WO 02/ 078534 PCT/ |1 B02/ 01984 REMOTE PATI ENT HEALTH MANAGEMENT SYSTEM FI ELD
OF THE I NVENTI ON The present invention relates generally to renote health
noni t or i MyO28y8s8ens and nore specifically, to a system capahBe/abs4ranagi ng
the health care of ill patients as well as sustaining the well-being of
heal t hy people. BACKGROUND OF THE | NVENTI ON The treatnent of chronically
ill patients accounts for approximately 80% 10 of all U S. health care
expenditures. Miuch of these costs are associated with the need to
hospitalize patients with di seases such as hypertension, cardi ovascul ar

di sease and di abet es. NREMOTERATENGIPEARTHMANAGEMENTEYSTIEMYy because
the patients have failed to properly follow the often conplex treatnent

pl ans used to treat these ill neggEEp. OFTHEBRNVENDENSE i S incurred due to 15
the need for doctors to carefully nonitor such patients, necessitating

frequent appoi nt rr\suia]El 62%1%&% %’%ﬁﬁ &p}ﬁ%?%tsggl%’l?ﬁ}é ﬂﬂ%ﬁfo‘f& H«f&gtﬁ mhddehsy al so

devot es substanti al ources to the health of 1 ndividual s who

are not ill. Early diaghosis 0 otential prqble can often.pbe critical
to the pati%ent SYStEmS3nAARLC mcré%?ﬁa a Saﬁamzﬁpag’gwg%%%%?%&‘e%%e t he
costs associated with treatnment. People who carefully nonitor their health
and make heal t bfill jatiests ¢ welt hosustainiag thevwelhbeing ef healthiypeorde.078534

PCT/1B02/ 01984 likely to live nore rewarding lives, and to reduce the
burden on the healthcare

BACKGROUND OF THE INVENTION

The treatment of chronically ill patients accounts for approximately 80%
10  ofall U.S. health care expenditures. Much of these costs are associated with
the need to hospitalize patients with diseases such as hypertension,
cardiovascular disease and diabetes. Many of these hospitalizations are
necessary because the patients have failed to properly follow the often complex
treatment plans used to treat these illnesses. Further expense is incurred due to
15  the need for doctors to carefully monitor such patients, necessitating frequent

appointments and examinations.

The health care industry also devotes substantial resources to
maintaining the health of individuals who are not ill. Early diagnosis of
potential problems can often be critical to the patient's ultimate well-being, and

20 can dramatically reduce the costs associated with treatment. People who

carefully monitor their health and make healthy lifestyle choices are both more
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i ndustry. SUMVARY OF THE I NVENTION 5 In one aspect, the invention features
a nethod for renotely nonitoring the health of a patient conprising the

st eps of .woRMgssad renotely | ocated data collection devi c@CTAB@AIP$INg a
remotely | ocated user to place each of a plurality of electrodes connected
to the data collection device in predetermined | ocations on the user's
body; causing the data collection device to rea lectrical .data 10 from
the patient's %‘EFSX/t ‘feﬁﬁorﬁﬁ%w%rfi@@tl’rvﬁﬁté’g,g t Feélﬂgﬁ?ﬁ%fisﬂf%ntoﬂgﬁ%lﬂ%aﬁ??%al dat a
to a central location; and evaluating the electrical data at the central

| ocati on to naidusty.determination as to the health of the patient. The
electrical data may correspond to ECG data (al so known as EKG . 15 BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a block diagramof a first enbodi nent
of the invention. Fig. 2 is a block diagramof a renote unit shown in Fig.
1. Fig. 3 is a block diagramof a user station showmm-in Fig. 1. Fig. 4 is a

front view of one exanple of ainM@RRVCIORTEIE NVENTION 20 DETAI LED
DESCRI PTI ON OF THE PREFERRED scussion O The Preferred S sy

tem -2 WO Q2/ 078534, PCT/ | B02/.01984 .. R [ i i toring
system of the preseftOReRRSSH BRIy HH, 8%%63%%?%&54:{08?% t:ﬂ}}}@%n al % a
plurality of user stations 10. The user )

the health of a patient comprising the steps of: using a remotely located data

collection device, prompting a remotely located user to place each of a plurality
of electrodes connected to the data collection device in predetermined locations
on the user’s body; causing the data collection device to read electrical data

10 from the patient’s body using the electrodes, transmitting the electrical data to a
central location; and evaluating the electrical data at the central location to make
a determination as to the health of the patient. The electrical data may

correspond to ECG data (also known as EKG).

15 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is ablock diagram of a first embodiment of the invention.
Fig. 2 is ablock diagram of a remote unit shown in Fig. 1.
Fig. 3 is ablock diagram of a user station shown in Fig. 1.
Fig. 4 is 4 front view of one example of a handheld user station.
20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Discussion Of The Preferred System




stations are placed in renpte | ocations such as a patient's honme, and are
preferably portable handheld units, described further below. A central site
5 featuresoazpbassal ity of workstations 20, one or nore do®CaABO¥IAg4nal's 30
and one or nore patient data storage facilities 40. A renote doctor
station 50 is also provided and nore than one such station may be used.
The conmmuni cation i between the renote sites and the central station
are flexible. Nanel ,e@gﬁlﬁt‘\?l\ﬁlrgotlet ANYUIORRS Sustery S¥ dif nresephi@veniotr al site,
10 either in the home or when travellin?, usi ng any avail abl e comuni cati on
channel , i ncl udrdigdesaerote sitphihtecoptaime pluralits ofieser statines 10. ST, usaSDL, et .
Usabl e conmuni cati ons protocols include all technol ogically avail able

channel s i n adtitibhoaretptacda irrefi@idlocaiting uchvasdsuticiy Konie dhdare€t C. ) -
Referring to Fig. 2, each renote user station 10 includes a renote unit 15

00 a2 pLur BhattiunBipdbadle AARIPASTS, HERTHE] RINAPHIGES o D §8. FOC 1N

62, body fat neasuri nit . pressure neasuring unit 66. For
2 T nger pr nt TEURREP el B FYRGERBnEAY, 50§ or Betn G URrVEIH 0GB ORe  udes. a
keyboard 70 20 connected to a RISC CPU Core 72 through an 1/0 interface 71.
An RTC (i.e., OF&wre patipat data steyagg facilitid 40n tderdmate dgetor stafianado0 is mtser f ace 75
and nmenory interface 76 are also connected to CPU 72. Avail abl e nenory
i ncl udes DRAM Piovadeil ankilasie theerme yudBstatich MEy B24&kd3534 PCT/ | B02/ 01984
The communication links between the remote sites and the central
station are flexible. Namely, each remote unit can be hooked to the central site,
10  either in the home or when travelling, using any available communication
channel, including, e.g., mobile phone, internet phone, ISDN, ASDL, etc.
Usable communications protocols include all technologically available channels
in addition to data (e.g. voice, video, multimedia, etc.).
Referring to Fig. 2, each remote user station 10 includes a remote unit
15 60, and a plurality of body parameter measuring devices, such as ECG unit 62,
body fat measuring unit 64, and blood pressure measuring unit 66. For
identification purposes, the system includes a security device 68, such as a
fingerprint scanner.
Referring to Fig. 3, each remote unit 60 includes a keyboard 70
20  comnected to a RISC CPU Core 72 through an I/O interface 71. AnRTC (i.e.,
real time clock) 73, LCD interface 74, serial interface 75 and memory interface

76 are also connected to CPU 72. Available memory includes DRAM 77 and

flash memory 78.



Conmmuni cations jack 80 is connected to serial interface 75 through an

RS- 232 driver 79. LCD 81 is connected to LCD interface 74. ECG el ectrodes
82 are cowpeewes$dt o ECG anplifier 83 which, in turn, is @®cmnBeY@EMS4 0 an
Anal og Front End 84 (e.g., Philips UCB 1200). In the preferred 5 handheld
unit, there are three ECG el ectrodes, one on each side of the unit and one

on the back side such that when ser gri the. uni.t ~heQ@r, sh an pl ace
one thunmb on one 'Q!Pémé’luéétﬂ‘?n@d%p% Slcbdﬁc%lgﬁ?tgatto f%lljgtgacfggéhr%gq}%e back of
the unit wth the palmor fingers, and can contact the third el ectrode

with the ot herRh23RIdriveny9albGIP Bhisconpepsest toil{¢1R interfeced®- pr ovi des an
alternate i nput nmechanismfor ECG 10 or other data. This interface can be

any standard data iEt@efcaedes §2cdreicdonmgetad tacBOGeansifep B3 eihich, amtuimis ar ed
port or a receiver for the well known Bl uetoothrM connectivity protocol.

Anal og Front %Iggn%ged;t%gﬁ%a%%ﬂ%ﬁkﬂd @@{e?glq’ﬂiﬁpsaﬂj@mg@@)f\%%&q)r&@ﬁéﬁ to

serial interface to a A converter 86. Phone jack 87 is connected

Lhe handhePd. dBOTES PRLAPFEAS RE=s EHERG S Ras e KBRRERRE aapces

el ectrode. The ECG data can therefore be neasured, from %he si.gnal across
the patient's dngwaghe baukesidasch that yhen pases gripe the withe rshe canplgied§nal  ECG
set up with the electrodes placed on the chest in the standard positions.
The data may tthembloa ohediderlatrble ca?Contavit the dlsitrode hitlse bisiziof e vaitdi gi t al
channel is available through either corn jack 80 or an inbuilt wreless
adapter, such g, BleyRif @k lhbrs, #hd can contact the third electrode with the other hand.
An auxiliary sensor interface 88 provides an alternate input mechanism for ECG
10  or other data. This interface can be any standard data interface, including a
cable receptacle, an infrared port or a receiver for the well known Bluetooth™
connectivity protocol.
Analog Front End 84 drives a speaker 85 and is also connected both to
serial interface 75 and to a D/A converter 86. Phone jack 87 is connected to
15 D/A converter 86. Electrodes 82 may be spaced on opposite sides of the
handheld device to allow the patient to place one hand on each electrode. The
ECG data can therefore be measured from the signal across the patient’s hands.
Alternatively, the patient can use a traditional ECG set up with the electrodes
placed on the chest in the standard positions. The data may then be fed into the
20  unit.

Using this device, a digital channel is available through either com jack

80 or an inbuilt wireless adapter, such as Bluetooth™,



WO 02/ 078534 PCT/1B02/01984 Bl ood pressure unit 66 is a standard bl ood
pressure device that can deliver the data to the renote unit using either a
cabl e or wWoOrefT#5e4 Wi r el ess adapter (e.g., BluetoothTM . TPoaMde@E@Isan al so
be entered by the user via the keypad. 5 Fig. 4 shows one exanple of a
handhel d user station 10. As is described in nore detail below, three

el ectrodes, |labeled Lead I, Lead Il and Lead Il are roovided for ECG
measur ement . A pl ugBlbod prpssuae tait RAdS &/ danders bleadipressusp gg"lc‘?ﬂhﬁwaﬂed. 10
Operation of the Preferred Enbodi nent As noted above, the preferred

enmbodi ment of ddli9er thy itk ite thefrembtermsit wingssjthereameableatr 4 reoloteigyelesiot e
nonitoring units that can be used in patients' honmes to provide a variety
of functions. t otramiTerkge dRAlLAA1sd IRCHRGEOBY theQibeevil sed

excl usively i néqégtse%ﬁgélglugﬁgﬂgog?g%s' of fices avail agjire in the hone. 15 The
system finds p]?rti ular utility for those patients that require periodic
medi cal survei fP8fte. The renpte units collect patient data and forward it

to a central site. Medically trained professionals .at fthe central site
noni t or .t hé pat i entFiged &;ow&qr@mﬁmekﬁﬂff)wpﬁ@ user ﬁ‘iju%éb'n‘éﬁﬁse&esﬁabe atients
that can be cared for versus the 20 traditional in-office doctor visits. In

addi ti on, nedi pahoredenildelovathise eleetrellest labelethteaddntead I pad headdH a5¢ | owi ng
for an easier exchange of patient information anongst authorized nedi cal

personnel , resyllided férEd@ sidabureRdntTRr flug ot uh altemative0Gdbal isklsaedi cal
condi ti ons.

provided.

10 Operation of the Preferred Embodiment

As noted above, the preferred embodiment of the invention features a
system that includes remote monitoring units that can be used in patients' homes
to provide a variety of functions. The remote units make medical technology
once used exclusively in hospitals and doctors' offices available in the home.

15  The system finds particular utility for those patients that require periodic
medical surveillance.

The remote units collect patient data and forward it to a central site.
Medically trained professionals at the central site monitor the patient data,
significantly increasing the number of patients that can be cared for versus the

20  traditional in-office doctor visits. In addition, medical records can be held at
that central location allowing for an easier exchange of patient information
amongst authorized medical personnel, resulting in faster and more accurate

diagnosis of medical conditions.



-5 WD 02/ 078534 PCT/1B02/ 01984 Sone of the conditions that can be
nonitored with the present invention are cardi ovascul ar di seases such as
hypert enswom2/0@s8oHni c Heart Failure (CHF), arrhythm a, aRdTinBeEn34a.
However, al nost any bodily paraneter that can be measured and converted to
a signal can be nonitored by the present invention 5 and transmtted to a

central station for_data collection and obseryvation, .Jn _on : t he
invention is a terrﬁoﬁﬁldﬁ%ﬁ’s‘é’@gﬁ’é\‘?ﬁ t Gt e 3o %@r‘%th%%f&s %&%ﬁﬁg@rn
interface screen, requiring less skill to operate than a stanga_rﬁ) per sonal

conput er. The améardiosascular dissaseswich enhypsatgnsion. (aenie fear Failpge > 1 eal
time fromthe central site wi thout trained personnel needing to visit the

10 renote pat igghythmill et ighedias Hovevef, allada ahg bedibf paratdtyr thetoaandd, i.e.,
encrypted (accofding to industry standard nethodol ogy) in order to protect

the pri vacy of..f1eBad LRk RMiata) bR bl RonhASAYY R OScTR BRids

preferred for PHEVSOft War e us the renote unit and central site.
but contain

The scripts are not only, questions.for the user. t .
fully funcbi orféf “aﬁfimt@étt? pratrakalation for daa cofietionahd §ﬁ§¥§‘¥“ﬁ°€al tool's to
respond to user's entered data as well as querjies or even }&g}ll gi di a
instructions for ednoaepsneel thednyrasien ivs teaminajrbased devishwithakexboald ) ¢ | the
user's termnal is renmotely fully reconfigurable and alterable to adjust to
any 20 changesndn.dIhasetssieriscecoredi,troquiriog lesesidll teopanats thahcctamdiany| y, t he
patient can be nonitored renotely using the script .
personal computer. The units allow for the download of updated software in
real time from the central site without trained personnel needing to visit the
10 remote patient.
The transmission of data is preferably secured, i.e., encrypted
(according to industry standard methodology) in order to protect the privacy of
the patient.
Modular (script based) programming is preferred for the software used at
15  the remote unit and central site. The scripts are not only questions for the user
to answer, but contain fully functional applications. Scripts can include
analytical tools to respond to user's entered data as well as queries or even
multimedia instructions for educational purposes or as instructions. As a result,
the user's terminal is remotely fully reconfigurable and alterable to adjust to any
20  changes in the user's condition or requirements.
Accordingly, the patient can be monitored remotely using the script

based programming. The system can automatically “question” a patient at

preselected times and a physician or other health care professional (nurse,
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based programm ng. The system can automatically "question"” a patient at
preselected tinmes and a physician or other health care professional (nurse,
-6 WO 02/Wod3878sRCT/ | B02/ 01984 anbul ance, etc.) is al ert @dTiIBo2/(1084
patient's answers (or |ack of answers) indicate a problem For exanple, a
patient with chronic heart disease m ght be asked if there is any nunbness
inthe left armor,if there js y, shortness of breath or tightness in the
chest. As quesfBHEnSS étc(;s‘ﬁ g.f@{tecﬂ% dhepaticahs ansyysat @ dask of prsmenrs) 1edicxe ahe
keyboard and they are transmtted to and eval uated by the central site.

Voi ce recogni piablemmijohexampésl a patidng sdthathrenik bydvodisehse might hemswdti€ unit' s
software (scripts, drivers, etc.) and/or related paraneters are updated

according to tHereiiaayaumeass idhe 16/ aMe 8F if tHR¢E Is B shiiest 8RN LRT OF mat i on
is originated fromthe caregiver while part of thé update is 10 done

The it o oper R A A, Sabbfhon fie BEKE R RHERRRES g Sy aNRRC ' "

renewal a updat e, of .ruppi n oftware and/or _hardware driver versions,
ti me and Cn:d‘;ll eﬁ‘&j?eyk?ﬁrﬁi é‘&‘?&’@?’lg‘?’ TansgHted to and evalyatedibyyibe gemtral stte. dY pice

i nvol venment of either the doctor or patient. 15 Patient data trends can be
anal yzed by t recngitien gfay bausedrinsiedd ofatlieyheardf the data set being measured
and/or nonitored can occur in real-time through the software updating

process. Anot her aspeedy rehoteh@it seftwhregstripid) asli e dtc.) and/beremitid 1ty to
provide the patient with feedback fromthe central site. Over tine the
patient has a parameters are updated according to the unique needs of the user. Part of the

ﬁpdate information is originated from the caregiver while part of the update is

10  done automatically from a central station for several purposes like supporting
the unit’s operations and feeding to it new information. For example, renewal
and update of running software and/or hardware driver versions, time and

“calendar corrections, reports, etc. are done without direct involvement of either
the doctor or patient.

15 Patient data trends can be analyzed by trained staff and modifications of
the data set being measured and/or monitored can occur in real-time through the
software updating process.

Another aspect of the preferred embodiment is the ability to provide the
patient with feedback from the central site. Over time the patient has a

20  benchmark or reference of his/her condition. This feedback is based on the

doctor’s (or nurse's) recommendations and remarks regarding treatment as well

-as on information generated from a rule based engine in the central site or

locally by the remote unit's own script based software. The information
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20 benchmark or reference of his/her condition. This feedback is based on
the doctor's (or nurse's) recommendati ons and remarks regardi ng treatnent
as well Y© 021074584 or mati on generated froma rul e based en@CmaBi2in1dsie
central site or locally by the renote unit's own script based software.
The information -7 WD 02/078534 PCT/1B02/01984 includes doctor's
recommendat i ons,, regul ar, conposi te.reports and indexes. The t opens a
way for addi tiBf&des %&ESFF% SgATQS, E?ﬁ“@é&%@B%ﬁ%‘@ﬁ?P‘Wstaﬁthdg%%i%{gt 0
provide the user with an easily understandabl e and traceable health

rel ated conpousysteteonsns aatayforpsdiionakindex bke exnsession dsvelepmentvgth et ar get ed
5 information regardi ng know edge about the patient's di sease or speci al
treatnent progmespuaondas theaer Wikl an sgpilg uhdarsthhdablearpidtaceatishealtbdi | y
functions nmay be estimated by functional neasurenments to generate data

descri bi ng congdiddPosnldusg |d¥n&n§lnat€p%§fe§§éd/ﬁ6ﬁ1ftﬁ;§Eollé@%d'dafhgo_fta&géfb@em th.
Rati ng such concﬁ t1ons enables the 10 construction of nunerical predictors

and descriptors.relating tp heal t,h.matters. _For, | & =..h an
normal bl 0Gd prEYEIHIgn Feag "#!sﬁ}?é‘fl%‘%)geaai)o {tﬁgg?&%&?lgfé%@f) ggqegr{lgji%é}eng to the
know edge of the bl ood pressure data about body weight and daily stress

| evel can est aPEEIn BNdesH#Ysi t e i ndi cator of the patient's overall risk

| evel. This risk I evel can be conpared to the group of simlar patient 15
representatives or Rpas sgcifichiy, ppiatients " beddyvundtions maebe estimsteddstor di ngl y,
trends in both healthy and unhealthy directions can be derived and be
described in af,easH AdsEONRAS o WRAY¥ratRRELCEDRR cohdifitmdlikely to

adversely affect the long-term health. Rating such conditions enables the

10  construction of numerical predictors and descriptors relating to health matters.
For example - higher than normal blood pressure is considered as a health risk
factor. Adding to the knowledge of the blood pressure data about body weight
and daily stress level can establish a composite indicator of the patient's overall
risk level. This risk level can be compared to the group of similar patient

15 representatives or against the patient's own data over time.

Accordingly, trends in both healthy and unhealthy directions can be
derived and be described in an easy and compact way. Recognition of such
trends enables both the physicians and the patient's themselves to target
prevention efforts more effectively. The system provides the means to develop

20 and validate numerous indexes based on measured data and is not limited to any
preset health index algorithm. The proposed indexes can be developed for a

particular case (one patient with special health predicament) or for a group of



trends enabl es both the physicians and the patient's thensel ves to target
prevention efforts nore effectively. The system provides the neans to
devel op 280an@7853d i dat e nunmerous i ndexes based on neasur edCaaBe/@Epg# i s not
limted to any preset health index algorithm The proposed i ndexes can be
devel oped for a particular case (one patient with special health

predi canent) or for a grqup_of -8 2/ 078534, PCI/ 1 B02/ 019 patients.
Al so, al readyp@é@cnéﬁblfi\@ﬁe?g“ﬁa% S}b%ao‘flg?xreﬁﬁﬁipﬁwlﬁ%%n guﬁ%@ﬁ“ﬁ i ke WHO
risk factor analysis for cardiovascular risk etc. In addition, nore general
i nformation, 3VHO gk fadoninalysitfhecardiopasculer righoefc] en al erts, tenperature,
etc.), may be nade avail able for the patient. 5 The preferred enbodi nent

may al so be used t ¢y pAdINbK endlakenckdl dfifoirBatival, sudhi dsdodal yeathbatpatts 0 heal th
care. For exanple, the systemprovides the ability to order a hairdresser,

soci al wor ker t he 1 : i nformation
based on part @%&grag&tgf Qﬁﬁ)grsaglﬂg’ﬁﬂ’ E&gd’ﬁe‘gh%dg Aiglr%?&? gﬂ'ﬁﬁtgﬁ%t e device.
The patient is able ,to select froma lis f thi,rd par ervi. and 10
custom ze ¥ he sel e%@?@ﬁefﬁecggpmdﬁggﬁ%qy § Oléer?geg&?g Ovh&e%dc?.?a t%tjlggétcri bed in
nore detail below, the renpte unit el ectrodes can be ,usefg t o..measure ECG
data that can divectly retated tothsalth eare.nBorcexample, the sygemmavidesthgpbilitsiognal can
be registered in different ways. The preferred systemfeatures three
physi cal el eciordeg @ hafrliass)soaiabiwsiker étogicthlsedases theewill ba ahiupdatelobgi cal
setup 15 consists of three active bipolar electrodes. The patient is
pronmpted to p'ixgi%ﬁngﬁoﬁlba!aéd‘&%p&ﬂc&m oBHIRES §RPRSs fobersent B8RS fentk Way. Thi's

e

pronpting can I nstructions

device. The patient is able to select from a list of third party services and
10  customize the selection of services for a particular need.

As described in more detail below, the remote unit electrodes can be
used to measure ECG data that can be transmitted to the central site. The
cardiac signal can be registered in different ways. The preferred system features
three physical electrodes (leads) and six logical electrodes. A first logical setup

15  consists of three active bipolar electrodes. The patient is prompted to place his
hands on the electrodes in a predefined way. This prompting can be instructions
and/or a diagrém displayed to the patient on the display. The monitoring could
also simply be the unit giving an indication that it is on and is now ready to
receive data (e.g., an "on" indicator or light).

20 Holding the remote unit in one hand, €.g., the left hand, the patient has
contact with two electrodes, one on one side of the unit which contacts the

i}
thumb ("Lead I") and the electrode on the back of the unit ("Lead IT") which



and/or a diagramdisplayed to the patient on the display. The nonitoring
could also sinply be the unit giving an indication that it is on and is
now r eadyWwo®2/0r&se€i ve data (e.g., an "on" indicator or |i @aTjBo209%Hol di ng
the renote unit in one hand, e. g., the left hand, the patient has contact
with two el ectrodes, one on one side of the unit which contacts the thunb
("Lead I") and tt'{e el.ectrode .on the back of the unit ("Lead I11") which -9
WD 02/ 078534 PESTRED #r fipgHs-athespatisat then taushesthe gtheshamie theat i ent t hen

touches the other hand to the other side electrode ("Lead II1"). A
triangl e can bethgr sidp elsetrodes(fiLeaddhr ee el ectrodes. This triangle is
referred to as Einthoven's triangle in honor of WIIlem Ei nthoven, who 5

devel oped the el ect Mogiangle@ai Botiatn befkoen HRIBYERS oleotfdRES aBhiglhagiit | Onal
Ei nthoven triangle is built around roughly form ng equilateral “triangle

e e Neafdrd (o8 HARL RIS rihld Ahohb! AWl Hudenlyer e

enbodi nent, Lead Il1 has an rical position —Co th Lead I and

Lead If, thus, ;Form a trical feedhack | oop. The main, purpose of Lead
111 is to s@ust%?vﬁi?ﬁagla%%‘i%aﬁdﬂ%& ﬁ@gn%‘%"é"d’eﬁ vhsteas @dditionglegi st r at i ons
t hrough feedback. The data retrieved fromLead Ill is corrected to obtain
symetry. Al t eERdqvgstgiangleis builpasowndmongidy forming eeuittarahtiitiglo(witiothex

bi pol ar ECG neasurenents, a plug for the hookup of a separate Lead IIIl is
avai | abl e. | n leactattasesntdrp adthelsituatiohlof e prpfearee @mbBdinkat, l1bd I B and t he

Lead Il on the unit's casing is decoupled. 15 Thus, by convention, Lead I
has the positiygnfhdfédl PEsitiBR coiifartPhvith X/l T and Lead II, thus, Forming
asymmetrical feedback loop. The main purpose of Lead III is to sustain

10  equiplanarity between Lead I and Lead II registrations through feedback. The
data retrieved from Lead III is corrected to obtain symmetry. Alternatively, for
the purpose of agreement with orthodox bipolar ECG measurements, a plug for
the hookup of a separate Lead III is available. In such case, Lead I will be
placed on the left leg and the Lead III on the unit’s casing is decoupled.

15 Thus, by convention, Lead I has the positive electrode on the left arm,
and the negative electrodeb on the right arm, and therefore measures the potential
difference between the two arms. In certain embodiments of the present
invention, the third electrode (Lead III) serves as the reference electrode for

recording purposes, which conventionally is on the left leg. Thus, the third

20  electrode in this embodiment (Lead IIT) has been risen from the leg to the left

hand.



and the negative electrode on the right arm and therefore neasures the
potential difference between the two arns. In certain enbodi nents of the

present WOwenrdsen, the third el ectrode (Lead I11) servesPa3/IBéx1p%¥f er ence
el ectrode for recording purposes, which conventionally is on the left |eg.
Thus, the third 20 electrode in this enbodinent (Lead I11) has been risen

fromthe leg to the ft.  hand. .~10 02/ 078534, PCT/ 1 B02/ 01984 |n the
conventional Lead | glgr?f) Pﬁ%lglgp?l&??dﬁﬁ@ég‘gﬁ ?lbiheeﬂ’(@&tfv trioge ’(§r?nttﬁ% | ef t
leg (in our Cafq%\ on the left armunder thunb) and the negative electrode is
on the right afSh legWayerasena the leh amaaderthamp) andthe degaivelskecaode isf t he
limb (wists and 5 ankles) or at the origin of the linb (shoul der or upper
t hi gh) nakes | onthegighdiafiier ence in the recordi ng of an ECG because the |inb
can sinply be viewed as a long wire conductor originating froma point on
the trunk of the boyyhethdt theipib ddabs HERAHEBRRS the & ERRSEND PvlisiSaidre pal ns

as distal point on the upper linbs for the purpose of creating an easy and

effortl ess @acc 0. 1 eqgi St [ f ECG Thi.s al.so.serves the
pur pose of B?rak%%gesé%%afrr@ggé %‘rﬁ‘gﬁfﬁ@%ﬁ%@ﬁ@%ﬂ ‘§Pp§5§11$}§ﬁlllaé<e§{1ﬁgll times, and
i s not dependent.on the patient's_lo ion. For_exanple, a patient can be
anywher e (shopPHisEenea i fhe\};%ﬂokqﬁ}ﬁgogm}géé&ec%p%hmh cauBimply b vewsd ag c. ) ,
and can quickly and easily take and transmt ECG data. The handhel d unit
can be equi ppedlamigiirseenddetot odginstingsrom egpoimloodle frank dfthe bodydimt e
transm ssion of the ECG information, can be plugged into a

certain embodiments, we chose to use the palms as distal point on the upper

limbs for the purpose of creating an easy and effortless access for the

10  registration of ECG. This also serves the purpose of making ECG measurements
practically available at all times, and is not dependent on the patient’s location.
For example, a patient can be anywhere (shopping mall, walking outside, being
in public places etc.), and can quickly and easily take and transmit ECG data.
The handheld unit can be equipped with standard cellular technology for

15 immediate transmission of the ECG information, can be plugged into a
telephone or other communications device, or can use other wireless
transmission protocols.

The three bipolar limb leads described above can also be used as three

augmented unipolar limb leads by multiplexing (switching) in time. These are

20  termed unipolar leads because there is a single positive electrode that is
referenced against a combination of the other limb electrodes. The positive
electrodes for these augmented leads are located on the left arm (avL) (e.g.,

under the thumb), the right arm (aVR), and the left leg (aVF) (e.g., on the left
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t el ephone or other communi cations device, or can use other wreless

transm ssion protocols. The three bipolar linb | eads descri bed above can

al so be woed2amsshree augnmented unipolar |inb | eads by nRCTIIRO2NPSIg
(switching) in time. These are 20 termed unipolar |eads because there is a
single positive electrode that is referenced agai nst a conbi nati on of the

other linb ele es. .\ rhe sitive electrodes for these_ au ted | eads
are | ocated on%{‘rﬁ(e}%lggis%’ Q&R’r’?@% es(eé?'.regt!h? Sa]ﬂﬁ&%?“?‘ﬁeé“ts?é%)rﬁea%ﬁeeﬁrap ht arm
(avR), and the_left leg (aVF) (e.g., on the left -11 WO 02/078534

PCT/ 1 B02/ 01984 ar m f i ngers). In practice, these are the sanme el ectrodes
used for Leads I, Il and 11I. The three augnented uni pol ar | eads, coupled

with the three bi polTae thiceavgmentahatipdlatieadsheoupiled Withthd thre bipofart he ECG
These | eads record electrical 5 activity along a single plane, terned the

frontal plane I@igtdonith®R thd'six MR leadsSTHROEERE e Meadi&hE5AGS LRyt €M and

these six leads, it is rather sinple to define the direction of an
el ectrical wyvec . i instant. in.tinme. . However, for. the express
di agnosi s (éll. e%&ivrll@al u an%h%/]%reiB lgsng’pttglr%%‘?deth?_gga{éﬁﬂla?e \f%ﬁ%tw& Bdhsa%s on t he
casing of the Bandhﬁl d ugéege do not provide readi ngs, exactly the same as 10
traditi onal axe&SMEFReREpLIETeRyKSYTigRAdhese $8 1sads.of ipgather sipaple tadefinef
correct interpretations of the results when taking ECG data in this way.
Therefore, cer Hhgidireghitioof aneeleciricd] vedter dtaug givien mgtandin timei Howeldirtfoon t o
qui ck nmonitoring purposes also a setup for quick and effortless traditional
ECG the express diagnosis (i.e., not using the separate Lead III) the electrodes on the
casing of the handheld unit do not provide readings exactly the same as
10 traditional axes. Therefore, the user will be informed of the need of correct
interpretations of the results when taking ECG data in this way.
Therefore, certain embodiments of the invention provide in addition to
quick monitoring purposes also a setup for quick and effortless traditional ECG
registrations involving 6 electrode setup is by using Lead IIT (aVF) through a
15  separate wired hookup. In this case the corresponding lead on the unit’s casing
will be decoupled supporting the traditional Left arm - Right arm - Left leg
model.
As noted above, two of the inbuilt electrodes (e.g., Leads I and IT on the
sides of the unit) measure the signal between the patient’s hands, which is not
20  the classical method of ECG measurement. However, the most important
difference between this technique and the standard ECG technique lies in the

amplitude characteristics of the generated signal. As the heart undergoes

depolarization and repolarization, the electrical currents spread throughout the
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regi strations involving 6 electrode setup is by using Lead Il (aVF)
through a 15 separate wi red hookup. In this case the corresponding | ead on
the unit'wowa®7ssgd wi || be decoupl ed supporting the tradi PConpd2/u1e$4 arm -
Right arm- Left leg nodel. As noted above, two of the inbuilt electrodes
(e.g., Leads | and Il on the sides of the unit) neasure the signal between
the patient's hands, which is not 2Q the c|assical thog of ECG

measur ement . Bediebeqause the bagdy acts AsbYlame cor “Pg}re%%@ el?ét%é A REs t echni que
and the standard ECG technique lies in the anplitude characteristics of

t he gener at ed gsheaiatl by Alse hdagt diecorhmonlyencgewesd byepairay pEelestrndesplgced

repol ari zation, the electrical currents spread throughout the -12 WO

02/ 078534 PCT/oh B2k AR ach B coneaRIen olbdipdbo sty piaded of%ach atal anddegonduct or .
The electrical currents generated by the heart are conmmonly neasured by an

array of elec S ced .. }H?@ SRS L QmhenEbect r odes
are pl aced ontlglgg‘%gizsitfg%%aaﬁgf’hlt‘g% %ch%cgﬁg%%?%%epgﬁ%?ﬁt ud%é%f ”%1 cardi ac
signal is dependent on the pl acenent of. 5 the.elegctrod on t.he rso
relative t8® tKee slgetrades op e arsege %etaiﬂgqla%u\c:l%ﬁvgﬁg%?ﬁﬁaggp S |8n
conductivity in the place of contact and changes in inpedance when the
patient is nowieng, skiilncandettatity inftheylacs af sontaciandrahanges IE@upsdenceviient in
general, including both classical ECG neasurenents and the nore conveni ent
neasurement s ygé patidnh mbaue-Tesait beaffandie domern to EQG measwemdntan. Wth 10
this enbodi ment, the resulting ECG anplitude at the equivalent instant in
time conparedhgf §adhdih9Both HsHRA'E@S nlelSur&abRs bhdheTdre@bnvBRKnNIOt  have

t he same

measurements using the above-described embodiment of the inventiqn. With
10 this embodiment, the resulting ECG amplitude at the equivalent instant in time
compared to traditional signal at the same time may or may not have the same-
magnitude. The length of the limb where measurement is performed is basically
regarded as wire conductor from the heart - consequently the registered
amplitude may be different. However, the measured signal is the same and a
15  cardiologist is able to diagnose the patient knowing the placement of the
electrodes during measurement. Thus, the technique described herein varies
from classical only in the sense of the placement of the electrodes. Accordingly,
even though tilis embodiment of the invention can use only the hands for an
ECG measurement, the signal is as informative as a traditional ECG signal. The
20 medical personnel involved in reading the ECG are preferably informed of the
placement of the electrodes.
What are identical with the established ECG standard are the time

dependent signal movements. Therefore, the following parameters are available
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magni tude. The length of the Iinb where neasurenent is perforned is
basically regarded as wire conductor fromthe heart - consequently the
regi st er 0 oatopisB4 ude nay be different. However, the neaskcadBey/gms is the
same and a 15 cardiologist is able to diagnose the patient know ng the

pl acenent of the electrodes during neasurenent. Thus, the technique

descri bed herein varies fromclassi.cal .only i he se of t pl acenment
of the el ectr deEBICANEIBERtUsiHE his teé"fs’é‘ﬂuef‘ %%#t?’[#%“'gf%'ﬁg?&elﬁ{ew ’ei)t he
invention can use only the hands for an ECG neasurenent, the sjgnal is as
i nformative aswavetintediali QRS lintexeal, § ware ntervad QD interyrk 3| waeiateidb e i nvol ved
in reading the ECG are preferably infornmed of the placenent of the

el ectrodes. \Whadveargplitd@)Q wave ampliudd)R vesicainiplihdy SECSesnmiidaiedT ar e t he
time dependent signal novenents. Therefore, the follow ng paraneters are

avail able - 1%%4“%%@4619&@&?{% s éﬁt%%a@&?@ébregs%, E'igﬁﬂéhﬁr{ﬂﬁ[ﬁrah@i ng this

techni que: hear intérval, PQ Interva wave interval, QRS
interval, U wave lnﬁervgl zl 8! interval, T wave interval, P wave anplitude,

Q wave anpli t UFBIIg itude, S wave anplitude, T wave anplitude, ST
segnent el evati on/ depression, supraventricular and 5 ventri cal
arrhyt hni a. Mor eoveMorepyen 88 aeted BoaNe, the Famete whit&an Ficeive shnda gaﬂé st andar d
ECG signals through wireless interface to an orthodox ECG measurenent
setup using asigyeds tbduzhatireedsrimatfaceThen pshudox EGGmMezawrenlenisetipalsmg
superficial electrode based neasurenent
a wearable attachment.
The remote unit can also use a supetficial electrode based measurement
10 for alternate index of large artery stiffness that is an independent predictor of
cardiovascular risk (presence of arteriosclerosis). For the measurement of large
artery stiffness the value of pulse wave velocity is measured as a function of the
ECG signal. This signal is set off the contraction of the heart and registration of
the travel time of the pulse wave on the limb. The threshold of the pulse wave
15  is measured by registering impedance changes in the blood transit passageway.
This new technique of artery stiffness measurement complements the
conventional blood pressure measurements and provides additional information
on cardiac function. The measurement is done between limbs registering
volume impedance in the segment of registration Z, and change in impedance
20  AZ resulting from a cardiac cycle. Two main arrangements are preferable:
between hands and between hand and opposite leg (e.g. left hand and right leg).
Holding the unit in one hand (preferably the left hand) two ECG electrodes

(Lead I and Lead ITT) will be switched for the hand contact. Hookup electrode
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10 for alternate index of large artery stiffness that is an independent
predi ctor of cardiovascular risk (presence of arteriosclerosis). For the
measur eneWD 00074584 ge artery stiffness the value of pul sepa@xuBONVEPRICItY i S
measured as a function of the ECG signal. This signal is set off the
contraction of the heart and registration of the travel tinme of the pul se

wave on the linmb. The threshold of th | se ve 15 i s .measur by

regi stering i@é@@ﬁ@@l%qﬁr@ﬁsé@lmﬁtlamagPﬁﬁaolfqdéwﬁa“ﬁﬁa&i‘@@&&%@ Thi s new
techni que of artery stiffness neasurenent conplenents the conventional

bl ood pr essur wilhbaplacehentis legwle@rodes oposing dach ether acrofs dhaweassremesh car di ac
function. The neasurenent is done between |inbs registering volune

i npedance in phgt KEABRHmRHaiRh&kiekeRbvEpthRNEnts heloge betvéempiedance 20 AZ
resulting froma cardiac cycle. Two main arrangenents are preferable:

bet ween handsel%aﬁoc{%gt ween hand and opposite leg (e.g. left hand and right
| eg). Hol di ng e unit in one hand (preferably the left hand) tw ECG

el ectrodes (Lead | and Lead I11).wil] be sw e or the. h nt act .
Hookup el €ttrode - 8 AESHD PGFEB 1%#‘9%%2%%6??&8‘&%@ %ﬁ&gjlag@trode
replicating Lead Il hooked through a plug) and Lead Il w |l be placed on
the |eg el ect tagdbsadsgpdbi Y aaawitialoehell Slﬁ@%d@@w%tmg the serfrod fsardigoi nt to

al | ow i npedance neasurenent over the linb volunme between the electrodes. 5
As a result, vrl€amd malipiéeng (hriaeghdohéefiEheg) the same elsctoedes fie thand and

leg (Leads | - Il - IIl1) aninitial set off signal indicating the start of

the cardiac GyEldenalilcdbikimdh. At Bkl Will HEBtINY Ganké RffugRGAcot he same
el ectrodes for e
caused in the distal end of the limb by pulse wave initiated volume change in
"10  blood vessels. The time between the start of a cardiac cycle and the front of
impedance change on the limb characterizes the speed of movement of the pulse
wave. Consequently, knowing the distance one can estimate the speed of the
pulse wave, which is a clinical measurement of arterial stiffness linked to the
presence of arteriosclerosis.

15 Several consecutive cardiac cycles are registered and a statistically
cleaned and resulting value is used for the indication. Preferably two separate
frequencies (near 30 kHz and 300 KHz correspondingly) are used to calculate
different volume constituents to form the ultimate measurement. The system can
also register the characteristic body impedance change during a cardiac cycle

20 (AZ over time). Using time overlay by multiplexing electrodes for the two
registrations, namely ECG and change in bioimpedance over time, the preferred

embodiment enables comparison of two consecutive graphs. ECG will display

clectrical impulse related information in the myocardium while the
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i npedance neasurenent, the systemw || register the change in inpedance
caused in the distal end of the linb by pul se wave initiated vol une change
in 10 bl o8 ee%ssed s. The tine between the start of a cardipag/IB§xdies4dand t he
front of inpedance change on the Iinb characterizes the speed of novenent
of the pulse wave. Consequently, know ng the distance one can estimate the

speed of the pulse wave, which is clinical asurenment of arterial
stiffness |inRietmpeslapprde \é}g%@éh ayé?‘”c@‘?’?%’&‘?@%%' & CAYRIC QRIS

consecutive cardiac cycles are registered and a statistically cleaned and
resul ting val fimctien.(Brgldrdabms wild iricredbaiafarmatiopeeitentafithe togistraliqns2at e
frequencies (near 30 kHz and 300 KHz correspondingly) are used to cal cul ate

di fferent vol wipe BoRHobiorand patledt bypindichditg tHetquatityeofitbadiagrosisrnd thithe syst em
can also register the characteristic body inpedance change during a

cardi ac cycl ec]%? (AZ over tine). Using tinme overlay by multiplexing
el ectrodes for the two registrations, nanely ECG and change in

bi oi npedance over tine, the preferred .enbodi nent en i son of two
consecuti V& graphs Ang‘glggr G&HeP‘pﬁﬁé?)P%?fmg Ie’g’?? &]in?;egf 15 tﬁ% 31%%? Fl(eéﬁg?rg{(g ot
information in the nyocardiumwhile the -15 WO 02/ 07,?5 4 PCT/1B02/ 01984
bi oi npedance Healihygopjedesding aghivelifestyles oYararal 65 HpEFHIC HHRESERLOZIAS punpi ng
function. Both realns will increase information content of the
regi strations aanailse viarthet from batiosteptedt foavardidvabgulanfonadtosalify t he qual ity
of the diagnosis and the cure. 5 Another aspect of the preferred
embodi ment i s {he, b bRGRRDUER MdrOEdhfleR betups including walking, running and
other activities. All tests may be instruction based, e.g. user's unit displays all
10 relevant guidelines and signals for time-dependent marks. In one example, the
unit gives specific instructions to the user, such as, do 15 jumping jacks. The
user does the jumping jacks while holding the handheld unit. The unit can
measure body parameters, including ECG or pulse rate, while the exercise is
being carried out. The unit continues to give instructions, taking the user
15 through a complete exercise routine. Feedback is provided to the user based on
how well the user’s body handles the exercise.
Body fat is measured using a conventional bioimpedance method. The
multiplexing modality also applies here. However, instead of registering ECG
and impedance transformations in the distal end of a limb, a whole body
20 impedance (Zo and change in the whole body impedance AZ resulting from a
cardiac cycle) may be registered. Thus, the unit of the preferred embodiment

provides the means to measure body fat at the same instance as a patient is

registering their ECG. Body water content may also be registered within the
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heal thy people | eading active lifestyles. Several case specific fitness
prograns are available starting frombasic step-test for cardiovascul ar
funct i onawptog/o78s@asur enent t hrough nore conpl ex setups i n®@CxdBog19s¥ Ki ng,
running and other activities. Al tests may be instruction based, e.g.
user's unit displays all 10 relevant guidelines and signals for

ti me- dependent rks. Iln one exanple, the .unit gj.ves specific instructions
to the user, s&g&y gai,me&%“fi@e?&mﬁ? Gusmeat lepgfdwo gfﬁrea _queHes dlPiEng j acks
whil e holding the handheld unit. The unit can neasure body paraneters,

i ncl udi ng ECG #Rpflansemeasuzementi Adding thisfeaturs todhe somplek g cardiaci ed out. The
unit continues to give instructions, taking the user 15 through a conplete

exer ci se rout i negistfatienbalbdws chaprcterizit@thationtt B@ydﬁ&fonha%@at% stdt@w wel | the
user's body handl es the exercise. Body fat is neasured using a conventional

bi of npedance_mphingfls wih CHIMHelek R A¥ly o0 Ahblifmeleit AR LURTNREE,  HOwever

i nstead of registering ECG and inpédance tr ormatitons 1 n the distal end

"mpedance A5 1 BRPeRREY TP RANGR By ey Rl e wherl BakRBeBriLs, < e

unit of the preferred enmhodi ment provides the nmeans to neasure body fat at
the same i nst afQEechdiagnoss andfor the rehabyfitatiay advipergeapnatimo@uriBonyoraat er
content may al so be registered within the -16 WO 02/078534 PCT/ | B02/ 01984
body fat neasukeevsng thr bukyduater aontentjisat gobé amticdtovofichéal Biobd fisesugnci es
during inpedance nmeasurenent. Adding this feature to the conpl ex of

cardi ac regi st fialih@esc U Which WNERRE WRIkISAdeh BRHe8M hAd impairs blood supply
dehydrati on/ rehydrati on status.
to the peripheral parts of the body.

10 Another aspect of the invention is the ability to provide health
forecasting. A set of developed rules are used for risk prediction and/or bodily
function development. Several rules and indexes are well known particularly in
the field of risk factor analysis. For example, the measurement of daily weight

dynamics against cardiovascular data (ECG, blood pressure, fitness test etc.)

15  gives an indication of the progress of the patient.
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Patients with CHF are extrenely prone to inpairnment of extra cellular fluid
5 netabolism The body water content will serve as a very useful indicator
for the woreTss3di agnosis and for the rehabilitati on adviPCe/1Bexidpsit i on.
Furthernore, know ng the body water content is a good indicator of general
bl ood viscosity, the increase of which will raise workload on the heart
and inpairs bl ood ﬁ%‘wf to the peripheral parts of the body. 10 Anot her
aspect of the inventi $s the ability to provide health forecasting. A
set of devel oped rules are used for risk prediction and/or bodily function
devel opment. Severdl ruldemethad fontemaiely moaitorng thehsalth pha patiegh 8#ily in  the
field of risk factor analysis. For exanple, the neasurenent of daily weight
dynani cs agai nsdthebédhmisasgul ar data (ECG bl ood pressure, fitness test
etc.) 15 gives an indication of the progress of the patient. -17 WO

02/078534 PCT/ | BO2/3{ 98¢ enf MBatkd diva¥Bl&En Idevice aFBinpliNg ARdmdteayi Ng t he
health of a patient, said nethod conprising: using a renotely |ocated data

col | ection_devic roppt.i n \ | I S

olurality 8 dretd Bl R Y knates CEREGH 3R BRERP, |
predeterm ned | ocations on the user's body;, causing said data collection
devi ce to readewiced piedaegiag IQ”CPB?ﬁStQﬁ‘éheé?ﬁfisgﬁaﬂs body using said

el ectrodes, transmtting said electrical data to a central |ocation; and
causing said data collection device to read electrical data from the

patient’s body using said electrodes,
transmitting said electrical data to a central location; and
10 evaluating said electrical data at said central location to make a

determination as to the health of the patient.

Ll

2. The method of claim 1 wherein said electrical data corresponds
to ECG data.
3. The method of claim 1 wherein said plurality of electrodes

15  comprises three electrodes.

4, The method of claim 1 wherein said data collection device is a
hand-held device and said plurality of electrodes are in predetermined locations
on the surface of said hand-held device.

5. The method of claim 1 further comprising the step of transmitting

20 evaluation data from said central location to said data collection device to
provide feedback to the patient.

6. The method of claim 1 wherein said data collection device

comprises a display to display information to the patient.
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10 evaluating said electrical data at said central |ocation to nake a
determ nation as to the health of the patient. 2. The nmethod of claiml
wher ei n swiDd2erese4 ri cal data corresponds to ECG data. 3. PChaBoetib&id of
claim1 wherein said plurality of electrodes 15 conprises three

el ectrodes.. 4. The nethod of claim1 wherein said data collection device is
a hand-hel'd device and saird plurality of electrodes-are in predeterm ned

| ocations on the sukfadéeotethed of dwimdl fugther apavirtsing the stEheofret hod of cl aim
1 further conprising the step- of transmtting 20 evaluation data from said
central location to said réafvingclt k€i¢ dbarolexiof devioe, datDobtaiged fesback to the
patient. 6. The nethod of claim| wherein said data coll ection device
conprises a di %ﬂéagﬂﬁﬁé)déi,ii&ﬁw information to the patient. -18 WO 02/ 078534
PCT/1B02/ 01984 7. The nethod of claim1 further conprising the steps of:
receiving, at said data col | ect.ion.device, .data,obtained froma neasuring
device, and transmitti ngq?ﬁlgﬁhlé%gallgée&elﬁfgq g‘%?g)o gﬁé’eﬂ%ﬂﬁ??ﬂtmpocati on. 5 8.
The met hod according to claim7 wherein the data collection device is a

bl ood pressfre nmeas - erre nkhedaéthedacconding to claim 7 wherein the data collection

device is a blood pressure measurement device.
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