208 5.93 DEFI BRI LLATOR The present invention relates generally to patient

defibriel ati on apparatus and neans for produci ng and di spl ay-

pataneters during defibrillation. A defibrillator is comonly used to
admnister a5  high voltage, direct current shock pul se igg&gﬁgg\ﬂh

the chest of a patient in cardiac distress. A selected, dis-

of vepmergy is stored in a capacitor and then electrically discharged into
t Ke patient through the paddle circuit. The quantity of energy is
typically selected on 10 the basis of patient size, weight and
condition. One type of known defibrillator nonitors and displays the
magni t ude of peak current in the discharge pul se during defibrillation
Measured peak current is one para- neter used in assessing the performance
of the defibrillator. 15 Anot her useful paraneter is the quantity of
energy actually delivered to a patient during defibrillation. Known de-
-2- fibrillators display a paraneter often termed "delivered energy";

however,

the displayed quantity is in reality only the antici pated energy

that would be applied to a patient in an assuned case. For exanple, it
assuned that the 5 patient represents sone sel ected nom nal resistive
| oad, say 50 ohns. Since the selected nominal |oad rarely

10

15
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DEFIBRILLATOR

The present invention relates generally to patient
defibrillation apparatus and means for producing and display~-
ing.selected parameters'during defibrillation.

A defibrillator is ccmmoﬁly used to administer a
high voltage, direct current shock pulsé.in contact with the
chest of a patient in cardiac distress. - A selected, disQ
crete quantity of energy is stored in a ¢apacitor and then
electrically dischafged into the patienﬁ through the paddle
circuit. The quantity of eneréy is typically selected on
the basis of patient size, weight and condiiion,

One type of known.defibrillatdr monitors and
displays the magnitude of peak current in the discharge pulse
during defibrillation. Measured peak current is one para-
meter used in assessing the performance of the defibrillator.
Another useful parameter is the quantity of energy actually

delivered to a patient during defibrillation. Known de-

I ng sel ected

Rtity

is



ac te representation of the energy actually delivered to a patient g
durtng defibrillation. 10 Actual external |oad resi.stance
produced at the paddles during defibrillation is referred to as the
patient's transthoracic resistance. Researchers have attenpted to
estimate this paraneter from cal cul ati ons df=the i ntegral of the output
vol tage waveform over time at the defibrillator 15 paddl es duri ng

di schar ge ofibhéldetolsi dispdaystoparansiper often. terfledh "deld vexedeen
reported by Ewy, et al., in a paper entitled "Canine Transthoracic

Resi st ance"eneugy " s hbdwererhe theaurdigp dyedpiaant Physiisl dgy reddlity8s2nly.

nﬁéﬁiﬁsfactual | oad resistance, the energy val ue displayed is not an

1, January 1972. The. process of obtaining a voltage-tine 20 integral is

di fficult beeauseticipafedr enerigh Hedovldpbexappdded t@ ancatdastt ation

circuits. Known defibrillators are incapable of nonitoring and displ aying
the val ue oinRpaRj @AEUMEEd CRESI-st afr IXAMP IR cutts hAcAssnBederthat (the i on
shock_pul se is adm ni stered. 25 To the defibrillator operator, patient
| oad T esi stBREdept Eepresepdss gome sadached Rrominadsragispd vier tiQddncy of
defibrilla- tiop, The present invention provides patient defibrillator
appar at us d%ﬁ%rggiﬁ ﬁeanssﬁ&gﬁﬂ£§Q[ﬁf ¢fed on ajalpask rarely

defibrill at:ﬁggcﬁgg rgé‘tugit Il%rétd erleesci:[srtoadnec'en,eaigﬁe “en :lr:gg_%glue displayed

is not an accﬁrate représentation.of the energy actually
delivered to a patient during defibrillation.

10 | Actual e#ternal loéd resistance produced at the _
paddles during defibriilation is .referred to as the patient's
transthoracic resistﬁnce. Researchers have atﬁempted to
estimate this'parameter frqm”calculations of.the integral
of the_output voltage_waveform over time. at thg defibrillatér

15 paddles dﬁring discharge of thg defibrillator storage capa-
citor. Such_work.haé been reported by Ewy, et al., in a
paper entitled "Cahine Transthoracic Resistanbe",_published
in the Journal bf Applied Physiology, VoL'éz, No. 1,

January 1972. ’Thg process of obtaining é_vqlt;ge-time

20 ‘integral is difficult because it required high speed,

camplex measuring and integration circuits. _ |
Known'defibrillatqrs.axe_ipcapablé of monitoring

and displaying the,§alue_qf patient load resistance ﬁhich

occurs when the defibrillatioﬁ shock pulse is administered.

25 To the defibrillatOr operator, patient load resistance is a



said energy storage neans for applying a defibrillation shock pulse to a (E;}
pattents first nmeans .coupled to said energy storage neans for determning

t he. magni tude-of stored de- fibrillation energy to be applied to said.

pati ent el ectrode 10 means; -second neans coupled to said el ectrode nmeans
for sen- sing and hol ding the nmagnitude of the peak current applied.to a
patient during a .defibrillation shock gglse; third neans coupled to said
fight ‘means and said second neans for determining the actual transthoracic
resi stance of _a patient 15 heing defibriltated, _Lh response t.o t.he

magni t udes*B8PEEL oPEYAEESS; i QEﬁa%ﬁ?ﬁﬁéﬂ%ygaidéﬁtéﬁleﬂEVeﬁ?;Qﬁﬁ}Hﬁiﬁ%ﬁf
neans coup%ﬁd-to said first nmeans and said.third nmeans for deter- mning.

t he propor B%-of said stored defibrillation energy actually delivered to a

" patient during defi b#glsL%%%%ﬂ}rzt r [yention %Jéé@n,gcz%gt 1831:? h%.etdefﬂﬁogllil%écﬁ'e

|l ast precedi ng parag conpri? esponsi ve t0 sa

A A SRR ISR A PSS ol SR I B

exceeds a pre _ TESITC means responsrve.to Sai etecting
T8 SPEAGEYRGCHE ey i eI cek o, e
two i medi a4 ¢4 yeRbegediskoraYeAscuhs 1OV dpp17engCATBEEIBTAANakdiciy Means
coupled to the output of said fourth means for visually indicating the
ener gy _a_ctsue.bbk gallsgered a q»atignt; first means coupled to said energy
. ~ storage means forldetérmining'the”magﬁitﬁde_of-stofed de-
fibrillation-eﬁeigy to be applied to said patient electfode
10 méans{.second“méans'Cbupled'to said electrode means for sen-
' sing aﬁd hol&ing the magnitude of thé peak cﬁxrent'abplied to
'_a patient'durihg a defibrillation éhéck“pulsé; third means
coupled to said first means and said second means for
detérmining the actual ﬁransthoracic.resistanceﬁoffa'patient
15 being'defibfiilated;'ih response to the magnitudes of stored
" defibrillation enérg& and peak current; and fourth means
_coﬁpled to said_firét means-éhd.said third means for deter-
mining the proportion'of saia stored defibrillation energy
actually delivered to a patient'duri#g'defibrillatioﬁ. "
20° Apparatus'aé set fOrth in the last preceding
paragraph may further comprise means responsive to said’
third means for detecting when transthoracic résistance of
' a patient exceeds a predetermined tb:eshold} and means
responsive to said déteéting means for indicating podf
25 édntaét'between:saidapatient electrode means and the patient.

Apparatué as set forth in either one of the last



p——

a patient. 5 In apparatus as set forth in any one of the | ag
three 'medi ately preceding paragraphs it is preferred that said second
means for sensing the nmagnitude of peak current conprises a transformer in
the 'current path established by said patient electrode neans; and a peak
detector 10 coupled to the output of said transforner. In apparatus as
set, forth in the |ast preceding paragraph,,it is preferred that said third
meaps, for determining actual transthoracic-resistance conprises first

e T s
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neans to prgdggg&ghged val ues of patient transthoracic resistance.
Appar at us as t forth in the | ast preceding para- graph may further

conprg se means responghy%#?%fgghéngg)' L5forthOfinSah %ﬁgp@*:?Hgnyhggans
for J%tecting when val ues “0f transﬁ%%rac?c res?stagbe exceed a

predet er m nggrblr ¢ahieldd atdly Breed B5POParA§raghiale Hﬁf%9¥¥é¥f¥ﬂfiﬁé€9
means for indicating poor contact between said patlent_electrode nmeans
said second means for sensing the magnitude of peak current
cbmpriéés'a traﬁsformer in the current path'established_
by said'pétienﬁ electrode means; and a peak detector |
10 coupled to the output of said transformer. |
| ‘In apparafus as:set'forfh in the last preceding
paragraph, it is préferred that said third means for
.détermining actual transthoracié resistance comprises first
ﬁemofyzmeénsymcoupled“to themoutputwqf,saidrfirst.ﬁeang,,

15 for correlating values of stored énergy tO'predeterminea
values of the reciprocal of the sguare root of stored enefgy;
means for multiplying the outpuﬁ from said first memory means
and the peak current output from said peak detector; and
secdndfmemory means coupled tolthe outpﬁt of said multi-

20 fplying'means for correlating output values from said multi-
plying'méans to predetermined values:of'patient_tranéthoracic
reSistancg. |

| Apparatus as set forth in the last preceding para-
graph may fuiﬁhérﬁcompfiSe:méans résponsivé to the output

25 of said second memory means for detecting when values of



(§§> the patient. 5 In apparatus as set forth in the | ast
ecedi ng para- graph, it is preferred that said fourth means for &
determning energy actually delivered to a patient -conpri'ses thi.rd nmenory .
means coupled to the output of said nmultiplying neans for correlating
out put val ues to predeterm ned val ues representing 10 the ratio of
transthoracic resistance to total circuttdresistance established in the
current path from said high- voltage storing neans through said patient 75
eIectrodetnansthcraotcpaesistanandemaaedfawpredeterningdthhnasnnmdfron1 '
said third nenory neans and the output of said first neans 15 ~for
detern1n|mpdtmeanﬂnreapensivet&neﬁa&ﬁ|ﬂhre$hm1®ndehecgyngAppanﬁlﬁonw set
forth in the last precedi ng para- graph may further conprise recording
neans respawicating spodr| gontastedetviadpisaid pathentorleictysade means
I ndi cating 20 the portion of stored defibrillation energy actually
del i ver ed andl E£heitpakienthe present invention further provides apparatus
for applying a preset quantity of stored deflbrlllatlon energy through a
pai P of el ectrodes tBnaaBBPFé¥Psc@ﬁpﬁQ§ Tih in thandass, precadiqd Rara-
magni tude of peak current applie to a patient. through said el ectrodes
during -a @3RN 1+%iI8nPERECETRG Qaﬁéé?s‘{) WokRi Beaps Sorg determa igins

for normall Zind, S8l &, REes 8e5.5.%2tre w t”dpeaéfep@%s_ 2125 ¢hird memory
means_coupled.toﬁthe_output of said multiplying means for
correlating output Values to predetermined values representing
10 the ratio of transthoracic resistance to total circuit | |
resistance established in the current path from said high
'voltage storing means through said patient electrode ‘means
~to tne.patient,_and means_for.nultiplying the output_from
said third memory means .and the cutput of said first means
15 _for.determining'the magnitude of stored defibrillation
energy. | | |
_Apparatus as set,forth in_tne last preceding para-
graph may further camprise recording_means responsive to
said lastfnamed multiplying means for visually indicating
20 -the portion of stored_defibrillation energy_actually
| delivered_to a.patient. .
The present inuention further'provides_apparatus
for applying a preset quantity of.stored defibrillation
_energy through a_pair of electrodes to a patient comprising

25 means for:sensing the-magnitude of peak current applied



of said pr

eset quantity of stored defibrillation energy; 5 means

s . L ; :
responside to said normalizing neans for correlating the normalized peak

curr.ent magnitude to a specific value of patient transthoracic resistance

based on p
neans for

exceeds a predeterm ned threshold; and neags_responsive to said threshold

redet ermi ned val uations; nmeans responsive to said correlating
detecti ng when transthoracic resistance of a patient 10

(9

detecti ng neans .for i-ndicating poor.contact between said el ectrodes and the

patient. Appgrat 4a+dantelenidh idhid %] dctroags edﬁgﬂngaraade&rim Bt ion

further conprise neans responsive to sald normal- 1

determ nin
actually d
set forth

sensing ne

_ : -~ izing neans for
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el1vered to the patient during defibrillation. In apparatus as

| Rokia 1k 28hgP sagedigah et magnitugecter tae iifareirbot

ans conprisées 20 ."a transforner in the current path

est abl i shedofhsaughpsaisétoaguantfity st roeered aadfabptal atdicec tetvempupl ed to

t he out put
pr ecesli ng

conprises
quantity ofthéeonermddfizied destk courrentyymégnitedat

energy to

10

15

of said transforner. In apparatus as set forth in the | ast
aeags apbsponsiived it agaRll ndwrhal bz ingomeahszifoy emre kiting
menory neans responsive to values of said preset - 7 -

predet erm ned val ues of the
patient transthoracic resistance based on predetermined

valuations; means responsive to said correlating means for

detecting when transthoracic resistance of a patient-

- exceeds a predetermined threshold; and means responsive to

‘said threshold detecting means for indicating poor . contact
between said electrodes and the patient. |

Apparatus'as set . forth in'the-last-prededing_para—
graphwmay_furﬁher comprise meansfrequnsive“to_said no£ma1-.

izing means for determining the proportion of said preset

stored defibrillation energy actually delivered to the

- patient during defibrillation.

20

In apparatus aé set forth in the last preceding

paragraph, it is preferred that said éenSing means. comprises

.a transformer in the current path established through said

pair of electrodes; and a peak detector coupled to the

- output of said transformer.

25

In apparatus as set forth in the last preceding
paragraph, it is-preferred that said nozmalizihg'means

comprises memory means responsive to values of said preset

togas speciflice wilewe ov£d



i procal of the square--root of stored energy; and nmeans for nultiplying
~output fromsaid nenory neans and-the 5 peak current output fyom
Sai d peak detector. - In apparatus as set - forth in t he

~ last preceding paragraph, it-is preferred that said neans for determning

the proportion of preset stored defibrillation energy actually delivered to

a patient conprises nenory .neans 10 _ -faupled to the output of said

mul tiplying nmeans for relating output values representing the ratio of said

transt horq;“ {1@% fﬁagesraa aa&a ﬁ{ﬂc&eﬂoﬂ E‘éﬂéi&fcfofskéﬁ'a't %déaﬂl.é he

current pat sald pair - el ectrodes to @ patient; means for
mul ti pl y'mﬁé%@%eafeére%&yd& YrdiBsknned vmragyoee% and_t he

val ue of sald preset stored d bri- Ilation energy. Apparatus as set forth

in the | a&dcipksesl nef_tRar agu . P80t W NP or@dPeneLgy§Cand e dFRANS
responsive to said | ast-nane nultlplylng means for visually indi- 20

cating t Fompakdiipdyingothd deitiput |frin aidangiiosgt Mabhy @dald wiied to a
patient. The present invention neasures and displays the transthoracic
resi stamyeali mmémEnbuﬁputngrand@‘aﬂﬁ ipdakt | dete@otee. and the energy ...
actual ly delivered™o the patient 25 through the defibrillator paddles.

On the basis of neafwragparatusnsisheedcifortisi tnathe, laber priecedidigat ed
whet her or not the defibrillator paddl es have nade satisfactory cont act
o paragraph, it is preferred that said means for determining

the propoftibn df-preset.stored_defibfillation energy —
actually.deliVerédito a'patient-comprises'memory meahs
10 : coupled to the output of said-mnltiplying,means for relating;;.
output values representing the fatio,of Said transthoracic
resistance to total cirduit resistancé establiéhed'in the
current path~through said pair of electrodes to a patient;
and means for multiplying the. output from said last named
15 memory - means and the value of said preset stored defibri-' -
1lation energy.: T _
| Apparatus as set forth iﬁuthe last preceding _
-paragraph may-further ccmprise recording means responsive.
 to said ‘last-named multiplying means. foﬁ visually indi-
20 | -‘cating the portion of stored ‘defibrillation energy actually _—
delivered to a patient. - '
The present invention measures and displays the
transthoracic resistance of a patient during. a defibrillation
pulse, and the energy.actuélly delivered to.theipatient

25 ~  through the defibrillator paddles. On_the basis of measured .



I nventi ®n senses 5 | the voltage across the defibrillator capacitor _
imediately prior to.a defibrillation dlscharge pul se and correlates this
vol tage to the energy stored in the capacitor: Al.so sensed is the peak
current applied to a patient through the defibrillator paddl es during the
defibrillation pulse. 10 The peak cwrgnt magnitude is normalized to

t he_squar e root .of the quantity of stored energy that is discharged during
the pul se. hogdcleltegiiiaiicd S GEré! 84 efndfcarea Whethaliet Glot

" pati ent trans oraci ¢ resistance.determ ned either 15 enpirically or

‘mathemati caljy. aefIB ﬂ%%xofpaq]a@% hYyAe i fad€Ss 8L 28EActSrY TandeRsE On an:

annotating record or use by the defibrillator operator. Transt horaci c
reS|stance1w§tﬁJ§Hec9ggg§gq agriﬂ@waggfgfaImﬁklaﬁeshoId val ue and when the
resi stance exceeds such val ue, an indicator warns 20 "of unsatisfactory
contact between the paheedlllaztddted eindodinéhot 6f phddiaventiomaemiesed
peak current is also correlated to specific values representing

transg hor actke reslehgacaceoss phep@dfibrilaber coapacétorntimmesli atrely
external circuit 25 resi stance presented to the defibrillator storage
capaci tor  pric# todar defibrddilatdsn diiksdlzarge pulbde dndi vestrnelaimsion is

with the patient during defibrillation.' The illustrated enbodi nent of the(ja

this voltage to the energy stored in the capacitor. Also

'sensed is the peak current applied to a patient through the .
defibrillator paddles during the defibrillation pulse.

10 The peak current magnitude is normalized to the square root
of the quantity of stored energy that is discharged during
the pulse. |

Normalized peak current is correlated to specific
- values of.patientftransthoraéic“resistance~determin¢d_eithe:

15 eﬁpirically or mathematically. The value of transthoracic
resistance is displayed on an annotating recorder for use
by the defibrillator operator. Traﬁsthoracic resistance
is also compared to.a prédetermined threshold value and

when the resistance exceeds such value, an indicator warns

20 ‘of unsatisfactory contact between the pat;ent and the defib-_

rillator paddles. |
The normalized péak current is also correlated
to specific values representing transthoracic resiétance

as a proportion of the-combinedvinternal and external circuit

25 " -resistance presented to the defibrillator storage capacitor



n*-igLied by the magnitude of energy stored in the capacitor to obtain the
jJe- of .energy actually delivered to the patient during ,a defibrillatéon
e. This energy value 5 is displayed for use by the operator.

- -There now follows a detail ed description which is to be read with

reference to the acconpanying drawings of a prior art defibrillation :
apparatus and a defibrillation apparatus geccording to the invention; it is’,
to be clearly 10 understood that the illustrated apparatus accordlng t doo-

the i nveniggy Hf‘%i@@é&féhicaigcha&géascrmie ofed Dved| peopareione lisvention
by way of exanp e and-not by way of limtation. In the acconpanying

draw ngs: gﬁi]%:%i liled Sbp éﬁéeﬁi&bhg.tﬁiiwFoﬁﬂneﬁeﬁgibastoredeﬁ.nbthéS capacitor
ar

rillator ge CIrCUIt Figure 2 is a block diagram of one enbodi nent
of a defilyd |dﬁ%ﬁncw§uvalﬁenafr elerdya coetrsh by t delbeepeidn tocithlees of the
invention; and Figure 3 is a graph illustrating the relationship 20

bet ween - n%&ﬁeﬂeoamﬁxgcar deftibatid lzticomtpubsel. r esThianenersyf sralug) now

to Figure 1 there is shown a schematic diagramof a typical heretofore

known def ify idispbayeds£bar gsec byctihe operat@@eitor 11 having a
capacitance C stores a charge at a high volta hgéerr] of the order of 5000
volts. 25 Vihen aTherechows fiod kawss el defeag gdessriptiond “thr#rq;hgh

i is to be read with rererence-to the accompanying_drawings
of a prior'art defibrillation apparatus and a defibrillation
apparatus_according'to the invention;_it is to be clearly |
10 .understood_that the illustrated_apparatns_aocordi#g to the
invention,haS'been selected for description to illustrate
the invention by way of example and not by way of limitation.
- In the_acoompanying drawings: -
.Figure 1 is a schematic diagram of a basic. defib-
15 - .rillator discharge circuit; . |
| Figure 2 is a block diagram of one embodiment of
~ a defibrillator circuit constructed according to the prin-
ciples of the invention, and
Figure 3 is a graph illustrating the relationship |
20 . .between normalized peak’ current and patient-load resistance.
Referring now to Figure 1 there is shown a'schematic
' _diagram of a ‘typical heretofore known defibriilator discharge
-circuit. 1A‘capacitor'll having a oapacitaoce C stores a
charge at a high voltage'vo, of:the order of Sooo_volts.

25 When a switch 13 is closed, the charge is applied through



the series connection of an inductor 15 having an inductance L and a (EEED
resistamce 17 internal to the defibrillator and having a resistance Ri

The .di scharge current path is conpleted through a first defibrillator

paddl e 19, the patient, and 5 - a second defibrillator paddle 21. The
transthoracic res- istance of the patient presented.to the defibrillator
paddl es is represented by the resistance 3 having a value RL. The _
defibrillation shock pulse applied to the patient when switch 13 is cl osed

produces a Gl Efe%jfeé#' cgﬁré;l.é&itcsﬂi B LRAGARRct oY 15 hdehkg rraﬁnith'adg_tah@ét

one mllisecon SW t I's closed. The capacitance C an

inductance {L g %_@@éi‘%’&&@éoibdﬁnkﬁin@ﬂs e thed| AeFioFi DLVAREE ¥Al! Aeving
V(t) and current for a broad range of patients. This is achieved by -

assuming 1% resigleénééenfat | efhe' ARERBANGR UK p&bh 0D8 esinpleted oad
RL, and then selecting citcuit paraneters to provide a critically danped

di scharge uvigh i dtPitde QaEibpiloatdoyadile’ 19 | | tisecpatsentr, atndn.
- The energy discharged into the patient typically ranges from about 5-360
joul gs, depergidend(defibrollaterspaddleciint arTtheorwansthooéctke rest ent .
Figure 2 illustrates one enbodi nrent of the invention. Two defibrillator
paddl es 25,is¥ance efpthedpatiehe priesented to p:hé edefirhilabgrapaddles
transthoracic resistance RL. Prior to defibrillation of the patient, the
val ue of 24s representedthyr tbecreedistiamese 33 hawingoanvaduenhd, . The
defibrillator : .
defibrillation shock pulse applied to the patient when switch
- 13 is closed produces a current pulse I(t) which reaches a
10 - peak magnitude about one millisecond after the switch is
closed.

The capacitance  C and inductance L are chosen. to
provide the desired values of output voltage V(t) and'current
for. a broad range of patients.  This is achieved by assuming

15 ' that the patient represents a nominal 50 ohm external load
RL' and then selecting circuit parameters to provide a |
critically damped discharge current into the patient of about
3-12'milliseconds.dufation. The energy discharged into the
patient typically ranges from:about 57369 jouies, depending

20 . .on the size, weight and condition of the patient. |

. Figure 2 illustrates one embodiment of the -
invention. Two defibrillator paddles 25, 27 are applied to
the chest of a patient 29 having a transthoracic resistance

Rp . Prior to defibrillation of the patient, the value of

- 25 his tranéthoracic-resistance.is not known to the defibrillator



yb rator. On the basis of patient size, weight and condition, the
defibrillator operator selects an appropriate di scharge energy settinge say
00 joules, on a selector switch 30 having a digital output. -The :
sel-ector switch 30 provides-5-: a four-bit digital signal to the input of
a read-only nenory (ROM 31 containing a |ook-up table that converts the .
setting S of switch 30 to an eight-bit digital signal representing the |

sel ected val ue of energy to be stored i e defibrillator capacitor, as 'i}

. : r

T e o 1, B gl et GBI R o
- defi b?: | %‘}:ﬁ th%’r%ﬁ%-lrgaﬁgkg?#g?%%{qﬁ a vo# age {%%g?o err 0 tgge
is applied to the

] nenoe. o S retCEBar SR naoq dafiens of acserester *E’ic?;her 233‘? on. the
igital ﬁ-{e%g{e,g&or %e%EEQ&,' d%ﬁﬁ?ﬁt‘)“t p%é'ﬁ%}féc&@rt Bﬁi‘t‘.@ht 2P pYVY Ldes3

whi ch inc reases capaci tor arging voltage until the two

' ”p {s to é'?o&?l‘iﬁ’ﬂa&%i%% 18159 ¢f a'to tHd iRbStPBENG rdad-hly metwbipge

n the storage capacftor have a value such that in the | dea

Case t he fﬁtsﬁpysioc LRI %e(idaki €aPPE| tRALI doavidiepaliedetiingg
a defibrillat shocﬁ pul seéequals tﬁgfenergy setting selected by the 2

SIS 00 5 T o ayliab g spmmsertiny
the selected value of energy to be stored in the defibrillator
.capacitor, as hereinafter described. The output of ROM 31

10 is coupled to one input of a digital cdmperatorﬁ32 having an
output which_contfole a high voltage source 33. The high
'VOitage output"frcmfthe source 33 Charges a defibrillator
stcraée capacitcr 35 to a voltage level V,. - ?his voltage
is-epplied to.theminput_of an analog-to-digital qqnvertef

15 37 and thence to the other input of the digital comparator.
32. In operation, the digital comparator 32 provides an

- output signal to the voltage source 33 which increases or |
decreases the'capacitor cha:giné voltage until.the-two
 inputs to the comparator 32 are equal. At this point, the

20 -woltage VO Qn the storage"capacitcr 34 will have a value
such that in the ideal case, the energy to be discharged by
the capacitor into the patient during a defibrillation
‘shock pulse equals the energy setting selected by the operator

on the selector switch 30. The settings on'the-selector

25 switch 30 are calibrated on the assumption that the patient'



"“12- has a noni nal 50 ohm transthoracic resistance. However, in realit%(§é2>

the actwal value of patient resistance RL ranges from about 25 to 100 ohn
Congequently, the discharge energy selected by the selector switch 30 is
~only an approx- 5° i mation of the energy actually delivered to the
patient. The circuit of the present invention enables the accurate
deternmination and display to-an operator_ ofathe. actual patient
tr{osthoraci c resistance RL -and the actual energy Ed delivered to the

patient. 1Gag au?ominal'sﬁh '%féhéﬁﬁ%féﬁhéOrégg%EEﬁEEE t hgowever,

defibrillation pulse, a swtch 39 1s closed to discharge the storage

capaci - torﬁ%égigt?bfgﬁgt gt i raiale the ?&;{i@ﬁfl rakestanee ?ﬁ;ﬁg;eeg?.

The di scharge curren the patient typical reaches a peak nm

[err] W thifirdmnhbbi£€28N¢® A0 lohkixs. é&ﬁségﬁeﬁtmy,tBaedhggmﬁargénﬂse-

Di scharge current is sensed by a current transforner 41 having a primary

Wi ndi ng. i n éferdPi Seteeted bRaithd Gdlvctst i switchndoaiseconlgaan \dpphdi-
whi ch provides a current signal to a peak detector 43. The peak current

magnis ude [Phationr bfgtHes eheryy iactifally delbedreddtbekhebypatfientrak

detector 43. The anal og current nmagnitude output fromthe peak detector

43 is applied to an atheogireuditgidfalthoprssent 4inwentibanenabdies dip t al

multiplier circuit 49, described hereinafter. The digital output of the

anal-0g- t 0- cigtunateodetaiminatieon ansd ¥ splayntot a8 dpgrrasicrowfpdtheof the

ROM St are égtual patient transthoracic resistance R, and the actual |
energy Eq delivered to the patient. |

10 . When it is desired to administer the defibrillation
pulse, a switch 39 is closed to.dischafge thé storage capaci-

. tér_35 into the patient through the defibrillator paddles
25, 27. The discharge current to the patient typically
reaches a peak magnitude I, within 2.miilis%9°nds-after'-

15 the onset of the discharge'pulse; Discharge current is
sensed by a current transformer 41 having a primary winding
in the main current'path.to the patient, and a secondary
winding whiéh provides a current signal to a peak defector
43. The peak current magnitude IM during discharge is -

20 .'sensed and held by the peak detector 43..:_The'anélog current

magnitude output from the peak detector 43 is applied to an
analog to digifal converter 47 and.thenqe to a digital
mhltiplief circuit.49, described hereinafter.

The digital output of thé analog-tQFdigital con-

' 25_ - verters 37, 47 and the digital output of the ROM 31 are in



- the formof eight-bit binary signals, each capable of representing 255
d erent values. The digital output fromthe ROM 31 represents the stgred.
energy, [err], in the capacitor 35. This stored energy 5 signal in
digital formis applied to the input of a read- only menory 51 containing a
| ook-up table. The ROM.51 i s progranmed so that each discrete val ue of
stored energy [err] corresponds to a val ue_equal to the value of a scaling.
constant k divided by the square root of e “val ue of 10 stored ener gy, >

T BT i R SRS b b0 1
-~ signal corresgpndin to qﬂ¥§%ﬂ§@%$rr . Ihe ROM 51 correl ates val ues of

stored eneF§P*es _é% | 28RS ¥R-BRE-reci procal of -the square 15
Lot TLord erer Ol 46 ERP ot Broll S S o 105 FELRRY LB
UL P! skarb ARUPU L PR LERBINGS O | D R dEbgCLRE AT
at Lo outylmah Gh° qRILA 1R %1 4LER1GR SPUME Lfoddiook CTELAKL T -

.This"term represe e nagnl e € peak curren pplTed to

patient, NALAB mhl tepy t L) r QOf ~Qh J Ori | et o NergY ol err]
whi ch has Eég% se* E ?’ t.ifil'e' se %%ﬁ.ﬁ%{'&gvmat ?:'ﬁg%o?&g?wi&_ ﬂéoﬁoﬁtggaésbeen '
found that pi-Bgratmdd 56 ke kesEh @ikcrete value of stored energy Eg

corresponds to‘a:valué equal to the value of a scaliﬁg;

constant k divided by the square root of the value of

l@ stored énergy'Es; ‘In othérfwords, for each“éﬁecific'_
digital value of Eélapplied to the ROM 51, the look-up table
in the ROM 51 pfdvides a digital output signal'corresponding
Eo'ﬁlvalue'k//f;L' The ROM 51 cbrrélatés.valués df'Stéred
enérgy-tofp:edetérminéd;valuestxfthé'reciprocal-of the square

5 root of stored energy in the capacitor 35.

The ouﬁput of the ROM 5; is applied to one inpuf-
of the multiplier 49. Tﬁe other input to the ﬁultiplier is
the peak current Signal IM'recéived from the peak detector
 43.désc£ibed above. The:two'inputs.are multiplied to’

20 provide a signal at the output of the multiplier 49 which
corresponds to the term Iyk/v/E_. This term represents the
magniﬁuae'of'the peak?current'apélied to the patient, norma-
lizéd to the"square'rgﬁt ef'the'defibrillation'energy'Es

- which has been set by the selector switch 30.

25 ' It has been found that the normalized peak'current '



“14- is_a nonotonic function of the total resistance in the defibrillati ?}Q
~circuitepath fromthe storage capacitor 35 through the defibrillator

paddl es to the. patient 29. The total resistance is the sumof the kno
internal resistance 5 of the defibrillator, [err], and the unknown
external trans- thoracic resistance of the patient EL. For gi ven val ues

of .inductance L, capacitance C and resigtanye R in the defibrillation
'Clggult path, each normalized val ue of peak current magnitude sensed during.

a defibrilladidnmenbesnias shflction0®sy thite ¥ APSP@aditanyal 4a ehepati ent
resistance [err] The relationship between peak current magnitude and

pati ent re%éﬁﬁi‘ﬁflfétién' thivshia!l pathy fritin Hdhs©driygueapdcitor 3% ve -
may be obtained enpirically by substituting specific known val ues of. | oad

resi stance dipfoddte dhe dePabirellatdraphdakes rtaciidepadienti 20d peghe
current magni - tude at the output of the multiplier 49 for each val ue of

“known | oad ¢Ssa bt @S Estandet esnthievshim dihecheirkeowt fhgernal megilstance
obtai ned mathenatically by using the follow ng three equations for
defitsill atof tﬁec@efgbrgmnaentﬂ_ggpﬁmndﬂhhe unkn@dntextEUnad &r@ngy- i n
capacitor 35, as - a function of ti in the RLC series circuit: [err] (Eq 1)
25 thoracic resistance of the patient RL' For given values
of inductance L, capacitance C and résistance Ri in the__
defibrillation circuit path, each normalized value of peak
current-hagnitude'sensed during a defibrillation pulse has
10 only one cor;espbnding value of pgtientfresistance RL‘
Thg relationship beﬁween_peak cu:rent magnitude
and patient resistance.RL is illustrated by the graph of
Figure.3; -The:cﬁrve may be ohtained empirically by
- éubstituting-speciiic_known-values*dfiioad=resi;tanqg for the
15 - patient 29 and measuring the_normaiized peak current magni-
tude at the output of the multiplier 49 for each vélue of
known load resistance. _ Alternatively, the curve of Figu;e
3 may be obtéined mathematically by using the following
three equations'for'defibrillator.discharge.cur:ent, nqrmaé
20 .lized to stored ehé:gy'in capacitor 35, as a fuﬁcﬁion of ﬁime
in the RLC séries.circuit:

_ R |
I(t). 2/2 . - =t . o - B _

= e 2L sinh " R :
/ﬁ; RS | 3T YD t 1if D>0 (overdamped)

(Eq. 1)
25 . .



[err] [err] (Eq 2 [err] [err] : danped)
$) where D =1- [err], and where R = [err] i.e., the sum.of the
Veépyhal defibrillator resistance Ri and the external 10 ) patient | oad

resistance RL. C is the capacitance of the storage capacitor 35 and L is * ~
‘the circuit inductance. In each of the equations 1 - 3, the values of Ri
~C, and L are known. The value of D is_dfgegnined for a given val ue of

[err] RLE, say.one ohm Thereafter, the particul ar one 15 of ;}

equations 1 - 3 corresponding to the value of Dis solved in an iterative ==~
manner by inserting successive values of t changed by predeterm ned .

I ncr enent B9 105 p/5Cr 0seco . Theqit tive solution wll reveal the .
maxi mum v%foﬂ‘ .n'o'?:?:i:z@d c Ir@riitnvﬁ:c ~Ps FheifeRC fundardamprdlide 20
[err]. ThE&gprocessRY¥SYrBpeated for additional selected values of Jerr] '
until there are derived 255 val ues of nornalized peak cur r ent (B '&ude

Terr] in terms of values of external resistance RL. These val ue.

rel ati onshi ps are then inverted to obtain values of resistance [err] in

terms of nofnalized B%ak 25~_ 'RCuq{ent magni tude [err]

IlE) Y2 £ e~ 3T o if D=0 (critically
E e . - Gamped)
| (Eq._3)

‘where D = 1 - 4L/R2C, and where R = R, + Ry, i.e., the sum
of the internal defibrillator resistance R; and the externai
10 patiénf”load reSiétahce'RL. C-is.the capacitance'othhe
storage cépacitor’3$ and L is the circuit inductance}
- In each of the equations 1 - 3;-th§ values of R,, .
| C, and L are known. . The-valﬁe-oﬁ D is determined for a inén'
| value of.Rn; say one. ohm. HThereafter,_thénpa;tiCula:;one'
15 - of equétions 1l - 3 corresponding to the.vélue of D is solved .
in én'itérétiye manner by inserting-successive.valuesfoﬁ t
changed by prédetermined“increﬁents; e.g., 1O microseconds.
The iterative solution will reveal the maximum value for
' normalized current which is the peak Curfent magnitude
20 JIM//E;. The process is repeated for additional selected
values of Ry until there are derived-zss.#alues_of.normalized
peak current magnitude IM/-/§; in terms of values of external
resistance_RL. These.value.relationships are then inverted
to obtain values of résistance Ry in terms of'normalized peak

' 25 current magnitude IM//EQ.



val ue o% normalized peak current magnitude received fromthe nultiplier 49
to @ specific value of patient ‘transthoracic resistance [err] derived
either enpirically 5 or mathematically in the nmanner described

her ei nabove. Thus, for a given one of 255 specific values of nornalized
peak current sensed in the defibrillator~ digseharge circuit, there is
ob{gined at the output of the ROM 53 a specific value of patlent
‘transthoraci ¢ rgsirédadconty membe 83 wontfairssistIocle-dp tablel which t he
ROM 53 is applied to a threshold detector circuit 55 which determ nes when
the digit alcottekatds Rachcealaeaot adermaliized! péalestutrdent| magnitwlden t he
~threshol d val ue i s exceeded, the threshold detector 55 provides an out put
signal to a:ecem@dafrahatHeSﬁulmpdhemw%d:mra|smhchfbc v8lue olfi ght on
the control panel of the defibrillator. Alternat- ively, the alarm57 may
provi de an paitfidnte toamstborheidefiesiistiance Rypederived Tabthareempiaiqadily
of the detector 55 is set to a value to detect abnormally high patient

resi $t ance omimathematicaldyt ipathenmanner: deserikedoretedinaboveranc&hus
" the range of 35 to 80 ohns. |f the threshold detector limit is set at 100
ohns, for S cgivernonaecclcPrasPesidiq alues n‘i’%?nmﬁltiﬁﬁficﬁﬁékt hat
subst ant | al addltlonal reS|stance |s resent in he defibrill at ci.ccuit
pat h duri nFUREeHa$Rned lafiQrt 1-%%‘1‘336%% SH'CH

fibrill
defibrillator ptainea at the output of the ROM 53 a specific value of .

216 - A read- only menory 53 contains a | ook-up table which correl ates ea%ﬁ%%)

petient transthoracic-resistance RL' The value of resistance
10 RL from the ROM 53 is applied to a threshold detector circult
55 which determines when the digital value of RL exceeds a
predetermined threshold value. When-the_threshold value is
exceeded, the threshold detector 55 provides an output
-signal'to;activete-an alarm 57, which may be-an indicatef
15 1ight.on the control panel of the defibrillator. Alternat-
| ively, the alamm 57 may provide an audible tone to the
defibrillator operator. | _ |
The threshold limit of the detector 535 is set to
Q_a-value.te detect abnormally high patient resistance values.
20 ..Most_patients_have.a:transthoracic resistance in the range
of 35;£o 80 ohms. If the threshold detector limit is set
at 100 ohms, for example, then the;activatiqn”of_the alarm
57 will indicate that substantial additional resistance
is present in the defibrillator circuit paﬁh during discharge

25 due to a poor electrical contact between the defibrillator



L7 .- paddles 25, 27 and the patient 29. The al arm serves as an
di-cation to the defibrillator operator.that it is necessary to app¥y

or e- - conductive paste between the paddles 25, 27 and the patient, or to,
reposition the defibrillator 5 paddl es to ensure better "patient-paddle
.cont act . There- after, another defibrillation attenpt can be nade-, in
order to achieve a nore effective curre to dlscharge into the -- patlent —
The output of the ROM 53 is also coupleg'to- the input of a strip. P

chart recgggg\g ?ﬁttfans Péﬁ& gétaaﬁtd%fg br"éﬁoalafﬁtgu%as akhe

speC|f|c 3 oraC| resi stance I's-printed on-the chart
as an an S o i [ r | se;-
~ there. rA%dl satiaéyae)cdi?%réﬁs%h% deﬁ%ﬁ%&éﬁ%ﬂéy g%ﬁ%??céégeugelgg
pati ent diegist
f%t HF o =P %H( more- condtmt-ﬁ.% PP BELHEEn tﬁle gg\dldles

nultlpller to.a read-only nenory 61. --
cont ai ns 2% Cu'z"f’kaﬁ&’ LR Savhibal, C%ﬁ.—r ¢t M@i&nVahde&eﬁﬁ.b&h.&mom| -

i zed pea rrent magni tude [err to predeterm ne val ues 20 whi ch

reBrese”?ddaiééﬂté)énéﬁr@abeeﬂbrtp&%ﬂéﬁﬂipaddlescontactstan&hérE40taf
circuit si stance established -in‘the current path through the

?gr : g\r/v: L%&W% t et brialiation atkunpt atam bei madepr decmumdeby the
to achieve a more effective current discharge into the
patient.
' The output of the ROM-53 is also. coupled to
10 .~ the input of a strip chart recorder included as part of the -
'defibrillator instrument.  The specific value of trans-
thoracic_resistance Rﬁ is printed'on4the chart as an anno-
tation. - Thus, for eaohidefibrillator'disoharge:pulse;
there“is;dieplayed forfuse,by the operator a specific value

of patient resistance. .

15 : _
| The output of the digital multiplier 49 is also
) .applied to a read-only memory 61; _The ROM 61 contains a
look-up table which correlates output values -of the normal-
”ized peak current magnitude IMk/¢F_'to predetermine values
20 .'which represent the ratio r of patient transthoracic res-

istance to total circuit resistance established -in the current
path through the defibrillator paddiles to the patient. --This

,ratio'r'is'represented~by the following equation:

25 | o L ' r = - K (Eq. 4)



> :

25 _ r = Jerr] - 18 - Each of the possible 255(;&@
val ues &f normalized peak current magnitude has a correspondi ng val ue for
the,ratio r. .The different values for r are derived from Equati on 4 using

t he known- val ue of internal circuit 4 “resistance R and the val ues of
external patient resistance RL derived in.the manner described above. The

output of the ROM 61 i's applied to one ispyg of a digital nultiplier 63.
The_other input of the nulti- plier 63 is coupled to the ROM 31 and
~receives the digital f£@8ch ofSithalpdsiilsber2$hgvabaesnefonopmallizadred in
the defibrillator capacitor 35 prior to discharge into the patient. The
-out put of theaRuthirpbher Ma3nitulalipid d coprespordingevialueg fidwe the
proportion of the energy stored in the capacitor 35 which is actually
delivered tpatbhe pati eThe diFfexreid ivalwes 1for r amer derifked iframe
portion of the energy stored in the capaeitor 35 whi-ch i.s dissipated by the
patient's tEquatibhodacisdingeshst kmown valne refmintiernal ciaawidr gy stored
in the capacitor 35 is-dissipated by the internal circuit resistance R
The v&l ue ofeststahcen®;gpndeltheervallues 20f exterpagaprbALnts IAHHSENED a
chart recorder 59 and displayed for use by the ggerator. In summary, it can

'be seen thaRyt@ersugdi dndéshef manner described

10

15

20

25

ove.

The output of the ROM 61 is applied to one input

of a digital muitipliér 63. The other inptt of the multi-

plier 63 is coupled to.the ROM 31 and réceives.the digital
signal representing thé energy Es stored in the defibrillator
capacitor 35 prior to dischargé intolthe patient. The
outpuﬁ_of the multipligr 63 is a digiﬁal'signal represénting‘

the proportion of the energy stored in the capacitor 35

which~iS'actﬁal;y delivered to the patient. This delivered |

energy, Ed’ is the portion of the energy stored in the

capacitor'BS which is dissipated by the patient's trans-
thoracic resistance. The remainder of the energy stored
in the capacitot 35 is dissipatéd by the internal circuit

resistance Ri' The'value of actual energy delivered to

.'the patieht ié applied to a chart recorder 59 and displaygd

for use by the operator.

In summary, it can be seen that the magnitude of
the peak current applied to the patient during defibrillatidn
shock pulse is used to produce sPecific values of patient

transthoracic resistance and energy actually delivered to



peak current applied to the patient during defibrillation shock pul se
sed to produce specific values of patient 25 transt horacic »

gi stance™and energy actually delivered to - 19 - the patient. Both
patient resistance and delivered energy are di splayed on a chart recorder
immedi ately after admn- istration of the shock pul se. A significant
feature of the systemis that the val ue of patient resistance detected for-

5 a given defibrillation shock pulse wl+ trigger an audible or V|suaU‘£
alarmto warn the defibriltator operator that the patient resistance i
detect ed wiife gbapiently hBgkhapdtieme tdeistawce wnd dediverddEndwiyeen -
the defibrillator paddles and the patient. -In.the case where the poor :
paddl e cordretdifplayedl snma chaxtt waskdéheimpeditoslyaaiean ddnkin-
corrective action and agai'h attenpt defibrillation to achieve nore .

successf ulistasatien &5 £ﬁe2§hock pﬂlseiljunﬁsignieabaattﬂéﬂtﬂneldﬁuthe
appar at us conpri si ng:

system is that the value of patient resistance detected for

5 a given defibrillation shock pulse will trigger an audible
or visual alarm to warn the defibrillator operator that the
patient resistance detected was abnormally high and hence
that there was poor contact between the defibrillator paddles
and the patient.:' In the case where the poor paddle contact

10 o alarm is activated, the operator can then take corrective

| action and again attempt defibrillation to achieve more-

successful results.

15

20

25



: D
“means for storing high voltage patient defibrill- ation energy; patient '
el ecty oge neans coupled to said energy 5 storage neans_LQL_QQBEﬂJH%;L
defiibrillation shock pulse to a patd ent; first neans _coupl ed to said energy
storag€ means for determining the magnitude of stor;mmim'ﬂ&'umm,] ener gy

to be applied to said patient el ectrode neans; 10 P Mﬂ"eans
coupled to said el ectrode neans for seﬂsb g_and hol di ng the rhgritdde of -

the peak current applied to a patient during a defibrillation shock pulse;
third neansggggﬂggd to said first nmeans and said second neans for

det er m ni ng tual transthoracic resist- 15 ance of a patient belng

defibrillated, inresponse,ipiihe EBERbEYISaRb:S LRt ARI Ridid:Aidaty ener oy

and peak current; and fourth nmeans coup to said first means and said

third means for deterpdiig £5f RESPORY! AAgA! velidgel Yatderlt dRif4¥H{1RLI ON

energy actually delivered to a patient during defibrillation. 2. Apparatus

according tilcH nardefgyyf her conprising:. 25 means responsive to
said third neans for detecting when transthoracic resistance of a patient
exceeds a pre- - 219atient electrode means coupled to said energy

5 storage means for'applying a defibrillation shock pulse to
a patient; _
first heans coupled to said energy .storage meahs
for determining the magnitude of stored defibrillation energy_ |
to be applied to said patient electrode means;

10 | second meaﬁs_coupled to said electrode means for
sensing and.holding the magnitude of the peak current appiied
to a patient during a défibrillation.shock pulse; .

third means coupled to said first means aﬁd said
second means for determining the actual transthoracic resist-

15 ance of a patient being defibfillated, in response to the
magnitude of stored defibrillation energy and peak currént;
and

fourth means coupled to said first means and said
."third means for determining the proportion.of-said stored
20 defibrillation energy actually delivered to a pa;ient during

defibrillation.

2. Apparatus according to claim 1 further
comprising:
25 means responsive to said third means for detecting

when transthoracic resistance of a patient exceeds a pre-



term ned threshold; and neans. responsive to said detecting neans for
ndijcating poor contact between said patient electrode nmeans and the «
E%t'ent 3. Appar atus according to either one o t her
ri sing recordi ng means coupled to the out put of S for
visually indicating the energy actually delivered t Iﬂlm L"'Mﬁm
Apparatus according to any one of the pregeding clai#s second

means for sensing the magnitude of peak™ c@rr ant conprises: a transforner Qgﬁ
the current path established 1g by said patient el ectrode nmeans; and a

peak det ecE8FeTBEpLEd the pR4of said transformer: 5. Appar at us
according to claim4 wherein s t hi,r.d ans .for deternining actua
t ranst hor aci ¢ reS|st§ﬁagﬁz ?&%i%?ngtsﬁéﬂDF??ﬁé%ﬁP g% B the |
out put of s st neans, for correlating Iues . eneLgy to
_predetern1ﬁ%§ FFdRg BOIHEIHATE RS +w8?ntﬁ gid, PRk %q)t é%f st or ed
energy; méa%% énge%%s f%kinﬂtlplylng t he output fromsaid flrst'

5

3. Apparatus according to either one of claims
1 and 2 further comprising recording means coupled to
the output of said fourth means for visually indicating .

the energy-actually delivered to a patient.

10 | |
4. Apparatus according-to any one of the
l-preceding claims wherein said second means for sensing
the magnitude of peak current comprises.
a transformeruln.thewcurrent path_established.
15 by said patient electrode means; and
| a peak detector coupled to the output of said
transformer. |
'5. ' Apparatus according to claim 4 wherein said
20  -third means for determining actual‘transthoracic resistance

comprises:

| flrst memory means, coupled to the output of sald.
first means, for correlating values of stored energy to |
predetermlned values of the reciprocal of the square root

25 of stored energy;



gnennryapeans and the peak current out put fron1saidSEEEE_gngngL;_and_

second genory neans coupled to the output of said mul ti plyi ng nmeans
for scorrel ating out put val ues fromsaid nultipl y| ng mﬂl‘lm&u m ne
values of patient 'trans- thoracic resistance. . Almmnu gto
claim5 further 10 ~ conprising: neans respon5|ve td the butbut of said

~second nenory neans for detecting when alags-of transthoracic resistance

" exceed a predeterm ned threshold; and neans responsive to said threshold
detecting neans .15 mehds if GRilidipPalxg ceine acttpatWwEroms siaddfimstt
el ectrode neans and the patient. 7. Apparatus according to claimb5 wherein
sai d fourthnemepy meanseandrithenpexicrgyrrentiabuypdel Exvomesaid peak
patient conprises: third nenory neans coupled to the output of said
mul ti pl yi ngdgeestoker andrrel ati ng out put values to predeter- mned val ues
representing the ratio of transthoracic res- istance to total circuit

resi stance establ i shedeiconchenemoryeme®@ts couplked tpoftheaicgtiputh ablgakR

storing neans through said patient * CL MS * -23- electrode neans to
the pati entmuibiplying means for correlating output values from said

multiplying means to predetermined values of patient trans-

_thoracic reSistance.

“.6. :Apparatus according to_clain_s further
10 comprising. |
| means responsive to the output of said second
memory neans for detecting_when values of transthoracic
resistance exceed a predetermined threShold; and
'_means responsive to said threshold detecting means
15 . for indicating poor contact between said patient electrode

means and the patient.

7. Apparatus according to claim 5 wherein said’
fourth means for determining energy actually delivered to a
20 -’patient comprises:
third memory means coupled to the output of said
multiplying means for.correlating.output values to predeter-
mined values representing the ratio_of transthoracic res-
istance to total circuit resistance'established in the current

.25 path from said high voltage storing means through said patient



S for nmultiplying the output fromsaid third nmenory nmeans and the
'gz't "of said first means for deter- mning the magnitude of stored &

Arillation energy. 5 8. Apparatus according to crarm 7 further
conpri sing recordlng nmeans responsive to said'last-n ans.
for visually indicating the portion of stored defi brﬂm”mnmemﬂgﬂ mre
actually delivered to a patient. 10 9. paratus for*appl ying aspreset

quantity of stored defibrillation energy ¢ rough a pair of electrodes to

pati.ent conpri Si neans f. or. sensipg-the maghitude of. peak current 15 -
“applied to® eﬁ&F&éﬁ WﬁﬁQﬁmﬁPsﬁﬁﬁ 3?83??% ring a defib- rillation

ghfk‘;pl:t g ¢ UGB AP (HeE SRRLFAPIEERa, FReL “Eﬁftiéﬁr%hg%%ié;%%ﬂsf?? cd
t
E rrgalnsr:‘or ° %ﬁge e%ist haé"%oml ?‘QEEuBegEacg%};dg magni ?é"gses égaa‘g%g?.'} |Z|cng _

I f :
zglﬂgt?ongﬂihi %s%#%gp f@ﬁ %rgg: gg%?e?%?ﬁ%ﬁggégﬁ Q%PSQ detecting-

whengt r anst hor aci ¢ reS|stance of a patient exceeds C ‘M S *

‘8. 'Apparatus_aocording to claim 7 further
'oomprising recording meanS'responSive-to said iasténamed
multiplying means for visnally indicating the portion of
. stored defibriilation'energy'actually delivered to a patient.'”.
10 |
9., Apparatus for applying a preset quantity of
'stored defibrillation energy through a palr of electrodes
to'a patient ‘comprising:
meansﬁfor'sensing:thepmaénitude'ofnpeakucprrent:
15 : applied toia'patient through said eleotrodes during a defibf
| ‘rillation shook'pulse; - |
means responsive to said sensing means for normal-
" izing said peak.ourrent magnitude to the square root of said
preset quantity of stored defibrillation energy;
20 f means responsive to said normalizing‘means'for
'correlating'the nornalized'peak'ourrent'magnitnde.to a
specific value of patient transthoracic resistance based on
| predetermined valuations, |
means responsive to said correlating means for

25 detecting when transthoracic resistance of a patient exceeds



a predetern1ned t hreshol d; and neans responsive to said threshold detecting
nmeans fgr i ndi cating poor contact between said el ectrodes and the patient. '

P %aid norml o1 ng means for et rm ing the. pr o INNIBMINEIEES =~

stored defibrill- 10 ation energy actually deliveréd to thée patient
during defibrillation. 11. Apparatus acc@4li-hg to claim 10 wherein said

sing neans conprises: 15 : a transforner in the current path
establlshqu igéu@@bfﬁiﬂeaathrgghaﬂﬁgtEﬂdﬁs and a peak detector coupled to
t he out put of said transformer. 20 - 12. . Apparatus according

to claim1l wherein SﬁednaOféabbnsageﬂcbrsaiﬂnthrashoh@ndeyeneang means
responsive to val ues of said preset quantity . of stored defibrillation

energy for fst aindfcatifigvpboe ebntaatebehwaeayy saidgreliectroidesdandl ues of
the re- 25~ ciprocal of the square root of stored energy; and - 25-
means fornnheipawiegtthe out put from said nenory : -
._lo. 'Apparatus.according to claim 9 further
comprising- - | |
_ means responsive to said normalizing means for |
determining the proportion of said preset stored defibrill-'
10 ation energy actually delivered to the_patient during

~ defibrillation..

ll.. Apparatus according.to claim 10 wherein
said sensing_means comprises: . -
15 - a transformer in the.current_path established
through said pair of electrodes; and | |
| a peak detector coupled to the output of said

transformer.

20 S | .12.l_ Apparatus according to claim ll wherein said
normalizing means comprises., -
memory means responsive to values of said preset‘
‘quantity of stored defibrillation energy for relating said
_ value of stored energy to predetermined values of the re-

25 ciprocal of the square root of stored energy, and



and the peak current output from said peak detector. 13.  Apparatus
cegr@ging to claim12 wherein said 5 nmeans for determ ning the

p 3 ) .
means for relating output values of normalized peak current” td o
predeterm ned val ues representing the ratio of 10 sai d transthoracic
resistance to total circuit resistance -€es2%bt+i shed in the current path £

through said pair of elec- trodes to'a patient; and means for multiplying =~

the output from sai dmeans faxedultiplyimgnshenduthuty fron saighineperyet
stored 15 defibrillation energy. 14. Apparatus according to claim 13
further conpansi andr ther peak memrentspurpuvefromssadd peakhgdatpctor.

mul tiplying neans for visually indicating the portion of 20 stored
defibrillation_energy actually delivered to a patient. 15. Pat i ent
defibrillation apparatus substantially as_hereinbefore described with
reference to the addenpadpPParatsis ageeyviiag. toneladm 1k wherein said

speci fication has ben reproduced by photocquing t he applicants 4w% i nal
typéscriptmeans fiay deheamHndne FReRFRIASH ophPEnPEeSEH SHUWR "~ r ead.

The ori ol ngl LYReSClLpt contal n ng. | IET°ASTERANEY oY (R dIPoShiit £80s

' memory means coupled'te the ourput of said multi-
plying means fer relatiﬁéﬂoutput.vaiues of hormal;ied peak
current te éredeterﬁined values representing the ratie'of

10 said-transthoreeic resistance to totai circurt resisraﬁce

| established in the current path through said pair of elec-
trodes to a patient; and |

| means-for mﬁitipljing the'oﬁtput from said last

named memory means and the vaiue—ofrsaid preset stored

15 -  defibrillation energy.

14. Apperatﬁs according to claim 13 further
comprising recording means responsive to said last-named;.
multiplying means for visualiy indicating the portion.of_

20 zfstored defibriilation.energy actually delivered to a

 patient.

15. 'Paﬁient:defibrillation_apparatus substantially
as hereinbefore deseribed with reference to the accompanying
25 drawings.

cation has ‘beent yeproduced by photocopying the spplicants original
hmu. t:'itp:f ml:mtdn a few spendments which are difficult to read, The original
typescript containing these smendments may be inspected on the premises of the Patent Office

. b .
tion of preset stored de- fibrillation enerqy Hmuﬁull Hﬁlll”ﬁl dtoa
tent conprises: nenory neans coupled to the outpu ; i LCL plyi ng:
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