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I
BODY)VORN PHYSIOI.OCIC)AI. SKVSOR

DKVICI( HAVIVC' DISPOSABI.lr
ELECTRODE MODVLK

FIFI D OF THF, INVFNTION

This invention relates generally to a physiological motutor
and more particularly ni a body »oro physiological monitor.

I)ACKOROUND OF 11)E INVENTION

Measurements of various physiological pammeters arc
impo&tant to thc study of the human condition. Physiological
measurenients can be pamcularly important in a health care
settuig. such as in a hospital. One of the more imporlmu
physiological measuremenls perfor&ucxf on a patient is the
electrocardiogram fh((r'), showing the condition of the
hut»ail hc'Irt,

Portable panent monitors have evolved tlmt allow patients „,
to c&tjoy at least some mobility Typically a battery operated
monitor can be hung on a belt. shoulder stmp. or carried by a

patient using some other similar imnging arrangement. Sen-

sors, such as liCO electrodes, are affix«l to the pauent's body.
such as with tape, and connected to tlm battery operated "

monitor by wires. After a tixed interval of tune, or at a lov,

battery indication, the batteries can be replaced or recharged.
One ex unple ol'a portable pauenl monitor is the Micropaq
wireless patient momtor. manufactured by Welch Allyn. Inc.,
that permits niulli-parameter motiiioring and patient alan'll ia
capabilitms built ui a small. rugged. lightweight, panent-
wearable device.

Another version ol'a portable physiological monitor is lhc
heart rate monitor typically used by individuals engaged in an
athletic activity The monitor includes a sensor, which gener- "»

ally makes direct or indirect «mtact w ith an ind&vid&uil's chest
to monitor bean beats and then by wires, or by wireless
techniques, the sensor transmits the sensed lm;ut beat to a

nearby m&croconip uter based moniuir nnd display. Such units
generally measure only heart beat and are not capable of so

doing any of'lm traditional FC'Ci mialysis functions
A recurrent problem with the portable monitors typically

used in healthcare applications is the need for wires from
sensors sit&mtcd on thc patient's body to the portable unit
These wires can become tangled and cause discomfort or ss
become &uiplugged when inadvertently pulled or tugged on.
In addition. wire motion cmi increase ECCi noise due to the
triboelectnc effect. Muscle movement can also increase FC()
noise, duc io d e iypimil placemeiu of FCO elecirodes (»er
maior muscles. Moreover, portable monitor battery mainte- o

nance fe.g. battery recharging or replacement) can be time
consumuig and costly.

Another problem is related to the requirement that a medi-
cal grade monitor survive multiple defibrillation cycles of at
least 360 ioules. Convenuonally. this requ&rmnent has been 1

met by one or more power resistors situated in series with the
wire leads of a lixed or portable physiological mmiitor Thc
problem is that the physical volume of conventional pc~sr
resistors is too large for use in a compact monitor application

Another shortcoming of smell sensor devices is liat these mi

devices lack the intelligence to vary the amount and type of
diita transmitted, depending on patient c(mdition. Exercise
heart monitors do not transnut a full patient waveform for
clinical analysis while medical moniuirs measure and tnlns-
mit tlm full patient waveform, even when the pnticnt is
healthy. Wlule transmitting the fi&11 patient (vaveform is the
preferred solution from a purely clinical standpoint, such

transinission rcxluires significant power ro transmit large
amounts ofdata mid restricts the design from being small and
nlcxpcnslvc.

Y('.l miother probleni is that arrhythmia analysis is a conl-

pulationallv intensive operation not (vcfl-suited to existmg
small portable monitors that presently have no abihty to per-
form arrhytlunia analysis.

Therefore, there is a need fir a body worn combuwd physi-
ological sensor and monitor having a disposable sensor. but
used and wont by a patient as a single unit directly and
non-permanently allixcd lo a patient's body Also, what is
needed is a physically compact resistive element for protect-
ing a body worn device from damage caused by multiple
delibrillati&m cycles Also, ((hat is need«l is a medical-grade
monitor that can intelligently measure and transmit data only
as rcxinircd to alert clinicians that tlm patient nimds additional
attention. What is also needed is a body-w orn device capable
ofruiuung arri)thin is analysis through computationally effi-
cient algomtluns,

SUM1(&CARY OF TI IE INVENTION

According to one aspect, a body worn patient monitoring
device composes at least one disposable module includin a

plurality of electrical connections to the body. The electrical
conncmtions are coupled lo a skin swface ol'be patient to

measure physiological signals of the panent. The at faust one
disposablc module includes a disposable niodule connector.
The body worn patient monitormg device mciudes at least
one uiternal or external pov;er source to power the body worn
patient mwiiloring device Tlm body worn paticm monitoring
device also includes at least one comm umc at too-computation
module. having a conununication-computation module con-
nector lo receive physiological signals from the al least one
disposablemoduleviasuddisposablemoduleconnector. The
conununication-c(miputation module also includes at least
one microprocessor to actively monitor lhe patient and to

perform a real-time physiological aiialysis of the physioioyx
cal signals and a radio ci&cuit &o comnnuiicatc a raw physi-
ological signal or a result of the physiological analysis at a

predetenuincxf time or on the occurrence of a predetemiined
event. via a radio transmission to a ran&etc radio receiver,
wherein the at least one disposable module is mechanically
and elcvtrically coupled directly to the at least one commu-
mcation-computation module The body wont patient moiu-
toring device, including the at l«sst one disposable module
and lhc al least one cominunication-coinputation module, is
directly non-permanently affixed to the stun surface ol the
patient.

According to uiotlier aspecb a niethod of providing lugh
voltage circuit protection for a body worn monitor compn sea
tho stops of: providing a substrate that supports onc or morc
elecsncal cwuieclions lo a patient's body, delemiinin a print
pattern and thickness of a first material lmving a first resistiv-
ity lo bc print«l on tlm substrate, determining a print patton&

and thicluiess of a second material having a second resistivity
to be printed on the substrate; printing the first material onto
the substrate, mid printing thc second nunerial mito the sub-
strate wherein at least part of the second material overlays the
tirst material.

HRIEI'l-:S(.'RIP 11ON OI'HF DRAWIN(iS

For a further understanding of these and objects of the
invention, rcfercnce will be made to tlm following Detailed
Description which is to be read in connection with the accom-
panying drawings. in which:
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I'Ki IA shows an exemplary body worn physiological
monitor having a disposable electrode module:

FI6. IB shows a partially unassembled side vieiv of the

body u oui physiological monitor of'FICJ IA:
FKJ IC: shows an mssmmbledl side view of the body worn

physiological monitor of FKJ. IA:
FIG. ID shou s a bottom view of the body worn physiologi-

cal monitor of FIC). IA;
I'Ki 2 shows an exploded perspective vicxv of an cxmn-

tu
plary body worn physiological monitor;

FI6. 3 shows an exploded perspecnve view of an exem-

platy conlpU&atloll Bnd cominUI&lcatlon lll&xlUI&x

FICJ. 4A shows an exemplary disposable unit flexible cir-

cuit board;
FIG. 4B shows a partial enlarged view of a portion of the

flexible circuit board of FKJ. 4A, further six)ising an excni-

plary resistive rrace having a fillet:

FIG. 4C shows a partial side elevated view of a portion of
the flexible mrcuit board of FICJ 4A, further showing an c

exemplary conductive surf'ace overlaying a resistive matertal.
FKJ. 41 I shows a paitial side elevational viciv of the circuit

board of I'IG. 4A, further showing an exemplary conductive
surface having a snap receptacle;

I'Ki.5shousablockdiagrmnofonecmbodimmltofabody "

)volll physiological monitor bavin a power source ui a dis-
posable unit:

FIG 6 ahois s a block diagram ofone embodunent of'u body
worn physiological monitor having a po)ver source In or
couucxtcd to thc computation and conuminication module, lc

I'ICi. 7A shows a schenu&tic diagrtun ol'a direct connected
reference electrode used in conjunction with a body worn
physiological mmiitor,

I'IG. 7B shoivs a schematic diagrmn ol'a virtual reference
clcctmdcasusedinmnjunctionwithabodywornphysiologi- "»

cal m&mitori

FIG. 0 shows a schematic diagmni depicting one embodi-
ment ofan analog switching arran genwnt provided on a body
worn physiological monitor to select a ref&.rcnce clectrodc
configuratiotu st)

FKJ. UA shows mi exemplary driven lend circuit topology
for use with electmdes of a body worn physiological monitor;

FKI. 9 shows an exemplary L'SIS filter circuit topology
wifll co'OUI& prtuccnon,

FIG. 10 shows Bn alternative circuit protection to tlmt ss
depicted in FKJ. 9:

FIG. 11 shows a flow chart for an algontlun utilized by a

body worn physiological monitor to detect whether a patient
has a pace maker,

FIG. 12 shou s a circuit topology of a Iugh pass filter usefiil U

for baseluie restoranonl
FIC) 13 slums seven graphs of amphtudcs plotted versus

frequency to Illustrate exemplary operation of the circuit of
FICJ 12,

I'IG. 14 shoiis two exemplan positions fi)r a body uorn I
IK'(i monitor to be non-permanently affixed directly to a

paticllt s body,
I'ICI. 15 shou s a block di igram o I'a setup for simul Bung the

effsect ofpatient detibrillation on resistive traces,
FICJ 16A symbolically shows resistive dots silk screened 0)

Oil B tfaV:

FKJ. 16B shows a histogram of an exemplnry resistive
distrtbution of baked resistive dotm and

FI6. 17 slu)ws an exemplary ECCi wavefonn.
Package styling varies slightly between the drawings Such r

minor diflerences, e.g. the case styling of computation and
communication module IUZ. illustrate minor variations in

mechanical packaging suitable for use as body worn moni-
tors Drawings are not necessarily shown to scale.

[JF TAII,BD I )I'SC'Rl PTKTN

A "body worn" device is described herein v ith regard to
certaui exemplary embodiments. A "body worn*'evice is
defined hereui as a device that Is directly. but non-perma-
nently. Bflixcdi to a patient's body A "bixly

worn

momtor*'s
a device tlrat can be directly "worn" on the patient's body as
a single iuut, inc ludulg one or more physiological sensors and
a c&unnnmications and computation module to perfomi at
least initial processuig of one or more physiolo ical measure-
ments made using one or more physiological sensors IJnlike
prior art patien&-i) earable devices. Bt least one sensor can be
incorporated into the device that makes a direct or indirect
(such as by capacitive coupling) electrical connection Ivith

the patient's body v ithout the use of external wires from
sensors to the device. In addition and unlike athletic heart
monitors, a "body worn" monitor can bc a full liinctiouing
medical grade monitor, e.g. meeting the requirements of
k uro pean IJnions'edical Device Directive and other appli-
cable industry standards. such as BC-13 for an electrocardio-
gmph. The body

worn

medical-grade nxmitor can uiclude a

dcwice, for example, such as a pulse oximetcr. CO, monitor,
respiration monitor. or can function as mi FCCI monitor,
incorporating physiological sensors. front end analog elec-
tronic signal conditionuig mrcuits. and a microcomputer
bused computation unit with u ireless reporting of measured
physiological datm all contained within in n "body ux)rn"

package that cut be non-pernuuiently aflixed directly to a

putient '
body. A body-worn medical-grade moniu)r can also

include additional umasurmnent capabilities beymid those
mentioned here.

FICIS IA-ID depict various views of an exemplary body
scorn physn)logical monitor 100 having a communication and
computation module 102 and a disposable electrode module
110. In this cxcmplary embodiment, physiological monitor
100 is deslgllcd fol'&Bi: as 'In elect r&mardiogram (BCCJJ moni-
tor for obtaining and recording mid/or transmitting F('C)
inl'ortnation. including F(J(i wavcfonns and alartns fi)r a
person, such as a parent, weanng body morn physiolo ical
monitor IUU.

FICJ. I A shows an exemplary top view of body worn physi-
ological morutor 100. A crescent shape alloivs the body ivorn
physiological monitor 100 to be placed on the chest of a

patient. and more specifically around the pectomshs major, to
allo)i measurement of lead collfiguration I, II, or ill, or to be
placed on the patient's side allowmg nieasurement using a
V lead configumstion. Thous/toot shown. mulnple body worn
pllysiological monitor 1&i&i uiuts can be used to effectively
pmvide multiple lmids. By placing electrodes around the
body so that they ure not situated directly atop malor muscles,
both motion noise artifacts and nniscle noise artifacts can bc
preventml. Moreover, by eliminating cables. Boise due to
cable motion or compression (i.e. triboelectric effect) can be
climinatodi

I'ICJ. I B shows a side elevated view ofphysiological mmri-
tor 1(ill having mi exemplary attaclunent mechanism, such as
B rctCntiOU Clip 104. to meclmmmilly attach communications
and computation module 1UZ to the top surface of the dispos-
able electrode module 11(l Hexible printed circuit layxm 101

can be made fmm a thin insulating matertal. such as accord-
ing to tlfis embodiment, a 75 nucron thick layerofMYLAR;1(.

Typically clcctrical traces (not shown in FKJS IA-ID) on
flexible prtnted circuit layer 101 can be further protected by
an insulating covering, analogous to a conformal coating. A
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fonnexI plastic layer or a cloth with adhesive on one side
thereof can be used to cover and protect tlexible printed
circuit layer 1U1. as w el 1 as to provide an aesthetic outer layer
to niake thc body worn momtor 100 v isuafly appealing.

11G. 1C shows a side vieiv ofphysiological monitor 100 in
which the comnuuiications and computation module 102 has
been aflixed to disposable electrode nuidule 110. I'ICi. ID
depicts a view of the underside of exemplary physiolo ical
monitor 100 sho&ving one mnb&xliment of disposablc ekw-

trode module 110 having electm des 109. hi tlu s embodiment,
each electrode IU9 comprises electrode gel 103 and conduc-
tive surface 404 (FI(i 4) Together. electr&xle gcl 103 and
conductive surlace 404 create a half-cell. such as. for
exmuplc, a Silver/Silver ('hloride half cell. Also and accord-
uig to this embodimcnL conductive surface 404 can directly
accept the electmde gel 1U3.

I'Ri 2 shows an exploded assembly vices of the exeniplary
body worn physiological monitor 100. As noted with regnrd
to FIGS. IA-ID, the body worn physiological monitor 100
inc!udcs a rcmovnblc and reusable communicatimis nnd c&t&n-

putation module 102 and a disposable electrode module 110,
the later including electrode gals 103 for k(.'Ci monitoring and
batteries 204 to power commumcations and computation
module 102. A flat planar insulating/adhesive member 105
includes a plurality ofopenings tint are each aired to receive
electrode els 103. The insulating member 105 provides a

bottom side cover for the flexible printed circuit layer IUI and
augments adhesion to the human body I',lac(rode gel 103.
when attached to an appmpnate substrate such as silver-
silver-chloride or other substrate, can bc uscxt to establish a

relatively low impedance eleotncal connecuon between con-
ductive surface 404 (I&IG. 4) und the patient's skin.

Fl&ctrodc ds 103 cmi ndberc to a patient's skin While
electmde gel 103 &s typically an adhesive electmde gel. the
adhesion offered by electrode gals 103 alone might not give a

sulficient holding liir&N for non-pcmimicntly aflixing body
worn physiological monitor 100 to a patient. To aclueve a
better adhesion ofbody worn monitor 100 to a patient's skin,
uisulatuig/udlmswe member 105 can be used to nmi-pcnna-
nently affix body worn physiological monitor 100 to a patient.
Thus. body «om monitor 100 can be applied to a patient in thc
same way an adhesive stop is apphed, such as for example,
those adhesive strips sold under the brmid name "BAND-
Aiiyc'1 One exemplary type of fomn adhesive suimble for
afhxuig a flexible circuit board to a patient is I. 6 nuu adhesive
foam from Scapa Medical of Bedfordshire, UK. As shoivn in
FIGS 1B and 1C (although not to scale), each ofthe electrode

gals I U3 extend sufficiently below adhesive layer 105 in order
to ensure good electncal connect&mt &vith a patient's skin
surface 1not shown). Tab 106, IlG. 1A. allows for easy
removal of a protective bc clang 111 fmm adhesive layer I U5.

Flexible printed circuit layer 101 cmi uiclude contacts.
such as buttery clips (not shown). to receive mid connect to
batteries 204 (It is mmtemplated that in some future cmbodi-
melltw i& slllgle. bauelv cain provide sutlicient electrical
p&iivcf.) In the exemplary embodiment. as shown in FIG. 2,

batteries 204 can bc mom&ted under respective battery flaps
205 arr mged on opposite sides of the flexible pouted circuit
layer 101. Almrnatively, battery clips foot shown) or battery
lxildcrs (not show n) mm b&. used to provide both mechanical
support and electrical connections for each of the batteries
204. One type of batmry holder suitable I'or such usc. for
exmuple, is the model 2990 batteD holder, manufactured by
the Keystone Flectronics Corp. ofAstoria. N Y BatteD cover
107 provides protection fiir battcrics 204 ns well as a surface
to press upon when applying electrodes 103 to conductive
surface 4 04. Retention clips 104 can comprise, for example, a

plurality of sprinn lingers with latching clips. Retention clip
104. aflixed to disposable electrode module 110. can be used
to secure reusable communications and computation nxidule
102 ni disposablc packnge 110 Reusable conimunications

s and computationmodule 102 is hereut iflustrated inn sunpli-
fied representation. including cover ZUI. conununications
and comput ation pn n ted circuit board assembly 202, and hase
2U3.

FKi. 3 shows a meclxmical view ol'an exmnplary reusable
1&1 conuuunications and computation module 102. as well as a

preferred method for making an electrical connection
bctwcwn I'I&:xible printed circuit layer 101 in disposable elcc-
tncal module 110 and conmn&nications mtd computation
printed circuit board assembly 202 situnted in reusable cum-

in municatmns md computation module 102 In tlus exeniplary
embodiment, conuuunications and computation printed cir-
cuit board assembly 202 can inchide a plurality ni'press fit

and/or soldered c&mductive sockeLs 301 lor receivuig electri-
cal plug 30Z. the plug having a corresponding plumlity of

&1 coixillctivc pills Fault colldilctivc pill sll&iwn in plug 302 c;ill

correspond to mi electrical coiuiection pad on flexible pnnted
circuit layer 101. A mw of mechanical sockets 303 can
receive the multi-p&n mw of plug 302. Thus, an electncal
connection can be made between each pad of flexible pnated
circuit layer 101 having a conductive post on plun 302 and
each corresponding conductne socket 301 on communica-
tions and computation printed circuit board assembly ZUZ.

Posts 304 can align and secure each of thc cover 201. c&nm-

m&uucat&ons and computation pruited circuit board assembly
in 202. and base 203 Note that in FI(i. 3, a simplified drawing

ofcover 201 omi(s slots t&i receive rcxention clip 104 to sflix
communications and computation module 102 to disposable
package 110. A body worn monunr 100 ivould typically also
uiclude retention clip 104 FIG. 2, or other suitable type of

"» mechanical clip/a), in order tn provide a secure mechanical
connection bet&scen conunun&cations mid computation nmd-
ule 102 mid disposable electrode module 110.

I'l(i. 4A shows onc cmbodimcnt of flexible circuit bomd
101 1&1 nli cxpallded fc . &Iliasscillblcd view. Flexible circuit

sn board 101 is formed on a substmte 4U6. Substrate 4U6 can be
cut, for example, from MYI.AR:x slmet ol'suitable thickness.
hi tlus embodiment. one battery 204 can be mounted ad)scent
to an conductive surface 4U4. ('onductive gel I U3 Coot shoivn
in FICI. 4) can bc 111&ililited on the cxposcd conductive side of
a conductive surface 404.

Conductive surface 404 can also be viewed as the electrode
portion of a half cell and electrode gel 103 can be considered
to be the electrolyte portion of a half cell. In conventional
tenue of arL the combiim&ion of electrode and electrolyte and

n BCG electrode is typically referred to as a lrsfi cell. For
example. the combination of a conductive surface 4U4 and an
electrolyte layer (e.g, electrode gel 103) forms n lail feel 1 For
convenient quick reference to a half cell structure. the tern&

'electrode*'assigned reference designator "109**) is used
s &nterchmigeably with "balf cell*'erein. It is understood ihat

in typicnl embodiments, electrode IU9 comprises conductive
surface 404 and electrode gcl 103

Typically. electrodes make use of'a circular or square c&nn-

ductive surface. Increasing the ratio of the perimeter of the
ai surfncc ui thc area of the surfncc aifi:cts current density d&s-

tribuuon and defibrillation recovery.
For convenience., we detine the tern& "annulus'* lmrein and

tlu oughout as the region between nvo simple curves. A suup le
curve is a closed ctuve that does not cross itself. Under this
dctinition, an annulus can include substamially square
slmpes, substantially rectangular slmpes, substantiafly mrcu-
lar shapes. substantially oval shape~, as well as substantially
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rectangular shapes with rounded centers Further we include
&n the dehn&t&on of anm&lus, the case of a substantially "U"

shaped surface as described by a single closed curve.
One cxmnplwy clcvirode gel 103 suitable fiir such uac on a

body v, orn moiutor &s type LT00063 hydrogel supplied by
fyco Healthcare of f&rague, (.'zech Republic. fypically. a

conducuve surlhce 404 creates the electrode ponion of'he
half-cell. By increasuig the ratio of perimeter to area of the
circular clectmde portion ol'hc half cell. Ihc signal to noirsw

ratio of the input ECG s&ywnI can be uicreased.
As depicted herein on the exemplary circuit layout, two

batteries 304 can be connected &n scrim&. with nnc pol u&ty

being made available at connecuon pad 407 from battery
connection 402, bartery cimnection 401 creating the scrics
connmt&on between the two baiteues, and connection pad
410. from battery connection 4U3, providing the second
polarity of the scrics cnnncctcd bnttcries Note that in some
embodiments. a single bauery ahernatively may be used ui
lieu of the exemplary arrangement or two batteries can be also
w i! cd 1l& pal &if le I, ih pc&xlll&g all Ihc voltage &equi&i I&in&its of a

particular communications and computation module 102.
('onnection pads 4U8 mid 409 electrically couple the sig-

nals from electrode gels 103 (not slx&ivn ui I'IGS. 4A-4D) via
conductive surface 4U4 and resisuve traces 412 to electrical
plug 302 (not shown in FICiS. 4A-4D). I'ilectrodc contact pad
405 can be connected via res&snve trace 413 to connection pad
411 to provide a direct-connected reference electrode (not
shown ui FICiS. 4A-4D) Truces 412 extwid&ng between con-
ductive surface 404 and connection pads 408 und 409 and
trace 413 extending betwccn conductive surface 405 and
connecuon pad 411 can be ruade from resistive inatenals
uicluduig resistive metals, carbon. st iver ink. powders, paints,
or other material nf dcienuinable electrical resistance.

Resistive traces on tlex&ble c&rciut board layer 101 replace
the bulky power resistors ncixf&xi by prior art monitors, Imving
elecinxies or svnsnrs c&1&1&ii:ctcd by wires or leads These
resistive traces should survn e multiple defibnllat&on cycles
such that body worn monitor 100 remains fimctional cvcn
aller one nr more attempw Io re-start a patient's b& nri In order
to survive defibrillation. the resistive tmces should dissipate
that portion of dw. potentially damaging defibrillation energy
that is coupled uito the monitor, 'iliis fractional portion of the
defibrillation energy typically enters body ivorn monitor IUU

from elcctmdes 109. FI(i ID (clcctrodes 109 including con-
ductive surface 404 and electrode gel 103).

It is desimble that the resistances of the protective resistive
traces be &n a rwige betv, een about I kilo oluu to about 10 k&lo

olmis. Below I kilo olun, depending on the resistive material
used, i& can be nmrc hkely &hat the resistance el the resistive
u aces 412 and 413 v ill uicrease w ith each successive

defibn -

llatio pulse. Above 10 lalo oluus. a high resistance unpairs
Ihe signal to noise ratio, spcmifiwilly due u& tlmrnuil noise.
wluch has a mean square value of 4'k''R"BW, where "k"

is Bnltzmann's cimstant, "'I"'s ten&pemture memured in
degrees Kefvu&. *'R*'&s resistance in oh&us. uid'*BW" is band-
width, in Hz. which bmomes significant relative to the L'C'-13

rcquiremcnt that the noi sac reli:rrcd to input bc less thon 30 PV
peak-to-valley.

Power dissipation in thc herein described traces can be
calculated by F,"/R, in which F, ref&:rs tn If&c potential across
the trace and R is the resistance of the trace. R can be calcu-
lated by p sf /A, wlmre p is the resistivity of tlm material used
to Iiirm the trace. L &s the length of the trace, and A &s tire
cross-sectional area of the trace.

In dcvcloping resistive traces for use on a tlexible printed
circuit layer 101, typically formed on a MYLAR 0 substmte
4U6, such as shown &n FICI. 4A, various materials were tested.

Silver, including silver inks, while useable, w:as found to be
less desirable, because &t was dificult to aclueve sufiic&ently

tlun silver traces on lVIYLAR&x'o achieve high enougli resis-
tances ('arbon, including carbon pastes and carbon inks, was

s also toed and found to be suitable. In order to use cnrbon
hoivever, several additional pmblems had to be solved. At I

kilo olmi. the pow er diss ipated by the resistors caused them to

de~vade across multiple defibrillat&on cycles. The solution
was io make carbon traces in tlw rmigc of about 8 to 10 kilo

i(1 oil&its. 10 kilo oluu resistances proved to be a good compro-
nuse between noise levels, power diss ipation by the resistors,
and manufhciwing tolerancvs lor depositing carbon ink on a

MYLARR substrate to dissipate the po~er from multiple
defibrillation cycles. Tn achieve the desired resistance of
about 10 kilo ohms (interchangeably req&resen&ixi herein as
"10 k" or "10 ki&**), fora given resistivity of the carbon paste,
and giivn trace width and thickness (height), the length of thc
&race is then defined. In some w&ses. such as li&r tnices 412, thc
length needed for a tmce run, as benveen conductive surface

n 404 and cm&ncciion point 409, might bc longer ihmi Ihc length
defined for a particular trace resistance (typically 10 k). In tlus
case. traces can be extended by lengths of silver conductive
traces. 11&ere can be a short overlay distance, on the order of
5 to 10 mm, in wluch a silver trace overlaps the carbon trace
to provide a more robust connection bcnveen the resistive and
conductive portions of the traces. Where overlap &s used. the
overall length of the resistive portion can be adjusted sliglitly
to mair&tain the desircxf overall resistance.

Another problem associated with carbon traces w:as arcing
in at tlm interface between thc carbon and conductiiv. traces.

Aran was particularly problenu&iic ai the abrupt coonect&on
between the carbon trace and conductive surface 404. Arcing
v ms also obsvrvcd to iwcur between tlm end scviion of Ihc
carbon tmnce and conductive surfiice 404 (Llectmde gels 103

"» cream the conductive path to the patient through conductive
surface 404 and a layer ofconducuvc gcl )

Accord&a to one solution to the above noted arcing prob-
lmn, as shown in FICi 4B. a rounded (fillet) section 430 of
curb&m tnice cim be addwl ut the interface Io conductive sur-

nn face 4U4. A fillet or "tmr drop" shape cmi sea the carbon trace
to becnmc gradually wider as it connects tn conductive sur-
face 404 and reheves the electncal potential stress at the
interface.

An alternative solution to the arcing problem is shown in

FICi. 4C. wherein carbon can be laid dow.n beyond the twice

(412) to include a pattern of conductive surface 404 formed
from carbon. A c ubon uunilus p ntern can be deposited
before the conductive surface 4U4 is deposited. Conductive
surfhce 404 can Ihen be dcpositexI as an oner)ay over the

n earlier formed carbon annulus shape. Fn&affy. conductive el

103 can be attached to the conductive surface layer (the car-

bon lavvr residing between conductive surface 404 uid the
MYLARIS substrate used as flexible circuit board 101). Both
of the afi&rementioned arcing solutions can bc used together.

s lt should also be noted thai conductive surface 404 can be
forn&cxf from suitable materials other tlmn silver, including,
for cxwnpln, nmtcrials such as silver chloride

Arcuig c m also occur between the resistive tn&ces aod
other (typically silver) conductive traces on the flexible cir-

e& cuit board 101. Tmcc tn trace arcing can bc suppressvd by
alloiving sufficient spacing beuveen the tmces. Generally a

minimum spncing of about 3 &un&/k&/, as required by ASNI/
A kMI DF 80:2003 57.10 BB. Ims been found to be sufficient
to prevent trace to trace arcing from a defibrillation a~eat.
Closer trice spacing. ns close as 0.01 uun/kV, can be

employed successfully by first applying an insulating dielec-
tric layer, similar to a confonnal coating, over the surface of
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flex ib le circuit board 101 thnt mivers most of tlw substrate and
traces 1)re insulating dielectric layer can be prcvcntcxt from
fornung or adhertn to conductive surface 404, such as by use
((I'n mask during application of Ihe insulating lny'er.

In(m altcrnatc mnbodimcnt, as depicted in FICI 4D, a snap
device can be added to conductive surface 404 to accept a

manufacture snap-on electrode (not shown). such as. for
ex uuple. the ConMed ( leutrtice line ol'',CCi electrodes
includinv the model 1700 C'leartrncc electrode mamifncturcd

i(1
by the ConMed Corp. Of Utica. N Y. or similar type electrodes
made by the 3M Corp. of St. Paul. Minn. When designed to
accvpt a snap-on electrode, the conductive surf'acc 404 is

typically smaller than in the previous embodiment. A recep-
tacle snap 432 for receiving the conunercial snap-on elec
trode can be inserted by any suitable method. such as by press
titting or otlwr fastening method, into conductive surface 404,

typically nlso pmwtrtiting through substrate 406 ln this
enibodiment, arcing can be similarly suppressed in this
embodnnent by adding a liflet to the carbon-conductive sur- o

lace it(le(fix:e (i(id/or deposing a co(id(icllve ~ ili'fiu:c 404 oval

a carbon layer as previously described.
Example: Resisuve tmces and an mmulus were tested on a

substmte fortned from CT3 heat stabilized treated polyester
(75 microns thick), such as manufacturcdl by the IVIacDertnid "

Autotype Corp. ofSchaumburg, 111. Resistive traces were silk
screened onto the substrate using 7102 carbon paste co(id(fe-

tor from the DuPom Corporauon of Wdmington. Del The
carbon paste conductor v;ss deposited tluough a 43T silk
scrcxn mesh The substrate containing thc paste deposit was so

then cured uiside a fmi nssisted air circulated oven at 120'.
for a pertod of 5 minutes. 11ie traces formed were about 55
mm long and 2 mm wide, having an overall thickness of'about
7 5 microns. The imtial measured resistance ofeach trace was
about 14 kilo ohms. Afler each trace w:as subjected to 3 "»

delibrillalion cycles. tlhe mcasurcdt rcsistmicc increased Io

about 15 kilo oluns. Over a 3 nun le(tgth. the trace widens to
nbout 5 mm, temiinating into a carbon annulus with an outcr
diameter of about 20 mm aml mi inner diunuxer of about 10

mm. A silver layer of I'-410 silver ink from the Norcote so

Corp of Fastleigh Hampshire. UK was tlwn dcpositcd over
the carbon annulus. also to an overall thickness of about 7.5
microns. The deposition of the silver layer was via the silk
screen printing niethod, in which a 90T silk scroen mash was
used. The substrate containing the deposited silver uik was ss
then cured inside a fan assisted air circulated oven at 120'.
for a period of 15 minutes. A tlurd dielectrtc uisulating layer
comprising SD2460, components A 6: B (dielectric and hard-
ener). m:mulaclured by I,ackw erke Peters I('mbi i+Co KCiof'empen,Germany, and havuig a tlnckness of approximately o

13 micmns was then deposited over the traces and substrate,
bul not oser the annulus (The electrodes uvre fonncd by
attaclun a conductive gel to the annulus. The conductive gel
usedwnsIT00063 hydrogclfrom TycoHealthcarcofPmgue,
Czech Rcepublic ) Agaui. the silk screenprinung process was I
used to deposit the dielectric layer tluough a 90T screen
nicsli Thc siibstralc was phiccd agaiii i((to a tait (issistcd (iir

circulated oven at 120'. for a pertod of 30 mimites.
I'ixamp le: Silver traces for use as conductive (not resistive)

Iraces on a bodv worn monitor circuit substrate werc formed sc

from a silver paste that was silk screened onto a MYLAR'(c
substmtc 45 mm long tmces had a mc:(sured resistance in a

range of 3.5 to 6 oluns. 75 mm traces had a measured resis-
tance in a range of 6.5 to 13 oluus, mid 105 mm traces had a

measured rcsismnce in a range of 10 to 16 ohms The dcpo- (
siuon of the silver layer wus performed vm the silk screen
printing method in wlfich a 90'I silk screen mesh was used.

The substrate contnining tire deposited silvan ink was then
cured inside a fan assisted air circulated oven at 120'. for a

pertod of 15 numites.
I'l(i. 15 diagrammatically depicms an exemplary test setup

used to simulate the efIect of a patient defibrillation on resis-
tive traces. Detibrillator 1501 was used to apply nniltiple
defibrillation shocks of360 Joules each to the 100 ohm resis-
uir 1502. The 100 olun resistor according to this setup simu-
lated a patient's body. Note ttuit most of lhc dclibrillation
energy goes into the patient's body by des(pit. to restart the
patient*s heart. Resistive tmces 1503 and 1504 were wired
across resistor 1502. also as shown in FIG. 15, in order to

sunulate the electrtcal circuit that would be formed between
the resistive trnces in a body worn nuinitor situatixl on a

patient undergoing delibrtllalion Neon bulbs 1506 were used
as part of the protection circuitry that can be used with resis-
tive traces in n body worn monitor. 400 ohm safety resistor
1505 was present as a precauli(in to l unit short circuit current
in the event of a test setup failure. Both the 100 olun resistor
(simulating human skin rcsistmicc) mid thc 400 otun mifcty
resistor were used in accordance ivith medical speciTication
AAMI IK-13. Following 3 defibrillation shocks of 360
Ioules each, the measured resist uice of the 10 k carbon track
changed from 10 k to 11 k follow ing the first shock, to 13.1 k
following thc second shock, and to 13.2 k f(iflowing the third
shock. The measured resistance of the 9.7 k tmce ch utged
from 9.7 k to 11.6 k following tire first shock. to 13.0 k
folk(wing the second shock. and finally to 13 2 k. followuig
the tlurd shock. In u subsequent related test, the 100 olun
resistor was replaced by a closer simulntimi in the I'orm of a

fresh (dead) clncken. The setup otherwise remand the smne
as shown in I(IC). 15. In this case, the resistance as measured
on each of the test resistive Imces changed lmm 10 7 k to

10 25 k. and from 0.5 k to 9.4 k. Ibl loss uig nniltiple defibril-
lations. During testing, it was also noted that the change in
itlcrwsui'i 0 I'c's isl(i(ice 0 f the resistive I mc ca was generally cmi-

sistent. It was also noted that as a given resistive u ace was
increased, tlw(delta R ice(ised b) 0( fibriflationi/R (net trace
resistance}) cmi be niinimized

The screen printing teclmique for laying down resistive
trnccs was further investigated by printing a plurality o I's nial I

carbon resistive dots 1601 of about 20 nun ui diameter using
a 7102 carbon ink applied by a screen printer (not strown).
11ie carbon dots 1601 were laid out on a tmy 1602 as shown
in FICi. 16A. for baking in an oven. A manually operated
squeegee (not shown) was used to apply the resistive dots
1601 to the tray 1602 through a nuisk (not shown). It was
detertuined that control of tluckness during application was
one iniporlanl lictor I'or contmlling the distribution of resis-
tance. It was noted tlmt durtng manual application, the vmia-
tioll of resistance depended upon the distance between the
plurality of dots 1601 and Ihe person applyuig the resistive
puste. and that the pressure applied using the squee ee could
also aff( ct the final resistmice by a factor of'tv o lt v as furtlwr
noted that '*even'* healing ucross the tray 1602 ives advanta-
gmius during oven drying, although this factor was found to
have less elfivt ()n the tinnl dol rcsisuuice distributioll A

resistance di su(button oHhe baked mid measured dots 1601 is
shown in the histogram of FICi. 16B. This testing indicated
that production Iraces laid (kiwn on a substrate, such as
MYLARIO, for use in a body worn monitor should preferably
be printed using a semi-automatic screen print pmcess, such
as by a screen pruiting mechaaical roller process. A digital
nuiltimeter("DMM'*) withprobesplacedateachedgeofadot
1601 was used to measure thc res istancc from one (xtgc of the
dot to the other. It v;as fiiund that uniform apphcation of ink
was important to keeping a tioJ(t distribution of resistance,
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wiCk even heating having a smaller inlhience on the distribu-
tion of the resistance of the test dots. Susee o trace with too lov;

a resistmice has a greater AR&R. and higher probability of
failing mhd very high rcsistmicc tmces result in worse S/N
ratio, &t is uuportant to have areasonably tight toleranceon the s

trace resistance.
FICi. 5 sh&iws a block diagram representative of one

embodiment of the body &vom physiological monitor 100.

Physiological sensors 501 (suet& as electr&xlcs 109 in FICi. 1D)
cmi be electrically coupled to electromechamcal connector ui

502 (as by the resistive traces 412 shovah in 11Ci. 4). Connec-
tor 502 verses to electrically couple communicati&ms and
computation module 102 to a disposable electrode module
110 (Flti. 2) Secondary connector 503 can also electricnlly
couple one or more ndduional sensors. which min be siniuted
both on and off of disposable electmde module 110. to elec-
tromechanical corn&actor 502 for electrical coupling along
with physi&htopmd sensor signals 501 to c&immunications and
computation module 10Z (shown in FKi. 1) via electrome-
chanical connector 505. Sigimls received by the conimunicn- io
tions and computation module 102 can be electncally
coupled into comnmnicotions ond computntion module 1()2

vm electrohuc protection circuits 506 an&For filters, such as
L'SIS filters 507.

Signals can bc liminxi or clipped in muplitudc, as hhecdixt, "

by protection circuit 506, mid tiltered by tilter 507. One or
more analog amplifiers 508 can be used to anhplify the ampli-
tude limited nnd littered signals In the exemplary body uorn
L'CC& monitor, amphfiers 508 can advantageously be differ-
ential amplitiers to amplify the dif!i.rcncc signal (c g. thc so

L'CCi '*vector") between tuo I&CCi electrodes. The electrical
output of amphtiers 508 can be electrically coupled to both
PAC'FR circuits 509 and FC'G circuits 510 PAC'FR circuits
509 are described further below EC'G circuits 510 perfonu
several fiinctions. including "trace restore'1 low pass filtering "»

(miti-oluising). high pass littering, and muplification ( oin)
Low pass tiltenn tilters shy&ala accordnog to the Nyquist
critcrimh to nvoid alinsing later when thc signals are digitized
by analog Oi dig&tnt converter (ADC) 516 Thc high pass filter
causes the input to be AC coupled from a roll offfrequency of oo

about 0 05 Hz, as spcciticd by industry FCCi standards (iain
hs required to cause the small pre-amplhtied potentials from
physioloaicol sensors (such os electrodes IU9) to more
closely match &lm availnbie dynamic range of thc digitizing
ADC 516. Note tlmtADC 516 can be o dedicated ADC chip or ss
can be included in a microcomputer inta orated circuit. such as
a llllcloco&llp&itel'elvlllg as lit&crop&'ocessor 512.

A microprocessor, such os microprocessor 512, &s defined
herein as synonymous mid uiterchangeable with the terms
"nucrocomputer". "microcontroller", and "micmprocessor". o

Such microprocessors are also intercliangeably represented
herein as "PP*'r "PC*( Furtlier. alt&'11&czopro&Ãssol'is
closed herein ciui be replaced by ony inte rated device tlmt
can pcrliirm tlm function of a microprocessor. such ns, but not
limited to, a iield programmable ate array ("O'PCiA*') pro- s

grammed to perform the functions of a microprocessor.
Typically, onc or morc di fli.rcntial mnpli tiers cmi bc dedi-

cated to particular d&lference voltages &ssocuited with physi-
ological sensors 501 or 504, but it should be notcxt that one or
morc amplifi& rs 508 can also bc mul tip lcxcd by techniques as so

known in the art. to serve multiple physiological sensors
using a lesser nun&her of amplifiers Similnrly, one or more
ADCs 516 can serve nvo or more si nels from physholo ical
sensors 501 or 504 using tecluuques such as multiplexing in
time that is digitizing one physiological sensor difference &

signal at u time senduig a digital result to a next stage one ofter
the other. EC'Ci circuits 510 and I'ACL'R circuits 509 ore

referred to in the plural, since there can bc individual circuits
for each measured physiological signal. such as for each
measured ECC& vector.

I'lectrical pouvr from power source 515 cmi be regulated

by regulator 514 and dhstnbuted as regulated voltuge 517 to
no&st function blocks (as represmhted herein by the lobel
"POWER"). such as uiclud&ng the fiuicuon block radio 513
which is electrically coupled to antemn 518. L'ach of these
tinction blocks also luis a mmtrol ("C'TRI,*') input 511 1'rom

nucropmcessor 512. allov,ing these circuits to be disabled„
when not needed, in order to arne battery power. When
viewed over time, most ol'thc Eh Ci wavclonn d&ies not con-
taui useful information since there hs s&gniticant "dead tune"
between heart beats Therefore, for exmnple, from tlm end of
a "T &save't the end of one heart beat to tile begilllllllg of o
"I'ave** at the beginning of the next heart beat. circuits con
be powered down (in a dcvicc "sleep mode'*) to snve on the
order ol'0% of the energy stored in the power source fltot

would have oflhehwise been used during this dead time.
FICi. 17 shows an exemplary F/CCi wavcform In brief, thc

P wave can be related to the electrical current em&sing atnal
contraction. 'the QRS complex can be related to ventricular
contracuon of the lef& and nght ventncles. The Q wave can be
related ni electncal c&hhzehht traveling tluuu Jvh the intnven-
uicular septum, while the R and S waves can bc related to the
ventncles contracting. The T-wave &s due to the re-polanm-
thon of the ventricles. Usually. auial re-polarization occurs
atop the QRS complex, and beui nnich smaller than tire QRS
complex. hs not seen. 11&e ST segment connects the QRS
con&plex to the 1-uave Irrcvular or missing v aves may bc
indicators of cardiac issues inch&din: ischemic nssue. e g.
due to myocardial infarction, bundle branch block, atnal
pmblems (specifically P-wave abnormalities). pericarditis,
and electrolyie disturbance.

Cieneh ally, pouvr source 515 can include one or more "but-
t&in'* cells typically disp&hsnl on disposable electrode module
110; however. the block diagnm ofFIG 6 shows an embod&-

nwnt of n body worn physio I og ical monitor 100 wlmre power
is supplied by a power source located on. or connected to
comnnuiicotions and computation module 102 instead of
residing widiin disposable clectmde module 110.

Beyond power saving considentions. &t can also be desir-
able in some embodiments ofbody worn physiological moni-
tor 100 to put tho microcontrolier and/or other circuits,
including particularly digital circuits. into a sleep mode dur-

ing an ADC'onversion cycle to minimize picin&p of self
generated electncal noise and to mimnuze power use. Pret-
embly. the A/D circuit can acquire nniltiple smnples and
bulfer tlw samples, belorc awakeiung the microprocmssor,
uhieh then can batch-process the data. Bufleruig can be set to

match the patient's heart rate. as there &s no significant clinical
benefit to mtnlyzing every sainple as it is taken

Tunung back to the input circuhtu typically amphtiers 508
are differential or instrumentation amplitiers uset'ul to setcm-

t&vely miplhfy desirnl difference signals between connector
terminals (such as an L'I'Ci vector). while rejecting conunon
niodc signals (such as intcrfcring signals tlmt appear simul-
&one&husiy on both connector terminals). Beyond usutg a dif-
ferential amplifie, other techniques can be advantageously
used io furtlier rcduc& conunon mode pickup (C:MR) and tlnis
to improve the conunon mode rejection mtio (CMRR) of the
input ampliticr stages of body worn physiological monitor
100. CMR &s of particular concern uhth regard to body worn
plhysiologicol morutor IUU becmise of the prolifemt&on of
potmhtinlly interfering clcctromagnctic tieids, such as from 50
I lz or 60 I lz AC power line distribution throughout a hospital.
For example. many fluorescent ceiling lamp fixtures generate
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strong 60 Hz altcniating currmit (Af ) electron&agnatic fields
that can appear as common mode signals on physiological
sensors 5U1, such as ECG electrodes IU9.

FIII 7A slunvs one cmbodinient in which body won&

phys&clog&cai sensor 501 composes a plumlity of ECCi elec-
trodes IU9 and 7UI. I'wo elecuodes 109 generate mi k'CG

difference potential for patient 703 A tlurd electrode. refer-
ence electrode 701 can be electncally coupled to electronics
common 704 (or other potential level) and mm be used to
nnprove CMR. In this embodiment. the electronics conunon
704 (shot& n as the negative tern&ical of the battery in FIG. 7A)
ctm bi: directly tied ki thc patient in the vicimiy ol'electrodes
109. Thus. the electromcs conunon of the electronic circuits
in conununications and computation module 102 cmi be
made to more closely follow any clrange ui potential in the
vicinity of electrodes IU9. Reference electrode 7U1 cmi be
particularly helpful to ensure that inputs 109 remain within a

reasonably narmu conumm mode range, such as by reducing
a 60 Hz potential that would otherwise appear to move the
olectmnics con&mon 704 at fii0 Hz with respect ui electrodes
109.

In another embodiment as shown in FIG. 7B, virtual elec-
trode 702 performs a similar function as previously descnbed
with regard to reference electrode 7U1. In tlfis embodiment,
instead of creating a DC-coupled reference electrodW elec-
trode 701 is replaced by the capacitive coupling between
tlexible printexI circuit Inyer 1UI and the patient 703, resulting
ui a viriual electrode 702 witli mt AC coupled common. Such
AC coupluig increases with decreased distance betv;een flex-
ible printcd circuit layer 101 and thc patient and can advan-
tageously reduce 60 I lz conunon mode signals (AC signals).

In yet another version of a directly connected electrode
701. i&s shown in FIII. 8A, electrode 701 can bc actively
driven by ui electncal output from comnumications and com-
pumtion module 102. Typically, an operational amplifier
(OpAmp) or other type of mnplilier can bc used to create a
"driven lead". Driven lead circuits can be used to tiirther
improve CMR over passive electrodes 701 as shown in Fifi
7A An excniplary circuit suitable fiir use to drive an elect rode
701 is shown in Fltr. 8 k Amplifiers (Op k&nps) 81U and 811
buffer thc hivh impedance signals from electrode I and 2

(exemplary electrodes 109). Diiference amplifier 508 con-
veys the difference signal (such as an LTRI vector) as previ-
ously described Thc two IU kiln olun resistors provide an
average of the conunon mode siy&ais appennng simulta-
neously at the inputs of buffer amplifiers 810 and 811. The
uiverting low pass filter built around OpAmp 812 inverts the
averaged conunon mode pickup signal (at electrodes I and 2)
and applies that signal on& ol'phme (I gfi degree phtwse shifted)
to a directly connected dnven electrode (such as electrode
701). By applying the average conunon mode signal to the
drii en electmdc. mnplifier 812 effecuvely suppresses com-
mon mode sly&als at electrodes I and 2 w&thin the eflective
bmidwidth of tlm negative fivdback loop by active noise
c aicellation hi theory, n vidual electrode 702 could be simi-
larly driven, but the voltage requirements to drive a capaci-
tively couple&I common electrode are high enough to make a
*'driven virtual electrode'* a less pr mtimil option. Thus, it can
be seen that a refi:rance electrode can be a passive connection
or mi actii i ly dnvcn connection

It can also be desimble to i&ave more than one ('R tech-
nique availnble I'or exmnple, in a low noise em iromiwnt, a
lower power reference electrode might be used for CMR.
Then if the noise increases to a level where the reference
clcctrode provides insulficient CMR, thc body worn monitor
can switch to a dnven lead more suitable for CMR in a lugh
noise environment In this embodiment, a particular CMR

configuration can be selected by cfectrimic sw itching FIG. 8

shows oim such exemplary switcliing block represented as

reference electrode switch 801. Microprocessor (gp) 512 cmi

control reference elertmde switch 801 to select direct con-
nected electrode 701. virnial clcctrodc 702, or directly cmi-

nected electmde 701 additionally driven by a driven lead

circuit 802. It should also be noted that in the embodiment of
FIG. 8, when virtual electrode 702 provides suliicient CMR,
electrode 701 can bc used as a third electrode, tin&s allowing

&(1

body worn monitor IUU ui simultaneously measure two dif-

ferent heart vectors.
FICi. 9 shows onc embodiment ol'an exemplary dciibrilla-

tion protection circuit (506) and ESIS filter 5()7. As shown in
FICi. 9, electrodes IU9 can be connected via input resistors
R91 uid R92. Gas discharge tubes, such as neon bulbs Ll and
1,2, can be used for over voltage protection bv firing at a

designed voltage to prevent larva potentials I'rom appearing at

the input leads to mnplifier 508. The gas discharge tubes can
s(1 be disposed on either disposable electrode module 110 or on

the comnnmimition nnd tximputauon au&du le 102. Delibrilla-
tion protection rcsistom R91 and R92 can further reside in
disposable electrode module 110, such as in the form ol the
resistance of tmces 412.

I')SIS tifters 507 cnn be used to satisfy AAMI standard
ECI3 on Electrosurycal Interference Suppression (ESIS).
Standard EC13 addresses the ability of an ECG monitor to
display aml process E('G signals in a satislactory m nmer
while coiuiected to a patient on whom an electrosur ical

&o device is being used Without such suppression, tlm high RF
output iil an electro surgim&l device can render L'CCi monitor-
ing unpossible and or render the monitor unusable. Resistors
R93 to R98 and capacitors F'91 to (.'96 form caw&coded lov

pass filter sections (e.g. R93-Cl) Three cascaded suigle pole
"» filters are shown on each input leg of amplifier 508 as mi

i%all&pie, &110&'c ol liws stages csin also be used It is also not
necessary for each section of the cascaded filter to have iden-
tical values or roll offpoints in the frequency domain to create
a specilic rcsponsc. e.g., Bcssel, C'hcbycbcv. or other filter

sr& response known ni tlxise skilled in the art. Also, ESIS filters
are not limited to cnscaded single pole tilters and cmi take
other forms as known ui the art.

Test circuit 9U6 can provide a relatively sharp transient
sivnal fiir testing the PACER circuit described below as part
of a body &vom monitor 100 "pov;er on self test". Resistors
R99 and 2100 can pull the output of the differential amplifier
508 allowuig the microcontroller (512) to detect which elec-
trode, if any, has detached. much as a "lead failed*'etection
is accomplished by FCC& monitors having le&vis Body woni

v moiutor 100 does not use leads, but it is still possible for one
or both of the physiological sensors to move free of a patient'
body Such discomiects can occur in situatimis in ivluch body
worn monitor 100 partially moves away from the body to
which it is non-pernmnently atlixcd. Tlm input impedance at

s one or both ol'he electrodes 109 ch urges m a sensor olT
(sensor disconnect) event. When a patient is anachixI, ampli-
licr 508 typicallv has nn output voltage ol'near zero volts.
I lowever, if&me of the electrodes I 09 comes i&if. resistors R99
or RI 00 cmise the output of muplifier 508 to move to a most

so positivi: output ( positive rml' or to a &liest nc ativc output
("negative rail'. Note that the negative rail can be a small
voltage near zero. in the case of single supply circuit opera-
non. and that both inputs could be pulled to the same rail.
Lead-fail detection can also be analyzed to determine v& hen
the dcvicc is attached to thc patient and then to m&toniatically
enter liill operational mode. Such analysis can be done at a
loii frequency.
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'Hm FSIS filter 507 also an cause a stretching in the time

domain ofa pacer pulse so that the event is recorded by at least
one sample, even tliough the pacer pulse itself is of small
duration comparcxi to thc ADC'anlple rate mid tlm pacer
pulse is likely to occur between samples. s

FICI. 10 shoes an alternative circuit to accomplish over
voltage protection. such as is required dunng deli bril l ation. In
FIG. 10. diodes 1001 prevent the electrode potentials from
going much nxire tlmn one diode voltage drop above Vcc or
below gmund and resistors R91 mid R92 lumt current. Usulg nl

circuit protection. such as gas discharge mbes Lf and L2
(FICl') anrkor diodes 1001 (Fki. 10) combined v,iih resis-
tances R91 and R92, typically ui the lorm of resistive traces
412, a body worn device can survive multiple delibrillntion
cycles ol'at least 360 joules.

PAC'ER circuit 5U9 detects pacemaker pulses. One reason
to detivt a pacemaker is to prevent thc F('Ci circuitry from
usadvertently registering the regular pulse s from a pacemuker
as an actual heart rhythm. Separation of o pacemaker signal
I'rom sign~is gencratcd by the henri is imponant both to gcn- io
emte accumte FCCr analysis results as v;ell as to correctly
date" t tile absence of an actual heart rhytlml. For exmuple, a

pacemaker continues to function even where a human heart
has completely failed

A pacer event (pacemaker signal) is typically a narrow
pulse typically less th ui 100 microseconds wide. Because of
the capacitance benveen the pacer in a patient and an liCG
mrcuit, on othes wise relatively square pacer pulse us admin-
istered at the patient's heart by a pacemaker. can appear to an
FCCi monitor as a pulse with a negative undershoot mid an so

exponential return to zero that could inadvertently mimic a

QR5 signal. A pacer signal. lao w ever, can be recognized by an
mlalog dill'crentiator and alert microprocessor 512 to thc pres-
ence of a pacer and to disregard the refractory penod of the
corresponding R-('ccovcry due to the pacer signal The "»

pa(mr dctccuon circuit or PAC'FR circuit can gcneratc o

microprocessor interrupt to ulform the nucropmcessor that a

pacer event occurrixl and to mark o corresponding physio logi-
cal slgiuil in lone as related to a pacer event. PACER circuit
509 can also cause one or more pacer related circuits to so

mltonmti cally pulver down for pow er wiving, v lmre it is

determi-

neded that a patient is not using a pacemaker.
FIG. 11 shows an algoritluu useful to determine if tile pacer

circuit should bc enabled. A typical PA(7ER detection circuit
uses a sigrulicant percentage of the energy available from a s.

power source such as batteries 204. If a PA( k R signal is not
detected, such as ai power up of body worn monitor 100. the
pacer circuit can be automatically disabled allouin for o

kmgcr battery lite Since lypicol PA(.ER circuits curn use
several amplifiers (OpAmps), they can consume up to one o

third of the analog power. therefore securing the PA('ER
cirmiits when they are not needed (l.e. the patient does not
have a puce maker) cmi cause a sigtulicant improvement in
battery lili. The nlgorithm also can also provide checks to
detenuine il' demand lype pace mnker begins operation s

(lvhich might be inactive at power up of body worn monitor
100) by aimlyzing beat variability While it cml bc advamo-

geous to have the body u orn device autoniaucally sense the
presence of a pacemaker ond to enable the PA( I'IR detection
circuit, the choice as lo lshcthcr to emlblc or disable the al
PACER circuit can also be done by externally configuring the
body worn device. Such externnl configuration can be done
through a harduired conuuunication connection cable or via
communications and computation module 1UZ, ln which
communications and computation module 102 is a two-way (
radio transceiver conumuucatlon device capable of receiving
a configuration command sent for a remote mdio trmlsceiver.

The radio could be 502.11 compliant. but genemlly u ouid use
o lighter-u:eight (snnpler) protocol tlmt can be more energy
efficient. A suitable lighter weiJvtt protocol could be propri-
etary. or smndards-based, such as yigBee or Bluctooth A

body slom physiological monitor 100 is particularly well
suited for use in hospital environment as part of au integroted
wireless momtoring network. The details ol'such molutonng
networks are disclosed in U.S. patent application Ser. No.
11/031.736 entitled, '*Personal Status Physiological Monitor
System and Architecture and Related Monitornog Methods"„
which is incorporated by reference herein in its entirety.

FICi. 12 shov, s a high pass lilter (IIPF) suitable I'or use in
ECG circuits block 510. An advantage of o 0.5 Hz HPI's
faster recovery from D('ffsets dlw. to patient nlovcment,
delibrillatlon. eliectrocuatery. etc. Houever ST segntent
analysis is negatively impacted if HPV cutoff is greater thon
about 0 05 Hz Tints, it is proferable to lmvc the ability to
chan i betv can a 0 5 andi.05 Hzmltoff frsxluency The high
pass filter of FICi. 12 is implemented by a low pass filter
conligurcd as an inverting mnplifier in a negative fimdback
circuit to give a net effective lfigh pass transfer function from
circuit input to output. Thc corner frsxluency of the composite
lilter can be adjusted by sultclmig ul resistor R2( Alterna-
tively, S1 can be switched ot a periodic rate to place a duty
cycle on C. Note that tlm frequency of switching of S1 should
be fast with respect to the corner frequency of the mitt-allos-

ing low pass filter. The graphs A-D of FIG. 13 further illus-
tm~tetheperformanceol'theexemplarylilterofFICi.12. These
gmphs shosv nonuolized amphtude on the vertical axis plot-
tcdagainst lkequencyontlmhorizmltalaxis FICi 13,graphA
represents a rav'nput signal. I ICi. 13, graphs B and C ore
Bode Plots representing the lfivgt ond lou -pass filter sections.
Aficr applyin liltcr responses B k C'o input Data A, filtered
data D is the result. The IIPF cutoff can be 0.5 Ilz or some
lolver value depending on whether R2's switching ln or IfC's

duty cyclcdl
Another method to aclueve this frequency change is to use

digital filters implemented on Microprocessor 512 to relmrse
lhc el'fl cts of the 0 5 I iz I IPF. then imp lmnent o digital IIPF oi

a lower cutoff frequency. U.US Hz, for example. 1'he response
of tlm 0.5 Hz filter should be knov;n to implement tlm inverse
filter. Tlus response can be measured using microprocessor
512 to trigger the test circuit 906 to create an impulse, H(s).
11ie inverse rcsponsc is tlm [I-H(s)j (FICi. 13. gmph F) and
tlus inverse filter can be digitally uuplemented by methods
familiar to those skilled in the art H'(s) is the frequency
response of the nev. I IPF with lower cutoff frequency. nomi-
nally 0 05 I lz. 11le digital filter for ll'(s) is digitally generated
(F) olid applied along with [ I -H(s) j (FICi. 13, graph F). result-
ulg in the frequency response displayed ul I'ICi. 13. yap h G.
A lucent pass filter suitable for use in E(lGl circuits block 51U

can be impleniented in I'ull or in part by software that mul run
on micmprocessor 512.

FI(i. 14 shou s hou a body lvorn monitor 100 conhgurcd as
an I',C Cl monitor min be situated on a patient ln ot least tuo
different orientations to measure different heart vectors. A
pfiluaD'cilrt vector ls ntcasui'id by orientation I'rom the
pauent's nght slmulder to the lel't hip, os shown by posiuon
1401. An altenmtive position 1402 con be more suitable
u lmre there ls ilfitury or wlmre patient anatomy is such that u
causes the preferred position 1401 to be less desirable. Also,
body worn monitor 100 can be afftxixI to the side of patient
703 (sinular to a measurement made by a conventional FCCi
'Y'* lead) or back of a patient 7U3 (such as where a patient
Iliwds to sleep oil their stoniach) to monitor still other FC:Ci

vectors (not sholvn). In effect. o body worn monitor 100 can
be placed to pick a particular vector that can be traversed by
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the electmdes 109 For example at least the first three primary
heart vectors. i.e, I, ll. and III, can be made conveniently
available in tlfis manner.

While iflustmtcd with an intcnial battery, it is important to
note that a body ivorn phys&clog'cnl monitor 100 cun be
powerixt by either an internal power source only, an external
po&ier source only, or by an internal or an external power
source. An internal power source can be a renewable power
source, such as a reclmrgmible Imttcry

Another type of uitenud pouer source is a Peluer device
operated in reverse, also called a Seebeck device. Seebeck
discoivred that a conduchir generates a voltage when sub-

l ected to a temperature radient. Themioelectric couples are
solid-stnte devices capable of generating electrical power
I'rom a temperature grad&enh knoun as the Seebieck el'fact.

(By contrast. the Pettier effect refers to the situation ivhere
clectrical cncrgy is converted into a temperature gradient ) A
Seebeck device '*couple" consists ol one N-type and one
P-type semiconductor pellet. The temperature differential
causes electron flou from hot to cold in the N-type coup 1&: and
hole fiow from hot to cold in the P-type couple. To create an
electromotive force (I:MF). the folloiving connections are
made On the cold side (i.e. the side that is exposed to room
temperature) the pellets are I oined and on the hot s ide (i.e. the
patient side), thc peflets are connected to n load, such as the
computation and conuuunication module 102, lite open cir-
cuit voltage ofa Seebeck device is given by V—S AT, in which

S is the Seebeck coefficient in volts/' and AT is the tem-
perature diff'erence between the hot and cold sides. It &s a
clrdlengc iodny to complctcly pincer the computation and
conummication nxidule 102 &om a Seebeck device thnt is of
the same size as the computation and commiuucation module
102 Presently, a Scebcck device may only provide supple-
mentary power, but as electromcs nugmste toward to~sr
power and Scebeck coetTicients mid thermocouple dmisities
uuprovn. a Secbeck device can bc a viable long-tern& power
solution lor a patient-ivor« monitor. Other methods ofgener-
nting energy, such as nmchmiical (as is «sext in smne wrist
watches) md solar. can also be viable methods for prov«ling
a renewable self-contained power source for a body worn
il&ollilot'.

Turnuig to analysi s routines suitable for use on a body worn
monitor, typically. l.('Ir beat picking, such as by using wave-
let or Fnuricr transfornis mid/or matched tilter analysi~ in the
time domain can be computationally expensive. Model uig the
QRS pulse as three triangles with alternating polarities cre-
ates a rough matched litter fiir the QRS pulse Takuig the
second derivative results ui impulse fiuictions at the peaks of
lhc lnmigles (where the lira& derivative is discontinuous), and
afl other pouits are zero. 11&e second derivative method also
makes the convolution with inconung data extremely efficient
ms most of the nnifliplies lane a 0 as the nn&ltiplicand and
requires muuuial computation. The result can then be uite-
gratcd twice to produce a niatc hint-fitter output, which can bc
fell uuo the beat-piclung algonthm that pmvides liducial
marks Using a second matched filter that is sinusoidal in
slmpc and with appropriate discrimiimtors, thc systmn can
provide u«lications of I.ife Threatenuig Arrhytlunuis (LTA),
that is, Asystole. Vtib. and Vtach. While the accuracy of this
system is less compctitii e with a high-cnd Arrhythmia solu-
tions such as those provided, for example, by Mortars. the
filters cnn bc tune«I to err toward false positive« mid upon a

positive LTA response, activate transmission of fi&11 iiave-
forms.

Research has also shown that analysis oft 1m R-R portion of
the L'CG is avetiirm interval statistics can pmvide a method to
predict atrial tlutter. Applying this and other low-computa-

tionnl cost methods can aflow a body wont monitor device ro

begin trnnsnutting full u aveforms for either clituca 1 or algo-
rithmic analysis by a more powerh&1 engine. ivhen tile prob-
ability of other arrhythmins is high. Transmitting only the

s R-R intervals ofL'CC&wnvefiimis is an example ofa lossy data
compression method. R-R intervals comprise a string of &hnta

and the string of data can also be compressed. I.ossless or
lossy data compression of the entire wavefonn cnn be imple-
mented to save battery lilix includuig not transmiuing (or

«1 perlmps not even smnpling) data between the T and the P
wave. Because data compression results in less data to trans-
nnk the power saved may ofl'sct the coinputation cost of the
data compression.

While we hmv. referred ofien to FCti applications farci&i,

the application of low-intensily computational methods ms a
poiver saving measure apply equally well to other types of
low power-sensors, including, but nol limited to FFCi. SPO„
temperature, and uivasive or non-inv&msive blood prcssure
measurements. Whether the body-worn medical-gmde meni-

in tor perfomis complex mudysis or simply compnres a single
numeric value to a single nmneric hmit, tile device can func-
tion in a low-poiver radio state until a predetermined thresh-
old is exceeded. A body &vom monitor can also period&cafly
send data or send data upon external request. Additionally,
external devices can send commands to modify the opemting
parameters and tluesholds.

Turning to other conmuufication matters, it may be that
adverse events occur in which no up lurk & s available. In a case
ofno up link (failed commurueauons). the body wont monitor

in can buffer time-stamped waveforms corresponding to any
adver'eevetus. ThebulTerscanalsostorev aveformsf&irlater
analysis in &i hich ttus storage is triggered by the patient when
thc pnlicnl recognizes a conditimi, such as clmst pain In lhc
case of an alarm that occurs when there &s no uplutk. alarms

"» cmi be configmed to be latched until confirmixt by a clinician.
Prcterably, non-continu&ms data are mmked (lime stamp.
sample number) to allow correlation of non-continuous data
with continuous data mid data are also marked to indicate
when m alarm was imtiatcd tiir later data mialysim inclu&hng

an algoritlun perfomiance analysis.
In those. instances in which many bndy ivom monitor

devices are used in close pmx&mity to one another. there can
be concern tliat the reports from one body ivom monitor
niight bc interchanged with rcpons fmm anotlmr body worn
monitor. The body worn monitor presented hereui, can be
configured with a patient cnntext (i.e. name, room mmiber,
patient ID, age. etc) and c ui mauit un that context for as long
as the monitor is connected to the patient to avoid such prob-
lems. The body worn monitor can delemiine the status ol'its

n connection to the patient via a contim&ous vital signs moiutor,
pressure, temperature, galvanic response. or similar input.
Upon delecuou of a loss of connection with a patient, lhc
device can. dependin upon different venable setungs. either
erase thc patient mmtext nr when rc-conncctcxt to thc pnticnt,

s require the care gver to co«linn the patient contexl When the
body worn monitor is initially powered up or connectixt to a

patient, it can hm e a linm holdofl'or alanna to prcvcnt I'at am

alarms (e g. knv heart rate, lead-lail detection) ivlule the
system stabilizes.

mi Regarduig firmwnre updates, where there arc lnrge num-
bers of body worn moninirs in a hospital, it can be problem-
atic to keep &hem afl updated with tlm latest versimi of tirm-
unre. One solution to this problem is to provide a uireless
update ability for downloading and installing new firnnvare
and/or configurations into afl of the body won& nionitors.

Wtule the present invention has been particularly shown
and described with reference to tile preferred mode as illus-
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trated in the dmwings, it will be understood by one skilled in

the art that venous chmiges ui detail may be effected thereui
without departing from the spirit and scope ofthe invention as
dclined by tlm following claims It is fiirther understood that
several aspects of the uivention, including. but not linuted to, s

detibrillation protection resistors. pacer detcect circuit dis-
abhng. methods for FCG signal lugh pass iiltenng. and ven-
ous other low power modes are not limited to body wiirn
monitor 8 and can be uvvd in Frg(i monitors ol'any type

1(1

We claim:
1 A body worn patient monitoring de~ice comprising.
a disposable module uicluding a plurality ofelectrical con-

nectionw said electrical connections adapted to be cou-
plabletoaskinsurliacetomeasurephysiolo imilsignals.
at least one of said electrical connections comprising a

half cell, tlm disposable module including a disposablc
llloilillC COIIIICCIOI;

a power source to power the body worn patient monitoring
dcvicc: "(I

a communication-computation nuxhile being removable
nnd reusable, having a conununication-computation
module connector to receive physiological signals from
the disposable module via said disposable module con-
nector, the communication-computation module includ- "

ing:
a microprocessor to actively monitor the patient and to

perliirm a real-tune physiological analysis ol'he
physiological stgvnals, said analysis determirung an
occurrcncc of a prcdctcmtincxI physiological event, io

illld
a radio circuit to conununicate, upon detenuination of

tlm prcdctcrmined physiological event. a result ol'hc
physiological analysis on the occurrence of the pre-
determined physiological cvcnt, via a radio transmis- "»

sum to a remote radio rcceivcr, wherein the disposablc
module is mechanically and electncally coupled
directly to tlm comnuinication-computation module
and fiie body

worn

patient monitonng device includ-
ing the disposable module and the commiuiication- Sn

computation module is adapted to be directly non-
permanently affixed to the skui surface of the patient;
and

at least oim series current-limiting rosistor configurod to
protect the conuuunication-computation module. the at ss
least one series currmit-limiting resistor being screened
on a fiexible subsuite, the at least one series current-
limiting resistor being in the form of resisuve tmces.

2 The body woni device ol'claim 1, u hereui the plurahty
of electrical connections to the body compose at least one of o

direct electrical connections to the body and indirect electri-
cal conncctimis to the body.

3. The body worn device of claim 2, wherein the indirect
clcctrical connections to thc body comprise capacitive con-
IILCCII CIls Io Ihc bodv 6

4. The body wont device of claim 1, wherein the body wont
patient monitoring device coniprises mi FC Ci nioiliior slid at
least two of the electncal comuectious are IICG electrodes

5. The body worn device of claim 4, wherein the E('(I
elccfuxles comprise a 11mterial scrcmncxl ot11o ihe fiexible si1

substmte.
6. Thebodywonideviceofclaim5,whereintheatleastone

senes current-hmiting resistor protects the conuuunication-
computation module during a patient defibrillation event.

7. The body worn device ofclaim 4, wherein tlm mechani-
cal interface from the at least one senes current-limiting
resistor to the E(i(i electrode includes a filleted edge.

8. The body worn device of clailri 4, wlmlclll thc I'Imcl'Ialu-

cal interface from the at least one series current-limiting
resistor to the L'CICI electrode comprises overlapped layers.

9 Thc body worn divicv. of clauu 8, wlwrein the over-

lappcd layers cmn pose a carbo n resistive I eyer screencd over
a conductive surface. the carbon resistive layer having sub-

stantially the same shape as the conductive surface.
10. The body worn device o I'claim I, further comprising mi

insulating material overlaying the at least one series current-
linuting resistor to prevent arcing.

11. The body worn device of claim 5. Ivherein the L'(l(I
ck:ctrodes are lbmicd substmitial ly in the shape ofan muulus.

12 The body worn device ofclaim 11, wherein the annulus
comprises a conductive link.

13. The body worn device ofc lauu 5. whereui the substrate
is shaped to allow placcnmnt on tlm pati wit io monitor at least
onc of a sct of standard F(.'(i vectors while sinndtancously
reducing motion and nniscle artifact in the corresponding
H'Ci vector signal.

14 Tlic body worn device of claim 1, wherem the po~er
source is a renewv able poiver source internal to the body ivora
device.

15. The body v;orn device of clauu 1, wherein the poiver
source ciilnpliscs a I'cchargcablc battery or a one time usc
battery

16. The body worn device of claim 1. wherein the power
source is a battery contauied within said disposable module.

17. The body worn device of clauu 1. ~herein the po~er
source is a Recheck device.

18. The body worn device of claim 1, wherein one of the
electncal connections is a reference electrode that can be used
to inlprovc coiuiImn mode rejection (C lvIR)

19. The body worn device ofclaim 1, further comprising a

virtual electrode as a reference electrode to improve CMR.
20. The body iiorn device of claim 19, whereui the virtual

electrode is an electrode adapted to be ~ iniated near tlm skin of
the pntient, but not direcrly connected to the skin.

21. The body v;orn device of claun 19, whereui tlie virtual
electrode is adapied to include a capacitive coup ling o I'a body
of the conmuinication-Computation module to thc skin sur-

face of the patient to rexiuce poiver line frequency interfer-
Lac L.

22. The body v;orn device of claim 19, uicfuding a refer-
ence electrode switch for selectively choosing between using
the virtual electnide as the reference electrode mid a directly
connected electrode as the reference electrode and wherein
ivben the ref'erence electrode switch svelects the virtiml elcw-

trode. the directly connected elecuode cmi be used as an
additional RCG electmde.

23 The body worn device of claim 19, ii herein the refer-
ence electrode is a passive electrical connection or the refer-
ence elcectrode is actively driven.

24 The body worn device ofclnuu 1. iv herein the commu-
nication-computation module includes a pacer detection cir-
c 1111

25 The body worn device of claim 24, wherein the pacer
dencction circuit gencmtes a microprocessor intemipt to
inl'orm tlm microprocessor that a pacer I vent ocvurrcs L

26. The body v;orn device of claim 25, wherein the micro-
processor interrupt is used to nuirk a corresponding physi-
ological sianal in time as related to a pacer event.

27. The body worn device ofclaim 25, wherein the device
automatically determines if a patient lms a paccmakcr and
only enables the pacer detect circuit when a pacemaker is
prcscIIt.
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28. The body worn device of clnim 25, wlmrein the device

is comiigured by m& external input Io cnablc or disable Ihc
p&lc('.I dc&cc& cu'cun.

29 Thc body worn device of claim 1. wherein thc body
worn device includes circuit protection to allow the device to
surv&vc nnil&iplc defibrillation cycles o I'at least 36&0 joulcs

30 Thc body won& device of clnim 29, wlmrcin tlm circuit
protection comprises a gas discharge tube or a pluralityoi'iodes

to clnmp or limit tlm signals fmm thc electrical con-
nec«ons

31 The body wort& device of ciain& 29, wherein a plurality
of components of the circu&t protection are distributed
between the dispo sable module and the comnnmi

cation-comp«-

Iul'I&lou n&odulc.

32. 11&e body

worn

dev&ce of claim 1. fiuther comprising a

high pass filter with a sclectable corner frequency to filter the
phys&ologlcal signals.

33. The body is om device of cia un 32, wherein the corner
irequency is selected by a switch sclectable resistance

34. The body u om device of cia&m 32, where&n the corner
frequency is selected by one or more switclung capacitors
suite hisf a rale higher than Ihc comer frequmlcy ofa km pnss
ant&-aliasing filter.

35 The body worn device of claim 32, wherein the high
pais iilter &s &mplemeu&e«I u& so f&&vere running on Ihe inicr&u

processor.
36 Thc body worn device of claim 1, wherein thc body

ivorn dev&ce sell checks a pacer detection c&rcu&t by &niect&ng

a s in«i lated pacer pulse into a front end amplifier to stimulate
Ihc pacer detcctnm cirmiit by sunulating Ihc presence oi'

pat&ent's pacemaker.
37. Tfm body worn device ofclaim 1. wlmrein thc con«nu-

n&cat&on-computation module Includes c&rcu&t componems
config&&red to detect failure of contact of one or more of the
electrical connections with the skin suri'acc of tlm pnticnt.

38. The body worn dev&ce of c1aun 1, &vhereu& the commu-
nicat&on-computation module is protected from external high
energy s&yu&ls by electro-surg&cal &solauon suppress&on c&r-

cul ts.

39 Thc body worn device ofclaim 1, u herein m& algorithm
running on a microprocessor &n the body worn dev&ce causes
the body worn device n& enters lo&v power mode that disables
at least one c&rcuit of the body worn device, irom the end oi'a
"T u.sve" at the end ofone heart beat to the begimung ol a "P
wave'* at the beginning of the next hcart beat, to save power

40 The body &lorn deviiv. of claun 4. includu&g, an FSlS
tilter having a low enough comer frequency such that the
energy from a pacer pulse is recorded by at least one sample,
even though the pacer pulse Itself is ot'small duration com-
pared to the sample rate and the pacer pulse occurs between
san&pica

"o

"o

45 &1 body lvorn patient monitoring device comprising:
a disposable module including a plurality ofclivtrical con-

necuonu the electrical conniwt&ons adapted for electri-
cal coupling to a skin surface to receive physiological
signals, the dispoiublc module including a disposablc
module coiu&ector:

a power source to power the body worn patient monitoring
device,

a commumcation-computation module. ha~ing a commu-
nication-computation module connector to receive the
phys&olo ical s&goals from the disposable module v&a

the disposable module connector, the communication-
computation n&odule mclud&ng

a nucroprocessor to actively monitor a pat&ent and to
pcrfonu a real-timc physiological annlysis of Ihc

phys«&logical signals, the analysis determining m&

occurrence of a predetermined fiCC& event.
a radio circuit Io communicate an unprocessed physi-

ological s&goal or a result of the physiological analy-
sis, at a predctertnined time or on an occurrence of a

prcdctcmlulcd cvenL &is a r&«i«& Iransnlission «i a
remote rad&o rece&ver. and

wherein thc disposable n«&dais has a nmchanical nnd
electrical coupling to thc communication-computa-
tion module, forming the body v;orn patient monitor-
ing device as a single unit that is adapted «I be directly
and non-pem&anently aihxed to the skin surface of the
patient: and

at lenst one serios current-limiting resistor coniigurcd to
protect the coom&unication-computat&on module, the at
least one series current-limiting resistor being screened
on a fiex&ble substrate. the at least one sertes current-
limiting resistor being &n the form of res&stive traces.

41. The body worn device of claim 1, ivhercin neon bulbs
connected from the physiolog&cal sensors to an electronics
common fgroundj protect one or more internal circuits of the
conununicntion.ion&potation module from a dcfibrillation
pulse.

42 The body worn device ofclaim 1, wherein a plurality oi
d&odes disposed betv een the phys&ofogical sensors md m&

electmnics con«non fgmund) protect one or more internal
circuiL& ol'he conununication-computation module I'rom a

«1 deiibrillat&on pulse
43. The body worn device of claim 1, wherein the rad&o

circuit conum&nicates an unprocessed physiological signal.
44 The body won& device of claim 1. &vherein the rad&o

circuit conuuunlcnlt& s a r( suit of tlm physiological analysis nr

is a predetenmned time
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