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Telemetry systems provide an alternative to conventional hardwired ECG systems that
20  require multiple cables and wires that ordinarily tether an ECG patent to an ECG monitor.
Conventional telemetry systems utilize portable telemetry boxes, which are hardwired to
multiple electrodes positioned on the patient’s body. Electrical signals from the patient’s heart
are detected by the electrodes and collected by the telemetry box. In turn, the telemetry box
processes the electrical signals into waveform data and transmits the data a modest distance to a
25  drop antenna that is hardwired to a central monitoring station. The data received by the drop
antenna is transmitted to the central monitoring station where health care practitioners can
remotely view and monitor the real time electrocardiograph data of the patients connected to

the telemetry system.
To use existing telemetry systems, however, hospitals must retrofit their wards with an
30  extensive network of cables and antennas to relay the information from the patient to the
central monitoring station. The cost associated with the cables, antennas, and installation of the
system is significant. In addition, many of the existing telemetry systems are proprietary and

are not désigned to operate with conventional stationary ECG monitors or other telemetry



are not designed to operate with conventional stationary ECG nonitors or
other telenmetry WO 03/061465 PCT/ US03/ 01875 2 conponents. Thus, a need
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appreciated by reference tg the follow ng detailed description of the
preferr egtepeater, in turn, relays the transmissions from the remote electronics unit to a central
20  monitoring station. The central monitoring station includes a central base station that processes
signals sent from multiple repeaters and transmits the data to a monitor or plurality of monitors
where hospital personnel can remotely view and otherwise monitor the real time physiological
data of the patients connected to the system.
These as well as other novel advantages, details, embodiments, features, and objects of
25  the present invention will be apparent to those skilled in the art from the following detailed
description of the invention, the attached claims and accompanying drawings, listed herein

below which are useful in explaining the invention.

BRIEF DESCRIPTION OF THE DRAWING

30 The foregoing aspects and many of the advantages of the present invention will become
readily appreciated by reference to the following detailed description of the preferred
embodiment, when taken in conjunction with the accompanying drawings, wherein;

Figure 1 is a perspective view of an exemplary embodiment of the ECG system;



enbodi nent, when taken in conjunction with the acconpanyi ng draw ngs,
wherein: Figure 1 is a perspective view of an exenpl ary enbodi nent of the
ECG syst ewp 0s138% 061465 PCT/ US03/ 01875 3 Figure 2 is a ®Coasoyesrs onal
view of the chest assenbly and the precordial assenbly; Figure 3 is a top
vi ew of an exenpl ary enbodi nent of the chest assenbly; Figure 4 is a top
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perspective view of an exenplary enbodi ment of the body el ectronics unit;
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Figure 15 depicts an exemplary embodiment of the telemetry system.

20  DESCRIPTION OF THE PREFERRED EMBODIMENT

For a better understanding of the present invention, reference may be had to the
following detailed description taken in conjunction with the appended claims and
accompanying drawings. Briefly, the present invention relates to a wireless, portable ECG
system. Referring to Figure 1, the ECG system 10 comprises a chest assembly 12, a body

25  electronics unit 14, and a base station 16.

The chest assembly 12 is a one-piece flexible circuit that connects a plurality of
electrode connectors 18. Referring to Figure 3, the electrode connectors are individually
labeled 18a, 18b, 18¢ 18d, and 18e. The electrode connectors 18 have releasable connections
that connect to electrodes or sensors 20. Preferably, the electrode connectors 18 have snap

30  terminals that connect to electrodes 20 having snap terminals. Each electrode connector 18
connects to an electrically conductive element or trace for transmitting electrical signals. The
electrically conductive elements or traces run along the chest assembly 12 and connect to a

chest assembly connector 21.



30 term nals that connect to el ectrodes 20 having snap term nals. Each

el ectrode connector 18 connects to an electrically conductive el enent or
trace forworianenmsiti ng el ectrical signals. The el ectri calPiCy/usosiohscs i ve

el ements or traces run along the chest assenbly 12 and connect to a chest
assenbly connector 21. WD 03/061465 PCT/ US03/ 01875 4 Referring to Figure
2, the chest assenbly 12 has outer layers 22, 24 that are constructed of a
| i ght wei ght and reasonably noi sture resistant material, such as DuPont
Sontara(r) or other suitable fabric. Adhesive |ayers 26, 28 secure
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back to Figure 3, the electrode connectors 18a, 18b, 18¢c, 18d, 18¢ are labeled RL, LA, LL, RA,
and V, respectively. The chest assembly 12 is constructed such that the RA electrode
connector is connected to an electrode positioned on the right side of the patient’s chest about
level of the first and second intercostal space, the LA electrode connector is connected to an
25  electrode positioned on the left side of the patient’s chest about level of the first and second
intercostal space, the RL and LL electrode connectors are connected to electrodes positioned on
the left side of the patient’s torso, and the V electrode connector is comnected to an electrode
positioned in the middle of the patient’s chest about level of the fourth and fifth intercostal
space. The chest assembly 12 is designed such that it is centered on the chest below the

30  patient's clavicle.
Referring to Figure 3, the chest assembly 12 is configured to provide flexible
positioning of the chest assembly 12 on the patient. Figure 3 is for illustrative purposes only,
and thus, the chest assembly 12, as depicted in Figure 3, is not limited to any particular shape



the left side of the patient's torso, and the V el ectrode connector is
connected to an electrode positioned in the mddle of the patient's chest
about | evwboofotdbe fourth and fifth intercostal space. TiReTaAlse¥01825senbl y
12 is designed such that it is centered on the chest below the 30
patient's clavicle. Referring to Figure 3, the chest assenbly 12 is
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connector in the middle of the patient’s chest such as placement at electrode position V1, V2 or

V3. In some instances, the health care practitioner may desire not to utilize the extension arm

58 for taking electrocardiograph measurements. Thus, to keep the extension arm 58 secured to

the linear run 54 and to ensure that the extension arm 58 will not interfere with the placement

25  and positioning of the chest assembly12, the extension arm 58 is die cut with a perforated seam

that connects the extension arm 58 and the linear run 54 along the length of the extension arm

58. If the health care practitioner desires to use the extension arm 58, the perforated seam is
unbroken so that the extension arm 58 can be selectively positioned on the patient’s chest.

The chest assembly 12 can be used with a precordial assembly 60 to provide a “12-

30 lead” analysis of the electrical activity of the heart. Similar to the chest assembly ‘12, the

precordial assembly 60 is a one-piece flexible circuit that connects a plurality of electrode

connectors 62. The electrode connectors 62 have releasable connections that connect to

electrodes (not shown). Preferably, the electrode connectors 62 have snap terminals that
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transition section 72. The V1 electrode connector attaches to a first extension arm 74
connected to the first transition section 72. A second arcuate section 76 extends from the first
transition section 72. A second transition section 78 abuts the second arcuate section 76 and ~th¢
V4 electrode connector attaches to the second transition section 76. The V3 electgpd,e
25  connector attaches to a second extension arm 80 connected the second transition section 78. A
third arcuate section 82 flows from the second transition section 78. The third arcuate section
82 abuts a third transition section 84. The V35 electrode connector attaches to the, third
transition section 84. A fourth arcuate section 86 extends from the third transition section 84.
The V6 electrode attaches to the fourth arcuate section 86. The configuration of the precordial
30  assembly 60 allows the health care provider or physician to flexibly position the electrode
connectors 62 as needed to properly situate the precordial assembly 60 on the patient and to

allow for patient movement when the patient is wearing the precordial assembly 60



transition section 72. The VI el ectrode connector attaches to a first
extension arm 74 connected to the first transition section 72. A second
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transition section 78 abuts the second arcuate section 76 and the V4

el ectrode connector attaches to the second transition section 76. The V3
el ectrode 25 connector attaches to a second extension arm 80 connected the
second transition section 78. A third Arcuate section 82 flows from’the
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Specifically, the precordial assembly connector 66 (not shown) inserts into a precordial
assembly port 90. Resisters are connected to the chest assembly port 88 and the precordial
assembly port 90 to prevent excessive electrical current from entering the body electronics unit

— thereby ensuring that the body electronics unit 14 continues to operate properly in the

25 presence a strong electrical current caused by a defibrillator (i.e. a 5 kV defibrillation
excitation). The chest assembly connector 21 and the precordial assembly connector 66 are
specifically keyed or configured to prevent the assembly connectors 21, 66 from being inserted

into the assembly ports 88, 90 backwards, misaligned or otherwise improperly. Moreover, the

chest assembly connector 21 is keyed or configured such that it is not compatible with the

30  precordial assembly port 90. Likewise, the precordial assembly connector 66 is keyed or
configured such that it is not compatible with the chest assembly port 88. Specifically, the

chest assembly connector 21 has tongues specifically configured or arranged to fit into

corresponding grooves of the chest assembly port 88. Accordingly, the chest assembly



chest assenbly port 88 located in the body electronics unit 14. Simlarly,
the precordial 20 assenbly 60 connects to the body electronics unit 14 via
t he precowoicaloéassenbl y connector 66. Specifically, the pceasoslomys
assenbly connector 66 (not shown) inserts into a precordial assenbly port
90. Resisters are connected to the chest assenbly port 88 and the
precordial assenbly port 90 to prevent excessive electrical current from
entering the body electronics unit 14 8 thereby ensuring that the body
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Furthermore, the connectors 21, 66 have ribs 96 for preventing the electrically conductive

elements or traces from coming into contact with metal objects or the like when the connectors

21, 66 are not inserted into the assembly ports 88, 90.
The chest assembly connector 21 has a sensor pin or ground pin 98 that completes a
25  circuit within the body electronics unit 14 when the chest assembly connector 21 is plugged
into the chest assembly port 88, thereby activating the power and bringing the body electronic
unit 14 out of “sleep mode.” The sensor pin has specific tongue that corresponds and fits into a
groove located in the chest assembly port 88. The sensor pin 98 serves as a means for the body
electronics unit 14 to identify the chest assembly 12 and to prevent the use of other chest
30  assemblies or electrocardiograph wearables that are not designed to be used with the on-body
electronic unit 14. In other words, the power of the body electronics unit 14 will not activate
unless the body electronics unit 14 identifies or recognizes the sensor pin 98 of the chest

assembly 12.



ensure that the electrical signals fromthe heart are properly transmtted
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armband 100.
The battery 104 is inserted into a battery port 106 located in the bottom of the body

electronics unit 14. The battery 104 is retained in the battery port 106 by latches or other

suitable fastening means, such as clips, screws or the like. The battery 104 is preferably a 3.6

25  V Li-ion rechargeable battery. The battery 104 is readily accessible to the patient when the
body electronics unit 14 is secured to the armband 100,

The body electronics unit 14 controls the acquisition of the ECG signals from the chest

assembly 12 and the precordial assembly 60. A transmitter within the body electronics unit 14

receives or acquires ECG signals from the chest assembly 12 and the precordial assembly 60

30  preferably at 3 kbps. When the system is operating in 7 lead” mode (i.e. when only the chest

assembly 12 is being used) the body electronics unit 14 acquires signals from the RL, RA, LL,

LA, and V electrodes. When the system is operating in the “12 lead mode” (i.e. the chest

assembly 12 and the precordial assembly 60 are being used) the body electronics unit 14



station 16, whether the battery 104 of the body electronics unit 14 is
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unit. ‘20  such as for removing electromagnetic interference signals. The amplifier 126 amplifies the

signals from the electrodes. The Nyquist filter 128 comprises a low pass filter for removing
out-of-band high frequency content of the amplified signals to avoid sampling error. The
sample and hold circuit 130 enables the system to sample all nine electrode channels signals
112 at a same or relative times so that there is no differential error created when these signals

25  are combined later in an ECG monitor. |
The multiplexer 114 sequentially selects signals from the electrode signal channels 112
using time division multiplexing. One of ordinary skill in the art, however, recognizes that
other combination functions can be used. The ADC 116 converts the combined analog signals
to digital signals for transmission. Preferably the controller 118 comprises a digital signal
30 processor (DSP) that decimates the digitized signals as to lessen the bandwidth required to
transmit the signals. The radio 120 modulates the digital signals with a carrier signal,for
transmission. In an exemplary embodiment, the radio 120 includes a demodulator for receiving

information. The controller 118 digitally transmits the ECG data to the base station 16. In an

®
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legacy ECG monitor when the ECG monitor forms the ECG lead signals by combining the
individual electrode signals in the ECG monitor input stage. This input stage comprises a
difference, or differential, amplifier to eliminate common mode interference from the signals
produced at the electrodes 20.

25 An artifact will be present if there is any difference in how each of the electrode signals
are processed when the legacy ECG’s differential amplifier forms the ECG lead signals or ECG
vectors. For example, if there is a difference in the gain of the amplifier, a difference in the
phase shift associated with the anti-aliasing (Nyquist) filters, or a difference in how the
respective track and hold circuits treat the electrode signals, then this differential error creates

30 an artifact on the legacy ECG monitor. One important technique to minimize this potential
source of differential errors is to choose a Nyquist filter cutoff frequency that is very high. This
is because each individual filter will have differing group delay performance. To mitigate that

difference, the frequency that this group delay will affect is much higher than the frequency. of
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patient electrode connections. In the event a |lead is disconnected, the
body el ecwomaioestounit will send a signal to the base staPConsSo»018as
repeater and then to a base station, that in turn causes the base station
to 10 trigger the "lead off' alarmon the ECG nonitor. Additionally, the
body electronics unit has a self-test function that nonitors the integrity
of the prinmary functions including the 2ni croprocessor, data acquisition,
internal voltage references, and radio functionality. In the event a

failure itse BeCedgnals, Which aporbpued- 82 He dni ¥sHanBy chpasingedpghiewsof frequeaay for
Fan occorPo SRR LML Bundobeang bR 088 Sriblty )

has occurred throug ody electronics unit 14
oper at es thoindividurl glecunidddi@ eignalsi Eer oramplegnizking a: flter cutedmgliency edripdhent s

are nmatc such t.h | at a i, J 0 Lf £ i i f.0 in. a
egacy Co Mt ietou& e WiG IS Bbb RS il AN HeBtoBTRG [iafile bl
are ndt foemathpbyd at bbeut BEOG0 $izsh erded 0, nobintrodwrk lakasingy Qffveutse byt fHEeEcuoffi t or .
Because the ECG system 10 J.s ssential.ly "in-series" with the | egacy.ECG
o tor . By e politay SR G RbmP g i Bl Tt st 8o d hEr B Eour ce
of error figueidids@h@ot sadlplidf & may B Gsedl fferential error can be observed on
the |egacy ECG nonitor when the ECG nonitor forns the ECG | ead si gn%l s by

conbi ni ng t he Becarse terlenirods graluye nay giapled pisueiha tRRFSE SIERRLA B D&t age.

Th! S [ anﬁecﬂa@éﬁto%ﬂ?ﬁﬂz@% @quiﬁhftrfaﬁs”rﬁgsq&l beﬁhﬁwﬂitﬁ.f Féﬁé?c'ah@ie, thé‘H&'ithIf éaﬁfpléso
elimnate common node interference fromthe signals roduced at the

el ectWodese derimasd Ay afpetpr elceightiin thetronisolies dh8. Oreatasor despas ratpyolgdacieationce i n
how each t ks .

0Tt or ontoipb 35k st S UEBLGNR 2 o, Bich, B RE SRRERINACRIITL GHRGNSE S
exanpl e, ruimbehef deitwda sighflk ¢r bamprasentedy endythierNyouist beanpdimg|ritei Refermng back

di fference dn the hase shi.ft associated with the antj-aliasi i st)
Fi 1 ters, 18Pkl fpe BARSEaRR 1A gr RS Hertlimileh Bihol? s8R Honfiy BBAP ot bl
treat thamng et Tieddgtilsghalkansniihehad fatlie adiotifee signils alodelated withr eedree sBghahn

i s ot SVRckP SrdGARdEs G BF PR Bhma st Po e & BB CAB LA E ROTATL TH1 1 1 or

C_ult Iof L f r@?b??ﬁpfpﬁéi%nﬁrﬁmkgﬁ?’n bét@benf thBibsdy élSctf_Il_ﬁibafaﬁ_ﬂ 12aab t}ieﬁ&iisé’ istglgiﬂ 16,i | ter
Wi ave djffering group delay performnce. To mitijgat t i fference,
the fr equBhbpesiAeT ¢ hrad bodsigecireiay U 14 Refte b pREsds] &’ﬁf %ﬁgﬁset%wn.léhe
f r equencyandofhe Wd) 1 Q8bARS R T1 4R/ Rb8hze digndid roECtheSitd PatrS Thihingy Kar e
about 0.05 Hz to 150 Hz. By choqsu;}gna high cutoff frequency for the
Nyqui st fdcreraplishedy iy nysnleredt crays Angl a\lglmﬁ? senmeptiqneef e haeeation 14 pnd thet
affe a : A 4 LA 1 |.Sq:
o1 cii g 2oy RfRettics 14, TRLABNER WRLERG 9% BPGHANR ridio FRGAEATRL fe

body electronics unit 14 and the base station 16. Referring to Figure 9a, the token key 132'1 has

memory chip and may optionally have a plurality of tongues or pins that fit within groqve$
located in a token key port 134 of the base station 16 and within grooves of a token key port
136 of the body electronics unit 14. As shown in Figure 9b, the token key 132 inserts into the
25  token key port 134 of the base station and reads and records an identification number for the
base station 16. The token key 132 is then removed from the token key port 134 and inserted
into the token key port 136 located in the body electronics unit 14. The electronics unit 14
receives the identification number for the base station 16 from the token key 132. In turn, the .
token key 132 reads and records the identification number for the body electronics unit 14. The
30  token key 132 is then removed from the body electronics unit 14 and reinserted into the token
key port 134 of the base station 16 whereby the base station 16 confirms the presence of its
own identification number on the token key 132 and also reads the identification number for

the body electronics unit 14 from the token key 132. The body electronics unit 14 and the base
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The outside casing of the base station 16 is constructed of lightweight, molded plastm,

such as acrylonitrile-butadiene-styrene (ABS) or other suitable material. The shape and

configuration of the base station 16 is not limited to any particular shape or conﬁguratidn.:,As

25  shown in Figure 1, the base station 16 may be removably secured to an ECG monitor via

suitable mounting means, such as Velcro®, dual-lock strips, double-sided foam tape, or the

like. Preferably, the base station 16 is removably mounted to a mounting plate secured near the

ECG monitor via suitable mounting means. As shown in Figure 10, the base station 16 has a

cradle 140 for storing the body electronics unit 14 when the body electronics unit 14 is,not in = -

30  use or otherwise off the patient. In addition, the base station 16 has a battery port 142 in which

a base station battery 144 is removably inserted. The base station 16 may be constructed to

have a plurality of battery ports that store and charge batteries when the batteries are not being

used. When the base station 16 is not plugged into an AC wall power inlet, the base station
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bei ng communicated to the health care provider or patient via the user interface 152 in various ways,

for example, LED’s, LCD, text, audible tones, etc. An exemplary embodiment of the user
interface 102 is shown in Figure 11a. - S

25 Additionally, the base station has a self-test function which monitors the integﬁt& of the
primary functions including the microprocessor, data acquisition, internal voltage references,
and radio functionality. In the event a failure is detected, the body electronics unit will capture
the fault condition, stop data acquisition and transmission and indicate that fault has occurred
through the lead off alarm.

30 A receiver located within the base station 16 receives signals sent to the base station. 16
from the body electronics unit 14. Referring to Figure 12, the receiver may include ;1 ré&io 156,
a controller 158, a digital-to-analog converter (DAC) 160, a de-multiplexer 162, a trans;:‘ei\\fér,

and a plurality of electrode signal channels 166. The radio 156 demodulates the received
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througpn the, liead,:of 1fna§| #HcMde individual DAC’s that provide the signal substantially

simultaneously. The filter 170 comprises a low pass reconstruction filter for removing high

=

frequency signals associated with the DAC conversion process. The attenuator 172 comprises

an amplifier for decreasing the amplitude to a level associated with signals at the electrodes,
which were earlier amplified in the amplifiers of the body electronics unit 14. This results in a

25  unity system gain so as not to introduce error between the electrodes and the conventional ECG
monitor. e )

The base station 16 transmits the ECG signals to the ECG monitor 138 via pre-existing

or conventional monitor cables 174. In turn, the information is displayed on the ECG monitor

and reviewed by a physician. As depicted in Figure 13, the monitor cables 174 removably

30 insert onto snap terminals 176 located on the base station 16. Preferably, the base station 16
has ten snap terminals 176 arranged on the left and right side of the base station 16. The snap
terminals 176 and the monitor cables 174 are preferably labeled and color-coded so that.the
monitor cables 174 are properly connected to the base station 16. For instance, the five snap

B T



30 A receiver located wthin the base station 16 receives signals sent to
the base station. 16 fromthe body electronics unit 14. Referring to
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el ectronics unit 14. This results in a 25 unity systemgain so as not to

i nt r oduceclestronics Wit Itb semevieg P taker bete B 2rmun theeleshpniestinitddarndzemsertiggiheor .
20  token key 132 into the base station 16. Alternatively, coupling can be accomp_l,is]ged';b‘y

inserting the token key 132 into the body electronics unit 14, removing the token key 132 from
the body electronics unit, inserting the token key 132 into the base station 16, removing, the
token key 132 from the base station 16 and reinserting the token key 132 into the body
electronics unit 14. In step 206, electrical signals from the patient’s heart are detected and
25  transmitted to the body electronics unit 14 via chest assembly 12 and the precordial assembly
60. In step 208, the electrical signals from the heart are transformed by the body electronics
unit 14 from analog signals to digital signals. In step 210, the body electronics; unit 14
transmits the digital signals to the base station 16 via radio transmission. In step 212, the ‘pase
station 16 transforms the digital signals into analog signals. In step 214, the base station 16
30  transmits the analog signals to the ECG monitor 138 via monitor cables 174. In step 216, the
ECG monitor 138 processes the analog signals into meaningful information that can be

displayed on the monitor 138.

R



The base station 16 transmts the ECG signals to the ECG nonitor 138 via
pre-existing or conventional nonitor cables 174. In turn, the information
i s di spl ayedsossbhe ECG nonitor and reviewed by a physi cipam/usAsosepi ct ed
in Figure 13, the nonitor cables 174 renovably 30 insert onto snap
termnals 176 | ocated on the base station 16. Preferably, the base station
16 has ten snap termnals 176 arranged on the left and right side of the
base station 16. The snap termnals 17% and the nonitor cables 174 are
preferably | abel ed and col or-coded so that the nonitor cables 174 are
proper |y conndapadliegativeenpadimant, £ hogh elpgtronies unit kb tyanswits thedigital gigasinie Wo
03/ 061465 ' | .G ORg & t S t he
base st at?gérql;%tgs g%%ﬁ?ﬁ%ﬁ?t%‘?Eléméégﬁg%}i%%%ﬁass&%g%f a%%l lg]'%trg{séa Il?lll_3111 A QE’L,
RA, and \Wepdaters A1&midy be neated hevdrions losatinns thepwghoul ashaspital ¢a shaven injBgure 18 de

f the b j he mmni . AV
Vs, and ViR SQffctiSiodRu i SRR il I SR O AREN o W

t he chestintsfaessbhyy We2used tasadnitihe pleysiobopitabdate &olnethd Bddy deqitonpgadits it t he

five snap,term nals.176 on the. | ef i he,.hase .stati.on 16 t he
ECG syt olFTeRBRs: G efeia Bhyelath Sat 1ol WiEhBhonfe il tSs i, "1,
alnd t hg P§y@l§éﬁf1ﬁb@bol§.$ TReBddy &&:lubﬁif%ﬁdm bﬁy agtdach tenaltstgnacabt ﬁ_&hé.lre@e&tgﬂé

pl ugged into the nap .term pals -- the top four, s erm nal s. on
Phe Tef t Simithfn elermepia klegtiiation nambey that cogsspa%%&%ﬂa? b ErgueE i 4

el ect r odegs ARGulk NEndcBIRIYNERE shHl AR B@ﬁ&&ﬂ'@a&l@ﬂo&h&ﬂcﬁg\ﬁe’c{rorﬁ% wisteld 1hQhichl O
precordi al assenbly el ectrodes. Figure 14 depicts the nethod of nonitoring
t he cHt diherigigetedfip. in the patient's heart using the wirel ess ECG system
of the presentg] 1 .0R1ql: SmlB&k n ;
patient's bodyE.dC?\r%@és]{a{ggQ%d?c%gEc est ass%&rl%?sﬁ ﬁ;‘zggﬁﬁfg?%gﬁég@%rdﬁ%m .
assenbl y @0tsdrte Eagolidyictretrdnionurtihis! may beernfigutisd sjthiay ‘seideinest’ prgtocelan the

el ectrode t.or to.., the 15 tyr, e ; hest
asserbl y THCANGF (7 Eepolts e 14 3ot BLA5 RABE: ] BuBiER ceifecdbld? oGS

el ect r oni wpeatiers 218 4s alpatisdt epov2d dirongheutethe hbspital werdunThis Tdwvitthdovielieposel
stati 1G6-are ai red or.coupl inserting the t ey. 132 .i nt.o.the
pace L at 150 1 B orR SR GeaPeokl) 4 B FBREn e Bt Parr g

i nser ti ngpdrivembmeer bésh gighd) strémplegivéetie pant’ nlooatidnevitibelthe hespital wadi cs -uni t
14, renoving the token key 132 fromthe electronics unit 14, and .
reinserting, t rfﬂeﬁ%%%}gﬁr@fpi‘?é apyt gmfnn%ac Sther ‘glqcﬁtﬁé fgougkopts haswitg v,
coupl i ng &R thPrsdedN ph&dis doi¥agel WHRH Lhidktd doveiBhokRMes! Iach RipeattnElgoody
el ectronics unit 14, renoving the token key 132 from the body el ectronics
uni t, insktd HepsarwIngResr Rledpors0q metsrs #d Borstaicietitefe el PEREG! AGaTt he
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electrical grid system. The repeaters 218 are preferably spaced a sufficient distance apart from
another so that each patient using the system will be within the range of multiple repeaters;218

at any given time.
In an exemplary embodiment, the repeater 218 may have a receiver, a signal
25  conditioning unit, an error correction unit, a signal compressing unit, and a transmitter. The
receiver receives the signals sent from the body electronics units 14. The signal conditioning
unit may be used to amplify the signals, filter unwanted noise within the desired frcquency
range, or to remove common mode voltage errors. The signal compressor digitally-compresses
the digital signals to conserve bandwidth. The repeater 218 then bundleé the digitally
30  compressed signals received from multiple body electronics units 14 into discrete data pac}ggts
and the transmitter transmits the data packets to a central monitoring station 220 via telemetry.

Various air interfaces may be used to transmit the data packets from the repeater 218 to the



el ectronics unit 14. In step 206, electrical signals fromthe patient's
heart are detected and 25 transmtted to the body el ectronics unit 14 via
chest asswolBgewds and the precordial assenbly 60. |In stepC20Bp3/013e5

el ectrical signals fromthe heart are transfornmed by the body el ectronics
unit 14 fromanalog signals to digital signals. In step 210, the body .
electronics; unit 14 transmts the digital signals to the base station 16
via radio transmission. In step 212, thd8base station 16 transforns the
digital signals into analog signals. In step 214, the base station 1630
transnmits cg‘%@ S0 es e 20 Hriganpedwionte JEEERD2ilh, Wikii onetheraditelde 174.
In step 21:@;@&&1@;\%&1},9&5@51&138 processes the analog signals into

meani ngful information that can be displayed on the nonitor 138. WO

03/ 061465 PCT/ UspggntraBmsnitaring) stetign 230 way nedlideeneltiblediaseestations, 15 e@dynected to

el ectroni it : ' ] Lgi{.al _signal 0. a eater. 218, . whi ch
rel ays t hg%g?{ gllriaﬁo;tagﬁ {agfgggigés ?h%tl at o% dtf% arzélg]?qrﬁ'%‘g%lp %i)lgg&f ﬁ%a I—afsé’ﬁ’rageﬁl‘gl,th
repeat @r s egchgpatignt. KEhel psastationsnl &/mey bees theocahe costritticgughattioalhaspiibe as

shown in Fi . d ectronics. unit 14 and the repeater 218
conmuni catlﬁ glgg,i[ agnptjreglt}éerrggsr%ys%%? ?él?%aya}faye’g”feﬁt‘l@?’f %Eeégw%ﬁnbg Cuomiertss Mot t
t he physi dbmyliipkkerddt additienmtlictasdsatione |l 6 etay 0V ES sigibl Uscohthrésor. tTHE réRRRAL €r S
218, for exanple Bl uelt th, IE ItE]BOZ. 1 1b,. WEFEi, or_other suitable wrel ess
LAN syst é%e%%oﬁ&ﬂﬁn% .S%%% ﬂk&’dagl iglederdatsry 8- yHhe signal desprpagysr gleporaprgrsesn|
si gnal sette sighalsh@d ﬁ&ﬂfbﬁhﬂtﬁdplex%lﬁnﬁ‘ﬂnﬁﬁs & RlSREERNS Cinfod@RMiddf éoﬁ@ﬁﬂeﬁ}[bn@d&p er

I

t hat rresponds .to the body electronics unit 14. As a result,

necesSr yS1SaA SEntdy sach repeaienyd 8¢ The ddDisarverteniransoriye the digited signalite an amdlog 14
in which siggh1it originated from Each repeater 218 is capable of
communicating wwth a plurality of body electronics units 14. Each body

el ectroni cs unioong gxemaplatyeenhodiniant; centrahinohiteringssitios B2@ vanttinpatdéascale base t he
whi ch t heghady : i [ 3 | v att enpt.s establ i
connect i ons. %dﬁésgﬁ%%;{t”ggg 1]%) d%éleg@%g%siqléﬁﬁ §rrr)olr\lll sastegg%lﬁﬁhgﬂi‘aytcﬂ%mﬁgg’pﬁ t al
war d. Thi eonventionglmeniter 'or gisplay enilestbed|ih duisil bbwelvixdynap kee@inatni Aserntivelyl4 t o

transpit te 2 that offer the best lin r f or mance or
best 23; gngll(g CEF@%%‘%‘%%%? éﬁa?%ég%ﬂa’y Sioptal ¢ gt} B?Feﬁ*itlﬂp ?2@ ﬁﬁat HOEMCHAP dnar d.
The r epeatwtablediditar for Siplagidg apahysiblogivnleRtnel hes-panbléacatad. The smalout a
hospi t al Warpl.to2 oVi ge cell ?tterr‘i coverage, which consists of

over | appi ]ﬁaﬁef(ﬁﬂ%,%‘&&% ?8‘35’8@8‘5) 03 ginglg montor, o Ul Hple sromors iywmap fermingly 100

neters anghot shod@ filr disglagihotie fHsioRIglca ﬁgn-gﬁysﬁﬂé/gié)a@ilﬁ'éﬁﬁqaﬁ HeBlifiRs 1d cal
outlet. Al tFr Pat ively, each repeater 218 maé_ € hardwred into the ™ -
hospi t al ' Sultpjcapatiepisy| Alignaivelys thensentrplebase siation 232 2y ber bargwised toablsingbpaced

a suffo ci @bhitd# G lANERledR&Hiford Vi@ standard telemetry lead system. The central monitoring

station 220 allows hospital personnel to remotely view and otherwise monitor the real time

physiological data of the patients connected to the system. All of the waveform processing of
the physiological data sent from the remote electronics unit 14 and relayed by the repeaters 218
is conducted in either the base station 16, the central base station 222, or the monitor. |
25 In another embodiment of the present invention, the repeater 218 may transmit the data
packets to a collection unit 224. The collection unit 224 gathers the multiple signals sent from -
multiple repeaters 218 and relays the signals to the central base station 222. The collection unit
224 may transmit the signals to the central base station via wireless LAN or wired link.
In the foregoing specification, the present invention has been described with reference
30 to specific exemplary embodiments thereof. It will be apparent to those skilled in the art, that a
person understanding this invention may conceive of changes or other embodiments or
variations, which utilize the principles of this invention without departing from the broader

spirit and scope of the invention. The specification and drawings are, therefore, to be regarded



anot her so that each patient using the systemw ||l be within the range of
multiple repeaters-218 at any given tine. In an exenplary enbodi nent, the
repeat er R0O¥3Mepmehave a receiver, a signal 25 conditioni RGTAISNI/P18aN error
correction unit, a signal conpressing unit, and a transmtter. The

receiver receives the signals sent fromthe body electronics units 14. The
signal conditioning wunit may be used tg anplify the signals, filter
unwant ed noise within the desired frequ %cy, range, or to renove conmon
node vol t [rors. e signal. conpressor digitally conpresses the

di gi t al s?igaﬁnall esieive B%Q%F%gfsﬁﬁﬁweam?- ’f‘ﬁ‘é)rﬁilég]éfalﬁ &yn0p irgended thab thedirwstiomhe

di gi t al | yb8lméredceptse thasitemabesd£aeiide ot the appeildd e body el ectroni cs
units 14 into discrete data packets and the transmtter transmts the data
packets to a central nonitoring station 220 via telenetry. Various air
interfaces may be used to transmt the data packets fromthe repeater 218
to the WO 03/ 061465 PCT/ US03/01875 18 central nonitoring station 220, for
exanpl e Bl uetooth, |EEE 802.1 |b, WFi, or other suitable wreless LAN
system protocols. The central nonitoring station 220 may include nultiple
base stations 16 connected to nonitors for displaying the physiol ogical
data an/or non-physi ol ogi cal data associated with 5 each patient. The base
stations 16 nay have the sane construction as previously described. For
exanpl e, the base stations 16 may have, inter alia, a receiver, an AIC
converter, and a denultiplexer. In addition, the base stations 16 may have
a signal deconpressor. The receiver receives the signals fromthe nultiple
repeaters 218. The signal deconpressor deconpresses the signals and the
derul ti pl exer unbundl es the data packets of information contained on each
10 signal sent by each repeater 218. The A/ D converter transforns the
digital signal to an analog signal. In one exenplary enbodi nent, centra
nonitoring station 220 contains at | east one base station 16 associated
with each body el ectronics unit 14. The base station 16 may connect to a
conventional nonitor or display as described in detail above via snap.
terminals. Alternatively, 15 the central nonitoring station 220 may contain
a central base station 222 that connects to a suitable nmonitor for

di spl ayi ng the physiol ogi cal data an/or non-physiol ogi cal data. The central
base station 222 nmay be connected to a single nonitor or multiple nonitors
via snap termnals (not shown) for displaying the physiological and/or
non- physi ol ogi cal information pertaining to nultiple patients.
Alternatively, the central base station 222 may be hardwired to a single



20 nonitor or nultiple nonitors via a standard telenetry | ead system The
central nonitoring station 220 allows hospital personnel to renotely view
and ot herwDg/06mans t or the real tinme physiological data ofPCrhsopessient s
connected to the system All of the waveform processing of the

physi ol ogi cal data sent fromthe renote electronics unit 14 and rel ayed by
the repeaters 218 1is conducted in eithgé‘ the base station 16, the'central
base station 222, or the nonitor. 25 In“another enbodi ment of the present

i nventi on%ggimr_epeat er 218 may transmt the data packets to a collection
unit 224. e COllection unit 224 gathers the nultiple signals sent from

nul tipl e depeanessteal branshitoehayBe biRic AR dhia! Qsddifed B AlIeRPSE BLALE O7

222. The collection ur]g,t 224 may transmt the signals to the cen ase

station v R SLORYRMIGR: wired ink. In the foregoing specification, the

n VEENTE O d 11 nk. cat
exen gry ntod et Crer oo bl L ERETER o, 7 EpL s SBBBD Mg ¢ e

art, that PHralibypkssasaim s pequirias physiolvigisal signalstfram a patjent dhebidyel @frotibanges or
ot her enbgglh : i Al Lch utiljze the principles of this

i nvention w hougtsaté%%{éﬁ%%ﬂtﬁ%@nﬂtﬁﬁé%hﬁl }eé)rglcassﬁgl}agst and scope of the

i nvention. Theatdprstond reneatacompdsiog awaeiysr for esceivirgy té phiols QeI Qishge &oged WO
03/ 061465 . inan illustrative rather than restrictive
sense. Actchgrgg?}hjg%&og#t%%lgg a%r% {r?nnsfnétﬁe&é%fl{faﬂiﬁlaﬁqr}geth? ﬁhﬁ’éﬁﬁ‘i%‘ﬁ&lg@%’r;i mted
except as nay Hdeaseqedmss gtation com@using a tdeeivanBLREERsst) RtHBin m&@éigﬁ%ﬂﬁﬁ
PCT/ Uﬁg)3/ g%@ZSS qu VtechItai m 1. A sysiﬁgm for nmonitorin tﬁe physi ol"ogi cal
data assocPStedoRi Phalleas gugtergie fgtaf Liatt ong bass Stationgapable elweneriing émat at

| east onelebsddye glogitdrr oni cs unit renovably connected to a chest assenbly
having a 5 plurality of sensors for acquiring physiological signals froma
patient, the body electronics unit conprising a transmtter for

transm tt2.ng the alkvs eF edins al whd ; | eas ter conprising a
receiver for r e.ce%_i ng tﬁ%lngﬁyvs‘_’}ﬁtglg%gtih%gf ?%ftgﬁ%l %p%%grﬁlﬁ?%}()ﬁ@ ﬁesggghgp?loni cs
uni t and @NHiQRBELAK.AN qiSF cerrestemimit, pnrte signl phsessinpginital  si gnal s; at | east
one bgse station conprising a receiver for wirelessly receiving the

physi ol ogical 10 signals fromthe at | east one repeater, the at |east one

base statd-on clsabitemof cloisn hedeicighe phyatologiebsipnadaeanImiticd Mktwedn thEHE [ayst em
of claim Jne%ﬁgr %ie@tr&rngs @ﬁit Ln%aﬁg a? {%gstro?lg?g}}egt%r Lrlért}a?lgnrqitt%&) %B{i.lzigg %heaBl?llet%Qt?ll

protocol.

20 4. The system of claim 1 wherein the physiological signals transmitted between the at least

one repeater and between the at least one base station are transmitted utilizing the Bluetooth

protocol.

5. The system of claim 1 wherein the at least one base station controls the data collected

25  from the at least one body electronics unit.

6. The system of claim 1 wherein the at least one body electronics unit is capablé of

tagging each digital signal sent to the at least one repeater with an electronic identification

number corresponding to the at least one body electronics unit.
30

7. The system of claim 1 further comprising a plurality of repeaters, the at least one body

electronics unit further comprising a switch over protocol for establishing communications with

the repeaters.

| :
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conditioning unit, an error correction unit, and a signal conpressing unit.
15 3. The systemof claim1l wherein the physiological signhals transmtted
bet ween tWe oawel4east one body el ectronics unit and the aPClrases/osne
repeater are transmtted utilizing the Bluetooth protocol. 20 4. The
system of claim 1l wherein the physiological signals transmtted between the
at | east one repeater and between the i | east one base station are.
transmtted utilizing the Bluetooth protocol. 5. The systemof claiml

wherein tRe atle@ﬁ@femod}%la%%%fetre%ithoré{lgs?g%sgo{,é tse data collected 25 from

the at | east one body el ectroni ¢S Uni EPRSCEl ai m 1 wherein

the at |east ohtdiniy sedtiestheving e phuality of slearpalbmetiors HABHRE 2%8 digital
signal sepfmi By sl &ast one repeater with an electronic | d1 ntitication
nunber correspondi'ng to the at Ieast one body el ectronics unit. 30 7. The

syst em of cIaimlibstfasmﬂhéyc(ﬁma@diﬂﬁﬂaﬂ@d@ofhb%tﬁhfn%léec@ifonf;ﬁlaeat ers, the at |east
one baogy el ecz;tgoni cs unit further conprising a switch over protocol for

est abll shing conmuiEaPP Srschist assembhi conssetar or somplering 68au6Bithin the body
PCT/ USO3/ @édidbics 8dit.8. The system of claim 1l wherein the chest assenbly
further conprises: a retaining section having a plurality of electrode
connectors for renovably connecting to the plurality of sensors; a chest

assenbl y &onnemie@ystahbaehads i i Ni ction: and 5 a sensor pin on
the chest asserrblg connect or fS%@%@egﬁ%%&éﬁ%@%ﬁ“wm n the body

el ect roni cs urfifesé Byerhauingyadirsirsidsiand laaecon8 sidhethe ififst tide aghasd toaSSIBRLYof
further codeidal §'(ﬁtggese@ e vinag.a first side and a second side, the
first side at taagh%% £ 0 a epnll]eS%ISéFhleF gcogggldiﬁttae#%{ftoraisg%ﬂ‘q%g ¥sduct i ve el enents,
the second si @dirgtinaubitiog layer positiohed hiongthedyeilayes first insul ating |ayer

posi tioned ab ayer:..a sgcond insulating |ayer positioned bel ow
t he base | aye%%g?ga?nfﬁ%ﬁg% érﬁo linoﬁ‘?d%efﬂ“ith\mésreéi%nt he wavef or m processi ng

of the physiological signals is 15 conducted in the at | east one base

station. . .
10.  The system of claim 1 wherein the waveform processing of the physiological signals is

15 conducted in the at least one base station.

BN B PRV

11. The system of claim 1 wherein the waveform processing of the physiological signals is
conducted in a monitor.

20 12.  The system of claim 1 wherein the base station is capable of connecting to at least one

monitor via snap terminals.

iy i ¥
13. The system of claim 1 further comprising a plurality of body electronics units, the

plurality of body electronics unit simultaneously transmitting physiological signals to the at
25  least one repeater.

14. A system for collecting physiological data from at least one patient a plurality of
patients comprising, in combination:
at least one body electronics unit removably connected to a chest assembly haviﬂg a
30  plurality of sensors for acquiring physiological signals from a patient, the body electronics unit
comprising a transmitter for transmitting the physiological signals;
at least one repeater comprising a receiver for receiving the physiological signals from

the body electronics unit and a transmitter for transmitting the physiological signals;

e



11. The systemof claim 1l wherein the waveform processing of the
physi ol ogi cal signals is conducted in a nonitor. 20 12. The system of
claim 1l vwWermgiosiabhe base station is capabl e of connecti ngPCo/BN3/HB2St oOne
nmonitor via snap termnals. 13. The systemof claim1l further conprising a
plurality of body electronics units, the plurality of body el ectronics
unit sinultaneously transmtting physiological signals to the at 25 |east
one repeater. 14. A system for coIIectiﬁ% physi ol ogi cal data from at | east
one patient a plurality of patients conprising, in conbination: at |east
one body el ect # SRR bats HatioarRompsisipe agserier dor Wielgssbheeseiviag shappiolesivehg a

30 plural isfgﬁal@?‘roﬁﬁﬂ@%éat%t?fhe%&ﬂfé& b8 GtaRbYY Shh@bi10 gk &ﬁheéfng BhtSedst B oL €Nt

t he body el'ectronics uni conprising a transmtter for transmtting the
physi ol ogi cal signals; at |east one repeater conprising a receiver for

recei vingghe phy §§,S?f!n? o ;E}%Ihra Sli4ﬂ\8ﬁ%§]inftﬁ9 ?eole]ét& %Ing 99}}@31% gﬁ{%@%@ﬁﬁ%g hl%%&%g a

transmtter for transm ysi ol oglcal sirgha

PCT/ US03/ od:litioniundt, eeerroraborrbame uait.ainil @signanpmipsdssigg anit.ecei ver f or
wirelessly receiving the physiological signals fromthe repeater, the
central base station capable of connecting to at | east one nonitor. 15.
The systensof Thakysehd ofbafgiln Wwiteeidthd sBsiologial sigReat-@fsniitd Rl edhOfBat Ses

a signal .5 ' copdjtioning unit, error correction unit, and a_sign
conpr essi SRS BOAJ}'G ele g%sy'é‘% ﬁ’i“ﬁ&ec ptafepst 100e IR e ﬁ@nwg‘i? ygng éﬁe
si gnal s t BaREBH prothcbiet ween the at | east one body el ectronics unit and the

at |l east one repeater are transmtted utilizing the Bluetooth protocol. 10
17. THE system of claim 14 wherein the physiological signals transmtted

between the atThd 6R%in Qflela{n?ﬁﬁ%}%eﬁ@ﬂ% BELOR! afl éggtiagﬁa%:ﬁﬁliﬁéaaﬁe@wé&% Qp are

transmtted utilizing the Bl uetoot protocol. e systemof claim
14 wher ei keasthaegepratenand hetween theiconirat baser Gationtane trafsmattesiontilizozetie Blustaoth he
at |east gpe hpdy electronics unit. 19. The system of claim 14 wherein the
at |least one body electronics unit is capable of tagging each digital
signal sent to the at. |east one repeater with an el ectronic identification

20 nu lir?er 1807 T4RD gyrg eht crla?mtl ewl?‘e%eirll ﬁlaesc%ntgarf %as%osga){ior? lcoen(%;[olisotﬂé i&a lél&ie}cfed from
the at least one body electronics unit.

19.  The system of claim 14 wherein the at least one body electronics unit is capable bf

tagging each digital signal sent to the at.least one repeater with an electronic identification

20  number corresponding to the at least one body electronics unit.

20.  The system of claim 14 further comprising a plurality of repeaters, the at least one body

electronics unit further comprising a switch over protocol for establishing communications with

the repeaters. . i ;&
25

21. The system of claim 14 wherein the waveform processing of the physiological signals is

conducted in the at least one base station.

22.  The system of claim 14 wherein the waveform processing of the physiological signals is

30  conducted in a monitor.

23.  The system of claim 14 wherein the chest assembly further comprises:



20. The systemof claim 14 further conprising a plurality of repeaters, the
at | east one body electronics unit further conprising a switch over

pr ot ocol Woroseeredbl i shi ng conmuni cations with the repeat @C3/USBSH0BIS The
system of claim 14 wherein the waveform processi ng of the physi ol ogi cal
signals is conducted in the at | east one base station. 22. The system of
claim 14 wherein the wavef orm processi ng-?nof t he physi ol ogical signals is

30 conducted in a nonitor. 23. The syst of claim 14 wherein the chest
assenbly further conprises; W 03/061465 PCT/ US03/01875 23 a retaining
section havi nggfatet bhl",r‘igﬁ?ci%f@ h?.)‘fm%FQ@?&%BP@SW?QEFWW)&@Y EROVERY yomnsaiRgt i ng
to the pltuthelplirylitpbf sps@ers; a chest assenbly connector attached to the

ret ai ni ng secti&jg'Eti and sensor pin on the chest assenbly connector for

compl eting a ct PSR RFPneHYr Hgefpd tostheredeiping seationipndt . 24. The system of
cl ai m 23 wher ed genbdigi BR e GRFEFRbIS hRBSs o & ithi having
a fi rs% side and a&?econd si de, tr?gbl}f’ %@F&gﬁ g%g{h %@%é%{@ﬁi@ﬁnﬁ%@{}b?a& of
el ectric& GF?OrE%?'}H’Ucti ve el enents, the second side attached to a shiel ding
| ayer; 10 a first insulating |layer positioned above the base | ayer; a
second insul ating | ayer positioned bel ow the base | ayer. 25. The system of
cl ai m 14 ¥her ethe systemoépkinal3 whseinshathesrasiembpfuathbreconfpris@nnect i ng to at

| east one noni i term.nals. 15 26.. The .system o | aim 14 further

conprising a p ]%{S%}/a:y% yﬁag Slofc?fgs/t Sé‘?eeaé]?raosﬁfoéé Siflsi t?‘g ﬁrs)t( figde aﬁ‘f“ﬁ}?‘ﬁ?"i 8 RhughtiRidy

el ect r oni dectuigsily candwtivesianess, yhetseamarsidbfaitmhed)i%yassihﬂcﬁﬁ% I%@érhsi gnals to the
urt her conprising a

at | gast one regpeater. 20 27. .The stem of claim 14
pl urafqit y of raeiﬁrgtdfl%ﬁaéfngﬁwgrb‘?s&ﬂo&fjﬁl? vgfhe bagsayier s si nul t aneousl y
transmtting phygeindlingigial lSeonaltbnédbddieie®nid @lerbase station. 25

25. The system of claim 14 wherein the central base station is capable of connecting to at
least one monitor via snap terminals.

15
26.  The system of claim 14 further comprising a plurality of body electronics units, the

plurality of body electronics unit simultaneously transmitting physiological signals to the at

least one repeater.

20 27.  The system of claim 14 further comprising a plurality of repeaters, the plurality of

repeaters simultaneously transmitting physiological signals to the central base station.
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