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57 ABSTRACT 
A portable apparatus for monitoring heart activity, 
including two electrodes connected to a case which 
encloses an electronic signal processor. The electrodes 
are separate and applied to different parts of the cardiac 
region of the patient's bust, one electrode being exposed 
on a face of the case to contact a first zone on the pa 
tient's bust, the other electrode being independent of the 
case and contacting a second zone of the bust, the elec 
trodes being connected electrically by a conductor 
which also serves as a strap to suspend the apparatus on 
the patient's body. 

13 Claims, 8 Drawing Figures 
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PORTABLE APPARATUS FORMONITORING 
HEART ACTVTY 

BACKGROUND OF THE INVENTION 

The present invention relates to portable apparatus 
for monitoring heart activity in varied circumstances 
without a medical specialist being present, 

DESCRIPTION OF THE PRIOR ART 

Apparatus has been proposed comprising a case pres 
enting two electrodes for picking up electrocardio 
grams; the case containing an electronic processor de 
vice which records the electrocardiograms for subse 
quent transmission to the doctor treating the patient or 
which registers the value of the pulse rate of the person. 
Apparatus of this kind comprises a case of the shape 

and size of a packet of cigarettes and bearing two exter 
nal electrodes to which the patient's hands are applied 
to register an electrocardiogram at the very moment 
when a malaise occurs, and this is very important for 
patients whose symptoms recur with low frequency. 
The electrocardiogram thus recorded is digitalised and 
stored in a memory so that it can be read out subse 
quently by a specialist doctor. 
Although such apparatus is portable, it is not immedi 

ately accessible, since it generally has to be taken out of 
a pocket, the electrodes have to be found and contacted 
by the patient's hands; although these operations are 
simple they take a time which is appreciable in the 
bother which surrounds the occurrence of a malaise and 
the electrocardiogram recorded may not be characteris 
tic since it may be too late in the evolution of the mal 
aise. Also, such an apparatus is not always available, for 
example if it is left in a garment that the patient has 
taken off, or if the patient's clothes do not have a 
pocket, which is especially the case with some summer 
and sports clothing. 
Moreover, since the recording is taken between the 

patient's hands, parasites or artefacts occur and cannot 
be eliminated, which reduces the quality of the record 
ing of the electrocardiogram. 

OBJECT OF THE INVENTION 

An object of the present invention is to reduce or 
eliminate some or all of the above disadvantages. 
BRIEF EDESCRIPTION OF THE INVENTION 
The present invention provides a portable apparatus 

for monitoring heart activity comprising a case, a first 
electrode mounted on said case, a second electrode 
separate from said case, attachement means for attach 
ing said apparatus to a patient's body, with said first and 
second electrodes applied in electrical contact with 
respective regions of the patient's bust whereby said 
electrodes pick up diastolic and systolic electrocardio 
gram signals, said attachment means including a flexible 
loop for passing round a part of the patient's bust, said 
loop including electrical conductor means for connect 
ing said second electrode means electrically with said 
case, and said case including electronic processing 
means for registering said electrocardiogram signals. 
At least one of the electrodes is in permanent contact 

with the patient's bust, and the other electrode can 
rapidly be brought into contact (if it is not in permanent 
contact) with another part of the patient's bust so as to 
pickup signals from the diastolic and systolic activity of 
the patient's heart. This operation is particularly rapid 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

2 
since it can be arranged so that it is sufficient for the 
patient to press the case against his chest to trigger the 
recording. 
Moreover, the electrodes being in contact with the 

patient's bust, in the cardiac region, the signals obtained 
are relatively free from parasites and are of a quality 
comparable to signals obtained by fixed electrocardio 
grams recording apparatus such as normally used in 
hospitals and doctor's surgeries. 

In an embodiment of the invention, the flexible loop is 
passed round the patient's neck, like a necklace. The 
first and second electrodes are at substantially opposite 
sides of the loop so that the case hangs like a prendant 
from the loop on the patient's chest, while the second 
electrode is applied against the nape of the patient's 
neck. 
The second electrode is then in permanent contact 

with the nape of the patient's neck, and the first elec 
trode can rapidly be applied to the patient's chest to 
make a recording when a malaise occurs. It should be 
noted that the gesture of bringing the hand up to the 
chest is a natural gesture when a heart malaise causes a 
pain, and consequently the gesture can be arranged to 
trigger a recording of an electrocardiogram almost 
instinctively. The second electrode is maintained in 
permanent contact with the patient's skin by the loop 
and the weight of the case hanging on the loop. 
The use of a flexible loop enables the apparatus to fit 

different morphologies of different patients. The patient 
can immediately apply the case to a suitable part of his 
chest, regardless of his individual morphology. 
According to a preferred feature of the invention, 

said first and second electrodes are flexible and com 
prise interwoven conductors. - 
According to another preferred feature of the inven 

tion, at least one auxiliary electrode, fixing means for 
fixing said auxiliary electrode to the patient's skin, and 
electrical connection means for connecting said auxil 
iary electrode with said case. 

Preferably, said electrical connection means includes 
mechanical and electrical couplings for coupling said 
first electrode to said auxiliary electrode. In a preferred 
embodiment, said electronic processing means includes 
analogue-to-digital convertor means responsive to sig 
nals from said electrodes, digital storage means for stor 
ing signals from said analogue-to-digital convertor 
means, and manually actuable trigger means for trigger 
ing storage of said signals in said storage means. Advan 
tageously, said storage means includes rotating storage 
means continually responsive to said signals, and said 
trigger means is effective to cause permanent storage of 
the signals in said rotating storage means, whereby to 
record an electrocardiogram corresponding to a period 
previous to manual actuation of said trigger means. This 
arrangement enables the apparatus to function continu 
ally in permanent monitoring or "sentinel” mode, the 
electrocardiogram being recorded as desired, and in 
cluding a record of the situation prior to the moment 
when the recording was triggered. 

In yet another preferred feature of the invention, said 
electrical connection means including an auxiliary case 
of generally thin and flat shape presenting two faces on 
which are disposed male and female coupling members 
respectively, whereby said auxiliary case may be con 
nected electrically and mechanically with said electrical 
connection means between said case and said auxiliary 
electrode, further auxiliary electrodes fixing means for 
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fixing said further auxiliary electrodes to different re 
gions of the patient's bust, and flexible electrical con 
nector means for connecting said further auxiliary elec 
trodes with said auxiliary case. With this arrangement, 
different types of recording may be made from different 
paris of electrodes, and the recording obtained is almost 
identical to that obtained from a fixed electrocardio 
gram recording installation. 

DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will 
appear from the following description, given by way of 
example, with reference to the accompanying drawings, 
in which: 

FIGS. 1 and 2 are rear and front views, respectively 
of a patient wearing an apparatus in accordance with an 
embodiment of the invention; 

FIG. 3 is an elevational view of the rear face of a case 
in the apparatus of FIGS. 1 and 2, with an electrode on 
it; 
FIG. 4 is a sectional veiw of the case on the line 

III-III of FIG. 3, with an auxiliary electrode; 
FIG. 5 is a sectional view of the case assembled with 

an auxiliary device and an auxiliary electrode; 
FIG. 6 is a schematic diagram of an example of an 

electronic signal processing device in the apparatus; 
FIG. 7 is a schematic diagram of an example of an 

electronic circuit in the auxiliary device; and 
FIG. 8 shows the apparatus with an example of posi 

tioning of auxiliary electrodes. 
DESCRIPTION OF PREFERRED 

EMBODIMENTS OF THE INVENTION 
The apparatus shown in the drawings is a portable 

cardiac activity monitor including two separate elec 
trodes, one of which is mounted on a case enclosing an 
electronic signal processing device and the other of 
which is connected with the case by a conductive link 
which also serves to suspend and/or maintain the case 
on the patient's body. The electrical link can take differ 
ent forms, such as a harness, or shoulder strap worn on 
the patient's bust. In the embodiment shown in FIGS. 1 
and 2, the electrical link or conductor 1 comprises a 
flexible strap in the form of a loop which is passed 
round the patient's neck and which carries a remote 
electrode 2 which is applied to the nape of the patient's 
neck, the strap 1 also carrying the case 3 which encloses 
the electronic signal processing device, the case 3 bear 
ing another electrode on its rear face. The strap 1 may 
be formed in a spiral, as shown in FIG. 2, so as to be 
sufficiently elastic to enable the case 3 to be moved into 
contact with different zones of the patient's chest. 
The remote electrode 2 comprises a small thin case 

bearing a flat electrode on one face, in contact with the 
patient's skin; similarly, one face of the case 3 bears an 
electrode 5 which contacts the patient's bust. These two 
electrodes are preferably made of a mail or braid type of 
conductive material, which enables the electrode to be 
flexible and to deform to fit the profile of the part of the 
patient's bust to which it is applied. This embodiment of 
the electrode therefore enables good contact to be ob 
tained even in the case where the zone to which the 
electrode is applied is very hairy. 

In accordance with this embodiment of the invention, 
at least one of the electrodes comprises a mechanical 
coupling and electrical connector for connecting it with 
an auxiliary electrode which is permanently adhered to 
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4 
the patient's bust, the auxiliary electrode comprising a 
complementary coupling. 

In the embodiment shown, the mechanical coupling 
comprises a clip device of the press-stud kind, the main 
electrode comprising the female part of the coupling 
and the auxiliary electrode comprising the male part. 
This coupling is shown particularly in FIGS. 3 and 4 
where the female part 6 of the press-stud is formed in 
the face of the case 3, so that the face is free from pro 
jections, and the auxiliary electrode 7 is provided with 
the male part 8 for cooperating with the female part 6. 
Preferably, in this case, the auxiliary electrode 7 has 
adhesive on both sides so that the case 3 adheres well to 
the skin and does not tend to pull the electrode down. 
The auxiliary electrode 7 can also be provided with a 
similar press-stud type mechanical coupling. The auxil 
iary electrodes may be ambulatory electrodes, known as 
Holter electrodes. 
FIG. 5 shows a variant of the apparatus, including an 

auxiliary device 9 comprising a thin flat case comprising 
a male coupling 11 on one face and a female coupling 12 
on the other face. As shown in FIG. 5, the auxiliary 
device is disposed between the case 3 and the auxiliary 
electrode 7. As shown in FIG. 8 the auxiliary device 9 
is connected to several other auxiliary electrodes 13, 14 
and 15 which adhere to the patient's bust in pre-deter 
mined positions. 
The auxiliary device 9 comprises an electronic system 

which is described below. 
The apparatus shown in the drawings may be used in 

various ways. In a first operational mode, it is worn 
permanently by the patient, the electrode 2 being in 
permanent contact with the nape of his neck, and when 
a malaise occurs, the patient presses the case 3 to his 
chest, which triggers the recording of an electrocardio 
gram for subsequent interpretation by the specialist 
doctor. The electronic signal processor includes a mem 
ory which can memorize several recordings of a given 
length, the length and number of the recordings being 
defined by the doctor. The recordings obtained and 
memorized can be read directly out of the case 3 by the 
doctor during consultation of the patients; transmission 
means can also be provided, for example for transmis 
sion over the telephone system, which enable the re 
cordings which have been memorized to be sent to the 
doctor without a consultation. The triggering of the 
recording of an electrocardiogram is obtained by means 
of a control member, such as a push-button 16 is prefer 
ably the outer face of the case 3. This push-button 16 is 
preferably disposed so as not to project from the outer 
face of the case 3, to avoid untimely triggering of a 
recording. 

In another operational mode of the apparatus illus 
trated, the case 3 is connected to one or more auxiliary 
electrodes, such as electrodes 7, 13, 14 and 15, with or 
without the auxiliary device 9. The apparatus operates 
in a monitoring or "sentinel” mode, that is to say that it 
records the electrocardiograms continually in a rotating 
memory of the electronic processor, and actuation of 
the push-button 16 causes the fixed memory to register 
an electrocardiogram corresponding to a period before 
and after the triggering; this enables an electrocardio 
gram to be obtained which corresponds to the moment 
at which the malaise appeared or even a short previous 
period, and this enables the doctor to establish a more 
precise diagnosis. This operational mode corresponds to 
the Holter technique but does not present the disadvan 
tages of this technique, since the apparatus is very light 
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and can be worn very easily. Thus it can be worn for 
several days without difficulty. 

In a third possible operational mode of the apparatus 
illustrated, the signals recorded are processed to obtain 
the pulse rate of the user, and advantageously upper and 5 
lower thresholds are defined, the processor reacting to 
a pulse rate exceeding thresholds to give an audible or 
visual alarm. This function is particularly useful for 
patients being re-educated, and who have to be careful 
not to exceed a certain pulse rate. The function is also 
useful for other users such as sportsmen who may wish 
to check their pulse rate during training without stop 
ping to feel their pulse. The function is also useful for 
deep sea divers who also have to check their heartbeat, 
and in this case the alarm is preferably luminous. 
FIG. 6 is a block schematic diagram of an embodi 

ment of the electronic processor enclosed in the case 3. 
The signal produced by electrodes 2 and 5 is first passed 
to a high input impedance differential amplifier 17, 
whose output signals are converted to digital signals by 
an analogue to digital convertor 18. The converter 18 is 
an 8-bit converter operating at a rate of 100 samples per 
second, in this example. 
The 8-bit signals obtained are passed over a bus 19 to 

a control and processing logic unit 21, to a digital-to 
analogue converter 22 and to memory 23 which is suit 
ably an active memory (RAM) of 16k. A display device 
24, of the liquid crystal kind, for example, is controlled 
by a display control unit 25. 
The electronic processor includes a device for trans 

mitting the recordings made; in the example illustrated 
the transmission device is of the acoustic kind and com 
prises a voltage controlled oscillator (VCO) 26 which 
receives the analogue signals supplied by the converter. 
25 and whose output signal excites an acoustic trans 
ducer 27, comprising a piezo-transducer, for example. 
The electronic processor also comprises a circuit 28 

which calculates the pulse rate during the recording of 
the electrocardiogram, for example by a recurrent cal 
culation of the pulse rate from detection of the QRS 40 
segment of the electrocardiogram. The apparatus may 
also comprise a real time clock 29 which is controlled 
by a quartz. 31, for example. 
The electronic processor is controlled by a certain 

number of knobs or push-buttons, among which are the 
push-button 16 controlling the recording of an electro 
cardiogram, a knob 32 for controlling the display of the 
pulse rate, two push-buttons 33 and 34 which set the 
upper and lower pulse-rate thresholds, a push-button 35 
controlling the length of an electrocardiogram record 
ing, a knob 36 controlling the display of the time and a 
push-button 37 enabling the time of the clock to be set. 
The electronic processor apparatus is in the form of 

an integrated circuit and occupies a very small space. 
Thus, in one embodiment of the invention, the case 3 55 
has the following dimensions: length 60 mm, width 40 
mm, thickness 18 mm and weighs only 100 g. 

In the first operational mode described above, actua 
tion of the knob 16 switches the apparatus on and subse 
quently at the moment of a further actuation of the knob 60 
16 triggers recording of an electrocardiogram whose 
length has been set by the doctor using the knob 35. 

In the second operational mode, the electrode 2 is 
replaced by the auxiliary electrode 7 or by the set of 
auxiliary electrodes 7, 13, 14, 15 and 16, through the 65 
auxiliary device 9; the electronic records the electrocar 
diogram continually and, when the knob 16 is actuated, 
the control unit 21 controls the memorisation of an 
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electrocardiogram corresponding to a period extending 
before and after the actuation of the knob 16, for exam 
ple 20 seconds before and 20 seconds after, the length of 
the recording being set by the push-button 35, once 
again. 
The recordings memorized in digital form in the 

memory 23 may be read out by the doctor in his surgery 
or transmitted over the telephone by means of the cir 
cuit 26 and the transducer 27 after conversion to ana 
logue form by the converter 22. 

In the third operational mode, the apparatus is also in 
the monitoring state, that is to say the case 3 is con 
nected to the auxiliary electrode 7 and the display 
shows the pulse rate calculated by the circuit 28. When 
the pulse rate exceeds one of the values which are pre 
set by means of the push-buttons 33 and 34 and audible 
or visual alarm is produced. 
For this latter operational mode, a simplified version 

of the apparatus can be made which has no memory nor 
transmission device. Such apparatus is especially useful 
for users such as sportsmen. 
FIG. 7 is a schematic diagram of the circuits in the 

auxiliary device 9. This device comprises a multiplexer 
41 which is connected to the auxiliary electrode 7, 
which is placed underneath the auxiliary device 9, and 
to the auxiliary electrodes 13, 14 and 15, which are also 
preferably ambulatory-type electrodes and which are 
disposed as shown in FIG. 8 for example, that is to say 
two electrodes 13, 14 at the top of the patient's chest 
and an electrode 15 in the region of his heart. The multi 
plexer output comprises a first line with a single channel 
42, which is directly connected to the male coupling 
and electrical connector member 11, and a second two 
channel output 43 which is connected to a signal pro 
cessing device 44 whose output is also passed to the 
male connector member 11. The multiplexer 41 and 
calculation unit 44 are controlled by a control circuit 
45. 
As a function of the instructions given by the control 

unit 45, the multiplexer 41 either connects one of the 
auxiliary electrodes 7, 13, 14 or 15 to one of the inputs 
of the amplifier 17, so as to obtain a combined signal 
between the main external electrode 2 and one of the 
auxiliary electrodes, or it connects two of the auxiliary 
electrodes to the calculation circuit 44 so as to produce 
a combined signal which is then passed to the electronic 
processor of the case 3. In this way, different electrocar 
diogram graphs can be produced corresponding to the 
combination of two of the electrodes 2, 7, 13, 14 and 15. 
The electrocardiogram produced in this way corre 
sponds to those produced by fixed equipment. These 
recordings are obtained when the apparatus is in the 
"sentinel” mode, the control circuit 45 causing the dif 
ferent combinations of electrodes to be connected in 
sequence to the electronic processor of the case 3. 

It will be seen that the invention enables electrocar 
diogram recordings to be obtained very easily in varied 
circumstances, the handling of the apparatus being very 
simple. The recording obtained is of high quality and 
can even be as good as recordings obtained with fixed 
recording apparatus. The user is very little inconve 
nienced by wearing the apparatus, and it is always avail 
able, whatever clothing the user has put on. 
The above description of examples of embodiments 

of the invention has been given by way of example only, 
and it is clear that changes and variants can be made 
within the scope of the invention. In particular, as indi 
cated above, other means can be provided for support 

AliveCor, Inc. Exhibit 1014
IPR2023-00950

Ex. 1014.7



4,635,646 
7 

ing the electrodes than a harness or shoulder strap. 
Moreover, the link 1 may be partially spiralled, the part 
coiled in a spring extending approximately from the 
collar bone to within a few centimetres of the case. 
What is claimed is: 
1. A portable apparatus for monitoring heart activity 

comprising: a case, a first electrode mounted on said 
case and a second electrode separate from said case 
wherein said first and second electrodes are for making 
electrical contact with respective regions of the pa 
tient's body to pick up electrical heart signals; attach 
ment means for attaching said apparatus to a patient's 
body including flexible loop for passing round a part of 
the patient's body; wherein said case includes electronic 
processing means for registering said electrical heart 
signals; electrical connection means connecting said 
first electrode to said electronic processing means; said 
loop including electrical conductor means for connect 
ing said second electrode electrically with said elec 
tronic processing means; and at least one auxiliary elec 
trode electrically connected to the electronic process 
ing means, fixing means for fixing said auxiliary elec 
trode to the patient's skin, and connection means for 
connecting said auxiliary electrode with said case 
wherein said connection means for connecting said 
auxiliary electrode includes mechanical and electrical 
couplings for coupling said first electrode to said auxil 
iary electrode. 

2. Apparatus as claimed in claim 1, wherein said con 
nection means for connecting said auxiliary electrode 
includes an auxiliary case of generally thin and flat 
shape presenting two faces on which are disposed male 
and female coupling members respectively, whereby 
said auxiliary case may be connected electrically and 
mechanically with said electrical connection means 
between said case and said auxiliary electrode, further 
auxiliary electrodes, fixing means for fixing said further 
auxiliary electrodes to different regions of the patient's 
bust, and flexible electrical connector means for con 
necting said further auxiliary electrodes with said auxil 
iary case. 

3. Apparatus as claimed in claim 2, wherein said elec 
tronic processing means includes analogue-to-digital 
converter means responsive to signals from said elec 
trodes, digital storage means for storing signals from 
said analogue-to-digital converter means, and manually 
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actuable trigger means for triggering storage of said 
signals in said storage means. 

4. Apparatus as claimed in claim 2, wherein said fix 
ing means comprises adhesive material applied to faces 
of said auxiliary electrodes. 

5. Apparatus as claimed in claim 2, wherein said auxil 
iary case includes multiplexer means for passing signals 
from selected auxiliary electrodes to said electronic 
processing means. 

6. Apparatus as claimed in claim 1 wherein said first 
and second electrodes are flexible and comprise inter 
Woven conductors. 

7. Apparatus as claimed in claim 1, wherein said elec 
tronic processing means includes analogue-to-digital 
converter means responsive to signals from said elec 
trodes, digital storage means for storing signals from 
said analogus-to-digital converter means, and manually 
actuable trigger means for triggering storage of said 
signals in said storage means. 

8. Apparatus as claimed in claim 1, including means 
establishing pre-set threshold pulse rate values and 
alarm means operatively connected thereto, wherein 
said electronic processing means includes means re 
sponsive to the patient's pulse rate relative to said pre 
set threshold values for providing an alarm when the 
pulse rate exceeds said threshold values. 

9. Apparatus as claimed in claim 1, wherein said fix 
ing means comprises adhesive material applied to faces 
of said auxiliary electrodes. 

10. Apparatus as claimed in claim 1, wherein said 
electronic processing means includes transmission 
means for generating an acoustic signal stated to said 
electrocardiogram signals for transmission to a remote 
receiver. 

11. Apparatus as claimed in claim 1, wherein said first 
and second electrodes are flexible and comprise inter 
woven conductors, 

12. Apparatus as claimed in claim 1, wherein said first 
and second electrodes are flexible and comprise inter 
woven conductors. 

13. Apparatus as claimed in claim 1, wherein said 
electronic processing means includes analogus-to-digi 
tal converter means responsive to signals from said 
electrodes, digital storage means for storing signals 
from said analog-to-digital converter means, and manu 
ally actuable trigger means for triggering storage of said 
signals in said storage means. 
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