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(7) ABSTRACT

A medical telemetry system includes a first detection section
for detecting a first vital sign signal using a first sensor, a
transmitter 10 which modulates a signal detected by the first
detection section and transmits the modulated signal by
radio wave transmission, a receiver 30 which receives the
detection signal that has been transmitted by radio wave
transmission and demodulates the received signal, having a
connector 32 for transmitting the demodulated signal to a
vital sign signal input section of the vital sign signal monitor
20, wherein the connector 32 of the receiver is connectable
with a commonly used vital sign signal input section of each
of various types of vital sign signal monitors 20.

20A

aoo

;—* TO LAN



US 2007/0078355 Al

Patent Application Publication Apr.5,2007 Sheet 1 of 12

¢C epg
Nv1 oL =f] 9¢
: 2 T e A
7 iy
402 a9z
\ e
ey
ave -
Y/ eye
Nv1 OL 00 €9¢ 0¢

000
<
o .
N

1”014




Patent Application Publication Apr.5,2007 Sheet 2 of 12 US 2007/0078355 Al

34b

N
g )
o

FIG.2

Cp26

Ed



US 2007/0078355 Al

Patent Application Publication Apr.5,2007 Sheet 3 of 12

ZHYBY
T Ll
N
N4
A%
T ¢ ..._O
Sy L
¥S 0S
, Cor T
1no¥I| | NoILD3S a/v 3 L A1 A
NOLLYINQOW JO&zooll_ S mW/ Ny
| a/v ZHMgY oy v
11N2¥I0 |
— I w]<
mut__zwzﬁ_k o _
95 ) ) NOILD3S
N.f, v w NOILO313d ||
89 INIWHOVLIA
26~ 300yL0313
€old

]
_
_

\WOZ,QO....EE_
VLA

.
.
- —

AQo9g
ONIAIT



US 2007/0078355 Al

Patent Application Publication Apr.5,2007 Sheet 4 of 12

25~ NOILO3S ———
NOILD3.L3d W A
AIN3NHOV13a — g
3Q0Y.L0313 —{— (24
- T N
N\
v o5 [ o Q|._. .
LNOYID| | NOWLO3SI— |y, « A A
NOILYINGOW [ |104.LNOD [ N P <A QO
I Ziigy 7 (44 :
1INDHID av -
¥ILLINSNVYL | ) w w C
) 17 _ L PN H
99 0 S 14 X2
Ly 9
85
g
N 9
s
ZH)igY
1y~ W
73] =

AQdOg
ONIAIN



US 2007/0078355 Al

Patent Application Publication Apr.5,2007 Sheet 5 of 12

Gwm.wOIJ o —0

A

SSITIHIM O FUIM =—

N

3OV443LNI
IVIM3S

§
06

N

A\ s

NOILO3S
TOH1LNOD

HOLIMS

)
69

)
0.

o

me“_vOl g0 —1

~4-

+

(e8€)
o

O——— oo

4

)
Q0L
—

1INJ¥1D
T04.1INOD

89

v9
\

)
B0.L

M/_ %(((

v/d

11

NOILO3S
T04LNOD

1

€9 ¢9

) {
LiNJdid{] LINJAID
NOILLVINAOW3A| | ONIAIFO3 Y

v§ Old



US 2007/0078355 Al

Patent Application Publication Apr.5,2007 Sheet 6 of 12

£9 29

{ {
LINJYID LINDYID
NOILVINQON3d| | ONIAIFO3N

SSTTIUIM HO FHIM ~—— m_o<m__w_.“_~w_zm_
y
06
NOILO3S
0¥ LNOD
HOLIMS
J —_—
69
K
el 8 _
(988)O s . _
*J ' 5 V/
A 204 8 a0
(@8e)O et T | £ .| Lnouo
.lw ; mm TOULNOD|
ao. : o6 oo
-\ TEewd % T , ,
(2880~ i T aay/a Nowoss
R ~ JOYLNOD
0/
d46 Ol



US 2007/0078355 Al

Patent Application Publication Apr.5,2007 Sheet 7 of 12

ZHyigy—~
- 1~ W
I ’
3 — V\/+ y 1
90. q99 wa 2 H ‘%\
LINOAID |
A0—(e—o|— W a0 [ Y\ | W |
I 5™\ Ados
a0L 7 ] P om £ 2L ONIAI
. 89 moVo\U.
O ] e S NOLLO3S| Lnoud] [ Linowio
A davres Eeanadl B B T Y9 ouLNoo [ NolLvingowaal {oNinEoad
20| 69 s s ) Y
, 59 79 €9 29
| [NOILDSS '
T08.INOD
HOLIMS



Patent Application Publication Apr.5,2007 Sheet 8 of 12 US 2007/0078355 Al

FIG.7

PB




Patent Application Publication Apr.5,2007 Sheet 9 of 12 US 2007/0078355 Al

FIG.8




Patent Application Publication Apr.5,2007 Sheet 10 of 12 US 2007/0078355 Al

3
O
'_
(@]
O A
o000 -
S Q
o
2]
=
29 )
(@) Lo 8
[ ] me
©) ?zég
L o2
o~ {de Op <«
~>11,° =0= —1— 0
0 .
20 \ [
()
| ©
~
—-x




Patent Application Publication Apr.5,2007 Sheet 11 of 12 US 2007/0078355 Al

FIG.10

10A ~——




Patent Application Publication Apr.5,2007 Sheet 12 of 12 US 2007/0078355 Al

FIG.11B

FIG.11A

30a

\

10B

38c 38b 38a



US 2007/0078355 Al

MEDICAL TELEMETRY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a divisional of application Ser. No. 10/122,
724 filed Apr. 16, 2002. The entire disclosure of the prior
application, application Ser. No. 10/122,724 is hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a medical telem-
etry system which collects signals representing various vital
signs measured by a vital sign signal measurement device or
the like in order to obtain vital sign information about a
patient and which, by wireless communication, can remotely
transmit the thus-collected vital sign information to a vital
sign signal monitor connected to a host computer or the like.
Particularly, the present invention relates to a medical telem-
etry system which takes a vital sign signal monitor config-
ured to collect a vital sign signal by wire communication as
a vital sign signal monitor configured to collect a vital sign
signal by wireless communication with easy, simple, and
compatible connection.

[0004] 2. Related Art

[0005] There have already been put into practice a wire
system vital sign signal monitor which is configured to send,
using a relay cord or the like to a vital sign signal monitor,
avital sign signal corresponding to any one or a combination
of measured analog vital sign signals, such as an electro-
cardiographic signal, a pulse wave signal, and a respiratory
activity signal, all being obtained directly from a sensor such
as an electrode attached to a living body; and a wireless vital
sign signal monitor which modulates the vital sign signal as
required and transmits the thus-modulated modulated signal
to a vital sign signal monitor by a wireless transmitter.

1. Field of invention

SUMMARY OF THE INVENTION

[0006] The object of the invention is to provide a medical
telemetry system constructed so as to enable easy, simple
use of a vital sign signal monitor of either a wireless system
or a wire system, by providing the vital sign signal monitor
with a transmitter for detecting a vital sign signal and
transmitting the thus-detected signal by radio wave trans-
mission; a connector capable of being detachably connected
to the vital sign signal monitor by a relay cord; and a receiver
for receiving a vital sign signal from the transmitter.

[0007] To achieve the object, there is provided a medical
telemetry system comprising:

[0008] a transmitter having a first detection section for
detecting a first vital sign signal from a first sensor and a
modulation circuit for modulating a signal detected by the
first detection section to transmit the modulated signal by
radio wave transmission;

[0009] a receiver having demodulation means for receiv-
ing the detection signal transmitted by radio wave transmis-
sion and for demodulating the received signal and a con-
nector for transmitting the demodulated signal output by the
demodulation means to a vital sign signal input section of
the vital sign signal monitor,
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[0010] wherein the connector of the receiver is connect-
able with a commonly used vital sign signal input section of
each of various types of vital sign signal monitors.

[0011] Inthis case, the connector is provided on an adapter
which can be detachably attached to the receiver.

[0012] Preferably, the medical telemetry system further
comprises a second detection section for detecting a second
vital sign signal using the first sensor.

[0013] Further, the transmitter can be provided with a
control section for multiplexing a signal detected by the first
detection section and a signal detected by the second detec-
tion section and transmit a multiplexed signal output from
the control section.

[0014] Preferably, the medical telemetry system further
comprises a second detection section for detecting a second
vital sign signal using other than the first sensor.

[0015] A transmitter can be provided with a control sec-
tion for multiplexing a signal detected by the first detection
section and a signal detected by the second detection section
and transmits a multiplexed signal output from the control
section.

[0016] Preferably, the receiver comprises a control section
for receiving the multiplexed signal that has been transmit-
ted from the transmitter and separating the received signal,
and superimposing means for superimposing the first vital
sign signal and the second vital sign signal can be provided
on a signal line from the control section to the connector.

[0017]

[0018] second detection means for detecting the second
vital sign signal; and

[0019] superimposing means for superimposing the sec-
ond vital sign signal detected by the second detection section
and the first vital sign signal, wherein the second detection
means and the superimposing means are provided on a
signal line for transmitting the first vital sign signal to the
connector.

Preferably, the receiver further comprises:

[0020] Preferably, the medical telemetry system further
comprises:
[0021] asensor detachment detection section for detecting

detachment of the first sensor;

[0022] wherein the transmitter is provided with a control
section for multiplexing a signal detected by the first detec-
tion section and a signal output from the sensor detachment
detection section and transmits a multiplexed signal output
from the control section; and

[0023] the receiver is provided with a control section for
receiving the multiplexed signal and separating the received
signal; a switch provided on a signal line from the control
section to the connector; and a switch control section for
performing a control operation so as to turn off the switch in
order to reproduce detachment of the sensor when the sensor
has been detached, in accordance with a signal from among
the separated signals, output from the sensor detachment
detection section.

[0024] Preferably, the first sensor has a plurality of elec-
trodes for detecting an electrocardiographic waveform; the
sensor detachment detection section detects detachment of
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any of the plurality of electrodes; and the receiver is pro-
vided with switches provided on signal lines from the
control section to terminals of the connector and are
assigned to the plurality of electrodes, wherein the switch
control section performs a control operation for turning off
a switch of a signal line extending to the terminal corre-
sponding to an electrode which is determined as having been
detached by the sensor detachment detection section.

[0025] Preferably, the first sensor comprises an electrocar-
diographic waveform detection electrode having a terminal,
which terminals is to be connected with a commonly used
hook or clip for use with an electrocardiographic waveform
detection electrode and intended for leading an electric
potential of the heart;

[0026] the first detection section comprises an electrocar-
diographic waveform detection section for detecting an
electrocardiographic waveform as a first vital sign signal;

[0027] the commonly used vital sign signal input section
has the commonly used hook or clip for use with an
electrocardiographic waveform detection electrode; and

[0028] the connector has a terminal which is connectable
by the commonly used hook or clip.

[0029] Preferably, the superimposing means superimposes
a second vital sign signal detected by the second detection
section or the second detection means on a signal line which
transmits the first vital sign signal and extends to the
connector, in the form of impedance changes.

[0030] Preferably, the second detection section or the
second detection means can be constituted of a respiratory
status detector which detects respiratory action as a second
vital sign signal.

[0031] Further, there is provided an electric circuit for
reproducing detachment of a sensor for detecting a vital sign
signal, comprising:

[0032]

[0033] a switch which is provided on the signal line for
reproducing detachment of the sensor by deactivation; and

[0034] aswitch control section for deactivating the switch
on the basis of detection of sensor detachment.

a signal line for transmitting a vital sign signal;

[0035] The switch has a characteristic of leakage current
flowing from the switch being lower than a predetermined
current value when the power for activating the switch
supplied from the power supply section has become con-
sumed.

[0036] By this characteristic, when the receiver cannot
demodulate received signals due to lack of supplied power,
the receiver can prevent the vital sign signal monitor from
erroneously recognizing that the low leakage current from
switch is signal detected by the sensor. At that time, the
leakage current is lower than the predetermined current
value, so the vital sign signal monitor recognizes that the
switch is turned off.

[0037] Moreover, the predetermined current value can be
a current threshold value at which the vital sign signal
monitor recognizes detachment of a sensor. As a result,
when the receiver cannot demodulate received signals due to
lack of supplied power, the receiver can prevent the vital
sign signal monitor from erroneously recognizing that the
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low leakage current from switch is signal detected by the
sensor. At that time, the leakage current is lower than the
current threshold value for recognizing detachment of a
sensor, so the vital sign signal monitor recognizes that the
switch is turned off.

[0038] More preferably, the switch becomes completely
deactivated when the power supplied from the power supply
section has become consumed.

[0039] Further, preferably, a photo-MOS relay is
employed as the switch having such a characteristic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a schematic system block diagram show-
ing an embodiment of a medical telemetry system according
to the invention;

[0041] FIG. 2 is a descriptive view showing the configu-
ration of a wireless receiver used in the medical telemetry
system according to the invention,

[0042] FIG. 3 is a block diagram showing a circuit con-
figuration example of a wireless transmitter used in the
medical telemetry system according to the invention;

[0043] FIG. 4 is a block diagram showing another circuit
configuration example of the wireless transmitter used in the
medical telemetry system according to the invention;

[0044] FIG. 5A is a block diagram showing a circuit
configuration example of a wireless receiver used in the
medical telemetry system according to the invention;

[0045] FIG. 5B is a block diagram showing a circuit
configuration example of a wireless receiver used in the
medical telemetry system according to the invention;

[0046] FIG. 6 is a block diagram showing another circuit
configuration example of the wireless receiver used in the
medical telemetry system according to the invention;

[0047] FIG. 7 is a descriptive view showing a wireless
transmitter employed in the medical telemeter system
according to the invention and an example in which elec-
trodes of the system are attached to a patient;

[0048] FIG. 8 is a descriptive view showing a wireless
transmitter employed in the medical telemeter system
according to the invention and another example in which
electrodes of the system are attached to the patient;

[0049] FIG. 9is a descriptive view showing a second vital
sign signal detection means used in the medical telemetry
system according to the invention; and

[0050] FIG. 10 is a descriptive view showing a wireless
transmitter and a wireless receiver, which are employed in
the medical telemetry system according to the invention,
when they are attached together.

[0051] FIGS. 11A and 11B are perspective views of com-
bination of the wireless receiver and the wireless transmitter.

DETAILED DESCRIPTION OF THE
INVENTION

[0052] An embodiment of a medical telemetry system
according to the invention will be described hereinbelow in
detail by reference to the accompanying drawings.
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[0053] FIG. 1 is a descriptive view for schematically
showing the configuration of a medical telemetry system
according to the invention. As shown in FIG. 1, reference
numeral 10A denotes an embodiment of a transmitter for
sending a vital sign signal by radio wave transmission. The
transmitter 10A is connected to three lead electrodes Edl,
Ed2, and Ed3 to be attached to, e.g., tissue surface or body
surface (i.e., the skin), by corresponding connection cords
14. The connection cords 14 have connecting terminals 124,
125, and 12¢ for electrode hooks or clips etc. Reference
numeral 10B designates another embodiment of a transmit-
ter which sends a vital sign signal by radio wave transmis-
sion. The transmitter 10B is detachably connected to, e.g.,
two adhesive pads 16 which have two lead electrodes Edd,
Ed5 and are to be attached directly to tissue surface.

[0054] Reference numerals 20A, 20B designate vital sign
signal monitors of different types. A relay cord 22 extends
from each of the vital sign signal monitors 20A, 20B. A
coupler 24a to be used for connection with another cord is
provided at the extremity of each relay cord 22. The relay
cord 22 is to be connected to a connection cord 28. Provided
at one end of the connection cord 28 are connecting termi-
nals 26a, 260, and 26¢ for electrode hooks or clips etc. which
can be connected directly to lead electrodes (e.g., Ed1, Ed2,
and Ed3). Provided at the other end of the connection cord
28 is a coupler 244 capable of being connected to the coupler
24a of either one of the relay cords 22.

[0055] The transmitter 10 (i.e., the transmitters 10A and
10B; the same convention also applies to corresponding
descriptions) is constituted as a transmitter to be applied to
arelated art wireless vital sign signal monitor. The vital sign
signal monitor 20 (i.e., the monitors 20A and 20B; the same
convention also applies to corresponding descriptions) is
constituted as a related art wire vital sign signal monitor. The
medical telemetry system according to the embodiment is
provided with a wireless receiver 30 having a connector 32
serving as means for coupling the transmitter 10 with the
vital sign signal monitor 20 by wireless transmission.

[0056] A connector 32 is provided integrally in the
receiver 30 according to the embodiment. The connector 32
has terminals 34a, 345, and 34c which are detachably
connected to the connecting terminals 264, 265, and 26¢ for
electrode hooks or clips etc., provided at one end of the
connection cord 28 to be connected to the relay cord 22 of
the vital sign signal monitor 20. Vital sign signal detection
means 36 may be connected to a part of the receiver 30 for
entering a second vital sign signal different from the first
vital sign signal transmitted from the transmitter 10. Details
of the vital sign signal detection means 36 to be used for
entering the second vital sign signal will be described later.

[0057] As mentioned previously, in the embodiment, the
medical telemetry system is provided with the wireless
receiver 30 having the connector 32. As a result, various
related art vital sign signal monitors 20 and various wireless
transmitters 10 that have been known in the art are each
coupled together in a compatible manner, enabling effective
use of the medical telemetry system.

[0058] FIG. 2 is a descriptive view showing the connec-
tion of the aforementioned wireless receiver 30. The con-
nector 32 is configured as a detachable adapter which is
detachable to the main body by coupling terminals 38a, 385,
and 38¢ provided in part of the receiver main body. Termi-
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nals 34a, 345, and 34¢ provided on the connector 32 can be
simply and reliably attached to electrode hooks Hk26 or
clips Cp26 provided at one end of the connection cord 28
connected to the vital sign signal monitor 20. Here, refer-
ence numeral Ed designates a lead electrode having a
connecting terminal to be attached to tissue surface.

[0059] Example circuit configurations of the wireless
transmitter 10 of the medical telemetry system according to
the invention and those of the wireless receiver 30 of the
same will be described by reference to the accompanying
drawings.

[0060] Configuration First Example of the Wireless Trans-
mitter 10
[0061] FIG. 3 shows an embodiment of a circuit configu-

ration of the wireless transmitter 10 consituting the medical
telemetry system of the invention. In the embodiment, there
are descrided three electrodes R. F, and L for detecting vital
sign signals (the electrode F is to be grounded). The elec-
trodes R, L detect a synthesized signal constituted of an
electrocardiographic waveform signal and a vital sign
impedance waveform signal stemming from respiratory
action. Thus synthesized vital sign signals are synthesized
with a 48-kHz signal supplied from a constant current source
41. The vital sign signals flow through amplifiers 42, 43,
whereby an electrocardiographic waveform signal is
obtained. The thus-obtained waveform signal is input to a
control section 50 through an A/D converter 45. The vital
sign signal synthesized with the 48-kHz signal supplied
from the constant current source 41 flows through the
amplifiers 42, an amplifier 44, a detector/half-wave rectifier
46, and a high pass filter 47, whereby a vital sign impedance
waveform signal is produced. The thus-produced waveform
signal is input to the control section 50 through the A/D
converter 48. An electrode-detached status detected by the
electrodes R, F, and L is detected by an electrode detachment
detection section 52. The resultant electrode detachment
detection signal is input to the control section 50.

[0062] In this way, separated signals which have been
input to the control section 50 and consist of the electrocar-
diographic waveform signal, the vital sign impedance wave-
form signal, and the electrode detachment detection signal
are multiplexed. The thus-multiplexed signal is sent to the
wireless receiver 30 through a modulation circuit 54, a
transmitter circuit 56, and an antenna 58. In the embodiment,
the electrodes R, F, and L correspond to the connecting
terminals 12a, 125, and 12¢ for electrode hooks or clips etc.
to be connected to the lead electrodes Ed1, Ed2, and Ed3 of
the transmitter 10A shown in FIG. 1.

[0063] Configuration Second Example of the Wireless
Transmitter 10
[0064] FIG. 4 shows another embodiment of a circuit

configuration of the wireless transmitter 10 constituting the
medical telemetry system of the invention. In this embodi-
ment, the electrocardiographic waveform signal is detected
by one electrode, and the vital sign impedance waveform
signal stemming from respiratory action is detected by
another electrode. More specifically, the electrocardio-
graphic waveform signal is detected by the three electrodes
R, F, and L in the same manner as in the previous embodi-
ment, and the thus-detected signals are input to the control
section 50. In this case, the electrode detachment detection
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signal is also detected in the same manner as in the previous
embodiment, and the thus-detected signal is sent to the
control section 50. Like constituent elements are assigned
like reference numerals, and their explanations are omitted.
The vital sign impedance waveform signal is detected by
electrodes G, H, and the signal is synthesized with the
48-kHz signal supplied from the constant current source 41.
The thus-synthesized signal is input to the control section 50
through amplifiers 42', 44, the detector/half-wave rectifier
46, the high pass filter 47, and an A/D converter 48.

[0065] 1In this way, the electrocardiographic waveform
signal, the vital sign impedance waveform signal, and the
electrode detachment detection signal, which have been
input to the control section 50, are multiplexed and trans-
mitted as a multiplexed signal to the wireless receiver 30 in
the same manner as in the previous embodiment.

[0066] Configuration First Example of the Wireless
Receiver 30

[0067] FIGS. 5A and 5B show embodiments of circuit
configurations of a wireless receiver 30 constituting the
medical telemetry system of the invention. In the embodi-
ment, the receiver 30 is configured to receive and demodu-
late the multiplexed signal which has been sent by the
wireless transmitter 10 shown in FIGS. 4 and 5A and
consists of the electrocardiographic waveform signal, the
vital sign impedance waveform signal, and the electrode
detachment detection signal. The thus-demodulated signals
are transmitted to the vital sign signal monitor 20. In the
wireless receiver 30 of the present embodiment, the signal
received by an antenna 61 is input to a control section 64
through a receiving circuit 62 and a demodulation circuit 63.
The multiplexed signal input to the control section 50 is
separated into the electrocardiographic waveform signal, the
vital sign impedance waveform signal, and the electrode
detachment detection signal. The electrocardiographic
waveform signal and the vital sign impedance waveform
signal are received as the multiplexed signal, the vital sign
signal detection means 36 shown in FIG. 1 is unnecessary.

[0068] The electrocardiographic waveform signal input to
the control section 50 can be output at output terminals R',
F', and L' through a D/A converter 65 and differential
amplifiers 66a, 665. The vital sign impedance waveform
signal can be reproduced while being superimposed on the
electrocardiographic waveform signal through the D/A con-
verter 65 and the control circuit 67, by a pseudo resistor
serving as superimposing means 68 connected between the
output terminal R' of the differential amplifier 66a and the
output terminal L' of the differential amplifier 665. In
connection with the electrode detachment detection signal,
signals corresponding to the respective electrodes can be
output from the control section 64 by a switch control
section 69. The electrode detachment detection signals per-
form control operations so as to activate (on)/deactivate (off)
switches 70a, 705, and 70¢ provided on signal lines assigned
to the output terminals R', F', and L'. In the embodiment, the
output terminals R', F', and L' correspond to the coupling
terminals 38a, 385, and 38¢ described in connection with the
embodiment shown in FIG. 2.

[0069] A serial interface 90 can send an electrocardio-
graphic waveform signal and a vital sign impedance signal
to a general personal computer by wire or wireless trans-
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mitter. An IrDA, an RS-232C, an USB port, and a bi-
directional wireless interface can be applied to the serial
interface.

[0070] As shown in FIG. 5B, there will now be shown an
example in which photo-MOS relays are employed for the
switches 70a, 705, and 70c.

[0071] Power is supplied from a power supply section
(e.g., a battery cell) for activating the respective photo-MOS
relays and a signal is output from the switch control section
69 to control activating/deactivating the respective photo-
MOS relays.

[0072] The reason for adopting photo-MOS relays is that
the respective photo-MOS relays can be completely deacti-
vated when a battery cell used for driving the receiver has
become completely consumed.

[0073] If the receiver is turned on because of the charac-
teristics of a switch while the battery cell has become
completely consumed and all functions of the receiver have
become inoperative (e.g., a state in which the receiver
cannot demodulate an electrocardiographic waveform signal
or the like), a vital sign signal monitor connected to the
receiver recognizes that there is no vital sign signal and
displays a base line. As a result, there is issued an alarm
warning of asystole.

[0074] In order to prevent occurrence of such an alarm,
when the battery cell has become consumed and the func-
tions of the receiver have become inoperative, the photo-
MOS relays are turned off completely. As a result, the vital
sign signal monitor connected to the receiver can display
detachment of electrodes, thus preventing occurrence of
erroneous diagnosis.

[0075] Complete deactivation of the photo-MOS relays
implies the following technical significance. In order to
detect detachment of electrodes, the vital sign signal monitor
usually causes very weak current to flow through electrodes
by lead wires. When the electric current flowing into the lead
wires from another electrode is under a predetermined, very
weak current value (e.g., 10 nA), the monitor determines
that the electrode has become detached. At least when a
battery cell has become consumed, leakage current, which
flows to a switch, must be under the predetermined current
value. If switches have such a characteristic, the vital sign
signal monitor can determine that the switches have been
completely turned off at the time of battery drain. As a matter
of course, desired switches involve occurrence of no leakage
current and enable complete deactivation.

[0076] The switches are not limited to photo-MOS relays
and may be embodied by other switches, so long as the
switches are completely deactivated when power supply has
become insufficient at the time of battery drain (i.e., when
the functions of the receiver have become stopped).

[0077] Configuration Second Example of the Wireless
Receiver 30
[0078] FIG. 6 shows another embodiment of circuit con-

figuration of a wireless receiver 30 constituting the medical
telemetry system of the invention. In the embodiment, the
wireless transmitter 10 transmits only an electrocardio-
graphic waveform signal and an electrode detachment detec-
tion signal. The system is constructed such that second vital
sign signal detection means 36 (shown in FIG. 1) provided
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in the wireless receiver 30 detects a vital sign impedance
waveform signal. In the embodiment, the electrocardio-
graphic waveforms signal and the electrode detachment
detection signal can be output to the output terminals R', F',
and L in the same manner as in the embodiment shown in
FIGS. 5A and 5B. Like constituent elements are assigned
like reference numerals, and their repeated explanations are
omitted.

[0079] A vital sign impedance waveform signal is detected
by electrodes G, H which act as second vital sign signal
detection means. The thus-detected vital sign impedance
waveform signal is synthesized with a 48-kHz signal sup-
plied from a constant current source 71. The vital sign signal
synthesized with the 48-kHz signal supplied from the con-
stant current source 71 is input to the control circuit 67
flowing through amplifiers 72, an amplifier 74, a detector/
half-wave rectifier 76, and a high pass filter 77. As in the
case of the embodiment shown in FIGS. 5A and 5B, the vital
sign impedance waveform signal can be reproduced while
being superimposed on the electrocardiographic waveform
signal through the control circuit 67, by a pseudo resistor
serving as superimposing means 68 connected between the
output terminal R' of the differential amplifier 66a and the
output terminal L' of the differential amplifier 66.

[0080] FIG. 7 shows a wireless transmitter 11 A constitut-
ing the medical telemetry system according to the invention
(see FIG. 1) and an example in which the electrodes Ed1,
Ed2, and Fd3 are attached to tissue surface. By the embodi-
ment, the positions of the electrodes can be applied to those
of electrodes using the wireless transmitter 10 shown in FIG.
3.

[0081] FIG. 8 shows a wireless transmitter 10B constitut-
ing the medical telemetry system according to the invention
(see FIG. 1) and an example in which the electrodes Ed4,
EdS are attached to tissue surface. By the embodiment, the
positions of the electrodes can be applied to those of
electrodes of the wireless transmitter 10 shown in FIG. 4.

[0082] FIG. 9 shows means for detecting a second vital
sign signal other than electrocardiographic waveform signal
constituting the medical telemetry system according to the
invention. The second vital sign signal detection means is
constructed as a second vital sign signal sensor. The second
vital sign signal sensor transmits, to the wireless transmitter
10, a second vital sign signal while being superimposed on
an electrocardiographic signal. Alternatively, the second
vital sign signal detection means can be constructed as
second vital sign signal detection means 36 (see FIG. 1)
provided in the wireless receiver 30.

[0083] The second vital signal detection means shown in
FIG. 9 is arranged so as to detect a respiratory wave of the
patient. Reference numeral 72 designates a sensor mounted
on a ceiling. The sensor 72 radiates a microwave or ultra-
sonic wave onto the patient PD. A respiratory wave is
detected by a displacement in phase difference between the
radiated wave and a reflected wave. Reference numeral 74
designates a load sensor, such as a strain gauge, provided in
a pillow on which the patient’s head PD is situated. The
sensor 74 is arranged to detect a respiratory wave by
displacement of the head stemming from respiratory action
of the patient PD. Reference numeral 76 designates a
pneumatic sensor provided on an air mat laid below the
patient PD. The sensor 76 is constructed to detect a respi-
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ratory wave, by variations in air pressure of an air mat which
is subjected to fluctuations due to respiration of the patient
PD. Reference numeral 78 designates an elastic belt around
the waist of the patent PD, is equipped with a strain gauge
or the like, and possesses elasticity. The belt 78 is con-
structed to detect a respiratory wave by variations in tensile
strength of the belt elastic due to respiration of the patient
PD. Reference numeral 80 designates a sensor which is
provided in the waist of the patient PD and equipped with a
coil for detecting variations in earth magnetism. The sensor
80 is arranged to detect a respiratory wave by detecting
changes in earth magnetism through the coil which are due
to respiration of the patient PD . A respiratory wave can be
detected by any one of the devices. Here, the signal received
by the wireless receiver 30 may be transmitted to a computer
100.

[0084] FIG. 10 shows a combination of the wireless
receiver 30 and the wireless transmitter 10A, which consti-
tute a medical telemetry system according to the invention.
In the embodiment, the wireless receiver 30 is provided with
engagement claws 82, 82, as required. The wireless trans-
mitter 10 is detachably attached to the claws 82, 82. Such a
construction enables immediate use of a medical telemetry
system for an emergency medical aid in a medical institu-
tion.

[0085] Similarly, FIGS. 11A and 11B are for describing a
structure which enables combination of the wireless receiver
30 and the wireless transmitter 10B. The wireless receiver
30 has a built-in antenna, and an opening 30a is formed in
the receiver 30 so that the receiver 30 can be hooked on a
pole for holding an infusion bag. A convex hook 305 to be
engaged with a concave hook 10¢ is formed in the receiver
30, wherein the hook 10¢ is provided for connection with the
adhesive pads 16 of the wireless transmitter 10B (see FIG.
11B) By such a construction, when not in use, the wireless
transmitter 10B and the wireless receiver 30 can be fixed and
stored together by the hooks (see FIG. 11A).

[0086] Preferred embodiments of the invention have been
described thus far. The present invention is not limited to the
embodiments and may be subjected to many design changes
within the scope of the invention.

[0087] As is obvious from the foregoing embodiments, A
medical telemetry system including:

[0088] a transmitter having a first detection section for
detecting a first vital sign signal from a first sensor and a
modulation circuit which modulates a signal detected by the
first detection section to transmit the modulated signal by
radio wave transmission;

[0089] a receiver having demodulation means which
receives the detection signal that has been transmitted by
radio wave transmission and demodulates the received sig-
nal and a connector for transmitting the demodulated signal
output by the demodulation means to a vital sign signal input
section of the vital sign signal monitor, wherein the con-
nector of the receiver is connectable with a commonly used
vital sign signal input section of each of various types of
vital sign signal monitors. There is yielded an advantage of
the ability to readily and conveniently utilize the vital sign
signal monitor in the form of a wire system or a wireless
system.

[0090] So long as the medical telemetry system according
to the invention is set such that a second vital sign signal is
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detected by the first sensor or such that a second vital sign
signal is detected by means other than the first sensor, the
first vital sign signal and the second vital sign signal are
multiplexed. The thus-multiplexed signal is transmitted
from the transmitter to the receiver, thereby readily realizing
a multifunctional medical telemetry system.

[0091] The medical telemetry system according to the
invention is provided with a sensor detachment detection
section for detecting detachment of the first sensor. The
sensor detachment detection signal is multiplexed along
with the first and second vital sign signals, and the thus-
multiplexed signal is transmitted to the receiver from the
transmitter. Here, the vital sign signal monitor can receive a
normal vital sign signal at all times. There are yielded many
advantages: for example, the advantage of being able to
improve the reliability of the medical telemetry system.

[0092] Further, in an electric circuit for reproducing
detachment of a sensor for detecting a vital sign signal, a
switch for turning off it when the detachment of the sensor
is occurred is provided on the signal line for transmitting a
vital sign signal to reproduce the detachment of the switch
by deactivation.

[0093] Moreover, it is preferable that the switch has a
characteristic of leakage current flowing from the switch
being lower than a predetermined current value when the
power supplied from the power supply section has become
consumed to prevent the vital sign signal monitor from
erroneously recognizing that the leakage current is signal
detected by the sensor.

What is claimed is:
1. An electric circuit for reproducing detachment of a
sensor for detecting a vital sign signal comprising:

a signal line for transmitting a vital sign signal;

a switch provided on the signal line for reproducing
detachment of the sensor by deactivation;
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a switch control section for deactivating the switch on the
basis of detection of sensor detachment; and

a power supply section for supplying, to the switch, power
to be used for activating the switch,

wherein the switch has a characteristic of leakage current
flowing from the switch being lower than a predeter-
mined current value when the power supplied from the
power supply section has become consumed.

2. The electric circuit according to claim 1, wherein the
predetermined electric current value is a current threshold
value at which the vital sign signal monitor recognizes
detachment of a sensor.

3. An electric circuit for reproducing detachment of a
sensor for detecting a vital sign signal comprising:

a signal line for transmitting a vital sign signal,

a switch provided on the signal line and reproduces
detachment of the sensor by deactivation;

a switch control section for deactivating the switch on the
basis of detection of sensor detachment; and

a power supply section for supplying, to the switch, power
to be used for activating the switch, wherein the switch
becomes completely deactivated when the power sup-
plied from the power supply section has become con-
sumed.

4. An electric circuit for reproducing detachment of a

sensor for detecting a vital sign signal comprising:

a signal line for transmitting a vital sign signal,

a switch provided on the signal line and reproduces
detachment of the sensor by deactivation; and

a switch control section for deactivating the switch on the
basis of detection of sensor detachment,

wherein the switch is a photo-MOS relay.
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