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Electrocardiograph

This invention relates to an electrocardiograph,
and more particularly to a portable electrocardiograph
which enables a cardiopath to carry it with him or her
and measure an electrocardiographic complex in case of
unexpected heart attack.

Since portable electrocardiographs are convenient
for keeping track of the state of electrocardiographic
waves in the cardiopath's everyday life, various tYpes
have been developed.

FIGS. 23 and 24 illustrate a conventional portable
electrocardiographic-wave measuring apparatus. This
electrocardiographic-wave measuring apparatus 100 has a
case body 110 formed into the shape of a pencil. For
portability, it can be put in and hung on a pocket with
a clip 120 at one end of the case body 110. A first
electrode 130 is provided on one end of the case body
110, and a second electrode 140 is provided on the
surface of the middle portion of the case body 110. A
press-button switch 150 is provided on the other end.
Inside the case body 110, the electronic circuitry that
measures electrocardiographic waves on the basis of the
signals from the first and second electrodes 130 and 140
and a battery are housed. '

FIG. 24 is an illustration to help explain how to
use the electrocardiographic-wave measuring apparatus
100. Electrocardiographic waves are measured by
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pressing the first electrode 130 against the chest to
the left side of the heart and pressing the switch 150,
with the second electrode 140 on the surface of the body
case 110 gripped with the right hand, for example. 1In
this way, electrocardiographic waves can be measured
whenever necessary. )

However, the conventional electrocardiographic-wave
measuring apparatus must have a relatively long body so
that the user can hold it with his or her right hand and
press the first electrode 130 against the chest. The
conventional apparatus has another problem: depending
on which part of the chest the first electrode 13 is
pressed against and how the electrode is pressed
against the chest, its contact resistance varies, and
consequently the change in the contact resistance causes
not only variations in the potential of the heart and
noise, but also myoelectric noise attributable to
muscular strain, preventing an accurate measurement of
electrocardiographic waves. To solve this problem, as
shown in FIG. 24, the electrocardiographic-wave
measuring apparatus 100 must be pressed perpendicularly
against the chest 170 to the left of the heart 170 at a
suitable pressure. A shirt generally has buttons along
its center line on the front, and therefore when
something wrong has happened with his heart, the user
must unbutton his shirt before pressing the
electrocardiographic-wave measuring apparatus 100
against the chest 170 to the left side of his heart. 1In
the case of clothes without buttons such as a pull-over
sweater, the user has to take off the sweater, and
therefore it takes him or her a lot of time to press the
electrocardiographic—Wave measuring apparatus 100
perpendiculariy against the chest 170, preventing quick
measurement.' Especially for women, they may have to
expose their chest in front of others for measurement
and this will inflict mental pain on them.

 Accordingly, the object of the present invention is



P

10

15

20

25

30

35

to provide an electrocardiograph which has such a
compact structure as enables the user to apply the
apparatus to the chest without taking off his or her
shirt and which therefore allows the user to measure the
minute changes in each heartbeat easily and quickly.

The foregoing object is accomplished by providing
an electrocardiograph comprising: a body section on
which a first measuring electrode is provided; and an
arm section provided on the body section in a foldable
manner via a hinge section, with a second measuring
electrode provided on the surface of the arm section
facing the body section when the arm section is folded
onto the body section.

With such a configuration, the present invention
enables the user to measure electrocardiographic waves
easily and quickly without taking off his or her
clothes.

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a plan view of an electrocardiograph in a
folded state according a first embodiment of the present
invention;

FIG. 2 is a side view of the electrocardiograph of
FIG. 1; :

FIG. 3 is a bottom view of the electrocardiograph
of FIG. 1;

FIG. 4 is a right side view of the electro-
cardiograph of FIG. 1;

FIG. 5 is a partially sectional view of the
electrocardiograph of FIG. 1 in a folded state;

FIG. 6 is a plan view of the electrocardiograph in

" an expanded state;

FIG. 7 is a bottom view of the electrocardiograph
of FIG. 6;

FIG. 8 is a sectional view of the internal
configuration of the electrocardiograph of FIG. 1;
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FIG. 9 is a block diagram of the electronic
circuitry of the electrocardiograph in FIG. 1;

FIG. 10 shows the internal structure of the RAM in
the electronic circuitry of FIG. 9;

- FIG. 11 is a perspective view of an electrocardio-
graph according to a second embodiment of the present
invention;

FIG. 12 is a perspective view of the electrocardio-
graph of FIG. 11 with the arm put back in place;

FIG. 13 is a plan view of the electrocardiograph of
FIG. 11;

FIG. 14 is a side view of an electrocardiograph
according to a third embodiment of the present
invention;

FIG. 15 is a plan view of an external connecting
member to be connected to the electrocardiograph of
FIG. 14;

FPIG. 16 illustrates the electrocardiograph before
being connected to the external éonnecting member ;

_ FIG. 17 illustrates the electroéardiograph after
being connected to the external connecting member;

FIG. 18 is a front view of the user using the
electrocardiograph;

FIG. 19 is a block diagram of the electronic
circuitry of the electrocardiograph;

FIG. 20 illustrates the external connecting member
connected to an electrocardiograph accbrding to a fourth
embodiment of the present invention;

FIG. 21 is a sectional view of FIG. 20;

FIG. 22 is a side view of FIG. 20; and

FIGS. 23 and 24 are diagrams to help explain the
prior art.

FIGS. 1 to 10 show an embodiment of the present
invention. An electrocardiographic-wave measuring
apparatus 1 acéording-to the embodiment has a folding
structure. With this structure, the user carries the
apparatus with him or her in a folded state as shown in
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FIGS. 1 and 2. When using it, he or she expands it as
shown in FIGS. 6 and 7. A body case section 1A and an
arm section 2 make up an outward form. The body case
section 1A is shaped into a thin, flat rectangular
parallelepiped. The arm section 2 is folded onto the
top surface la of the body case section 1A with its one
end (its left ena) connected to the body case section
1A.

The body case section 1A has first measuring
electrodes 3 provided on both sides of its longitudinal
case. It also has a display member 4 on the bottom
surface 1lb opposite to the top surface la onto which the
arm section 2 is folded. The display member 4 displays
the stored data items including the electrocardiographic
measurements, the time, and the telephone number. The
arm section 2 is installed on the body case section 1A
as follows: one end of the body case section 1A is cut
away into half to form an ark-like hinge portion lc, and
similarly one end of the corresponding arm section 2 is
cut away into half to form a hinge portion 2c;
thereafter, these hinge portions lc and 2c are placed
side by side and pierced with a spring pin 5 for unity.
This allows the arm section 2 to rotate around the
spring pin 5, thereby changing the apparatus from the
folded state to the expanded state. In the expanded
state, electrocardiographic waves are measured.

_ To effect such measurement, a second measuring
electrode 6 is provided on the arm section 2. The
second measuring electrode 6 is placed at the tip
portion of the arm section 2 as shown in FIG. 6.
Measurement is made by pressing the electrode 6 against
the chest. The second measuring electrode 6 is
protruded to a specific height so as to enable contact
with the chest, and is made of elastic conductive
rubber, such as karaya gum, to ease a sense of contact
with the skin. A recessed portidn 7 is formed in the
top surface la of the body case section 1A facing the
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second measuring electrode 6. When the arm section 2 is
folded, the second measuring electrode 6 is housed in
the recessed portion 7. This prevents the second
measuring electrode 6 from being exposed to the outside
and consequently dust from adhering to the electrode,
thereby allowing accurate measurement. Furthermore,
because there is no possibility that the electrode will
interfere with another member, it will not be damaged.
The first measuring electrode 3 may be made of the same
material as that of the second measuring electrode 6 or
another material such as metal. _

As shown in FIGS. 6 and 7, the tip portion of the
arm section 2 at which the second measuring electrode 6
is provided is shaped into an arc. This enables smooth
insertion without getting caught in the clothes when
the arm section 2 is inserted into the clothes for
measurement. The display member 4 is located on the
bottom surface 1b of the body case section 1A so as to
be on the side opposite to the surface on which the
second measuring electrode 6 is provided. This arrange-
ment allows the user to look at the display member 4
during measurement, facilitating the visual checking of
electrocardiographic data.

In FIGS. 1 and 7, numeral 8 indicates speaker
perforations made in the opposite side of the arm

"section 2 to the second measuring electrode 6, and 9

indicates a communication member. As shown in FIG. 8, a
speaker is placed'inside the arm section 2 so as to
correspond to the speaker perforations 8, which permits
sound from the speaker to pass through during measure-
ment or at the end of measurement. The communication
member 9 is composed of, for examble, a photocoupler
provided with a phototransistor and a light-emitting
diode. By mounting the electrocardiograph on the
reading unit (not shown) of a medical instrument
installed in a hospital, the electrocardiographic

_measurements are outputted to the unit. This enables
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the doctors in the hospital to grasp the
electrocardiographic data on heartbeats during daily
activities. .

In FIGS. 1 to 4, numeral 11 indicates a first
switch provided on the other end of the body case
section 1A. The switch turns on and off the electro-
cardiographic measurement and also the communication by
the communication member 9. Numerals 12 and 13 indicate
second and third switches provided on the bottom surface
of the body case section 1A, respectively. - These
switches 12 and 13 are used to correct the time, display
the telephone numbers stored, or change to the communi-
cation mode. A light-emitting diode 14 for emitting
light to indicate that measurement is now being made is
placed adjacent to the first switch 11 (see FIG. 4).

An electrode jack 15 to be connected to a commercial
power supply for charging is provided on one longitudi-
nal side of the body section 1 (see FIG. 2). . On the top
surface la of the body section 1, a battery cover 16 for
replacing batteries (not shown) is provided (see

FIG. 6). Furthermore, on the bottom surface of the body
case section 1A, a switch cover 17 for protectihg the

internal switches (not shown) installed inside the body

case section 1A is provided.

FIG. 8 illustrate an internal configuration of the
present embodiment. Inside the body case section 1A,
there is a circuit board 19 on which an LSI 18 for
controlling the entire electrocardiograph is provided.
The electrocardiographic measurements are supplied to
the LSI 18 and the circuit board 19, which constitute
an electric circuit member that outputs the electro-
cardiographic data to the display member 4 as a display
signal. To achieve this, the circuit board 19 is
connected to the second measuring electrode 6 via a
flexible connecting board 20 extended from the body case
section 1A to the inside of the arm section 2. The
speaker 10 and the communication member 9 are mounted on
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the connecting board 20. The display member 4 is
attached to the circuit board 19 and provides various
indications as mentioned earlier. A film liqﬁid—crystal
member is used for the display member 4, which is
therefore thin. Numeral 21 indicates a transparent

- plate made of glass or transparent plastic, provided.on

the body section 1 facing the display member 4. A fixed
contact 22 is provided on one end of the circuit board
19. The fixed contact 22 is provided at a portion
facing the first switch 11. When a movable contact 23
formed at the first switch 11 comes into contact with
the fixed contact, this effects the aforementioned
switching.

FIG. 9 is a block diagram of the internal
electronic circuitry of the electrocardiograph according
to the embodiment. The electronic circuitry comprises:
a electrocardiographic-wave sensing section 30 to which
the electrocardiographic waves_measured by the first
measuring electrode 3 and the second measuring electrode
6 are supplied; a control section 31 for controlling the
operation of the electrocardiograph including each
circuit; a ROM 32 in which microprograms are stored; a
RAM 33 for storing a plurality of data; a driver 34 for
cbntrolling the indication on the display member 4; a
sound control section 35 for driving the speaker 10, a
light-emitting and -receiving control section 36 for
controlling the communication member 39 including a
photocoupler; and a switch section 37 for outputting the
signals from the first to third switches 11, 12 and 13
to the control section 31.

The electrocardiographic-wave sensing section 30
senses and amplifies the electrocardiographic waves from
the first and second measuring electrodes 3 and 6,
filters the amplified electrocardiographic waves,
analog-to-digital converts the filtered signals, and
supplies the converted signals to the control section
31. Receiving the signals, the control section 31
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controls the driver 34, which causes the display member
4 to provide an indication of plural electrocardio-
graphic data. The control section 31 also stores the
plural inputted electrocardiographic data in the RAM 33.

FIG. 10 illustrates the internal structure of the
RAM 33. The RAM 33 contains a display register 33a, a
telephone number storage section 33b in which the
telephone number of the owner of the electrocardiograph
is stored, electrocardiographic complex data storage
sections 33c, 33d, 33e and 33f in which the obtained
electrocardiographic complex data is stored, and a work
area 33g. In this embodiment, four areas are given to
the electrocardiographic complex data storage sections
33c to 33f, which allow four measurements to be stored.
The stored electrocardiographic data are read from the
RAM 33 when necessary, and are displayed on the display
member 4. They may be outputted from the communication
member 9 to the outside. _ '

With the embodiment, electrocardiographic waves are
measured as follows: the user rotates the folded arm
section 2 to expand it; he or she then, with the first
measuring electrode 3 of the body case section 1 gripped
by his or her right hand, slides the arm section 2 into
the opening between buttons on the front of his or her
clothes or the opening in the shirt at the armpit, or
slides it inside from under the clothes; and thereafter,
he or she contacts the second measuring electrode 6 with
the chest for measurement. Therefore, it is not
necessary to apply the apparatus perpendicularly to the
chest. The user has only to place the apparatus almost
in parallel ‘to the chest and press the second measuring
electrode 6 against the left side of the heart in the
chest. As a result, the user need not take off his or
her clothes and can measure electrocardiographic waves
easily and make quick measurement in case of heart
attack.

FIGS. 11 to 13 show a second embodiment of the
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present invention. The same parts as those in the
previous embodiment are indicated by the same reference
symbols. In the second embodiment, the arm section 2
can be pulled out of or withdrawn into the body section
1 on which the first measuring electrode 3 is provided.
To achieve this, an opening 41 through which the arm
section 2 slides is made in one end of the body section
1. An oblong slit 42 is made in one longitudinal side
of the body section 1. A slide switch 43 is provided in
the slit 42. The slide switch 43 passes through the
slit 42 and is connected to the arm section 2. Moving
the slide switch 43 along the slit 42 withdraws the
entire arm section 2 into the case body 1 for storage or
pulls the arm section out of the case body 42 for
expansion. With the arm section expanded,
electrocardiographic waves can be measured as in the
previous embodiment.

Therefore, the second ‘embodiment enables easy and
quick measurement. Since the second measuring electrode
6 is housed in the case body 1, this prevents dust from
adhering to the electrode.

The present invention is not limited to the above
embodiments, but may be practiced or embodied in still
other ways without departing from the spirit or
essential character thereof. For instance, the display
section 4 may be placed on the same side where the
second measuring electrode 6 of the arm section 2 is.
Furthermore, the communication member may be eliminated.

FIGS. 14 to 19 illustrate a third embodiment of
the present invention. An electrocardiographic-wave
measuring épparatus S0 according to the third embodiment
has the. same configuration as the'electrocardiographic—
wave measuring apparatus 1 shown in FIGS. 1 to 8, except
that a connector terminal section 47 is provided on a
side of the body case section 1A.

To the connector terminal section 47, an external
connecting member 48 shown in FIG. 15 is connected. The
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electrocardiographic-wave measuring apparatus 50 can
measure electrocardiographic waves not only without
connecting to any external circuit, but also in connec-
tion with the external connecting member 48.
| FIG. 15 shows the external connecting member 48,
which has first and second external electrodes 51 and 52
of conductive rubber or metal formed into a plate, and a
pin jack 54 connected to connecting cords 53. The pin
jack 54 is detachably inserted into the connector
terminal 47 of the electrocardiographic-wave measuring
apparatus 50. The insertion electrically connects the
first and second external electrodes 51 and 52 to the
electrocardiographic-wave measuring'apparatus 50. To
achieve such electrical connection, the pin jack 54 is
provided with connecting electrodes 55 and 56 isolated
from each other, which are connected to the external
electrodes 51 and 52, respectively.

FIGS. 16 and 17 show the relationship between
the connector terminal section 47 and the external
connecting member 48. In the connector terminal section
47, there are provided terminal strips 47a and 47b
electrically connected to the first and second measuring
electrodes 3 and 6 respectively, and terminal strips 47c
and 474 electrically connected to an electronic circuit
57 explained later. When the pin jack 54 is not
inserted into the connector terminal section 47 as shown
in FIG. 16, the terminal strips 47a and 47c and the
terminal strips 47b and 474 are in contact with each
other, thereby electrically connecting the first and
second measuring electrodes 3 and 6 to the electronic
circuit 57. _

On the other hand, when the pin jack 54 is inserted
into the connector terminal section 47 as shown in
FIG. 17, the first connecting electrode 55 at the tip of
the pin jack 54 comes into contact with the terminal
strip 47d, while separating the terminal strip 47b from
the terminal strip 47d. Additionally, the second
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connecting electrode 56 comes into contact with the
terminal strip 47c, while separating the terminal strip
47a from the terminal strip 47c.

This connects the electronic circuit 57 to the
external electrodes 51 and 52 of the external connecting
member 48 via the first and second connecting electrodes
55 and 56. Therefore, with the pin jack 54 inserted
in. the connector terminal section 47, the electronic
circuit 57 measures electrocardiographic waves on the
basis of the signal transmitted from the external
connecting section 48. In this case, the electronic
circuit 57 measures electrocardiographic waves continu-
ously as explained later.

FIG. 18 illustrates how the external connecting
member 48 is used. The first and second external :
electrodes 51 and 52 of the external connecting member
48 are attached to the inside of the underclothes
58 that the user is going to wear so as to come in
contact with the chest. After he or she has worn the
underclothes 58, they are in contact with his or her
body. 1In this state, with the pin jack 54 inserted
into the connector terminal section 47 of the | |
electrocardiographic-wave measuring apparatus 50 in the
pocket of his or her jacket, signals are continuously
transmitted from the first and second external
electrodes 51 and 52 to the electrocardiographic-wave
measuring apparatus 50. As a result, the
electrocardiographic-wave measuring apparatus 50 can

. measure electrocardiographic waves continuously.

FIG. 19 is a block diagram of the electronic
circuit 57 that measures such electrocardiographic
waves. In the figure, an amplifier circuit 61 amplifies
electrocardiographic waves supplied from the terminal
strips 47c and 47d. When the external connecting member
48 is connected to the connector terminal section 47,
the amplifier circuit 61 receives electrocardiographic
waves from the first and second external electrodes 51
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and 52. When the external connecting member 48 is not
connected to the connecting terminal section 47, the
amplifier circuit 61 receives electrocardiographic waves
from the measuring electrodes 3 and 6. A filter circuit
62 removes noise components from the amplified
electrocardiographic waves at the amplifier circuit 61.
A waveform-shaping circuit 63 shapes waveforms. After
the shaped signal has been analog-to-digital converted
at an A/D (analog/digital) converter circuit 64, the
converted signal is stored in a memory 65.

A control section 67 controls each of the above
circuits and is connected to a first, second, and third
switches 68, 69, 70. When the first switch 68 is
pressed, the control section 67 controls the memory 65
so that the memory may store the plural electrocardio-
graphic complex data obtained in five measurements
thereafter, and then stop the storing operation. When
the second switch 69 is operated, with the external
connecting member 48 connected to the connector terminal
section 47, the control section 37 control the memory 65
so that the memory may store the electrocardiographic
waves obtained in 200 measurements.

Furthermore, when the third switch 70 is operated,
the control section 67 controls the memory 65 and a D/A
converter circuit 66 to digital-to-analog convert the
electrocardiographic waves stored in the memory 65, and
supplies the converted signal at an output terminal 71
to the outside.

With the embodiment described above, the
electrocardiographic-wave measuring apparatus 50 can
not only measure electrocardiographic waves without
connecting to any external circuit, but also measure
electrocardiographic waves continuously in connection
with the external connecting member 48. Since the
external connecting member 48 measures electrocardio-
graphic waves with the first and second external
electrodes 51, 52 constantly in contact with the body,



10

15

20

25

30

35

- 14 -

this provides better contact and therefore there is no

- variations in the potential of the heart. The user need

not operate the electrocardiographic-wave measuring
apparatus 50 each time he or she measures electro-
cardiographic waves, he or she does not experience
muscular strain, and consequently myoelectric noise will
not occur. As a result, accurate measurement can be
effected. Since, with the apparatus connected to the
external connecting member 48, electrocardiographic
waves are measured continuously, this allows measurement
of electrocardiographic waves in normal condition and
also enables accurate diagnosis.'

FIGS. 20 to 22 show a fourth embodiment of the
present invention. This is another embodiment of the
connector terminal section 47 in the third embodiment.
In this embodiment, a connector terminal section 72 into
which the pin jack 54 is inserted has its sides shaped
into a dogleg and is designed to have a seesaw structure
that can rotate with respect to the body case section:
1A, with pins 73 and 74 supporting the terminal section.
The pins 73 and 74 are connected to the electronic
circuit 57 via leads as shown in FIG. 21. Terminal
electrodes 75 and 76 are provided on the bottom surface
of the connector section 72. Terminals 77 and 78 are
provided on the body case section 1A so as to face the
terminal electrodes 75 and 76, respectively. The
terminals 77 and 78 are electrically connected to the
measuring electrodes 3 and 6, respectively.

In this embodiment, with the pin jack 54 inserted
into the connector terminal section 72 as shown in
FIG. 20, the terminal electrodes 75. 76 are separated
from the terminals 77, 78, which connects the external
connecting member 48 to the electronic circuit 57.

Then, the electronic circuit 57 measures electro-
cardiographic waves continuously. 1In contrast, when
the pin jack 54 is not inserted, the connector terminal
section 72 can be rotated. This allows the terminal
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electrodes 75 and 76 to come into contact with the

terminals 77 and 78 as shown in FIG. 22. Therefore, in

the state of FIG. 22, electrocardiographic waves are
measured from the signals from the measuring electrodes
3 and 6. _

As described above, with the present embodiment,
by connecting the external connecting member,
electrocardiographic waves can be measured accurately
and continuously, and furthermore accurate diagnosis can
be performed.
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1. An electrocardiogfaph that comprises a body
section on which first and second measuring electrodes
(3, 6) are provided and that measures electrocardio-
graphic waves using said first and second measuring

5 electrodes of the body section, characterized in that:

said body section includes first and second members
(1A, 2) provided in a foldable manner via a hinge
section (5), said first measuring electrode (3) being
placed on said first member, and said second measuring

10 electrode (6) being placed on the surface of said second
member facing said first member when said second member
is folded.

2. An electrocardiograph according to claim 1,

characterized in that said first member has a recessed
15 portion (7) that houses the second measuring electrode
of said second member that is folded.

3. An electrocardiograph according to claim 1,
characterized in that said first and second measuring
electrodes are electrodes for measuring

20 electrocardiographic-wave data, and said body section is
provided with display means (4) for displaying the
electrocardiographic-wave data measured by said first
and second measuring electrodes.

4. An electrocardiograph according to claim 3,

25 characterized in that said display means comprises a
liquid-crystal display. t

5. An electrocardiograph according to claim 1,
characterized in that said first and second measuring.
electrodes are electrodes for measuring

30 electrocardiographic—waye data, and said body section is
provided with storage means (33,'65) for storing the
electrocardiographic-wave data measured by said first

. and second measuring electrodes.

6. An electrocardiograph according to claim 5,

35 characterized by further comprising output means (9) for

e

LS
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optically outputting the electrocardiographic-wave data
stored in said storage means.

7. An electrocardiograph according to claim 1,
characterized in that connector terminals (47, 72) are

5 provided in said body section and by further comprising
an electrocardiographic-wave measuring circuit which,
when said external connecting member (48) is not
connected to said connector terminals, allows the user
to measure electrocardiographic waves by holding one of

10 said first and second electrodes with the hand of the
user, while pressing the other against the body of the
user, and which, when said external connecting member is
connected to said connector terminals, measures
electrocardiographic waves on the basis of the signal

15 from said connector terminal transmitted from via said
external connecting section.

‘8. An electrocardiograph according to claim 7,
characterized in that said electrocardiographic-wave
measuring circuit measures electrocardiographic waves

20 continuously when said external connecting member is
connected to said connector terminals.

9. An electrocardiograph according to claim 8,
characterized in that said external connecting member
contains: '

25 a pin jack (54) provided on said connector
terminal;

a sensor (51, 52) which is applied to the body and
senses electrocardiographic waves; and

means (53) for connecting said sensor to said pin

30 jack. |
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