WO 03/ 076005 PCT/ GB03/01009 Medical Device The present invention relates
to a nedical device and in particular to a cardiopul nonary resuscitation
devi ce, WwWolnohsoas an automated external defibrillator (ABDr/GROBAL00DS
activated by whether or not electrodes, for admnistering treatnent, are
associated wth the device. In adults, the commonest primary arrhythm as at
the onset of cardiac arrest are ventricular fibrillation (VF), 10 or

pul sel ess ventricul ar tachycardia (VT). \Wen such arrhythm as occur, the
primary formof therapy is defibrillation, which should be carried out
with the mninumof delay in order maxim se the patient's chances of
survival. |If treatnent is del ayedMedieadh®eseseof success 15 of reviving a
patient with an otherwise relatively treatable arrhythm a such as VF,
declines rapidly with the passage of tinme. If an electrocardiogramis
taken of the patients experiencing, for_exanple VF, the anplitude and
wavef or m of a pati%erRTes %c%?%%%?ﬁ?%gFﬁﬁ?Fﬁal E&t & markicl SpwhgRsaBEcur
in the pati.ent such_as the d ocardlal energggstores
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IS&I’TB.]OI’ priorit to mnimse ris erio occurrlng

by ensur | ngctth%taﬁé&ﬁr@yl ghkheem Risnum delaycheljugen fhe Qaﬁﬁﬁlgie@lﬁard' ac
arrest and the admnistration of treatnment by defibrillation using an AED

treatment, are associated with the device.

In adults, the commonest primary arrhythmias at the

onset of cardiac arrest are ventricular fibrillation (VEF),

10 or pulseless ventricular tachycardia (VT). When such
arrhythmias occur, the primary form of therapy is
defibrillation, which should be carried out with the
minimum of delay in order maximise the patient’s chances of
survival. If treatment is delayed, the chances of success

15 of reviving a patient with an otherwise relatively
treatable arrhythmia such as VF, declines rapidly with the
passage of time. If an electrocardiogram is taken of the
patients experiencing, for example VF, the amplitude and
waveform of a patient’s electrocardiogram indicates that

20 changes occur in the patient’s body such as the depletion
of myocardial energy stores and lack of oxygenation. Basic

life support treatment will not reverse these changes in

the patient and can only slow the rate of deterioration. It

is a major priority to minimise risk of this deterioration

25 occurring by ensuring that there is the minimum delay
between the onset of a cardiac arrest and the

administration of treatment by defibrillation using an AED



WO 03/ 076005 PCT/ GB03/01009 2 in order to provide a shock to regulate the
patient's heart rhythm Defibrillation nay be possible for several m nutes
after a capdBAcees rest occurs but the chances of survival PCarGBoafp1iom sed if
treatnment is given in the period of around 5 90 seconds after the onset of
cardiac arrest. In general, adm nistration of shocks to patients is only
given by qualified personnel, such as paranedics specifically trained to
use AEDs. The training ensures that per&onnel use such equi pnment in a way
that there is 10 minimal risk off an inappropriate shock being given to a
patient. For exanple, if a patient is not experiencing arrhythma, and a
shock is adm rixsdef egh pheniddes heastk tat ee@hlabeotherphsecheakt hyapatient
coul d be disturbed and a cardiac arrest triggered. 15 As presently only
trai ned perdoririel. abef dbtel latkse mAEDbs, posissiblesuidrs sevarakl aynihes
treating a patient as they have to reach the patient. |f an anbul ance has
to be cal lodden hi scdatapccarrebterrdiizeventl thenwhesdss wif churvinela
patient may have dled 20 Consequently, there is a need for providing a
nmedi cal  déVicc ERiuH rd q‘mm‘r st % $pTRN t B Uk AR WhP chf carouBe used

by persons gt the S ene of nC|d nt y nhot cessarily be
qual ifi ed |® %‘(ﬁﬁ%?ggiﬁﬁ\ﬁﬁﬁiﬁi 25 According to the

I nvention theﬂafn 8&8&&9?9 %dH%%iéﬁratlon of shocks to patients is

only given by qualified personnel, such as paramedics
specifically trained to use AEDs. The training ensures
that personnel use such equipment in a way that there is

10 minimal risk off an inappropriate shock being given to a
patient. For example, 1if a patient 1s not experiencing
arrhythmia, and a shock is administered, then the heart
rate of an otherwise healthy patient could be disturbed and
a cardiac arrest triggered.

15 As presently only trained personnel are able to use
AED’s, this results in a delay in treating a patient as
they have to reach the patient. If an ambulance has to be
called, this delay can often be several minutes by which
time a patient may haﬁe died.

20 Consequently, there is a need for providing a medical
device such as an AED that is simple to use and which can
be used by persons at the scene of an incident who may not
necessarily be gqualified in administering treatment to an
individual.

25 According to the invention there is provided a medical
device having a control circuit adapted to operate one or

more electrodes in response to analysis of a patient’s



device having a control circuit adapted to operate one or nore el ectrodes
in response to analysis of a patient's WO 03/ 076005 PCT/ GB03/01009 3

condi t i orwby3woh®osredi cal device, characterised in that theCcTmRiBoO#aloodevice
i ncludes a support for an el ectrode, whereby when the electrode is
associated wth the support, the <control circuit is deactivated but on
renoval of the 5 electrode fromthe support, the control circuit is
activated. Preferably, there are one or 3nore supports each being

associated with an electrode. It is envisaged that the support or supports
conprise 10 apertures in a housing of the nedical device. Preferably, the

el ect r odesc Ry PEoh NBEr el iMkdite 1apesdiees thergbyeriséer tupthag tthe
control circuit either conpletely or to a substantial extent. Wen the
circuit ispédteslugtedctoiaclagbst ansupboext dotr, arherleamypdes altareikl e
charge through 15 the el ectrode so that the nedical device remains on
standby. Rrleder atlle, eikertddie dévi cssecionted anddyn the @RIt on @fe t he
el ectrode may be nonitored by the charge passing through it. This nay be
by neasuri®enetrett r¢gatuipo zﬁpm%lﬁW@si]%@%nc@l aci R ahe A edtiode.
It is preferred that the electrode is contained within . a pouch. Thespouch
protects t®keerBeffodd oM orth® uSBPPPE s &i\A sagRut¥ Pt Eﬁécﬁéaicé

devi ce i ncludes an
actfvagéd.

Preferably, there are one or more supports each being
assoclated with an electrode.

It is envisaged that the support or supports comprise

10 apertures in a housing of the medical device. Preferably,
the electrodes may be inserted in the apertures thereby
interrupting the control circuit either completely or to a
substantial extent. When the circuit is interrupted to a
substantial extent, there may be a trickle charge through

15 the electrode so that the medical device remains on
standby.

Preferably, when the device is on standby, the
condition of the electrode may be monitored by the charge
passing through it. This may be by measuring electrical

20 impedance or resistance across the electrode.

It is preferred that the electrode is contained within
a pouch. The pouch protects the electrode prior to use.

It is envisaged that the medical device includes an
electro-detection circuit for detecting the presence of an

25 electrode or an electrical pouch, which is inserted in the
housing. It is envisaged that the circuit may comprise a

switch device that is activated when the pouch is inserted



el ectro-detection circuit for detecting the presence of an 25 electrode or
an el ectrical pouch, which is inserted in the housing. It is envisaged that
t he circuwoO ogmysoednpri se a switch device that is activat @dTides/otdee pouch
is inserted WD 03/076005 PCT/ GB03/01009 4 or renoved fromthe housing by
di spl acenent of a nechanical elenment. The switch may be in the formof a
spring connector in a preferred arrangenent. Alternatively, the detection
circuit my use a field effect sensor tosddetect 5 the presence of a pouch
or electrode between the emtter and sensor. Also, the detection circuit
may include a |ight source and detector, with the |light source being

i nterrupt ey yhemare el eedh ogdes ofﬁom@mjﬂ by dNSEIiCEméRtt BE ahpUEshAdi cWhen

t he el ectrode/ pouch is renmoved fromthe 10 housi ng, the detector senses

i ght em ssilemeartd t hephact switash a e t ©le t dnactheatfote arediacakpdevigce.

It is envisaged that a conbination of such switching elenents nmay be used
so that a ackeag:arechaniaspmoarehredraviaedefent . detRtteomaimee Bet | vaei on
of the device. 15 It is preferred that when the el ectrode or pouch is
removed fr chateed idet eeiToniti peti vset e HeelldaridevitcEansonvir® cHEESEH

ready to deliver treatnent, such as a shock via_ the electraode. In %
further enb®@ nRRESCRRN Athe? ePREFROGE $5CFeRRYRdPetHEREr HHanCRhETEEYi ce

being inmedi ately 20 activated ready r treatnent, a,self testin
di agnost i car@uﬁgﬂgofﬁs acéi z?t’edte%% t gctecsté%n ch&ckEtEan"d% Clélrcrliugic? ofit
light source and detector, with the 1light source being

interrupted when an electrode or pouch is inserted in the

housing. When the electrode/pouch is removed from the
10 housing, the detector senses light emission and then acts
as a switch to activate the medical device. It is

envisaged that a combination of such switching elements may
be used so that a back up mechanism can be provided for
detection and activation of the device.

15 It is preferred that when the electrode or pouch is
removed from the detection circuit, the medical device 1is
switched on ready to deliver treatment, such as a shock via
the electrode. In a further embodiment, when the electrode
is removed, rather than the device being immediately

20 activated ready for treatment, a self testing diagnostic
routine is activated so that self checks can be carried out
by the device to ensure that it is functioning correctly
prior to use on the patient. It 1s envisaged that the
operation of the removal of the pouch or electrode may

25 directly operate the device or may cause indirect operation

| of the device by triggering a further prompt mechanism in

the device for starting either the self-diagnostic routine



by the device to ensure that it is functioning correctly prior to use on
the patient. It is envisaged that the operation of the renoval of the
pouch or wbheswhre@de rmay 25 directly operate the device or may/Geaseodnd
of the device by triggering a further pronpt nechanismin the

operation
device for

starting either the self-diagnostic routine WO 03/076005

PCT/ GB03/ 01009 5 or treatnent of the patient. In a further enbodi nent,
activation of a switch allows, either dﬁrectly or indirectly, a power
froma battery systemin the deV|ce to the control systemto 5 becone
Thi s causes a processor or sub-processor to change its status

activat ed.

fromidl e tor dexeaenerhecdevheepshhent hen be activated by sw tching on,

alternatively a self- test
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routine may be activated dependi ng on the preset
instructions of the #evfBELDpKet RBPOGIHENE.t edEtdT@EASNOr 00 ROt Swdrt dbe
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then be activated by switching on, or alternatively a self-
test routine may be activated depending on the preset
instructions of the device. Whether a self-test occurs or
not can be selected by the medical device
operator/installer and it may be the case that self-testing
is not carried out where there is or is likely to be an
ultra emergency, for example the patient is on the point of
dying.

In a further embodiment, a processor or sub-processor
may actively or passively monitor the status of the
switching mechanism. A change in status would then alert
the processor or sub-processor and would cause power
to be activated for the medical device or a self-test may
be activated depending again on what the prior programmed
instructions are for the device.

The medical device may be definad as a device that
delivers or monitors the condition of a patient by using
electrodes. In particular, the invention is concerned with
cardiopulmonary resuscitation devices such as
defibrillators or heart monitors, but also the invention is

also applicable to other types of devices using electrodes
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20 be activated dependi ng again on what the prior programred instructions
are for the device. The nedical device may be defined as a device that

del i vers wo ogomioddrs the condition of a patient by using PeT&GRBOUBS. | n
particular, the invention is concerned with 25 cardi opul nonary
resuscitation devices such as defibrillators or heart nonitors, but also
the invention is also applicable to other types of devices using

el ectrodes WO 03/ 076005 PCT/ GB03/01009 6 placed on a patient's body such
as electrocardigrans (ECGs) or el ectroencephal ogram EEGs. An enbodi nent of
the invention wll now be described, by way of exanple only, with
reference tlddwed fohl awpagiebtf Eghoég bsnchhieshelEicguoealdigramsc HERSS) c
diagram of the circuitry associated with the device according to the

i nventi on; ofFigleet 2oghosghahogtattkldEe. i n-situ device within a detection

circuit; and 10 Figure 3 shows a schematic diagramof the circuitr,
i ncor porati ng arfR| eEPPEHBENAS OShERE iTMVER ! 171! cRPEUPE ﬁ@ﬁqﬁﬁéﬁgving a

di cal device, which in thi i fibrillator, i |1y _sh
as 1. The CT¥ clipt CORpITSBPIE poReY SHiiBe A5 TSR a St FRRI AG CIPERY 3,

whi ch_swi tc eglchar e between t he power source 2 and capacitors 4 so that
charg% can et i VAr'&d T’ el ectrodes 5 which are pl aced on the patient's

Figure 1 1is a schematic diagram of the circuitry
associated with the device according to the invention;

Figure 2 shows an electrode in-situ device within a
detection circuit; and

10 Figure 3 shows a schematic diagram of the circuitry
incorporating an electrode.

As shown in Figure 1, a circuit for operating a
medical device, which in this case i1s a defibrillator, is
generally shown as 1. The circuit comprises a power source

15 2 and a switching circuit 3, which switches charge between
the power source 2 and capacitors 4 so that charge can be
delivered to electrodes 5 which are placed on the patient’s
chest during treatment. The defibrillator has a housing
(not shown) with an aperture 6 in the form of a slot in the

20 housing. An electrode 5, which is contained in this case
in packaging 9 in the form of a pouch around the electrode,
is inserted in the aperture 6. On either side of the
opening of the aperture 6 are electrical connectors 8.
These may be in the form of metal contacts. The connectors

25 8 are held apart by spring connectors 7 at the end of the
aperture opposed to the opening. Insertion of the

electrode 5 in the aperture 6 forces apart the connectors



chest during treatment. The defibrillator has a housing (not shown) wth an
aperture 6 in the formof a slot in the 20 housing. An electrode 5, which
i s contaiwedsjorsodhi s case in packaging 9 in the form of aCpaBsb/oaoeund the
electrode, is inserted in the aperture 6. On either side of the opening
of the aperture 6 are electrical connectors 8. These may be in the form of
nmetal contacts. The connectors 25 8 are Eeld apart by spring connectors 7
at the end of the aperture opposed to the opening. Insertion of the

el ectrode 5 in the aperture 6 forces apart the connectors WO 03/ 076005

PCT/ GB03/ 01009 n8- The. sprin onnectors are held in tension by this
forcing apggt B8R tPRT %?gch’ qEQrFenBP%dIF¥Bh1ﬂﬁe tapetenr &Y nthhe

di i h he nsi he ,spring connectors is
rlelrgg:[slegnag% ft‘%e“‘% trﬁlsccogmcoﬁnnec%cgfs €§g‘pec% %%gé?he?egﬁv%etf%“ the
compl eti ng dderioid Cuht ol Wi dlatidy L4 atpe. Wep the ol regil bsnﬁ%the

conpleted, the defibrillator becones activa y Y |

battery 2. iAl thes RRIrithg t Benndefbbgil{at org r@é’si%)c? ready har QEE' ¥%tilcon or
alternatively, 10 dependi ng upon how the defibrillator 1s set up

pr ograamed ccarsettfor®sts Neoineni JOgERYQCClHDL. Mgyl €53 SB@M?lgtgﬁBen@BEC
di agram of an electrode inserted wwthin the circuitry of
defibrill atgECudt powkr tbercdefiihchilahgrt he battieery thewhi €hrdwmigurngis in

15 communi catign with a processor 10 which can sense the
completed, the defibrillator becomes activated by flow of
charge from the battery 2. At this point, the
defibrillator may be ready for activation or alternatively,
10 depending wupon how the defibrillator is set up or
programmed, a self-test mechanism may occur.
Figure 3 shows a schematic diagram of an electrode
inserted within the circuitry of the defibrillator. A
power source, including the battery 2 which in turn is in
15 communication with a processor 10 which can sense the
presence of electrode 5 or electrode packaging 9. A
processor 10 can monitor the condition of the electrode 5.
Alternatively, or in addition to monitoring the electrode
condition, once the electrode is removed from the
20 defibrillator, it can act activate circuitry to switch the
defibrillator on or it can start a pre-check routine to
ensure that the defibrillator is in a condition whereby it
may deliver'charge effectively to the patient.
It is to be understood that the figures refer to a
25 preferred embodiment of the invention. It is may be that
there are multiple apertures, each for housing a separate

electrode or alternatively, a single aperture may house a



presence of electrode 5 or el ectrode packaging 9. A processor 10 can
nonitor the condition of the electrode 5. Alternatively, or in addition to
noni t or i yotoke7@bEct rode condition, once the el ectrode i CTE@BRMWOMHDr om t he
20 defibrillator, it can act activate circuitry to switch the

defibrillator on or it can start a pre-check routine to ensure that the
defibrillator is in a condition whereby it nmay deliver charge effectively
to the patient. It is to be understood tRat the figures refer to a 25
preferred enbodi nent of the invention. It is may be that there are

mul tiple apertures, each for housing a separate electrode or

al t er nat i velymber siafgl elagéredee neycthotbe andli @81 0FEOATPCIAGROYOHN9 8
number of electrode, with the nmedical device only being activated when the
first or fidfiiRtety Histt tdde firstemwedimri soar rangersiectwede bs

particul arly usef ul meren%?irs of electrodes are used to treat a patient.
5 Further el¥tYYdes TS i 1WPHE hd1d iR grstiedtliv e uysafetes,

it may be that the aperture. ha integral protectjve ans such as

cushi oni ng gerrept]%?lec‘?i%é le%%tsE?%%‘? r%ﬁ%.u%%‘giﬁﬁ %E%%{r?%eﬂa?p%ﬁfi c

enbodi ments of the. I ent ot e [ ts .and- uses wll. becone
apparent to those tskﬁ%‘l e@éL Int éasargsémdt %ﬁ? %%%aersﬁaﬁgl ro%qet h}éel#)n\}élnti ve

concept s desddadivionseaueas |y, 14 hepd pvepki oRnats thcbepanstiuedy ¢
enbraci ng each and every novel feature
integral protective means such as cushioning for protecting
the electrode.
Having described specific embodiments of the
10 invention, other embodiments and uses will become apparent
to those skilled in the art without departing from the
inventive concepts described. Consequently, the invention
is to be construed embracing each and every novel feature
or combination of features present in or possessed by the

15 apparatus and methods of use described within the spirit

and scope of the invention.



or conbi nation of features present in or possessed by the 15 apparatus and
net hods of use described within the spirit and scope of the invention. WO
03/ 076005wB@30@EM03/ 01009 9 CLAIMS 1. A nedical device haeirrgpoa/otwat r ol
circuit adapted to operate one or nore electrodes in response to analysis
5 of a patient's condition by the nedical device, characterised in that

t he medi cal device includes a support fof an el ectrode, whereby when the
el ectrode is associated wth the support, the control circuit is
deactivated but on renoval of the electrode fromthe support, the control
10 circuit is activated. 2. A nedical device according to Caim1, wherein
t he nmedi cal device has one or nore supports, each being arranged to be

associated with a respective el ectrod medi cal device according to
Claim1l or Claim2, 15 wherein the sggééﬁﬁAor supports conprise apertures

in a housing ofy the A £l Heyd LS Ul 1hdta WBER: Lhe Qf (8ach aﬁggﬁEHOde

is inserted in respective apertures, the control circuit is interrupted
ei ther conpleet®berdtet end ocxubsdantédbcexbeds by thRadupsencse 9hatbheis

el ectrode(s) in 20 the or each aperture in the housing. 4. A nedical
devi ce accorfdi ng t opELaent3s whesedhtiwhen dhe aort romedicalit d8vice,
interrupted, said control <circuit is arranged to allow the flow of a
trickle chghggacterised in that the medical device includes a support
for an electrode, whereby when the electrode is associated
with the support, the control circuit is deactivated but on
removal of the electrode from the support, the control
10 circuit is activated.

2. A medical device according to Claim 1, wherein
the medical device has one or more supports, each being
arranged to be associated with a respective electrode.

3. A medical device according to Claim 1 or Claim 2,

15 wherein the support or supports comprise apertures in a
housing of the medical device such that when the or each
electrode is inserted in respective apertures, the control
circuit is interrupted either completely or to a
substantial extent by the presence of the electrode(s) in

20 the or each aperture in the housing.

4. A medical device according to Claim 3, wherein
when the control circuit is interrupted, said control
circuit is arranged to allow the flow of a trickle‘charge
through the or each electrode so that the medical device

25 can remain on standby.

5. A medical device according to Claim 4, including a

monitor, wherein when the medical device is on standby, the



t hrough the or each el ectrode so that the nedical device 25 can remain on
standby. 5. A nedical device according to Caim4, including a nonitor,

wher ei n vwwersbh@odredi cal device is on standby, the WO 03/ @ZEAEHH3/01009
PCT/ GB03/ 01009 10 nonitor is arranged to nonitor the condition of the or
each electrode as a function of the charge passing through it. 6. A
devi ce according to Caimb5, wherein the nonitor is arranged to
neasure el ectrical inpedance or 5 residtance across the electrode. 7. A

nmedi cal

nedi cal

device includes a detection circuit
in said howsnagor He aderd@scort inauitonhdility Emdigan tof ddte s tPreh

devi ce according to any preceding claim wherein the nedical

presence of 10 an el ectrode or .a pouch_containing an el ectrode wh

i nserted i BLERETREE BSr &( SIS 1oe HoldienGhagIeaPRSSieg ta&vrgl éggording

to Caim?7, includigg a ..swi.tch which smﬁgfhes on power %o t.he contr.ol
circuit so thaf-th gh

ehers] 0001 BRUGRELD, BE CHLPOMELAD o IRAIAL. TBYLEEAEES) LRGhonELa 0 2,

wherei n the etection CIrc i nc _
the detectop beingarnanged t@cdgheck dopleerruption of
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the light source

when an el ectrode/pouch is inserted in the 20 housing and |ight em ssion
vvhte_n the el ﬁct rode/ pouchiiicsl rpved ddamdihey hausimg,pideedaiect aimhen
acting as the
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wherein the medical device includes a detection circuit
associated with the or each aperture in said housing, the
detection circuit being arranged to detect the presence of

an electrode or a pouch containing an electrode when

inserted in the aperture(s) in the housing.

8. A medical device according to Claim 7, including a
switch which switches on power to the control circuit so

that the medical device can be activated on removal of the

electrode/pouch to allow power

9. A medical device according to claim 8, wherein the
detection circuit includes a ‘light source and detector,
with the detector being arranged to detect interruption of
the light source when an electrode/pouch is inserted in the
housing and light emission when the electrode/pouch is

removed from the housing, the detector then acting as the

switch to activate the medical device.

10. A medical device according to Claim 9, wherein

the medical device includes a combination of switching

elements to detect and activate said medical device.

11. A medical device according to any preceding

claim, including a self test mechanism, whereby when



switch to activate the nedical device. 10. A nedical device according to
Claim9, wherein the nedical device includes a conbination of swtching
25 el emrerwve Bo7@es ect and activate said nmedical device. 1PCT/AB®WGLI®AI

devi ce according to any preceding claim including a self test mechani sm
wher eby when WO 03/ 076005 PCT/ GB03/ 01009 11 el ectrode(s) are renoved from
the housing, a circuit is conpleted in_the nedical device which can either
cause the nedical device to be activat éd ready for use or can activate
the self-testing nechanismso that checks can be 5 carried out to ensure

sai d nedi cal, device js, functionin cqorrect) rior to it _being used.on the
pa!ti ent . | ;%leﬁec\r%eodfep{ﬁ) qg\‘}fieceg%%%o?%i %% @%Prﬁoﬁil%gr & n°* Cf'lfélt 18
self-1estiNgPChand S | 848" k3AGR 1! 4:AGLLY St I cAASSIVRLY HRALLOL .
switching in the nedical device as a result of renoval or rnsertion of

el ectrodes fduitdie hRUsiAY, @ changedil vekalbus rehdihe Wi t ¢hicngthepyy
alerting a processor or sub-processor so that the control circuit can be

activated. adivhtedikal sder-ecesadeqr digtthand sanys®r eaadi nthedils cbav MpeWhi ch
is a cardio-pul nonary resuscitation device.
5 carried out to ensure said medical device is functioning
correctly prior to it being used on the patient.
12. A medical device according to Claim 11, wherein
the self-testing mechanism is arranged to actively or
passively monitor switching in the medical device as a
10 result of removal or insertion of electrodes in the
housing, a change in status of the switching then alerting
a processor or sub-processor so that the control circuit
can be activated.

13. A medical device according to any preceding

15 claim, which is a cardio-pulmonary resuscitation device.



