n@%?%h@h@ﬂtwith

simul taneously and in the same “direction wth all patients. Therefore, a
sui t abl e i ndexhé gepetitivenaiidio stimutic ths numthes cofchiages .n 20e Arcerdsidr inc ae-

al gorithm has been devel oped for calculating,the_i , Lch L garikthmis
based upon t héUSORF A ﬂ'éeoéﬁﬁréf\g@_dr%oﬁ@d@f:et%gﬁ% ?#’%%%cséw%%ﬁ_ F\/\\geag‘%ee\éery
two successi vVenhgdhNadek s EARUERYA H6r tHeTBmRVAVerg§ed Swrsip. EAdN timeudirtew y
evoked potential index is given by the follow ng equation: 255 25 AEP=kYI x;

-x; +, | Wher e 6eries of2peeenseis FRCOSAAh @ nes time-ayeragedisweerie AstREBined ne
and k is a from the most resent 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 consciousness, the ampli-
15 tudes of most AEP peaks are reduced and their latencies are generally also
increased. These changes occur almost simultaneously and in the same
direction with all patients. Therefore, a suitable index is one, which reflects

these changes.

20 An empirical algo'rithm has been developed for calculating the index, which
algorithm is based upon the sum of the square roots of the difference be-
tween every two successive points in the moving time-averaged sweep.

This auditory evoked potential index is given by the following equation:

255

25 AEP=KY Jlx, = x..]
i=1

where x4 to xgs6 are the sample points of the time-averaged frame and k is a

scaling constant.

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

plot of the index against time can be generated for display and on a screen.



scaling constant. 30 The AEP index is calculated for every filtered

ti me-averaged sweep, and a plot of the index against tine can be generated
for dispvegoand4on a screen. WO 01/ 74248 PCT/ DKOO/ 00636 BcTbh&ao/bdses pat i ent
is awake, the index is typically in the range of 80 to 90, whereas during
anaesthesia it is typically in the range gf 35 to 40. An article in

"Met hods of Information in Medicine", 1996; 35: 256-260, with 5 the title:
"Aut o regressive Mdeling with Exogenous |nput of M ddle-Latency

Audi tory Evok&ﬁhé’nttbetp’a@ibat tsoawe&euthe iRdpx ds @‘mc@kysini hheDamtgle aff 8(\t@ $0,
thesia" by E. W Jense P. Lindholmand, S Henneber | be a sys-
temidentifi c%h%ﬁaﬁgf‘ﬁﬁa anéﬁsﬁ\?lsl?r 'ébsrté@hqavlé' |an\g1etq{g\@ ous i npﬁt
(ARX), to produce a sweep-by-sweep estimate of the AEP. The rret hod 10 was

clinically evaluated in 10 patients anaesthetized with alfentanil and
propofol . The An aﬁlclentred\\deﬂhotietaﬁdeformaupoﬂn|M$d1qlnet | HIPGirED: t396-26Prewilihen

t he Na- P npl decrease 25% the initjal de

neasur ed: Theébe ﬁgﬁsﬁﬁﬂﬁ%%}ﬁ%m@%"ﬁgtw' xggen%s[ 'e@ué %mpg%-kat\é’ﬁéy
MI'A-esti mat ed MitorpEvekadiFHdteaRtIS Yo Measurel Rapid Chatgds anaetpuo of A con-
15 sciousness to unconsci ousness during propofol I nducti on < 0.05).

i s the object thesiahby EnVéndensen &-iLipghala and 8. dé%ﬂnqkfrgaeﬁgabe@ ~°§v1§ch a
ronne (et ] g, LR 1SR Pt Bt >

anaest heti zat i(BRX)s to Ziﬁod@wgeeweab@yceheap lesnmw@ecthem%oatheﬁnmmdm by

usi ng ARX nodel lin IS a secaond object of the inv Cﬂgvg? g}lﬁ

procedurl® for Waa 'E“ﬁ@l')f evaltiajed jign! Grpadiepts; apapstbetize f@P a%ﬁ’\d to

reduce the stafib i ktRaGmd intbiaf bebéch ?%pﬂc%ll f?\fduH?S? IAheiHe f?r'ﬁet\ﬁh@ﬁ oduce

an appar at us FoPPRSHt i muous.  honi I'toring the | evel consci ousness,

whi ch appar at dbei Na{Rar aaigliudenavas 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 con-

15 sciousness 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
20 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 anaestheti-

25 zation more effective (time-efficient) and to reduce the staff 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.

30
This is achieved by proceeding as disclosed in claim 1, e.g. using an appa-

ratus as disclosed in claim 8.



easy to install and operate. 30 This is achieved by proceedi ng as di scl osed
in claiml, e.g. using an appa- ratus as disclosed in claim8. WO 01/74248
PCT/ DKOOMIO 68642481 Furt her advant ageous characteristics arPCEDRK0@Wsds by t hat
which is dis- closed in the dependent clains. Wth the nethod and the
apparatus according to the invention the possibil- 5 ity is achieved of
extracting the AEP with only a few repetitions, often as |ow as 15, which
reduces the delay to approxinmately 6-seconds. As the AEP is a very conpl ex

si gnal conpri FHyithes Q3RantadeRss chadctariBtiodsarei dchisvedidsi thedtl which isagist he
AEP into a si n?l e nunber - an ARX index of easy in- terpretation, but

cont ai ni ng t h&elesaddnithe depandent daiMhe AEP. This is possi 10 ble by

foll owing 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 dedNihtles méthod tdme thetapparaius actaeding do itze ihventivogbe gfossiil-

' 11l typicall wh t ts_bel 8. 15_Th
appar at U3 accovdPTRErachal BRIGHIG e A FoBBRERE) GhiH PRI M6 25 f ace
el ectrodes, gy 4Imee WHiGPTLIMS e LRRE & SBbIAIRIc!) eseasis. Asing: -

Ful 'y updat ed P avai In Tew seconds. - Significantly faster
cal cul ati ng ABEP rislexveryacorplextsiguilt Gampiising Genveral meakis mndatroughe, Wds hod.

i ce versa. - dashapls e dbBdEr PR aalS kBT A RO HTIGK oS8R 1 oy
I:Freaﬁse i N opagrifiioh NBat éshtaindfy thel€ARB infofMation agahy APP OPRisds possid
10 ble by following 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 con-

sciousness wil typically occur when the index gets below 28.

15 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.

- Significantly faster'calculating AEP index than the traditional
20 Moving Time Average method.

- Significantly faster at tracing transition from unconscious-

ness and vice versa.

- Consistent, accurate readings.

- Possible optimised display for use in operating theatre.
25 - Touch screen — easy to operate and clean.

- Fully graphic display.

The method and the apparatus according to the invention monitor the level
of consciousness during general anaesthesia independently of the biologi-
30 cal variation of the patients with respect to tolerance and sensitivity of the

anaesthetics.



- Fully graphic display. The nmethod and the apparatus according to the
invention nonitor the | evel of consciousness during general anaesthesia

i ndependavo by74288 t he bi ol ogi - 30 cal variation of the patPenvbxomdcss r espect
to tolerance and sensitivity of the anaesthetics. WO 01/74248

PCT/ DKOO/ 00636 5 The nethod according togthe invention can be perfornmed on
a conputer as disclosed in clains 13 and 14. Brief description of the
drawings 5 The invention will now be described in nore detail with :
reference to tie metod agsording tolthé vdrition carsbeperfarraed @med icomputer @ an
enbodi nent of a systemof the 10 present invention for extracting the AEP
(audi tory evolkdisslened inghaimg 3 agdd4% or cal cul ating an index, Fig. 2 shows a
bl ock diagramwi th the necessary procedures to pro- vide the extraction and
i ndex cal culation of the AEP (auditory 15 evoked potentials) according to
an enbodi ment Bifefidegciipticanef thealrawangd Fi g. 3 shows a bl ock di agram

illust ra&/inng the generalised ARX nodel (autoregressive wth exogenous

i nput), ich is used accord- 20 ing to the invention. Detail ed description
of the preferreg ﬁﬂ/@ﬂfib.grw_ v THleddEScrbddS irS AittERIdtaRMith $&RYEhce &Y Shem |
for extracting the AEP (audi- 25 tory evoked potentials) and for

cal cul ati ng ardrawbhgs, inMuhich: i s i ndicative of the depth of anaesthesia of a
patient. The patient 2 is subjected to repetitive sound signals, which are
delivered to

Fig. 1 shows a schematic view of an embodiment of a system of the
10 present invention for extracting the AEP (auditory evoked po-

tentials) and for calculating an index,

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

tion, and
Fig. 3 shows a block diagram illustrating the generalised ARX model
(autoregressive with exogenou's input), which is used accord-

20 ing to the invention.

Detailed description of the preferred embodiment

In figure 1 is schematically shown a system 1 for extracting the AEP (audi-
25 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 headphones, earphones or the like. These sound signals are
30 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



t he patient by headphones, earphones or the |like. These sound signals are
30 in the formof "clicking" noise signals of short duration, approxi mtely
1 - 2 nmswWohi/thd@are delivered to both ears of the patient pPCEDEOWMIGEH
produces WD 01/ 74248 PCT/ DKOO/ 00636 6 distinctive potentials, known as AEP
or auditory evoked potentials in the elggtroencephal ographic (EEG
response of the patient. The headphones and the equi pnent for producing
the sound signals, e.g. a signal generator, are not shown in figure 1. 5

El ectrodes, Wyishin¥fie Botdrafy, kidwh 68! REPTareagéindy e@kenhpetestigisainsthear e
provi ded, are attached to the head of the patient 2. Three or nore el ec-

t L odes, e.g. slestrpencephalogrephiontEEGR respanse of ther patiente dtheobeadphanassed,
they are atta tel | Qwd itd: : bt
bler 0 t roueand t SahinPR bEPladbchla tediiid SUhAE, Bep o SiBRST adheRaRE s | V©

forehead and afe neostioweirefiqgaeriode behind the ear, preferably in the region

of the mastoid process. Odher positions may be used with simlar results.
The el ec®rodes are connected to a patient cable, which |leads to an

anplifier 15 i | i hicer IS i ' ik b | a
hi gh common rrgﬁaec t@&gég@ovr\{mrcgt?gd(%ﬁ/ﬁ%s.@'ﬁ%w?n%}????@grﬁdf ggguflss)\il\%ﬁr?gl S
digitised by providéd)arensttached {nthie Beadrf thef patéeriie?.nphreedor onaie delge+ al

processing unjit 4. This digjtal ,unit be i,n e form,of ' a r I
conputer (PO %ropﬁ.s,pg,g: is&aflp glgc?rgdggng]ag(sﬁ%é{sgdpéﬁ Egﬁg|elggtfg)qﬁse$f’e ﬁ'gg&
digitised sigffdy &e SRNEINS tAEDaRBNED Gt e RIlldWisg PBEIRIBIST Adositvecdlets
programed according to algorithms for extracting the AEP (auditory evoked
potenti #0s) atradectdheimigdiedorghrad, aheference etedtindeaati the left feiehead80d These

be. descr bed PriGRGtVAGed T oDy thReandBelilaBY B hafael P dihaskd on

display 6, angraddss. @thérpusitich® may be used with similar results.

The electrodes are connected to a patient cable, which leads to an amplifier
15 3. This amplifier 3 is an instrumentation amplifier with a high common mode
rejection ratio (CMMR). The amplified analogue signal is digitised by an
A/D-converter (not shown) before being led to a digital processing unit 4.
This digital unit may be in the form of a personal computer (PC), in particu-
lar a single board personal computer. The digitised signal is analysed and
20 stored on the computer 4, which is programmed according to algorithms 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.

25 The AEP and the index are displayed on a display 6, and with an input de-
vice 5 is it possible to 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 display 6, in which way it will be possible to give instructions
to the computer by touching the display.

30 '
The extracted and calculated values of the index and the AEP-signals can



vice 5is it possible to give instructions to the conputer 4. This input
device 5 may be in the formof a touch plate or a touch screen, which can
be com Waed74zig h the display 6, in which way it w |l berpDesbbws3¢ o gi ve
instructions to the conputer by touching the display. 30 The extracted and
cal cul ated val ues of the index and the AEP-signals can WO 01/74248

PCT/ DKOO/ 00636 7 be transmtted to external equi pnment (not shown) using a
connection 7, which connection nay be in the formof a RS-232 connection.

The external pedwaRsmtted®Y ekdrngxequipment (ApPa3haivng Ushig adcommedtion Ag
drugs to the patient. Thus the system can _be used for co_ntrﬂal ing th
amount of dr uyhichheemredion; may &g indhe fiermp of AcRP-437 sMaGtian- etq’l‘gerﬂé th of

anaesthesi . GhllRme Bl 167 ot Y 2boSb O TER bRisRIRR AU (Pihe

nonitoring or treati ient, for exanple appar
control | ing t patiestsimat ey sgstetmecan bEhased doredonteslling therarnowntsof daigided

in a method and, a stem .called.the 10 A-line:nmonitor (AAl: A-li ARX

| ndex), accor 8EHY é%""&rﬁe%ﬁ%g?ﬁ Ratientgp r?ﬁgonitﬂggﬁdéé?&p PE gEﬂ%ﬁ&HeP'ﬁ- ?ﬁger
diagramin fi BSRrt i itbFi it is
I ntroduced toggﬁ@p?%sr%-ﬂgétgﬁ{naae@ﬁﬁ{ 4 ﬁbt ga?ﬁt%fg?ﬁ{gﬁsltgp?ggrg?r ?ﬁ@q\/\eeps
11. In an enbthb patiéntyfortexaimple @ppatatns farcantidlingsthegpspitatosy sysieoyi ded at

a sanmpling fre quency of 900 Hz, and each sweep consists of 70 sanpl es,
giving a sweep length of 80 nms. The click stinulus used for producing the

signal's was ofrhd prieedifedt drofinafishsPihcrRidednh eNfictho®nd @ gyt callew el
hearing |l evel. 20 Each sweep is initially processed by an artifact

al gori t héh 12 PAnling-menitos (A4 Asiline ARKIREeX): Recerfinghtosad @ePasiment PLERRY f or
further pr oceﬁ}sjvlre@ggﬂill’g\gno\&xgm%aPﬁ%mfiﬁl%y?&l gorit hns are used. First, when

artefacts are e anpl Ptude of the raw data

The data representing the signals from the patient is introduced to the
processing unit 4 in the form of a series of raw sweeps 11. In an embodi-

15 ment of the invention these sweeps 11 are provided at 'a sampling fre-
- quency of 900 Hz, and each sweep consists of 70 samples, giving a sweep

length of 80 ms. The click stimulus used for producing the signals was of 2

ms duration and of an intensity of 70 dB above normal hearing level.

20 Each sweep is initially processed by an artifact algorithm 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
25 will in general be much larger than the amplitude of normal sweeps. The
amplitude, expressed as a range of numbers, allowed of the A/D-converter,
is for example 0 — 65534. 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.
30

Second, during periods after saturation of the amplifier 3 the signal will



25 will in general be much |arger than the anplitude of normal sweeps. The
anplitude, expressed as a range of nunbers, allowed of the A/ D converter,
is for ewvaopl/en@ - 65534. The 95% EEG range is 15000 - 55BO0ODkaensas i f a
sanple is bel ow 5000 or above 60000 a nunber of subsequent sanples, e.qg.
400 sanples are rejected. 30 Second, durigg periods after saturation of the
anplifier 3 the signal will WO 01/74248 PCT/ DKOO/ 00636 8 nove in to a
normal range, i.e. 15000 - 55000. However in this period a click artifact

arising from pigearottshi forpidl ehygs, N&y156000bs85000] . Hbwoeer imnthisipgrodtehm
that detects the click-artifact 1s inplemented. The mean difference of the
10 sanpl es betlgkartifactarising front tecatausiig stinulys g3y be obspredy EleRSens t he

first sanple i : - Last. ml e i S sl di er

t han for exanﬁ'bé)?ﬂ‘ﬂi?')\e@ﬁgtl@%@e&{ggy'légi%bﬁé@gI'@B'é;?ée@%gé\gﬁg& %igief%é%ﬁé ence

a nunber of sebsiesuOnsaraphs! esforethe clidleisneaitulatl. dathe diferemee bejvezsred.

In order to inprgve the signal-to-noise ratio Sl\lgé.azihband asiif'lter 13
t

i's 10 inél udedh® Arst pemaye i PHas B@odithelaRt o4 NeAVGEPLR PR
timer aver- ?i@ﬁr‘é lr?%%) a?rikﬂetf% tRHEOFRIPRY RIS Bt PRaNQifeichRE! hérdRX)

model . The i'n an enbodl nent of the invention has a band pass
from16 to 130numbenafysulrsemuient samplesee.Bihe oexbBdd samples, aresi¢jepteds
digitally inple- nmented. 15 The ARX nodel (autoregressive wth exogenous
input), with which a rapid extraction of the AEP is facilitated, shall now

be described v ididéeirintiredeitRe sidribitendiseMitibh(SNRYS Bar@epassiiteret3 ARX
nodel . 20 The ARX nodel is obtained by adding an exotgenous I nput l:to trhe AR
nodel flBr andnchsdedyindthg systemi prexioys tedhe applicatigRohthganoyviagdEnren@erby t he
Fol I ow age (MTA) and the autoregressive with exogenous input (ARX) model. The

filter, which in an embodiment of the invention has a band pass from 16 to

150 Hz, may be a fifth order Butterworth filter, which is digitally imple-

mented.

15
The ARX model (autoregressive with exogenous input), with which a rapid
extraction of the AEP is facilitated, shall now be described with reference to

figure 3, which shows a generalised ARX model.

20 The ARX model is obtained by adding an exogenous input to the AR model
for analysing digital signals. Hence the ARX model is defined by the follow-

ing equation:

y)+aq-y(t-1)+... +ta,-yt—n)=by-u(t)+ ... +bn-ut-m+1)+e
25

where n is the order of the backwards coefficients (a; ... a,) and m is the

order of the forward coefficients (b4 ... bm). The output is y, u is the exoge-

nous input and e is the error.

30 On figure 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



ing equation: y(t)+a, -y(t-1)+... +any(t-n)=bl u(t)+...... +bm u(t-mtl) +e
25 where n is the order of the backwards coefficients (a, ... an) and mis
the ordavoof/7£2e forward coefficients (b, ... bm. The oPCDDKOI/EI6Y¢ U i S
t he exoge- nous input and e is the error, 30 On figure 3 is shown the
AR-part 22, which is driven by white noi e and is defined by the averaged
EEG activity Pre-averagi ng nay be done using 15 WO 01/74248 PCT/ DKOO/ 00636
9 sweeps. T%e%)%genous input u to the block 23 is an AEP produced by
averaging a nunber of sweeps, for exanple the | atest 256 sweeps. The
output y from 5 the ARX nodel is an average of a nunber, preferably 15, of

the latest cql |ected sweeps, consisting of . aver d EEG background activity
and AZP. - vhete REOGRIS IBPEHUS0 3he DIRSkotis S AR EIBr JRRERY BYRHIEINSE AP | &

ob- tained bynd¢£%ﬁbﬁ éﬁé&ﬁ\%ﬁ? &Q%%%%Hﬁ%@%ﬁég&sighﬁvéﬁpat Jaeleh order

of for exanple five, t equations are
Y6=-alY% . .. .thaARXbhodelds .an averagsuif-eenumber,girgterably. 1a502thelatest col-. .

b5u3+e 15 y70 = -alY69 - .... -abYe5 + b e 5166 Th
e ot cteg SVASHY pansitino B MVRrmasl BEG beikgroundcadBid G AP ooy
-y5 -y4 -y3 -WhenYtheWodfficitAtddf e YodEh are YdfeteritimedY4he YRXYER1s Wh-US W4

U3 y7 al a5 _
tained by IIR filtering of the exogenous input u.

10 With a model order of for example five, the ARX equations are the following
Y6 = -a1Ys - .... —asy1 + biug + ...... +bsuz + €
Y7 = -a4ye - .... —asyz2 + bius +...... + bsus + e
15
Y70 = -A1Ye9 - .... —AsYes5 T biuzg + ...... + bsugs + €
20 The error terms, e, are omitted and the equations are written on matrix
form:
—-ys —y4 —y3 —y2 —YyI U6 U5 U4 u3 u2 yé
—y6 =—ys —y4 —y3 —Yy2 Ul U6 U5 u4 ul y7
25 o
as _
b |
bs
30
—Yy69 -—Yy68 —Yy67 —y66 —y65 WUT0 U6) U6 UET 66 y70




bi b5 30 - y69 - y68 - y67 - y66 y65 U770 U69 u68 u67 U66 y70 WO 01/ 74248
PCT/ DKOO/ 00636 10 The equati on system shown above is an over determ ned
set of |iwear/742¢5juati ons. Hence Gaussean elim nation or LRET®&EO0MM®B36ti on
will fail to give a satisfactory result. A very powerful way to solve an
over determ ned systemis the singular wal ue deconposition (SVD), which
solves the prob 5 lemin a | east nean squares (LMS) sense. Singularities in
a matrix, which neans that the matrix does not have a full rank, often

occur when t heheteqbation isysemimivnch abodatie an tdvenadeternined pel of ilinear
know edge. The si ngul arity can occur if here i n anbi quj t
equat i ons. Thiequations. pHBﬁ%)@B@SSQ%\J%”‘H}?"PﬁeOb -H8ReMP é‘tlé’és‘("ﬂlnh"st%ver

det erm ned (nre §%‘éﬂ%fa‘&fb§¥tragﬂt 10 VHRkEBWQﬁ'?JI \f’rﬂg té‘tsom-)eaﬁ%r Het®@niided S

undet er m ned Because equat S are ear (or close to |iInear)
conbi nati ons aisteacks mdﬂelngu&VWalmmﬂeoomodmagr(Sé/eB;) av’rdcts@bwes thlaeprob-

singul ari_ty probl ens and rodu | t '
al so provi des 8RN agash| %ﬁagﬁf@%ﬂm eor%’ég qug "%%t'%%ﬁq%lﬁh ich ¢

consi dering t &’fsr fMat ftl‘ﬂé‘?ﬁétﬂ? do&%cﬁrﬁé% a fdJFn“aHkOBftbﬁ StRUr MEPtheNnb=

Ye(i)Z N where e(i) y(i) - y~(i) and N the number of sanples in
one sweep. Therlx wsacomploeedy(ﬂ Jatanwitly'noi glear @ prieri keawledge. tHe pingdlasityed
pre-average of a num

The fdent 11 cgehanbive i Beet tn Sl RRlauk S on gt FepByhngn MRBNE.a FEFAFRL bES Y

prediction err@ise®n the dntgehdticBthe system is over determined (more equations than
10  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

meaningful numerical result but it also provides the LMS solution.

15 The model order is determined by considering the error function. The error

function is defined by

L3 ey

N3

20 where e(i) = y(i) - y*(i) and N the number of samples 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 example 15 sweeps, respectively. The identification 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-

25 cepted. The optimal values of n and m are selected by minimising the final
prediction error (FPE) function defined by Akaike (Akaike H. “Statistical
predictor identification”, Ann. Inst. Statist. Math, 1970; No. 22, pp 203 -
217):

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



diction error is white at a confidence |level of 95%the identification is
ac 25 cepted. The optinmal values.of n and mare selected by mnimsing the
final pmvedootdzen error (FPE) function defined by Akai ke p&kakkeodd3é
"Statistical predictor identification”, Ann. Inst. Statist. Math, 1970;
No. 22, pp 203 - 217): 30 FPE=L. (N+n+1)/ (¥ n-1) WO 01/ 74248 PCT/ DKOO/ 00636
11 where n is the total nunber of coefficients of the ARX nodel. FPE
represents a need of mnimsing the error function and the need of |Iim

i ting the nuniyereh ipanarabEiEmMbEr bheodibentwef theARKenodeler of the ARX
nodel should ideally be calculated for each sweep. This is a very tine

consum ng process, hence to conply with the need of fast processing tine
an average no ‘ ' ot 5 ki ents
was chosen. |18 TE fiShertts o 4 SR mIRRIANNE BGRTuRIEn L e OBl e en.
preferably a rtingthe deabert digrardthetéds oftberARXN niddglre 2, the output fromthe
bl ock 15_ which is the AEP achieved by an noving tine average (MIA)

cal cul at 8d over 256 sweeps with each sweep weighted equally, is led to the

di splay 6 (figrheldrdefifthe AR OB Sfoul Ay Kk asicamtOERHN Sach sy, 16.
%e 13 th

Further the output fromt band pass filter , 1.e. e EEG signal, is
led to the di Shisys 8 ey dimelponsumomg pracesayhercealta spamphd wilh the meed @f spl ay

14. The output,_fromthe bl.ock 15 is al sqg |l 0 her
Wih 20t he ERIPCETRG ERE abaveach Bfophtdst of A% Y hiRIRpBRoET 1°\ra
over a m nor feudalcoRfficiMeifas B@Sd. abisyothMouwser anoliter suitaple ntimber t he
ARX nodel 18, which as explai ned above is an AEP extracted by the ARX and

whi ch i 40cal | daayhe ABPaEIX, Preterabyca nembes lessdhansi®-ay unit 6 (fig. 1),
where it

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 led to the display 6 (fig. 1), where it

15 may be displayed as an AEPwra-display 16. Further the output from the

band 'pass filter 13, i.e. the EEG-signal, is led to the display 6 (fig. 1), where

it may be displayed as an EEG-display 14.

The output from the block 15 is also led to the ARX model 18 together with

20 the output from the output from the block 17, which produces a MTA over a
minor number of sweeps, preferably 15 sweeps. The output from the ARX
model 18, which as explained above is an AEP extracted by the ARX and
which is called an AEPary, is also led to the display unit 6 (fig. 1), where it
may be displayed as an AEParx-display 19.

25
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.
30

The index calculated by the block 20 is called the A-line ARX-index (AAl)



may be displayed as an AEPARx-di splay 19. 25 In order to quantify the |evel
of anaesthesia it is desirable to map the AEPARX into an index. In order
to do thiwoot/me4put put fromthe ARX nodel is led to a bl pckRDRO0/OWBEG | Nndex
cal cul ation, the function of which shall be ex- plained in the follow ng.
30 The index calculated by the block 20 ig called the A-line ARX-index
(AAI) WD 01/74248 PCT/ DKOO/ 00636 12 and may be di spl ayed on the display
unit 6 (fig. 1), where it may be dis- played as an AAl - ( AEPARX )i ndex

di splay 21. ThadARBy 4endispiayed§ o eveididplapeakss (fig. 1)5 viereriainhyy beadipt ed
that the anplitudes of the peaks with latency 10 - 100 ns, coryespondi ng
to the niddl eplayedms aneAEER.)Indexslisplay2ds e AEH gopsistseat several
anaest heti zed o ' I PR

ool onged. - ThECRRydbisdEhar Aol dfied Hat B Sholfids S uETRASHm Bbney ) oo
in order not t1Q0 Lo$@0 im$ocombspandifgrtbhtheroniddieniaiedey AER @bAER de-
reliable_index the follow n rem ses are . conplied with: 1Q. 1. Validity for
the | argest nGFﬂ?éeSdﬁh?fhmeegﬁge'Hﬁs"’!’l?leéfhelt'ﬁ@ @é\qd%%&eo?amggrﬁ%me iﬁ{ﬁn' .
aesthetic dru . @o&% ynan load’ I M\Qﬁ},ﬁgw-wt-gﬁl p
state in ordergﬁest%“gi st r%u%}%h%'g’\f%ﬁ er(ljeg(sm'éclﬁgg)é%g&f rom noi se! 15 I.The‘ﬁ6

AEP-i ndex is setves|thesel two ralesimdoderafot th éosaprformation. Frasthemaeteinordene

tart and the end of the w ndow bly the window is.the 20 - 80
i ndow 0f ¢ ho OBPAHA A BIEHE Seie TP P o einge s ForRICABI s v ont e

equaliy. The 20 ns start of the window is chosen not to include 20 BAEP

(Brainstern Audi tor\)/ Evoked Potentials) and auricular nuscul ar arte-
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.
15

The AEP-index is calculated in a window of the AEP, which may preclude
the start and the end of the window. Preferably the window is the 20 — 80
ms window of the AEP and latency and amplitude changes in the AEP is
~ weighted equally. The 20 ms start of the window is chosen not to include
20 BAEP (Brainstem Auditory Evoked Potentials) and auricular muscular arte-
facts and the 80 ms end of the window is chosen in order not to include
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 invention has shown good discrimination between con-
25 scious and anaesthetized patients in previous studies. The AEP-index (AAl)

is defined to reflect the hypnotic level during anaesthesia.

First y is defined as:

ks
30 y=Kk lei_xi+1|

i=k,



facts and the 80 ns end of the windowis chosen in order not to include
LLAEP. This is because BAEP and LLAEP (Long Latency Auditory Evoked

Pot ent i alve odoizmot correl ate well to anaesthetic depth. TheT/AER/H0sEEX (AAl)
according to the invention has shown good discrimnation between con 25
scious and anaesthetized patients in pr ev[gous studi es. The AEP-index (AAl)
is defined to reflect the hypnotic level during anaesthesia. First y is
defined as: kj 30 y=k1Zl xi-xi+1l i=k2 WD 01/74248 PCT/ DKOO/ 00636 13 where

X; are the saiggleps xPhrexheV@mplek of arsveepionst ant, which preferably is
| arger than 0,0100 and | ess than 0,02000, and which in Eart'i‘fﬂl ar may be
chosen to be @ @resa congtamewhisty pegfarably ds daiges toen,@.03RE | es,

respectively, B(ngdndggv?/nﬁ ﬁ@%bﬁﬁﬁuvﬁ?ﬁﬁd@&be%*& k@g%t{ggmgl’ea art and the

end of the AE _ consists o sanples, k2 may
preferably bewhéredgdakd ksrarg the Start a6d The vl sangdes, espetiivaly, abth&k3 k1

X - x;+1 1 i=kz AAl - index = f y > 60= k4 + k nd
y>4~k6+kPxel' gummatipm choggn npkto W!Uq@ﬁhﬁrﬁ?arﬁ a&fje%&%@ts%grfpéi%éﬂf'gﬁj%‘ﬁi y
0, 2500 < k4 < 0,3000, and in a nost preferred formk4 = 0, 2786.

If the AEP window consists of 70 samples, k. may preferably be 17, and k3

may be 69.

10 The AAl-index is defined as:

k3
ka‘ xi_xi+l|

i=k,
AAI —index= if y>60=k,y+k
if y<15and y>4=k,+k,xe"'?

15

where kg, ks, kg, k7 and p are constants.

Preferably 0,2500 < k4 < 0,3000, and in a most preferred form ks = 0,2786.

Preferably 43,0000 < ks < 43,5000, and in a most preferred form ks =
20 43,2857.

Preferably 9,1000 < ks < 9,8000, and in a most preferred form ks = 9,3769.

Preferably 0,25 < k7 < 0,30, and in a most preferred form k7 = 0,28.

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

25 In the most preferred embodiment of the invention the ARX index is defined

as.;

69
0.0165 le,.—xi+1|
i=17

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



Preferably 43,0000 < k5 < 43,5000, and in a nost preferred formk5 = 20
43, 2857. Preferably 9,1000 < k6 < 9,8000, and in a nost preferred formk6 =
9,3769. Wwanef/enably 0,25 < k7 < 0,30, and in a nost prefePCEOKIOMEBK7 =
0,28. Preferably 4< p<_ 6, and in a nost preferred formp = 5. 25 In the
most preferred enbodi ment of the inventiopy the ARX index is defined as: 69
| 0.016511 x1-x1+1l i=17 AAl -index= if y>60=*0.2786y+43.2857 30 Lif y<l5and
y>4=9. 3769+0. 28xeri 5 WO 01/ 74248 PCT/ DKOO/ 00636 14 The index is in the
range of 0 to THb intekrie ih s easge of 0abLED, i witkreainereasing valabdddicated elef
consci ousness. The nethod according to the invention may essentially be
perforned on &ated layepat egnseiousngsSa Sj ngl e Board conputer with 486 MHz

cl ock frequency and provided with programmng with matching software, e.g.
usi ng the pro- granm ng | anguage Borl and Pascal, so that the method and the
al gorithns orThaMathodaceofdingvo the mventiaplnaayedsentiallijdbedpsdoimed @m and

di I dinth t hod cl ai , f di. that th
O o et 104 g Rere S L PRTRE i, BUE R T30 Fahey
AA - i ndex exp'aﬁficﬂﬁ%\ﬁd&/ﬁith raH{rﬁ&be\mtl@ﬁ?él&ﬁ'ihp%dfﬁvéré,ee!gN@mg oR pro-

storabl e on any own type om puter readabl'e medium so that it is
easi | y i nst al IgrdmimingHanguageuBerland Pascall s34haigtheanethgioand §spalgestiepal vs

or parts thereof, which are explained in the description and disclosed in the

method claims, are performed in such a manner that the desired result is -
10 achieved, i.e. calculation and display of the AAl-index explained above. The

program according to the invention is storable on any known type of com-

puter readable medium, so that it is easily installed in the computer 4.



1. A nethod of extracting signals which are indicative of the | evel of con-
sci ousness of a patient, which nethod conprises the subjecting of the pa 5
tient tovwooepRisti ve audi o stinulus, nonitoring auditoryPevokedogwss enti al s
(AEP) produced by the patient, extracting an AEP within a few repetitions,
preferably nore than 10 and | ess than 50,450f the audio stinulus using an
aut oregressi ve nodel wi th exogenous input (ARX), and then calculating an

i ndex (AAl) indicative of anaesthetic depth. 10 2. A nethod according to
claim1, characterized in that the nmeCHoA I8 prises filtering of the AEP
signals so that only signals with a frequency higher than 16 Hz and | ower
than 150 Hz are used in calculating the index. 15 3. A nmethod according to

claims 1 and 3, Nﬁ?étﬁ}ége&f'é?&c ﬁgts'bg%aué)s mcr?bgé\%cgcatwé 6f‘th‘éE|%v\é'| B e¥h-

consi sting of abo are use calculating the
i ndex, pref er ablopsaess oflavpatien?OwBighmeethoectardpriges the smlaectln@nﬂthmpaend of

i that Do tiRaLI 1% reatiecrusto SmduyS hoRitfng il spreq ReBdas "' o
y>60=>k4 y+kséﬂ§P‘g rM&J&?d‘%XRép‘éﬁéKF@%ch%ﬂ KEP Within kb few fepétitionsar e

constants e y 1s defined as: y=k1l JlI xi -xi+1l i=k2 WD
01/ 74248 PCT/ preferalgdg3sorel thamhd and: less éhaméomfrﬂhwudfo stigusousing an

autoregressive model with exogenous input (ARX), and then calculating an
index (AAl) indicative of anaesthetic depth.

10
2. A method according to claim 1, characterized in that the method com-
prises filtering of the AEP signals so that only signals with a frequency
higher than 16 Hz and lower than 150 Hz are used in calculating the index.

15 3. A method according to claims 1 and 2, characterized in that only signals
in an AEP window consisting of about 100 ms (milliseconds) are used in
calculating the index, preferably a window of 20-80 ms precluding the start

and the end of the sweep.

20 4. A method according to any of the claims 1-3, characterized in that the

index is defined as:

k
k12| X; "xi+1|

i=k,
AAI — index = if y>60=k, y+k;
25 | if y<15and y>4=k,+k,xe’'”

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

ks
30 yzklZI'xi_xiHI

i=k,



k, are a constant, which preferably is larger than 0,0100 and | ess than
0, 02000, and which in particular may be chosen to be 0,0165, and where k2
and k3 ameovhes2st art and the end sanpl es, respectively, oPCT/D&00/60636
sunmmat i on, chosen not to include the start and the end of the AEP w ndow.
5. A nethod according to claim4, charactygized in that the AEP w ndow
consi sts of maxi num 80 sanples, and in that k2 may preferably be 17, and
in that k3 may preferably be 69. 10 6. A nethod according to claim4 or 5,
char act eri zed whereh@brekthe &dmple6.ofla’sweap] p are defined as foll ows:

Preferably 0,2500 < k4 < 0,300Q, and_in a .nost prefer ormk4 =0, 2786.
15 Prefer ;bl y K13a1gpaocansiantc vg{ggrsmgfelr ¥ 'ﬁaaﬁo@@"p@ﬂ&br%@ hﬁsmtlp(%n =
43, 2857. Prefgy g%%o,gar%og@cé ;K%aﬂic‘%ﬂa‘ﬁﬂ%&bé%dsen%m,o%s}‘&ﬁd ed formké =

9,3769. Prefer _ < 0,30, and in a nost preferred formk7 =
0, 28. Pref er athgredk=<ang ks ére thed start anduibe endfsamples,f aspegtivelg, obthg. A

met hod according to,.any of clains.1-3 har.agterjzed | t Jpndex is
o | ned 2o. - 6@ unayaRictBseh ot T ichite B SRR d i of t2'AEP SR
y>60=0. 2786y+43. 2857 i f y<l5andy>4=9. 3769+0. 28xeYi 5 8. An apparatus for
extracting signals which are indicative of the |evel of 30 consciousness

of a patient corfhmethad aaserdingde dim #oehatpctetizedrip thal e AEFowindqwl s

éﬁf&gg?gggg PistdSr RARDM 86 sBndpfsd W8nttRafks FRT PretdPabil/ bet #48and

in that k3 may preferably be 69.
10
6. A method according to claim 4 or 5, characterized in that ks, ks, ke, K7

and p are defined as follows:

Preferably 0,2500 < k4 < 0,3000, and in a most preferred form ks = 0,2786.
15 Preferably 43,0000 < ks < 43,5000, and in a most preferred form ks =

43,2857. '

Preferably 9,1000 < ks < 9,8000, and in a most preferred form ke = 9,3769.

Preferably 0,25 < k; < 0,30, and in a most preferred form k; = 0,28.

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

20
7. A method according to any of claims 1-3, characterized in that the index
is defined as:
69
0.0165) | x,~x,,|
. i=17
25 AAI —index = if y>60=>0.2786y+43.2857
if y<15and y>4=>9.3769+0.28x¢e""*
8. An apparatus for extracting signals which are indicative of the level of
30 consciousness of a patient comprising means for monitoring auditory

evoked potentials (AEP) produced by the patient as a response to a repeti-



17 tive acoustic click stinulus, neans for extracting an AEP within a few
repe- titions, preferably nore than 10 and | ess than 50 of the audio

stinmul us,woneangs f or usi ng an autoregressi ve nodel w th erROTPROWsI6BOPUL
(ARX), and neans for calculating an index (AAl) indicative of anaesthetic
depth. 5 9. An apparatus according to clgaym8, characterized in that it
further com prises neans for filtering the AEP signals, preferably a band
pass filter with a band pass from 16 to 150 Hz, and preferably a digitally

i mpl e(rjrent ed Btl}/e akeu¥Ry Elickf étlr:h@Uspme‘ahfstfdir extettingldh AEP withiapp fevarepe-
according to claim8 or 9, characterized in that is c prises neans for
provi di ng sweditienst preferabiy Wefthéﬂu%@?dollesﬁﬁgaf‘ %@?%Boﬁ‘qﬁ&,ﬁ‘ﬁ?ﬂ?ﬁ’r abl y
about 900 Hz,ngé% . %I Qth BRogérbud buARXS ikl S
within the win owsgfraéﬁggg\é%'?%%&aq%ﬁggﬁe%@%e i nde(?éJ 15 plr_ Ee)%je(r)tlblf} a w ndow
of 20-80 ns prexdnsdongalchiatimgaart inded (AAY iedidatife ohanagstbelic depth. An

appar at ug according to any of clains 8-10, characterized in that it
conprises neans for calculating an index (AAl) indicative of anaesthetic

20 depth accopdinfiapharali’ HEEME KA BEEhhracebAzed ififat it furtthsr ctpmar at us
according to claim11l, charactertzed in that it conprises nmeans to display

or to signal phees atearsafiosdilteriog the ABP)signdls1prefer eed passdiltemwith
conpri sing conput e rogr am. n ted. t e
steps of any & qr}ggp%saﬂ'ﬂgl% ﬁﬁ@jﬁ’%%ﬂgf}%%egggﬁ]fﬁ@t@ﬂﬁﬁﬁé@é&%ﬁ%%r . 14,
A conput er pr egKdneRtes clifiRcrder.cl ai m 13 and enbodi ed on a com 30 puter
readabl e nedi um
10

10. An apparatus according to claim 8 or 9, characterized in that is com-

prises means for providing sweeps at a sampling frequency of about 700-

1000 Hz, preferably about 900 Hz, and an AEP window of maximum 100

ms, in that only signals within the window are used in calculating the index,

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

sweep.

11. An apparatus according to any of claims 8-10, characterized in that it
comprises means for calculating an index (AAI) indicative of anaesthetic

20 depth according to the methods described in claims 4-7.

12. An apparatus according to claim 11, characterized in that it comprises

means to display or to signal the calculated index (AAI).

25 13. A computer program comprising computer programming code means
adapted to perform all the steps of any of the claims 1-7 when said program

is run on a computer.

14. A computer program as claimed in claim 13 and embodied on a com-

30 puter readable medium.



