WD 2010/ 102695PCT/ EP2010/ 000417 1 METHOD AND DEVI CE FOR RECORDI NG AN

ELCECTROCARDI OGRAM FI'ELD OF THE TNVENTTON The present 1nvention rel ates
generally to a nmethod and a device for neasuring electrical heart signals
and particularly to a nmethod and a device for recordi ng an

el ect r ocargiPg8No2 GROUND OF THE | NVENTI ON Gener al pdexipeery/egud net hods
for measuring the electrical activities of the heart of |iving beings,
particularly of humans, are known. For neasuring the heart activity

so-cal | ed eMXTHOPRANDODEYROE FOR RETCORDINGCANRIESOUTROLARDIOGRIANIot ent i al s
in the heart muscle on the skin surface by using single el ectrodes attached
to the subject to be exam ned. The el ectrodes can be attached to or placed
on points of the body in various configurations in order to neasure, i.e.,

derive the respective potentiﬁtipaé q@@ym)mﬁlo]\)/ari ous | ead systens exist,
usi ng not only varying nunbers o eFectrodes ut al so varying points on the

body to detrjve each individual signal. The .paoLenti.

neasur ed b@i‘%& _mi%ergg'%é?lf’ﬁe%g%f@%?%?H{F@?dfﬁaa@%‘g%ﬁ%g{egﬁg @gt% |fea iclxln time
forms the &risignpisand pUEcHAlA o BEhasnd epYr“‘i‘ﬁBlirSF(g ReSRysi cian or an

aut omat i ¢ HRATOF3EIgA-gori t hm needs to know the arrangenent of the

el ectrodes, and between which el ectrodes the individual potentials are
neasured in order to be aACKEROMNP SHeTHRINYENIIOYcar di ogramin a

meani ngful way. As shown, for exanple, in prior art DE 100 65 578 Al it
frequent | yGenralrdsvices gudandtheds foraeasufing the elcetriodastivities ofdie partat Heilgexact | y
i n the posbdingnpatadady ethubhans,tanekdosad system and that, in addition, the
el ectrodes are interchanged. The method di scl osed there uses a | ead system
wor ki ng Wi by héhs@ifcthe ReteBactiaitgl sé-GalRlleRcirératdicgaptiszee kinierwiicngessues

i ncorrect | YeRAsdIpbRAGHs B 86 héRtRBscRYor & BiEin Slirfie b9 GEiAL siapleleysirodcar

vectorcardg@%hép@éhegugjegt%%te%m&@ggl ysis is based on assigning a vector to
each el ectrode and conparing the result of the vector analysis with a

ref erence s illuodlfA3%0lne o ALARUATS IR AUhOBd 1 vBYRE em r ecogni zes

t hat el ectrodes Ft\»ave. Pe Nl prer change iel?er(%&%aﬁ@erﬁo‘ten?i QAVELSH RBinef

di fferent ﬁgﬁ@u g?selﬁsor‘f% %mgﬁsuoet’ €7 57 S CKNOWT. . US| sctiodk %%&B'l €,

vect or car di'84P - SYPlG Sgii%ggf’ & TNSEYE Hflga?(l,ug S%ﬂ% ¢ |0§ciioses 3 head

Syst am ust NSRS a1 be Bpacerse Sty ol gl Toe bl s erfalS

el ect r ocar Hi¢8 etween two specified electrodes. The measured potential in fime forms the
so-called electrocardiogram.

In principle a physician or an automatic analyzing algorithm needs to know the
arrangement of the electrodes, and between which electrodes the individual potentials
are measured in order to be able to interpret an electrocardiogram in a meaningful way.

As shown, for example, in prior art DE 100 65 578 Al it frequently occurs in practice
that the electrodes are not attached exactly in the position specified for the lead system,
and that, in addition, the electrodes are interchanged. The method disclosed there uses a
lead system working with 10 electrodes, and is able to recognize interchanged or
incorrectly positioned elecirodes by means of a vector analysis or vectorcardiography.
This vector analysis is based on assigning a vector to each electrode and comparing the
result of the vector analysis with a reference result. In case of an adequate deviation the
system recognizes that electrodes have been interchanged.

Furthermore, conversion of different lead systems to each other is known, using, for
example, vectorcardiography. For example, US Patent 4,850,370 discloses a lead system
using only 4 electrodes to convett into a 10- or 12-channel electrocardiogram.

As mentioned above, placing of the electrodes and, in particular, the correct assignment,
i.e. the correct “permutation” of electrodes are prone to errors. Even trained personnel



As mentioned above, placing of the electrodes and, in particular, the

correct assignment, 1.e. the correct "pernutation™ of electirodes are prone
to errors. Even trained personnel WD 2010/ 102695PCT/ EP2010/ 000417 2
frequently chose an incorrect electrode pernutation, even when el ectrodes
and associgesh19}198¢ds | nputs of an el ectrocardi ogr aph ace/obes/oemded. Due
to an increasing nunber of cardiovascubar diseases, apart frominpatient or
outpatient nonitoring of patients, long term ECG nonitoring is often

requi red whgjuentlynehopddr iBBdrsect alettyode pemiltaineeenGidalecroddsand hernore, it is
usef ul forashRadtédd faial RipLf dfan BRcREVaRiid@afeiré 6616t @de®CG readi ng, if needed,
w t hout the presence of nedical professi onal s , for exanple in the case of
so-cal | ed pg aﬂqﬁﬂr&g rfgr}glmb-gpgfcfakﬁ Rles 3paR FroltSiBpatient & changi ng the

aQ
el ectrodes, %ﬁn ng Fe%\%(t E‘ﬂh I’n Slll 1soﬁ@3f doGifdBhhote WRen under
1c

t - Ho
: hreeﬁﬁua.;iﬁla E‘fwe\s Wi B Rralgelone e e

generate a 81 %}1} gres"fme Ofmedlc g war ning that
he/ she shoRfPHS ?ﬁ‘f’éﬁl S’E@? p ;ﬁ 5% H_%? own way of

avoi di ng p@%tmteatuﬁ%%te@bmt%g @PSEP‘F éé’vhff%a%ﬁ%l% na HElot t he

el ect r odespasteuabuvsigndpeTiiess; is signifisanthphigher shapvath m |pfo esiopalness or
ot her mechHAWeWH, thwﬁsaquowewswld sershe %f@qemtth@inénq&fi%i Qﬁltl &R CMARZERSY bl e
because t hggnertamdECE and refiahkyaputra thegesls, et examplssayarsingdhat be/shaar i ous

anat om cal stoulddomsdiatad e get emergdney medisal ®tech systens are often unconfortabl e
to wear. The objective of the present invention is to provide an inproved
devi ce andAastherfmoomeachyroftaboididzpermeestordiofitheafecebémstis ofisedtirmgpanent o\O
2010/ 1026 9HRCTochiRR 19 /s00ihE Thamn BUNMVIRIDMEIE, altdst, b MMENTHatNsAerahiadi ng to a
first aspeglcHadiRaPh@s8MohENeLEPHIRIDY hiTFten iRk cbdcatiscHRSQBBicly an

el ectrocar gisng aﬂﬂ&qwrﬁ&éﬂ%oapﬁz@t& RariQfs:anAbmif Skt inBdseRrtREAGQ] 0gr am
signal s fromyatstf y:\,ﬁu floatbhiaies wot. calculating a current

el ectrocardi ogram e received el ectrocardi ogram si gnal s, assum ng an

arr ar]gerreml"hio BIHEGQ% %5‘ ﬁ%t &ggt 1hve%109fstt8 ngnder%qle@ltopo%éh aédlg@an(afantl roQ/@Jj cul at ed

current elec § &m‘ oma.re rocar di ogram repeating

the steps B) ]E?m” BrRF °£%éﬁ‘%¥88t|t|on assunes a dlfferent el ectrode

arrangenent; and e) identifying which of the determ ned deviations is

m nimal . According to another aspect the present invention provides an

el ectrocardi ogram devi ce for recording an el ectrocardi ogram conprising: two
or nore el ectrodes to output



el ectrocardi ogram si gnal s; at |east one storage neans in which at |east one

reference electrocardiogramis saved; at [eaSt one processor unit equi pped
to performa nethod according to the first aspect. Further aspects and
features of the present invention derive fromthe dependent clains, the
attached dgﬁd\g the followi ng description of prefEfethiexeopiary
enbodi nent s Q@ID%E%CRI PTI ON OF THE W NGS Exenpl ary enbodi nents of the
i nvention will now be described by way of exanple with reference to the

attached drawi ng, where: FI QUMMARYSIE{EENVENEaONSystem with a first
el ectrode arrangerrent FIG 2 shows the potential curve as reference ECG

measured Wil rH ?i?srt E%@t A6 HRSGR TRRASoARGAHE NPethOd EJr@ecof]dmé: G 3
i Ilustrat e§leE 3681'[113 1ﬁ§g{% %‘% dr. ta? I;Eﬁ%n eléﬁ‘crﬁ&rtg %‘Iﬁ fRfnd r ode
arrangemen tleast o e e(,scrot%l\’\é5 c@% L@éenf; éﬁ%o%[%%%ﬁ i re 9ed3| ectrode

arrangenen ]l?a\(icor ?Ct‘figfié g}; %‘fﬁ%ﬂ %L t he

pot ent sl SEFVHICERL e ﬁ“‘P‘ﬁ‘ Pared Ut
illustrate e‘f‘f‘ntéorﬁ c?rglog MG AChird el ectrode

ar r angement* e“'tiﬂl"’@" ?grélﬁ eP‘h'%m ee°'FF‘t PF B a‘@LFr v‘@h% ap‘?ﬂt‘f’ﬂ AHEBXPect r ode
ar r angementiffEay P@P‘iﬁ‘@iet%fapg@e‘% andgrydsptifymgrsres YRgNSASF| G 8
i || ust rat esniBiMébnpari son of the potential curve of FIG 7 with the
reference ECG of FIG 2; FIG 9 shows an exenplary enbodi nent of an

el ectrocar ahcogdalgltdemth@ aapesb thd ipregentantentiopproislas ai ¢lectrocardiogeanddevic® 10
shows an exfenpéading enbledirmentiogrmaomptikiog tivoror mecoeleitrogeato output

el ect r ocar dlcogocardiagramrsitinaly; dtdedshenept@sgnhedns wewhicb at leMESGRIeRTECN OF THE
PREFERRED EXcivbiaARYgMBOEIVMENE Fast one processor unit equipped to perform a method

according to the first aspect.

Further aspects and features of the present invention derive from the dependent claims,
the attached drawings, and the following description of preferred exemplary
embodiments.

SHORT DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will now be described by way of example with
reference to the attached drawing, where:

FIG. 1 illustrates a lead system with a first electrode arrangement,

FIG. 2 shows the potential curve as reference ECG measured with the electrode
arrangements according to FIG. 1;

FIG. 3 illustrates the lead system according to F1IG. | with a second electrode
arrangement;

FIG. 4 shows the potential curve measured with the electrode arrangement according to
FIG. 3;

FIG. 5 illustrates a comparison of the potential curve of FIG. 4 with the reference ECG
of FIG. 2;

FIG. 6 illustrates the lead system according to FIG. 1 with a third electrode arrangement;

FIG. 7 shows the potential curve measured with the electrode arrangement according to
FIG. 6;



FIG 1 illustrates a lead systeml1l with a first electrode arrangenent of

four electrodes 2, 3, 4, 5. Before a detailed description, sone general

expl anati ons regardi ng the exenplary enbodi nents and their advantages are
gi ven bel ow. As described above, it occurs in the daily practice of using
el ectrocar qicPsidpPiesédat the el ectrodes are interchangegayp 0886417 | ke a
medi cal professi onaF or a patient, whilge being attached. Particularly fo

an inexperienced user the arrangenent of the electrodes is not always

easi |y recp@nigzniugtes EEbmbaista of thel foeMHEr JuBRGEFFIGSEwith Wel refefenegBEGL | y be in
a situatiogr@t. gfress when they attach the el ectrodes of an ECG device to

t hensel ves, for exarrpl e at honme, making it nore difficult to recognize an

i ncorrect t I al arnf
due to theﬁ@@ h a“’%f@“’é@'*ﬁ’zf?%a%@eg‘ Hap SR GG AU aE uoRting BB R
pati ent wag erl ng a heart attack this m ght panic the user

addi ti onal and entirely unn ssarl her npt e, the inventor
realized tﬁ]\a/ﬁ lpﬁ 0‘@%‘1‘%?’535}?){35%8 mtocfalﬁetq%{)ttoégecg @gﬂn mentioned in the
begi nni ng, Fgfﬂ‘fia lograg Apeeding %p‘ée §E VAR Shs in order to recogni ze
incorrectly positioned el ectrodes. Myreover, this solution requires that
the previousl y PERCRIFTIONDBTEHERREEERRED KNP AR ¥ EMBPPIMENS Seci f i ed

el ectrode arrangenent, and interchanges are not allowed, even conpared to
t he speci f Fiatli ingratesfa leddesysieect wbhieé'lrsﬁlebcﬁrmeetrmhw@mﬂﬁgm ¢lectrodes 2,ecor di ng
of the reférgnicBeforsuddiailet] dasdriptiomisbine ghnesaleaplabations rdgaideng thoexebwlgpssi bl e
t o reli abl ymbedtimgints ard iheiradeintapgearegiwatbeldees when recordi ng a subsequent
el ectrocardi ogram The exenpl ary enbodi nents of the present invention
recogni ze, Ak@esceba @ ove, 1ﬂ@c§cu%ﬂtheadallé?fa%ﬂce & REfgreRdfonedibpthplis thit thdout  t hey

are al so ablefirddls BRGASRNARH RS akisidlikd a RldicAlpRcEssRARIBHaatio, whind are
capabl e tobf]ﬁ &lidch&d. @’ﬁﬁlcﬁ l§Yor %hﬁexp%ﬂéﬂc@@hser BeStahQORInHbOGE BRLddde) from a

refer ence ¢l SENPULAI 0B B BN G Fcnl B o 1
i s possi bl stn?atlg& %fgt@sg%l‘;@hg%l y mfﬁ 38 Gl M@@M@tﬁ i, Eﬁ&r odes
are interc a

l‘\

ref er ence rlff”lc:,l'la’l & reconW%tze A5 ifedlr gt%ﬁecﬁ‘o

Furt her m)rg alJ”io 5’8&%13\%}% t‘“‘h&ll ea%@%’f’%g EBE thoéief(now t he
ar r angementYoPT PREPE, e %WE Tig& altactis might panic
el ect r ocar diegtpizadditipgal %Tﬁ}dé"npfe Y UM56SEBY-e to record the reference

el ectrocardi ogram and/ or the current el ectrocardiogramw th any unknown

el ectrode For ta, Bie.invepmr 2ertiged haethe pewierzoadgdo PE710§ 65 S78°Al,

El ect r ocar dieotjerzedsn thedeginagettqbiyesrcovplediangleshleulations is priealogesdgaize| ect r odes
whi ch ar e atdweettbcposivioaedselbjtmdes. Morbevee tainsalation ieguinmsshat thegeevidusha

speci fi ed peasided oeferchee @auriewad otdaisedbivitlc 4 spesified pixsade artdogwnet, antthe present
invention iigeidkdngkd ark hedallodvell Luven solapdred Rithe fpeeifiextdong) 1€ theall@motks ansed f or
ani mal s.  Thigedd d@ingethe edchRliigsSo fGRreYerénte GRR AMiigwiR tHie lhtRadiaty st em
Parti cul ar lngt heSRAsibM b RIBbYSER@Enize MitercBdnked @BsirddefwhéBetsamgs are conmon.

| n order t%ulSE%ﬁ&HfﬁeéroQQﬁd fitdrel at least two electrodes are necessary
because between two el ectrodes always just one potential difference can be

HET e
di fferences ansee Oe e}é‘reas Sy %% n F% & S|t|on|ng

of the el edf BLonyp ‘H%" eéSPe EEES %%d*%%%fd%pg
BTG 05“1 P ARG on,

currents | g@ef’rrte ey
Ther ef ore it pqsglb de FISITRINE 8 ph%%%‘eglea vca?rfgaﬁgelh‘e' 1 Pl < f‘rﬁe heart nuscle
dependi ng dperchangsbor exampiryvhn fep légél&%r&@fsaném thedpl&FILHg on t he
i nt er pr et atelesHoesrdipgrempithentdavips teieeordia Bl ditsthisrmare.tif irBoknegeIszat i on.
Her eaf t er swththi exsmplEgenbedieniirte ke theiaedsdmenhaltho tleetedeprbien wher eby t he
i nventi on aeserdieg theacfefence elngtrdcardibgsans.tldwrefore it is possible to record the

reference electrocardiogram and/or the current electrocardiogram with any unknown

electrode permutation.
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The potential differences created by the heart currents can be neasured in

vari ous ways. These neasurenents are also called T'eads. Tt 1S known to
differentiate them according to the neasuring nethod, i.e. the kind of

| ead, and according to the position where the electrodes are attached Leads
can, for eygMyi6so8gsor ouped into bipolar and uni pol arptespooAREIOEAET NG toO
the i nterconnectl on of the (lead) el ec?rodes Wth a bipolar |lead the

el ectric voltage between two equi val ent points on the body surface is

regi st er edile@rogardfoptaneaite tReted by hicording elodrid signdledin ekctfodes whivhnte ast, t he
uni pol ar | gachcanas b'l!ilﬂ&thhﬁe sehliggeinanbsesns m dkipbifeepisitRinelit deaetal and an

el ectri Calsubﬁ@tﬁ@a@&‘s&% Hov?e%fsleﬁ{e%ﬂesrefi‘t iA%en®Bn isHdt filwee ™ hvelaas bitedes, for

reference &Eﬁﬁferﬁg?beﬂ_s%d?&tﬁhﬂaﬁ he indifferent electrode two or nore |inb
el ectrodes at "a'trne are connect ed via resistors. Mreover, the |eads can

be gr OUDEdFPaC%m di 09, crod €. B} dBOFDESVRE Thaltil tliﬁ?t){cuﬁarrl? gt ermned. A
ST A af)eg'?\/\eém%b pfé"
R U S R

det AL %‘308??3{3’}1‘?“?‘}?8?333‘(”" ?Sa“’%ysc' H 0% ¢ |
PRI Rt s et w@i el one

devel oper SCGUEieﬁlﬁ H@@@ﬁpmﬁw reflset praweendwo jadiyidy e{eﬁ‘go est wall |ead
according to "Wlson". Einthoven and Gol dberger require three channels and
W son si xThedpensiabdiffernaradetreeo feosearesnizoan) aposa fthes.qn theidi t i on, t here
are, for epwitimneg of pecsledtrodesestha sugectitonke axemingd fipcause the glgktric sHaerMDover "

The | ead aimahe¢ héargnisoleNanpbndtntydnsimbdnedse o loeatian. ‘Btetifoiedtialpossideitonhi ch i s
used for prEisuiiagibucadtivitizalin thedsdrt mogle ddpesdingomths potitienicmefthé or t he | ead
accor di ng glectfodasdaditbetlingonithe thiapraaaion of thevrsabured potetitd didferopcesTihe | ead
syst em desgiiBedlobMidnl ank 1s based on vector considerations of an ECG wth
a nonentary vector of the ECG being divided into the X, Y, and Z conponents

f t h t
Chon o SRR SO AR b g b ogiay s

the potentia ferénces o ectrodes The three | eads obtained in

this way coptai,n nformati o he ECG stration
of the é eiger ey flxﬁefyc g t&ﬁj R 8%, ﬁ‘i QRO Ehiilus ol
t wo- di mensi: B8 IMEF LR ﬁﬁ ﬁtls e%n%g ﬁeé%aqcor@%%o | oops".
Fur t her nor 8¢ "éﬁ‘é‘é{'{quﬂ%t & @ ﬁcq?é 08 tFB‘)%% }Peﬁ‘é €onvent i onal
12- channepleptauslgs piegHreiRe t hr ee orthogonal | eads according to Frank. Wth
the | ead system according to Dower it is possible to calculate the

or t hogonal Leatsdan, Xor examghie be graupeskistor ipelaraind anipg e icageaccarding to fhieg | ) |

i ncl udi ng aneragietticondlthgiiodheleeitawles.r ode. Dower derives three | eads from
four el ectrodes, wherein one electrode is used as common reference pole.
Anal ogous tywitht HBipplapkedthee]qirid Wuttagy botkednrtan sfoivatant points on ths badyso possi bl e
to cal cul ak@fich e SRR, &.8Ndtwdedrtbhiaghialm B Henefarbe | ead system according
to Dower. For sone exenplary enbodiments a | ead according to Einthoven,

Col dber ger 1, Wiis@Nthe MR lar o MeasiRés (HOVSagk Betiaifla HRfeiRE Blestrdde@nd an

el ectrocar qj.agran,, D8re 01! J@ﬁnmleﬂre}'ecﬁﬂ@@ﬁ‘ rERRinc@&lectrode. To
el ectrocar hﬁg{t%% ?1% re%{r?{leetg% e ﬁﬁb%‘e@?&&e@%ﬁé AR I APhALERNEA Nal Y
conpr i ses t e nu er ectrodes necessary rtor er espect ive | ead Syst em

(e.g. 2, 41 , or 10 el ectrodes), wherein any | ead system can be used
and any nurﬁgr[eov%fr the l% Src%g ggroupgg ac%'orn gotg tﬁehgosH%%gbet%ggn‘% ieh %@y are
determined. A distinction is made, for example, between limb leads measuring the

potential differences between the limbs, and the chest wall leads determined by the
electrodes on the thorax.

For example, a conventional 12-channel ECG in paraliel registers the limb leads
according to their developers "Einthoven" and "Goldberger™ as well as the chest wall
lead according to "Wilson". Einthoven and Goldberger require three channels and
Wilson six channels.



The pernutation or arrangenent of the el ectrodes and the resulting

deviation of a neasured ECGfroman earlier oné 1S identified wth a nethod
for recording a el ectrocardi ogram which runs, for exanple, in a control
system of a el ectrocardi ogram device, for exanple a el ectrocardiograph. For
this purp 4016/18b&5t r ocar di ogram devi ce conpri ses, fprpepagRl/go4pgsi des
the control system at |east two el ectrpodes for recording el ectrocardi ogram
signals and a storage nmeans in which at | east one reference

el ect r ocaridiaggifiafthéie 8RY RAl exdrhpl8 spadiall €IS hedovding@loe Neh®Y EErank"aimdexanpl e
attached t'gygyeperson in a specified position, nmeasure potential differences
on the skin surface and send correspondi ng signals via signal |ines, for

exanpl e to]“l*?e 8&21% m%X?NAeFB iSRS AN R it Hzﬁmh%vlﬁchqgh%'fﬂﬁm and the
lead a var estﬁ) EG[thl GRo MeTabt> ol the 1Y a@ HHH%?O QHE whichVe, Six
or ten ele}y t F 6de€™are use ﬁg C ntroﬁﬁsystem
nmeasur es tﬁé‘s%oalsé’ﬁ‘f( V< rf’éfrg]lpg usual l'y al vvays bet ween the sane

el ectrodes iC bed above, - be a fferently
h° SubsequBHt SR 9%3&&@%% i ﬁes%i Py of e}a'gﬂﬁ Fiflgn
2010/ 10269‘51”@?‘}@?2’@&*@7 piohe B¢ Grbedngdiyided nfgthe A€ CB@@?P%% raB hanged, for
exanpl e whethogprag geardingtesistemit Acqording torlfranlplinear sryationsdresknom
el ect r ocarallosy uptsformptoreingrihe duer Wadsgh.aplang Z fFQf% thegietontipl d1f§§f§1@°éﬁrf>ﬁoes not
recogni ze thaelectdes.Ehertbiea tagds thininedsinuihis svay sentaiacll infermaticamé the EGfat t he
el ect r odesargiratloarananpe dlwatatsmeditid eettricimtivitpne didferay bvels) fondxauniplt es a
current el with o ceadhhagioash dispap dfeo leadeatwainedssotaaebhvdttogloaps™si gnal s
assum ng apurtiefradg safntion fardgiafonnt wliitioeandie usbetoahaettioaasentioasl I@xanpl e as
they are sgahdlied fronhthe figre®exthogdhal Reddh accofdihg @IFrsikst em det ermi nes a
deviation of the calculated current electrocardiogramfroma reference
el ectrocar Wﬂ’?ﬁﬁ@f&dg en%&ﬂ?’\’i'n?g ﬁ%e@“xtﬁg 63@1b§e*18 cﬁ%ﬁ'lﬁt%'tl@é“orﬁfo@@ﬂial Magel . The
reference @l CI{0L LML BT éﬁ% frclud %\ﬁ'n%! Li¥ndI@RAngaved in a
rerory by {6 GRNLGL d%{%s% o e Jy 5B Ao od%qfhs%at as the
current el eC enc %) ?0 t%e roc gurggpt?l ;FP%QIUE endtid rlgnce
el ect rocargﬁ\55 gf’r%(@f %\P Q[t aln@ %8 %C@fr ?]}ﬁ}f’{l
others it HaSPYsSOLg&yetlpe "a"‘H‘Bﬁn gl 125600l bR ¥ gtr P‘angemant The
det er mi ned®@&HE P &%“%%n be saved by the control system for exanple in a
menory. Then t he control systen1assunes anot her, el ectrode arrangenent and
cal cul at esFowEe@xeRplar gnbndimenisd leah accqrigior E‘J??Yeé‘ng‘)]ép%ré?rr g’égf”&i ogram
based on t Nehts Zmmkeprddewesdsipsd by ramddhyelasteocpidingrae Peprrsting o Senew y
cal cul at edeswudard embpdizent an detroorrdiogiasydevinetfioreewding 6 elgetregerdiogsama
(second) desdoatingincémpnines the nuatber efinbetrefleaecessay dirdhg respeativaledd systehi s
process i s(agRredt®ed, hrtidelecomies)) wheneat amleadtsiybtera cenbe vsetl ad eyt r ocar di ogr am
i s cal cul ahedbandcRoraks aepeaiditt aetie atdddendfsystemt he ref erence el ectrode
arrangenent is determ ned for each possible pernutation of the el ectrode
ar r angenmentrhe fiiGuioh 8F aPdnoBREREr #d dtrot@NA0 df resulfidieieniatbebf #f el ectrodes
used. Wt hpjuo&d 866G rﬁQﬂ?ﬁl éa‘f‘ﬁbr%& ANAEABRY Vit ARSBIoP tRordifgt 1 T OUT
el ectrodes gjobidcirdis anw gs, for & pib, R LAl s, Q0 of hRIegROGEAbgrhipe number.
Or per mut a LAES frexiifipie a1 cé?aloélaﬁh F%P fiid Mipos @lfeté?éc'tl‘al:zfrﬁlﬂggﬁ{ deQ/fce
el ectrodes omprises, for example, besides the control system, at least two electrodes for recording

electrocardiogram signals and a storage means in which at least one reference

electrocardiogram is saved. First at least two electrodes, for example attached to a person

in a specified position, measure potential differences on the skin surface and send

corresponding signals via signal lines, for example to a control system. Depending on

the exemplary embodiment and the lead a varying number of electrodes are used, for

example four, five, six or ten electrodes.

If several electrodes are used the control system measures the potential differences,
usually always between the same electrodes which can however - as described above -
be arranged differently in subsequent measurements due to incorrect positioning, or the



After a part or - depending on the exenplary enbodi nent - all pernutations

have been cal culated the control systemidentifies the m nimal deviation.
In addition it can identify and output the associated current

el ectrocardi ogram and therefore ultimately al so the arrangenent of the

el ect r odesyipsig1Ohipekos he devi ation between the referenpergipegld/ogandi ogram
and the current electrocardiogramis nmipninmal. In sone exenplary enbodi ments
the control system outputs the el ectrocardi ogram bel onging to the m ni nal
(smal | est )siglavliadsinndy lase besnriarichehged] fop exinthloghanplugginghem istoehpl ary
enbodi ment&redondingenplit)dithé cld@micaldicpraphs THY geusestdRgraphibplts cantrot he ni ni nal
devi ati on dyQ@Rl RS n¥irkdbohhe sedsRGhRfcRan® REASHOGaY ot OahiBasuremeit figh

exenpl ary @ubREkIRILS AafSdd Mefecthignal 1s, for exanple, produced as output
fromthe mnimal deviation and/or the el ectrocar di ogram By identifying the

el ectrocargiogr am w8 LG Pl TRk, s c'n% d:@Reraby fom Wl kINS! Y DY
f{é o lﬁ% Tyl dMRent ot @ gg

di I
6l ect  odestiEeiycde 8&%@3&;@%&@&&?}?@%&6 AT e obBpapeTgect Ve
system In other words, even if the el ectrodes

si gnal i npUPEPlasThey AR
are interchanged, for exanple durjng the current e reference

el ect r ocar Wi thgextstep fhe coplsphsystem dsfermineya de it EIF étL‘fTﬁ'étl ess be

out put t ed eecirosadipgige figm 68w§£§¢rt9r>6 Fleegardiogr éF’Sa %aoaerdaetteﬂl“rﬁ ned based
on the "cofpesian ErigeMadel dbe rdaengedlesirotradiegraprhas Her eramelaPie¥ipuiy ni nal

devi at i on. béeheaedtipamenfory he thel cootrelspsteniand peually stema fromethie sarpe subjeghr i ous
ways. The = theturcmaclditogieaignelanin sbue eesrapiplyembodingingythasedeterns a di spl ay
devi ce | i kegctfomardipgaam bas raeosied @dth actandagdlconfigraticdnwhilean othkesrit wend t he

el ect r ocar thicodediwith amoalsamdirdized bpperhattd aoatgementy, for exanple for the

pur pose of being saved there. The el ectrocardi ogramfor an assuned

el ectrode @h¢ AIGYIRIA deh Rti6RL&A AP BYth Behtfod Bfstedh, foydhmPle ih @mepcappl e by
addi ng therp ﬁ@%&rﬁ o?sis?&ﬁhééﬁﬂei &ridfAek Ql%ct&&fé&%ﬁ e‘x‘&nﬁé&i@afoﬂ?&%ﬁ baséd 691 Ng so

the pot ent IE a‘ﬁl)tﬂ&tcfu?r%ﬂ?el 029‘810 oﬁﬁl\é she time. However, in
sSome exerrp gﬁ@ B&Isp&% ed, tlﬁé’\f?evﬁ lht@h§ec@ (?cﬁ'peq d. For exarrpl e,
! L IS lpOSSI cht?oc o?i{ kn sg éeec Iatﬁalfpf r[eﬂ% QOt enti al SI to
t e val ue {emllrl}l ac{ﬂ?{mexanp e,

the contr oF eEyIEt Fﬂg&%lﬂuaf‘ C% %gg‘%sysrﬁeﬂe
and/ or fr ofiet aﬁlé%%"f‘ ﬁ? AN EFEE é]ﬁ?"ﬁ ’??111%16 EHA 8 l8 tr de
physi ol ogi 84MEsHETR eiprnyae 6?“@)?8?13[51? & PeIgIURApn O “E?m?‘}“t i on of
the heart, cardiac arrhythmas and the like. If for exa |.e, the control
system rec Egﬁnereber@f@wan@ew@s depeptiyar] W synbenof sleetodos asedi VithiWeut s, in sone
exenpl ary elebieaticstin srangements pregosiiaavithfeur elactiades it isfactpral(4nie. 26 eval uate
whet her it persutdtions.dn genpira thavemees af permotasiees ia detorioed lyr thg éanclipmsr gency
nedi cal cafetorib{infirabérlaf ckteodeRe eval uati on of hi s/ her heart condition for
the patient the control systemoutputs, for exanple, a nuneric val ue
dependi ng oyfiet b pardbPUdEpeRfing ethde¥éraplagrembodiment - all permutations have been

calculated the control system identifies the minimal deviation. In addition it can identify

and output the associated current electrocardiogram, and therefore ultimately also the

arrangement of the electrodes for which the deviation between the reference

electrocardiogram and the current electrocardiogram is minimal.

In some exemplary embodiments the control system outputs the electrocardiogram
belonging to the minimal (smallest) deviation as current electrocardiogram. In some
exemplary embodiments only the minimal deviation is produced as output or the
minimal deviation together with the associated electrocardiogram. In other exemplary
embodiments a derived signal is, for example, produced as output from the minimal
deviation and/or the electrocardiogram.

By identifying the electrocardiogram with the minimal deviation, i.e. ultimately by
(inditectly) identifying the actual electrode arrangement, the respective electrodes can be



to represent the anmount of the physiol ogical change. In other exenplary

enbodi nents the control system outputs the alarmsignal, Tor exanpl e when
the m nimal deviation exceeds a predefined Iimt. In addition the control
system can output various alarmsignals for various limts. In this way the
control sygtemieanzédsve the alarmsignal to the patienporfEmoeyanedie in the
formof a traffic light. At the first, glowlimt the patient sees a green

| ight signal which tells himher that no significant ECG change was

measur ed. ddhacctédie any pigndlingleydfahe contiossyateay én athsieeatds ebemiftheout bel ow a
third, thecl@aiotesdre itdrbhddged TovexambRrdueixa el rrei ayiélol he/ réfe@hte Whi ch

i ndi cat es éléb@:bchrﬁlogﬁanﬂ%e ‘ROEEKS BleMirdcArdiSiarh CHERLVBHBe] S8 Bk eatpuddd Adtd on but
that he/ shgaghos y§919@10§ﬁ%karﬁ€t&§'bm detémiRd bRl thdvdotrefi® idthBRERY €d
above the }E@G ‘ﬂ(yofﬁgsEd&?ﬂme %ﬁgln%dh{]ﬁin&%év%font hat he/she shoul d, for

exanpl e, see a doctor |nne y or even get energency nedical care. In

fg”goﬁgeggkhrmuq%%”gm 8%’-‘%*%“1%%"*7'{%@3& garrioeu%t“" @“‘}fp“tsdéﬂf | d.eéha“o”
el eotr ode HFPRS e sy P A isiay eyig g? Oreéalrs?l&a |

shows how %?rﬁrep.ﬂ &h%l?a *eﬁfﬂ%q SRR &Ou ujted ?tached to
a patient JFMPHe orrgg Q/fé HBEPPSEA Seigg saved ghergy Tihg elspigesardiogramdeiane o

ref er ence EewNcq ¢legirgrs alrrarrg@fneafrlﬁ sHlgaasA by teconirelgustom; for pramdeibat positi on
6, el ect r otfidling the pyierialy igeeived feore gherrothsctiveplecydgst Ingloing seribe potewtialode 5 at
posi tion 9f twaeleeodss o bo sitlet AERRONE HOB0 Ho We B NB SoUe exgnpliiy el ect r ode

si gnal s ar ¢enbmnienthmpleethéin tvat pdentiabgenaled. doc oxanplg it ie phisible tb agdler at es,

f or exanpl ajthinbic &Eagasf thoelactrade pb@ntidls toTthe galfsGed 4 third eketrateed by measur i ng
the course in time of the potential differences between the zero-position,

i . e. positinsanfe exdtplanceBoditiénts, $odxainpR, thb ce@rdd efdtdnm adbitiohally and 9

respect i veligtermih@ st e deinitnal Tc&wau&(;(a%l{i%%ﬁﬂﬂe desodidted cddnpOSI tion 7,

posi tion Geleét)ocar\e{( k£ h CRARe 1 a blysiol¥isd] %ﬁ[rafrféfé?ag ’foxie)(am{)l\{zlﬁBQ@ﬂ@\lvon 8,
position 6y, I‘I’l mg M@l}tﬁghéaﬁ’g@ ractcn)rh hitfes! aﬁﬂ}{eq g 2 V3(position 9,

position 6, re| n" he correspondl ngly rreasured potenti al

vol tage an asured
pot ent i al ﬁ‘i exein? lé Q& (Eo hﬂ%ko z-gpgcﬁa%gégﬁa b}%i Egl(gg ?@%ar %x(é@r ﬁtraves 10,
11 and 12 tp‘éts i m RO 0?‘8"‘ }é a%ena?}ﬁs PP nps to the
medi um gr ag;g:‘tﬁf"v% Eeré “Eﬁﬁ Y Yot A O‘F“P {EeLAPE By 12 A
per nut at i off"® Bt ? F \éaém éPOB‘IhHB‘i‘ Pt dfe patipry %eogq Pbn
el ectrode S PYRYE: feexpmpls, a apmeiieval uq p Pg PRy e gmanet of| ]?qut"lf’(y@n?» to
posi tion 9t r&sregq%tbﬁ ameup of thesphyielagical ehangaiile plbpesempliey eRBRAIMBES one shown
in FIG 4. thewconteol gystgrs patputsithonipmnegnabsfor evow EoBrbe greimabdevintienG. 2 when
t he pot ent pxdeedsrenrodedined hmits borasldision dha watrs! systemmeasuipotivarious dlermsane way as
i n the ref segeaicforE@@usdmitninshsotaydhacaitrobsyafem sanlgivedbe decmsigealite thidoesn' t
"know' t hapattehg fal eramnplede thelfare obeealtic highr ahdrdis; low(lahie derpadent 3gesta) -
V( el ect r odgreen light sign¥ whipl 8l hinhér thitasi signéfitatt BCG oaige iak attasided.t ) -
V( el ect r od&vin the minina(deO®Biibh RAbEve PRBHA 101t But KlovaBehiM( Blegaticegl1 Be t) -
V(el ect r odgnRvn, for exanyle ORI ToWANEHB WhRAThdib4AR tHat ik not necessary to get

immediate medical attention but that he/she should soon seek treatment. A red signal

will be displayed above the third limit and signals the patient that he/she should, for

example, see a doctor immediately or even get emergency medical care. In some

exemplary embodiments the control also ditectly outputs the deviation. In some

exemplary embodiments the control also outputs the identified electrode arrangement

with the minimal deviation.

Referring to FIG. 1, it shows how a first arrangement of four electrodes 2, 3, 4, 5 is
attached to a patient at the respective positions 6, 7, 8, 9 in order to measure a reference
ECG. In this first arrangement electrode 2 is placed at position 6, electrode 3 at position
7, electrode 4 at position 8 and electrode 5 at position 9.



Because the el ectrocardi ograph al ways neasures the potential differences

between the sane el ectrode/signal iTnputs, it results fromthe equations
that the potentials are determ ned between other positions than in the
reference ECG Therefore the resulting curves 10, 11' and 12 for the

pot enti al sy¥lyoi¥Aoagsk V3 are different than the respechpiyesewiyesodd 11
and 12 of the reference ECG accordi ng FIG 2. By using an appropriate
conversion or, by pernutation of the el'ectrode arrangenent, the potentials
bet ween thmemsihg teretectrdde $ipRis MRingediFate figt afrdigemeitacandiag KO8Gdacording to
FIG 2, cagnbfitedelofbxiniié 18 ECalas hwehh FESPerHid BEGYS gdefap@styt i on 7
position 6me55)1rmgfheﬁ:¥\(u§é ﬁpt‘ilﬁé)gﬁthéfpot%ﬁtlal dMfRéRES bRHEndhe ro-pY: gﬁ@fp$bt| on 8,

p05|t|on 6 e + + V(el ectrode
5 -V IZ,eoS{etcotn ;60%1&1 }{é% %trérgpgglé? llnjgénp%s,lt}gﬁlgs? It g:ﬁ%cﬁ@%sﬁech@é_]y_ (V(el ectrode 4,

tj - V(eI ectro

r 0110n V(& t6r8de 2, 1), W
2010/ 102695PCT/ %ﬁé@% ‘Mﬁﬁ%ﬁq EM 7‘&’%*'? n the ECG
) 1 Y (efect pogition 8 ROSI %) d.
s to T AR e AT o o

essentially corresponds to the reference ECG according to FIG 2, as can be
easi |y seeWhetsisn VCdnthercrrgsnondinghyanqasusd polgiHatveltagy aﬁ‘gd B te time hecause t he
actual el e&%rrabEeTbW irmdine afigachaaenshied ppisntial Wifference Mia¥i-0his I n ot her

wor ds, t hi Blustoatedeindiion2 b theevintes d 84 1 lyanddBsi.¢.h¥é: ¢attesnondaiegheldak setveode

ar r angeneni 0,ahcotrhgpoadsiodthamediupagrantirad 1 cand/éscopresponds togbe lighgteologade of t he
reference &G& 1Xhis conversion is ultimately equivalent to a vector

addi ti on. For exanple, adding the vector between position 6 and 7 in FIG 1
to the vechQlerhehiGest thosletttddds, forddkdmPle di@tbls4 tposRivh @, elvrotlei2ab | i es

bet ween pogbdifidi, Bleadiélie’s to/oation 8Wil Klecshdiang pbiifoly 86k @hewbRIMEESH, POSi tion
6, 7 and 71ea@s tbeaaﬁffé@nmba%mﬁea{?esmw% FiES, Hest WBBRNPESH ticQBfeRradd 6.
Thi's vectogc h&ﬂaﬁfg th F10a5 A rﬂﬁe §wm&énqne L el RS Rleadi&l

pOt enti al s; dtﬂ \9/53953 ﬁlrtﬁcal% r&‘ice &bl %‘dgrrdtpﬂamﬁ’do%eca%sé)irt 6, 7, 9,

i s constan 0%,,&95%{;@&1@ veb@c?nﬁ ahg rangement 1's shown in

FIG 6 V\her%esel ec It1 on , electrode 5 at position

7, electrode 2 Slt q}j((e 3..at p051t| 9. For the
potential calcu %1 g %§ g E Ro&to ltI(\‘n ggal , it is
assumed that thy&eded ?&f atpl' lm?s‘c“ﬁ@ fttoinc?n ording to
FIG1 as the el 8&‘?“6‘@&?&1%9?@5‘1’? WFIP?&%SS fRosit WP@P%%W o3, t) -

V(electrode 2, t) = Vi (position 9, position 8, t);
Because the electrocardio graph always measures the potential differences between the

same electrode/signal inputs, it results from the equations that the potentials are
determined between other positions than in the reference ECG. Therefore the resulting
curves 10", 11' and 12' for the potentials V|, V, and Vj are different than the respective
curves 10, 11 and 12 of the reference ECG according to FIG. 2. By using an appropriate
conversion or by permutation of the electrode arrangement, the potentials between the
positions, as they were used for the reference ECG according to FIG. 2, can be
determined or calculated respectively:

Vi(position 7, position 6, t) = - (V(electrode 4, t) - V(electrode 2, t));

Va(position 8, position 6, t) = - (V(electrode 4, t) - V(electrode 2, t)) +
+ V(electrode 5, t) - V(electrode 2, t),

Vi(position 9, position 6, t) = - (V(electrode 4, t) - V(electrode 2, t)) +

+ V(electrode 3, t) - V(electrode 2, t);



V(electrode 4, t) - V(electrode 2, t) V2(position 6, position 8, t); and

V(ielectrode 5, t) - V(electrode 2, 1) V3(position 7, position 8, t); The
resulting ECG shows FIG 7 with curve 10" illustrating the potential curve
VI, curve 11" illustrating the potential curve V2, and curve 12"

i|lustrat e $d18/188¢ent i al curve V3. If the sanme el ect pogigspapigomanent is
assumed in this case as explained in cgpnection with FIG 5, the follow ng
ECG is obtained: VI(position 7, position 6, t) = - (V(electrode 4, t) -

V( el ect r odehi@eorprsiod 265t kit the BCE adeoslirig to 16, 5 thers V4 if dublabat toatieved, t) -

V( el ect rodgy2v, fskeduivalent\h eliketi 1 0gel B3 istequivaldhteth @aiveade This dopverddd( posi ti on

9, positiane esfenfally doMe§lonas Q€ reforerick BCOVARbRI 84RG22, aftantbeteadi(yel ect r ode
3, 1) - Vgl %Elpaﬁn]?ar ng thelid® 1S3 &R YIG! Nond FI@BthﬁlsﬁﬁeQiéhﬁI' on is

i1 Tustrate B Sthd Lalculdtdon, In@therSARYS, ke cRRERRK al

curves V1, 1§£'t 2 n{Em%q e aggd ik FARden EndRE W00 COMPar [ g the

ECG from FIP 8 he curves 10"
and 11" ar®'¥ qliltale?uéheﬁr?a gec%)rrrrﬁgre ee}g(r‘;’lg eer%ce ECG The assuned

el ectrode [ WD 2010/ 102695PC‘I1'/ EP20 0/ 000417 1 d ?pgemsnt erefore not
correct - W?E‘I‘P"F@Sloﬁ‘dﬁu i ‘?Y%‘ﬂ‘ﬁ i%ﬁé%c;‘fr 18P Y SE4T0HS M@ B the ECG
accor di ng Yastorpeiwegn pesitionsaan ?eé?tpié’(g %a es?;“%l chis
obvi ousl y ittiveeter Emt”hfcdeﬁbPﬁ&te%Posﬁl@‘S@ ’frﬁ@al@g@@bf,a Pt F%ltﬂ’iss shown

bef ore canbetivesn pogdiopioe7 and7reEsltdd veaternVavhiph lieschebissn pesifien? ond &g

i | | ust r at edhis vecoradidiishliybasad o the agsunpion that thelsumetf diernotséials n a gectf, 5 t he
mobi | e ECGrinoglpsd.s dstveees pnsition 6,54 Stoem A4, sedndantenory 15. The ECG device or
the control system of the ECG device respectively, is designed to perform

t he met hodAasther gimatation &f e clbbrotkiaglangheent & showr b BIGd 6 evide eddctd@e 4 For this
pur pose t hg (fRed hiqlosBWa beeeditbde 5t Bodilidrs?, chtR@delat posiden 8 asd eladrodndl yzes
corr espondii@s@ebR ot FRYR: Shiemnl SalélRBnahie edsiRs@IhefolBwird if, agdhtiashed to a
patient. ThuSmEDGaFRCRBIES aﬂe%o{danﬂn e pEsiNGS a%ﬁ%%‘ﬂ'@l fgmen el ectrodes

2, 3, 4, 5 lustrated in FIG The control system
T8 Brafd - ARAGTRR L RS y
cal cul at ese'eﬂg cror ﬁ&@mongﬁrg\g pot ent| aI curves 10, 11, 12 fromthese

el ectrode si gn a%r I ”3» ¢ lgcﬁlrodé1 GVZ I?l'oﬁQ (ﬁi&g ECG I's then saved
e A I e i,
hi msel f/ her sel f flectrofle, Sertiofe 2, 02 Vi(post ‘°n9 p051 ion &1);

The resulting ECG shows FIG. 7 with curve 10" illustrating the potential curve V),
curve 11" illustrating the potential curve V3, and curve 12" illustrating the potential
curve Vs,

If the same electrode arrangement is assumed in this case as explained in connection
with FIG. 5, the following ECG is obtained:

Vi(position 7, position 6, t) = - (V(electrode 4, t} - V(electrode 2, t));
V(position 8, position 6, t) = - (V(electrode 4, t) - V(electrode 2, t)) +
+ V(electrode 5, t) - V(electrode 2, t);
Vi(position 9, position 6, t) = - (V(electrode 4, t) - V(electrode 2, {)) +
+ V(electrode 3, t) - V(electrode 2, t);
The ECG resulting from this calculation is illustrated in FIG. 8 and the curves 10™, 11",
12" show the potential curves V,, V, and Vj respectively. As can easily be seen when

comparing the ECG from FIG. 8 with the reference ECG according to FIG.2. the curves
10™ and 11™ are interchanged compared to the reference ECG. The assumed electrode



control systemcalculates a (first) current ECG fromthe now currently

received ECG signals in a step 18, whereby the confrol 14 assumes a f1rst

el ectrode arrangenent - for exanple the arrangenent of the reference ECG

It is possible that the patient has interchanged the el ectrodes conpared to
the arranggmsdic?Re %at ed to the reference ECG O thecpatpentobesy for
exanpl e, |nterchange the signal lines;pf the el ectrodes when plugging them
into the ECG device. In this case the control system 14 assunes the

el ectrode atdmap@ees thiecPre Rt core@or ihitg it hel sughieing beukGEe whlewlatixal cul ati ng
the curr enfhdeblor thE@URY Sdcording toFI1G08 isRERBGAY adsthed Pemutibh of FEY St em 14 to

know t he el afhiodRiALLARGEERMoRthat BEFICEker ence ECG because the control
syst em subsequent |y assunes all possible el ectrode arrangenents and

g?;g?lr gégféﬁparm‘o@ﬁ% rﬂl?s%hg{av'n%@ oré fo%e J}Eﬁlg,fb%r d%vﬁho angﬁi&t}%é@r the
&n% yameie egl 3t i 11, eHlaman

arrangenen

f t he
current ECB JH°8 P H'a Sﬁ( tleg‘ %‘é % mén‘? is then
per f or med, e r%)g Eﬁgﬁ@g&ﬁg SPECIR tﬁﬁ‘sﬂa dp .Pff YrLBB I
correspond?“r?ﬁfdé'é& IG¢ | QWhish s Héa"el%ldreﬁ%%t nd potential addition. In a
next step 19 the control system 14 determ nes a devi ati on between the
current |y Eelthisipatnode theconiilshsters 1haisedirgistapHd. weeivepsad enayzes ode

ar r angenentomsgonding defiede sigoal E@aNWictndéss?, Sab Scittashed hea plieot T hasthe The

per mut at i oEC6Y dewiced B fstaecees BCsigalsclaom blectrédes 2e3 dnpliregn asangérhenses at ed i n
FIG 3 or Hh@irated inl HGalsTiepodiol dystemantcnlates shestoenspbadicp eotestiallostvher it has
al ready runoalll 1pasmithése elerrode sgriatyrss illustreted @l BIG 2.(thés rasul tapgle0@ id then and
conpar ed t kg M th niditory €4 8y eRAECETEvicd [3 dshtfrdnte BOG fohiateg agdpdriten.cont r ol
system 14 jWiRshd@tknt eathicRR thSeladithded B0k 3, SHIRARNITRIr&It 4t @tasdinkghans based
on assunedghgtl s@a@cé}maeg@(m Surribk ECCCRAH it v @Rrehy fobibéd E€d. The thus
det ermi nedg %ﬁéﬂb 49851 DRDY thd\@nfibf Rk eI S Mo gl cRASRURNY a

correspondi p@gpenceaé Egr lﬁXt Pﬁle fQls system 14 in
ng}pgreggré Rgzé?g Jf %Z:E soc ?e'%it Ctlée%n%g d and

det erm ned gﬁs 1(/ g;ercl?angg @q n{é%::é m %llgr% IgdeV| ation
of the det E%’Fﬂ‘ g’&@ﬁ"&ﬂ“{% eé’b 21 and outputs, for exanple, the ECG
associated to_ the mninum deV| ation or the m ni mum devi atlon |tssjf or a

si gnal der il this gasetheicpntrgl gysteg ddppsamgs meéqﬁ m%%m seddar ‘ieﬁ‘éf B8G devi ce
13. From t e rerecerEREdvhanaleylating theaurenf & Veb It 1§ poimepsseaty foncl ude a
change of adhgreptplodysigincldl to xaew the edectrode atengepantpfrtiedefeccanc BoRdgeaIse f or
exanpl e, t fiee quotrpi systepeubsrently@ssuntes ab posstbl¢ tlovwradn atriiegemenistandr an

ar r hyt hm a.calPelptes themginomal dedatet, andigsharéforecable to ddentifisthe plectaovasiingrart t he

devi at i on, chaespendinptoethé reférbecelEEGewdn ifithe umengementdoutheaefefencd BEGfior m of a
col ored di st ownl The edieul&iaradhiargurentr i memtthe soresfdodingdviseemdB conpri ses
three |i ghtei@itbdd dri@géthéfl @SthePf& fc@eE For SAMPIShlali¥oad D BOIEnd dLeribkie contr ol
syst em CoNpBh RSyt ReresiRh8BIpRAsutERJN JThe d&¥oatd £ pitehiiaiRugideh ned limts

whi ch are associ‘ated with the correspondl ng col ors of the LED Thus the ECG

device 13 i a%@%t%te&ﬂﬁh@%ltrof e AL i bty 5@? nfly St Op

i ght . For GXampla. S (@L,%th% 9 oo 2GaAn be
ggialsg\r/vegl Z;M% N hc?gls% ﬁ%‘; "\ané) l;%g{%%re ctmlffou?lge(r}téo:j\s 1r13i ca ecf! gﬂd red
si gnal s t haP" PREPE: pillyy or

In a step 20 the conirol system 14 checks whether it has already run all possible
permutations, i.e. electrode arrangements, and compared them with the reference ECG.
If this it not the case the control system 14 jumps back to step 18 and checks current
electrocardiograms based on assumed electrode arrangements until condition 20 is
fulfilled. The thus determined deviations between the currently determined ECG,
assuming a corresponding electrode arrangement, are stored by the control system 14 in
the memory 15 as well. After the control system 14 has calculated and compared all



danger. The control system 14 operates, for exanple, such that the green
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el ect r ocar tHedgtinn as‘FQj‘PF&@ displapm at | east two el ectrodes (2, 3, 4, 5)
b) calculating a current el ectrocardi ogramfromthe received
el ect r ocar i syreaxempnatrsbodimentnthedCn deviecaligeompnisesghree highte¢reigiingodes (2, 3,
4, 5); diodes), onkegreenyione pg)lcav alehinatréd The tortttvd systene erinagaees theidatermined
el ect rocar diinigrabdoviatomvathr pédefinad Bméb edichaesasddodaedwith the corregppndisgeat i ng
t he steps bylognd tie) LEDVELE the BCAidéfies ehis ableas kignsl ehepatianteovaditions used for
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e: ectrocar %'i“g%lhﬁhaﬁ 8 V\pﬁ'}ifspﬁreﬁ 1m§fsdévﬁ'h"?ioﬁ‘i’sr rent
el ectrocar R et a%d ?1 second predefined limit, the yellow LED will be lit. If the
minimal deviation is above the second limit, the yellow LED will be lit.

Determining the minimal deviation is used in some exemplary embodiments to identify
“the actual electrode arrangement and, therefore, the ECG associated with the minimal
deviation. Then the control system can, in some exemplary embodiments, perform
another analysis and, for example, a detailed comparison between the current ECG and
the reference ECG, and therefore perform specific deviations, for example between
corresponding potential curves (e.g. between 10 and 10°°, 11 and 11°°, 12 and 12°*) and
sections thereof. In some exemplary embodiments further output of a specific alarm
signal is, for example, then based on such a specific analysis. For example, the ECG
device can output a specific alarm signal depending on physiological parameters.



4. A met hod according to one of the previous clains, wherein the current

el'ectrocardiogramis based on addition of the respective potentials of the
el ectrode signals. 5. A nethod according to one of the previous clains,
wherein the steps ¢c) and d) are repeated until each possible el ectrode

arrangerrenwcj'ng?mpﬁﬁgggssurred at | east once. 6. A nethod p@qq@pgylg)gogﬂpne of
C

t he previous aims, wherein electrode;gignals are received with a
according to Einthoven, Col dberger, WI son, Nehb, Frank, or Dower. 7.A
met hod according to one of the previous clalns wherein, in an additional

step, a chpagenafceaphysi ol ogi cal paraneter is deternined fromthe
determ ned m ni mal deviation. 8. A nethod according to claim®6, wherein a

nureri ¢ vahue {@ALASEENGin: IR RIRIANI b aS HOBNERIShARe, S
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out putted. | 3198 & cr iggramdrom e 6?“&?":‘?3 fitrocardiogram
electrocarﬁgﬁﬂ% ﬁﬂnﬁ@%ﬁ}Wﬁmﬂﬁnmﬁéfﬂwéﬁ§ﬁo¢%d e}detk odes (2, 3, 4, 5) for
recordi ng el ectrocardi ogram si gnal s;

¢) determining a deviation of the calculated current electrocardiogram from a
reference electrocardiogram;

d) repeating the steps b) and ¢), wherein a different electrode arrangement is used
for each repetition; and

e) determining which of the determined deviations is minimal.

2. A method according to claim 1, wherein, in addition, the current
electrocardiogram with the minimal deviation is outputted.

3. A method according to claim 1 or 2, wherein the reference electrocardiogram is
recorded from the same subject (1) as the current electrocardiogram signals.

4. A method according to one of the previous claims, wherein the current
electrocardiogram is based on addition of the respective potentials of the electrode
signals.

5. A method according to one of the previous claims, wherein the steps ¢) and d)
are repeated until each possible electrode arrangement has been assumed at least once.

6. A method according to one of the previous claims, wherein electrode signals are
received with a lead according to Einthoven, Goldberger, Wilson, Nehb, Frank, or
Dower.

7. A method according to one of the previous claims, wherein, in an additional
step, a change of a physiological parameter is determined from the determined minimal
deviation.

8. A method according to claim 6, wherein a numeric value, representing the
amount of the physiological change, is outputted depending on the amount of the
deviation.

9. A method according to one of the previous claims, wherein the determined
minimal deviation is outputted.



at | east one storage neans (15) where at |east one reference

electrocardiogramis saved, - at Teast one control system (14)

equi pped to performa method according to one of clains 1 to 10. 12.

El ect rocar di ogram devi ce according to claim 11l conprising a | ead system
accordi ng @ B neyen, Col dberger, WIson, Nehb, Franlpcqre@emsiooos 3-

El ectrocardi ogram devi ce according to ghaim11l or 12 equipped to output an
al arm si gnal when the mniml deviation exceeds a predefined limt. 14.

El ect r ocar fii.ogr Ametieod seeordihgas dhdef the peRdudtiainbewhéaintke idntfied13 equi pped
to output gedtfRleantnghrifmssupaabs for different limts.

11, Electrocardiogram device for recording an electrocardiogram, comprising:
- at least two electrodes (2, 3, 4, 5) for recording electrocardiogram signals;

- at least one storage means (15) where at least one reference electrocardiogram
is saved;

- at least one control system (14) equipped to perform a method according to one
of claims 1 to 10.

12.  Electrocardiogram device according to claim 11 comprising a lead system
according to Einthoven, Goldberger, Wilson, Nehb, Frank or Dower.

13.  Electrocardiogram device according to claim 11 or 12 equipped to output an
alarm signal when the minimal deviation exceeds a predefined limit.

14,  Electrocardiogram device according to one of the claims 11 to 13 equipped to
output different alarm signals for different limits.



