10

15

20

25

+, WD 2004/ 068313 PCT/ US2004/ 002392 ONLI NE SOURCE

RECONSTRUCTI ON FOR EEG MEG AND ECG MCG 5 Field of the

I nvention Generally, the invention relates to the

field of source inmaging. Mdire specifically, the

W28 (6833 r el at es to perform ng online sour cBCT/US2004/002392
reconstruction for continuously acquired

el ectromagneti c signals. 10 Background of the

| nvention ReSeReriek SoRf-HRGiBRSPRERTIDNY to | ocate
t he source of'efit} w neural or
cardi ac tissue i frord 'l ness or
deternmine behavioral patterns. The process of source
I nstructign is typically used to localize this
éﬁé@#ﬁgﬁgﬁﬁgﬁﬂg activity. This process generally

i nvol ves t her.ing .15 el ectr.o ic sighals . froma
ot + eXEnest o SO et HETEL I PP TR VDS
nodalities such as an el ectraenc Egalo?ran1 EEG?Q,Ilél

g b iRetion Fewey tomeyiomiag eRF GRUF IO PR RED
or magnetocardjogram (MCG, This data is then stored

SAEnuppshnasesedelcqtymesRsticfignalfone conput er system
which is usedIto performthe source reconstruction.

LACKELeuUng of e HYeMMOAcks to this known net hod of
perform ng source reconstruction is that it does not
pr ovi Besearehera gnctdaciasnolign texnie lenate the sousfe of glectromagnetic
el ectromagneti c signals being recorded. A nunber of
welivityih senralros cirdizo g in exderte Wingndsa ian g Inepreorglgigrmiae of
el ectromagnetic activity. Errors in the setup of the
thelstviang] pattams. alhpguoecess gfisalirct momoirygionds typictlBNmRed talecalize
have a significant inmpact on the source 25

rtieic elesitamaghétimmactivibyc (lhdg proeess Ednawadly invohes gabeyingr ed

el ectromagneti c data may prohibit

electromagnetic signals from a patient’s neural or cardiac tissue through various

modalities such as an electroencephalogram (EEG), magnetoencephalogram (MEG),
electrocardiogram (ECG) or magnetocardiogram (MCGQG). This data is then stored and
transported to a stand alone computer system which is used to perform the source
reconstruction.

One of the drawbacks to this known method of performing source
reconstruction is tha_t it does not provide an indication of the quality of the
electromagnetic signals being recorded. A number of variables are involved in
determining the source of electromagnetic activity. Errors in the setup of the testing,
or a poor signal to noise ratio (SNR) can have a significant impact on the source
reconstruction calculation. Flaws in the acquired electromagnetic data may prohibit

an acceptable source reconstruction, requiring the patient to repeat the tests. Multiple
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. an acceptabl e source reconstruction, requiring the

patient to repeat the tests. Miltiple 1 WO

2004/ 068313 PCT/ US2004/ 002392 testing increases the
cost of the procedure and nmakes it nore burdensone to
wbheoo4saasient . As a result, there is a need |iPCHHEIHAOP2392
for a nethod of testing the acquired el ectrormgneti c

: l.at i vel

q@ﬁ‘tﬁ%%}%ree%%% %eccgts gﬂéeta?rﬁ ? glﬁgﬁgs 1 or% denson%%to the

nvent| on The present invention is a rret hod and

é’pparat us for perform ng source reconstructi on

Sour ¢ Safeekn%?rﬁé‘sc”? o RGO A PR P Thas
bee 10 | b
SoRnbrgr i wegurgﬂmﬁ%&a%grﬁ?%%ﬁnslﬁw?eeﬁ@ﬁ? gcpm

sensors V\,hl ch are utilized to gather an

é?‘"@B’EtF“GH%}bnetl c signal froma patient; a signal
processing system and a conputer system The conmput er
SPIITAARY 02 IMOVYMWVEREILd  to support multiple threads of
execution. In one enbodi ment, EEG MEG sensors acquires
an el &bt prssraginaentionds gathod and appARaRps perneefatming gpurce
transmts the signal to the signal processing system
DesoRgr ke lingsstiieeris an elheirazagnetic sianal uridexgpescsource
anplified, and digitized into data packets which are
w@@estme@orb@lnmﬁemmdptﬂmﬂesywebnen pequié enbodi nent ,

the conmputer systeminitiates a first thread, a

meas ufretnerembodicheint theypnesert inteatickainaludes dnifE@ ssebbnamhprising
some cases averaged. 20 Typically, the data is

foff benegre whicbmreantibized fogathar ard a¢otmoopopticisipdal ffome e pitieat; a
data has been filtered and averaged, the result is
giguanprdcessingsysten dartdhr eathntet hysieso UleeotmpaLnsistentclk icaifigured

to support multiple threads of execution.

In one embodiment, EEG/MEG sensors acquires an electromagnetic signal
from a patient and transmits the signal to the signal processing system. Using known
methods, the signal is filtered, amplified, and digitized into data packets which are
received by the computer system.

In one embodiment, the computer system initiates a first thread, a
measurement module, where the data is filtered and in some cases averaged.
Typically, the data is filtered for a particular latency period. Once the data has been
filtered and averaged, the result is given to a second thread, the source reconstruction

module, which then proceeds to generate a source reconstruction for the trial. The



10

15

20

, nodul e, which then proceeds to generate a source

reconstruction for the trial. The 2 WD 2004/ 068313
PCT/ US2004/ 002392 neasurenent nodul e then acquires
and processes new el ectronagnetic data froma new
W0i2004/0683i13 e t he source reconstruction is beiPgr/us2004/002392
perfornmed on the nost recent trial. [In one

' t feedback | is.ln co icati.on wW.th
S elE modhid B8R e R Broo gt AT O e Rk o
el ect.r.q tic data. The feedback .|l oo contr ol .
OrE NS Lot osnion STFPE RSB o0 Ty el g
neasurenent after a .certain stabiliﬁé %rite ion is

q

met . U PRSIt fpedbpek]non i dn cuppidicsion SAG S ct i on,

the testin etup can be nopdified to, increase th
PR oA oL A ERe BF SRrTOTRAA da. Legrabackippp
Bri ef ggscriptiO@ of the, Drawi ngs and Fi gures For
(FAFERIS BIS Paramietess ¢fi theAIHigiian Brogsid oF SpRthr Fgetiranatipfeat
matter sought to be nprotected, there is illustrated

i CRTIHR StabiBOFHI A 1 Biet rEsiReS reswltsdRase Hhepace fasppsagption, the
From an i nspection of the draw ngs, when considered in
destiRg sEtiRTRIbe tppdifed to nsteagaioe gu@gss%frﬂmq%ﬁ?d elpriromagnetic
subj ect matter sought to be protected, its

émsk ructi on and 15 operation, and many of its

advant ages shoul d be readily understood and
appreciated. FIG 1 shows a flowchart of an exanple
of online source reconstruction with a digital EEG
Jhiaf PesFirGiondf ghe BroviptsandiFiemegat t er pl ot show ng

di pole locations. Detailed Description of the
Poepepeses oFiabitithting mdsur@ersiadiaf thanubjact BlaBer soughirto boe
enbodi nent, the present invention is integrated into
arotéck@, thyretieitiuifatedihehameodpanaing ARG iagsdnembbinient thereof.
primarily for the purpose of explanation only. One
Fhirh be thspaetibief tae Hraodiys) witedi coiysidupelEihsbaredtishaih tie

pr esent

following description, the subject matter sought to be protected, its construction and

operation, and many of its advantages should be readily understood and appreciated.
FIG. 1 shows a flowchart of an example of online source reconstruction with a digital

EEG setup.

FIG. 2 an example of a scatter plot showing dipole locations.

Detailed Pescription of the Preferred Embodiments
As shown in FIG. 1, in one embodiment, the present invention is integrated
into an EEG system 10. The use of an EEG system 10 is primarily for the purpose of

explanation only. One skilled in the art can readily understand that the present
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. 3 WO 2004/ 068313 PCT/ US2004/ 002392 invention is

easily adapted for use in a nunber of different
applications wherein the tissue source of an

el ectromagneti c signal is being determ ned. The EEG
WO20468803 | ncl udes sensors 12 which are uti IRCzTéléBZQ‘E/002392
acquire an electronagnetic signal froma patient.

s BB 31?%%?0?‘ 3#2"@&@?@' 3§ est P e .
en116 nclu age devyi es for storing

%§M§F&ﬁ3P heleq g& ﬂés @%@ﬁe essing system

14

o1 gna e B w[;‘f?t 653%?%315 L AN

B amsensho sk h%fﬁagétp‘)f ser E%E:éagﬁgwg#%%'aﬁ s of

instructions executed in parallel with other 10

A aad digitizepdhe plgetrqmagnedicisignaly A porppHtersivters d 6 dnciugles
As opposed to multi-tasking which run essentlally
i THRIRGIE HQEAgE dpiiers dergiaging g signsl wosiveddles thersignalprecessing
share information, nenory and ot her resources
58 lf ndyeno g arpTe BORESE TS %ca@rocpwhzgﬁbe Batrdsd i The somputer
el ectromagnetic physiol ogical signal is acquired using
#y1ies 6 setonpgwediorsupparguultipls trkadsal exopuiadn. déwitiple shrear of
a signal processing system The 15 EEG MEG sensors 12
Fsepulipmrsprsent b eoglechpgnet df¢nssingpivals efqcoted an pailictwith athar
transmts the signal to the signal processing system
bdquetugs regthérbpvimangicingds multipeocsssipal Ad appodeid td muBidtasking
anplified, and digitized into data packets which are

roéhdahi rwe dsstxytiallip éndependeiit @k oce s hamlipl 6thrdads &8 @ble to share
enbodi nent, the neasured and digitized data are shared

hxefbineation, timory @nd ohageheds didcaadsiweterch Head
i ncl udes a source reconstructi on nodul e 18 wherein

t he dBi@eiembollinlehy a6l elkQraheieBEH PhesibldgichIQtAkI Bcc{%ﬁre& g
source tissue and wherein a graphical representation
Qltest SRUPSRUPEISInG b6 § PlRirdlity FRBROALRH a (A8l PSRN EsyokmA The
EEG/MEG sensors 12 acquires an electromagnetic signal from a patient and transmits
the signal to the signa) processing system 14, Using known methods, the signal is
filtered, amplified, and digitized into data packets which are received by the computer
system 16.

In one embodiment, the measured and digitized data are shared between two

integrated threads. Ome thread includes a source reconstruction module 18 wherein

_the data is utilized 1o determine the location of the source tissue and wherein 2

graphical representation of the source tissue is generated. One example of a

compatible source reconstruction module is the SOURCE® software package by
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. conpati ble source reconstruction nodule is the

SOURCE(r) software package by 4 WO 2004/068313

PCT/ US2004/ 002392 Neuroscan. A second thread can

i nclude a neasurenent software nodule 16 which is
wopeossssY anal yzing, filtering, mapping, anRETGFEHHI0MGS2
the acquired signal. One exanple of a conpatible

srent_soft Le | ioh s

Daersge Bycod togesn PRI s tEent (il mpMi 48 0ich
ired el ect tic dat it

creas pErmeh e B EorR v ] e E pltete) gl DBE

i _ d.  Typically, i i

PO 8 By e eiear ST Ry b G SOhRE e

period being dependent upon the type of testing being
pastiege N@HSEH - or trial length in  Somatosensory

Evoked Potentials (SEPs) is in the order of.1.second.
Sap! Trige pabedme, 1 seiied lseriaged e poobiegiafy B8
lkHz (1 ins sanpling tine). Once the data has bee
frichsueaneset m@ﬂ@\%lﬁh@é dhe dagrds ﬁ@@f&& fing 18 sgIG G35t By raget
source reconstruction nodule 18 which_ then roqeggs
Typigailyethatiatads Slouedler » padadurlaiersyiripd e EadrreEpd bang
measurenent nodule 16 then acquires and processes
dtreadaonmgrtbe fype détestingfboee slonevin erogh o] length He
source reconstruction is being perforned on the nost
semewtentory EvokelPoTntnle ($HRs) i imtheiveder of ! sfcpnds Sapling rates
met hods known in the art for performng source

e Rnader e ini thord SonfriEHz ( boosasipliog tinoh @ngpitheadafajhas been

i nvol ves determ ning the type of electromagnetic ]
FGitiell hid/avefdged) tisresulisis piykbetocttielsonadeaetonsttictiommodilp &8 evhich
(ECD), a noving dipole, a stationary dipole, a fixed
HeRPkReeddfo fereRP Dvatcedeqnitctian b Greaadli The weampesnt
whi ch attenpts to determ ne the source of activity
tLYaaKAB thdaSciiEiRs Bhd ROt hRERbmagktid drtnfrbme nabvitol while
descri be el ectro-magnetic field distributions of the

gﬁces%fce PRONGLESonAS béidd batforRbesethenttet scdnypiatal | y
epend on the position and

There are a number of different methods known in the art for performing
source reconstruction. Source reconstruaction typicaily involves determining the type
of electromagnetic activity, such as a single equivalent current dipole (ECD), a
moving dipole, a stationary dipole, a fixed dipole, or a regional dipole, and creating a
model which attempts to determine the source of activity through the use of

mathematical formulas which describe electro-magnetic field distributions of the

electromagnetic activity. These models typically depend on the position and

" orientation of the source, the position and orientation of the sensors which pick up the
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orientation of the sensors which pick up the 5 WD

2004/ 068313 PCT/ US2004/ 002392 el ectro-magnetic
signals, and the geonetry and conductivity properties
conductor (head or chest) ti FSTAIS20048¢2392
are several nodels which are known in the art, these

OB e PS5, RNGE B0 P B A e
OB RLaTR L e R B B Mgt

5 et oS P08 A, B e
B el BT SIRYRG, Lo, 1o, Breber e
MRNEAE LT B DR IR
AT AT TS

respect to source rqqonatruction/stabili%élcan b bl
delrdsdo sentipred dinglepesitions indhe sopse apage afoppy Be SLP R

di pol e source reconstruction_(using Source V2) tak
sunoastpogitien. ofys suchy the wecerfstrugterbdigples qngy feppepptfhe g??r%pm%gble

i nt egrated neasuring/source | ocalization package 15
{onfeanoSGuRCE) is able to reconstruct dipoles at one or
several preselected |atencies after each neasuring
epochiiting atlinafbwre mverstgitiog at hesrdbn latengsie go #Ams post

i nstances, several hundred and up to several thousand
AULKIAOPS finger/ huabutinndadion)the date quality/SNBraf e dakrewillengppsgt to
the neasurenents. Due to enhanced conputational

RRk QLTG0 BlbilliyZoad be aleghed drling in msldingy finees Bngle
architecture (threads), online source reconstruction

fn%&g Qigghees@hfce eReaicliauusph § st VL) niantiow Guapoy state-of-
(EEG ECG) and/ or

AROREIOENCER) AT RILRPAWITRG NI GadE iigalimtiyn fAvEFeMCC)
becones possi bl e.
(SCAN/SOURCE) is able to reconstruct dipoles at one or several preselected latencies
after each measuring epoch/trial after averaging the data. In some instances, several
hundred and up to several thousand averages are required in order to improve the
SNR of the measurements. Due to enhanced computational performance, optimized
algorithms, and software architecture (threads), ontine source reconstruction for
electroencephalography/electrocardiography (EEG/ECG) and/or
magnetoencephalography/magnetocardiography (MEG/MCG) becomes possible.

In addition to the source reconstruction, the source reconstruction module may

also include known procedures for spike detection/event counting 22, SNR analysis

24, and for overlaying the results on anatomical data 26 (as shown in FIG. 2). h1 one
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reconstruction nodule may al so include known
procedures for spi ke detection/event counting 22, SNR
anal ysis 24, and for overlaying the results on
WORLWHH68343 data 26 (as shown in FIG 2). |n BAEUS2804802392
2004/ 068313 PCT/ US2004/ 002392 enbodi nent, the source

é‘gﬁ%ﬁ%&%ﬁtﬁ% iggug'ge’rrrggéjn%?ucgiio%{ ﬁ{odﬁl% rﬁfrﬁ Sﬁ%ﬂﬁ_ a8 \e8&Ht detection (e. %,

etecting e eptic spikes) or

S rRee PO SH oRD P e B R AR P bint
T
intheromiehiid fagi AEmatia s Giek dnd kRt dbios opipna
S gy sy PREBH TBPE T PhARD Yo R E] 2flees com
bphddsg’ £ IPAREAGED RS EPARFEF STICTAIN A P ENERS "oLuns alys

averagin of the measured data takes place. Typica
ﬁaﬁwmmnggmﬁm@§%é¢%h$h the order of 200Hz 10 (5ms).
After automated spi ke detection/threshglding of the.
ongoi Fe EEGdut fovendlspitmipikegecangsirHoR Ul H 0 fEerasine
(source reconstruction is inplemented as sepay at hpw
of ilemidagureddasatikesplache Tagiotsanplingririce s A the Qer g 200H2
package in order to avoid data Los;? for a .
Eseseh fatatbraddanivy detertin/thregiwolding pf theengpingFEG, dipoles can
advant ages as above and accel erated and i nproved
epirdcopitivetef onlie (sare eemsinomtiod isigmissiented ag sgparite, low
‘possi ble. 15 In one enbodi nent, a feedback Ioop 30 is
iploBeNHidAd Gifthi @oquivitidn/edrastruntias packagnin osder ipavoltbdatd lgss)
acquiring the el ectromagnetic data. The feedback | oop

GONY prodefected atamy ainRirange with thé eanacaivinsiges enalprvosess or
stops the neasurenent after a certain stability

Gl 1 @@ Bh DinpPNRd kepilepé foc@lotalizatiaiidiegnosie bemvstes possibbn
enhances the possibilities of and adds value to
di gi t 3 oheEenthodintM GRIBSIKAbSYITRIN commsnitaivantith the
measurement seiup that is acquiring the electromagnetic data. The feedback loop
controls the parameters of the acquisition process or stops the measurement after a
certain stability criterion or SNR is met. Online source reconstruction enhances the
possibilities of and adds value to digital (e.g., neurophysiological) measurements
since it provides immediate feedback over the measurement setup and the data quality
as well as the subject/patient condition. With confidence ellipsoids or scatter plots of
the dipole locations the increasing stability of the source position due to the increasing

SNR can be monitored and systematic setup/configuration errors can be found

directly during the testing procedure.



© .20 since it provides i medi ate feedback over the

nmeasurenent setup and the data quality as well as the
subj ect/patient condition. Wth confidence ellipsoids

or scatter plots of the dipole locations the
WAchEH3NY stability of the source position BERUT2804(0A3892
increasing SNR can be nonitored and systenmatic

dur | no Eanf ée??f‘%{éﬂ‘iaﬁ%%%%%?%% %%f’%%%ﬁﬁ%%éﬁ%ﬁl drawings
P T . f.or. LR, .
L
s U AE NP N .

h d d ihed, .it will be obyi to t
PR B BREmodFPeichi e b e Ve o ecies s brosdy
PP ABEPES SoBRERISL (oS4 Poteeips ORIt b

protection sought i intended to be defined in the
FBRRaT ge SPeTtEn fhe oty s e ieweg iptbei proper

per spective based on the prior art. 8 Wat is clained
| RErspectivi basef 9B dhesigp Aitsi ng acqui ring an

el ectromagneti c physi ol ogical signal; filtering the
signal for a latency range; perform ng a source
reconstruction for the signal; and using the source
reconstruction to determ ne an appropriate |atency
range; and refiltering, if needed, the signal at a
different |atency range. 2. The nethod of claim1,
wherein the step of perform ng the source
reconstruction includes conputing a single equival ent
current dipole.




3. The nethod of claim1l1l, wherein the step of
performng the source reconstruction includes
conmputing a noving dipole. 4. The nethod of claim1,
wherein the stop of performing the source _
reconstruction includes conputing a rotating dipole.

d of claim1, wherein the stop of
g@?f%fcr’f‘ﬁﬁ%@ e source reconstruction includes

corfpubinmehcad eeemprisivay  di pol e. 6. The nethod of claim1,

wher ei,p. -k f performng the source
reconé??%@fq ayng'fgﬁtg?rﬂ t!ggﬁ%%%pg]lgalgqua ed dipole. 7.
The rrﬁlltehimdthésighaiifmeilatmrraig‘el;tge stop of |oerfornrltn_gC
the s . reconstruction includes using a concen ri
spherg%ogﬁﬂ aé%‘ﬁ‘&%&%‘?&PSW@F?O”@@ sighl; 3t hod of claim
1, whesieg thetsoarceiréportrup®di] ©IdBkdMhind ¥h SPESHRite latency range;
recongtruction jncludes using a Boundary El ement
Met ho%%{@ MNgoff fifzede 2q At adifsrent Giterpyganga. hod of
claim1, wherein the step of perform ngElt he S?u{\/g?h ;
truction includes using a Finite Elenen o]
E E%ﬁ/p%%‘&egf'?dooﬁ%?' et diE Bep ef RerfarRingdhe spuee her
conpréminsigudtibe irhefRsConpusiaaishgld dfivaldnt ber&H af}ﬁié- 9

0 0 11. The nethod of claim1, and further conprising
the step of applying a dipole onto an anatom cal

| ig@he brdthobhef cfemhg dhefeimthé S0 Perhihgihasdied 1.
? ot of

and rther.co ising creating a scatter p
di pofeé Of'%rc f'?%ﬁg.[”dfﬁ.cg'?ﬁléﬂm ARYingdindfeai m 1, and
further conprisin@la signal to noise analysis of the
agAurL € Hle&%%f 8’51%9 I'! ?u%l’ner%?r} tﬁ'e stop of performing the source

reconstruction includes computing a rotating dipole.

5. The method of claim 1, wherein the stop of performing the source
reconstruction includes computing a regional dipole.

6. The method of claim 1, wherein the step of performing the source
reconstruction includes computing a fixed dipole.

7. The method of claim 1, wherein the stop of performing the source

reconstruction includes using a concentric sphere volume conductor model.

8. The method of claim 1, wherein the step of performing the source

reconstruction includes using a Boundary Element Method (BEM) volume
conductor model.

9. The method of claim 1, wherein the step of performing the source
reconstruction includes using a Finite Element Method (FEM) model.

10. The method of claim 1, and further comprising the step of averaging the
filtered data.



- 14. An apparatus conprising: a sensor for acquiring an
el ectromagnetic physiol ogi cal signal; a signa
processing circuit in comunication with the sensor;
and a ‘processor in communication with the signal
processing circuit and configured to support nultiple

- i hr.ead, bei ) X
one o SRR i aBl 1 e B B s e oonivingua ol
r econBorancnatmmicalichae,. 15. The apparatus of claim 14,

and further conprising a display nmeans showi ng source
reconstruction results overlayed onto anatom cal data.

162. Therepipdrd bng oaé ocb!airnti? 16 11kes ﬁilrfhe]'f B@rlrlﬁﬁéiﬁgigreaﬁng a
acquires G.data., 17. The apparatus of claim14,
mheré%aﬁtefafgt%fé:ﬁ%@?loé’emﬂsres EEG data. 18. The
apparatus of claim 14, wherein,the sensor acqui Les ECG
d 19, The a r at f claim14, wherein the
sgﬁs fie BEfar ng'am %Eﬁl @ﬂgewmw%%%n%fw peise prglysis of
conpihe abqeredatisioldghtal @tael ect romagneti ¢ physi ol ogi cal
signal; perform ng a source reconstruction of the

el ectromagneti ¢ physiol ogi cal signal; and using the
s bl Areappeeatas tompiisio to nodify the acquisition of a
new _el ectromagneti c physi ol ogl cal si Ign,al s. 10 00
a sensor for acgumng an electromagnietic physiological signal;
a signal processing circuit in communication with the sensor; and
a processor in communication with the signal processing circuit and
configured to support multiple threads of execution with one thread being a
measurement module and a second thread being a source reconstruction

madule.

15. The apparatus of claim 14, and further comprising a display means showing
source reconstruction results overlayed onto anatomical data.

16. The apparatus of claim 14, wherein the sensor acquires MEG data.
17. The apparatus of claim 14, wherein the sensor acquires EEG data.
18. The apparatus of claim 14, wherein the sensor acquires ECG data.
19. The apparatus of claim 14, wherein the sensor acquires MCG data.

20. A method of testing comprising:
acquiring an electromagnetic physiological signal;

performing a source reconstruction of the electromagnetic physiclogical
signal; and

using the source reconstruction to modify the acquisition of a new
electromagnetic physiological signals.
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