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(54) Title: METHOD AND SYSTEM FOR REAL TIME TELEMONITORING OF CARDIAC ACTIVITY

(57) Abstract: This invention relates to a method and system for real time

Fig. 1

telemonitoring of cardiac activity, which has application in monitoring both
the hospital bedridden patients and outpatients. The wide range of application
includes monitoring in air transport, sea transport, fitness training, insurance
and other risks. The system for real time telemonitoring of cardiac activity
comprises successively arranged and functionally connected flexible printed
circuit, formed as a reusable patch (1), patient device (4) connected through a
wireless 3G or WiFi connection with a file server (7) and the telemonitoring
centre (8), including a computer or mobile devices connected to the file serv-
er (7) over the Internet. The reusable patch (1) is equipped with removable
electrodes (2) and with at least two microphones (3) and the patient device (4)
is divided into two parts. One part of patient device is a medical device (5)
located on the chest of the patient, and the second part is a communication
device (6) which is placed on the belt or in a special case on the patient's arm.
The medical device (5) and the communication device (6) are connected wire -
lessly and communication device (6) is a 3G or WiFi communication module
for connecting to the file server.
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TECHNICAL FIELD

The present invention relates to a method and system for real time
telemonitoring of cardiac aqjcivity and will find application in the monitoring of
bbth the hospital bedridden patients and outpatients. The wide range of application
includes monitoring in air transport, sea transport, fitness training, insurance risks

. and other. -

BACKGROUND OF THE INVENTION

"~ Known cardiac monitoring devices require the presence of the patient in a
specialized room or hospital and are still static, large and offline. In practice there
are also known various systems for online remote monitoring of cardiac activity.
These systems consist of individual modules — sensors located on the body of the

patient, taking into consideration the heart rate and other vital signs of the patient.

the form of patch, on which 3, 5 or 12 fields are shaped that are in contact, by a
porous material soaked with an electrolyte, with the human body in the region of
the heart and transmit electrical signals. So accepted weak electrical signals enter
the patient’s device, where they are amplified and digitized by precision analogue-
digital converters. After ﬁltratidn, the signaIs are broadcast to the Internet via 3G or
WiFi connection. File server via the Internet accepts these data and store them for
further processing. After the necessary calculations and transformations, the

information is available for visualization in a telemonitoring centre. The devices

1
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“In the kn anmethods and systems for remote momtormg ;o cardlac patlen s, the
'pnmary battery of the patlent’ dev1ce Very qulckly wear out suggestmg 1ts4
charging every 4 hours and restricting the patient freedom of mobility. Electrodes
are connected via heavy and uncomfortable cables which also interfere with normal
life. On the other hand, replacing them with a single patch considerably increases
the cost of the survey. Moreover, during the time when the patient is outside the
scope of the mobile operator, the data are not stored. Information coming into the
server is with much noise and artefacts and there are no means by which to notify

the patient of a serious problem.

‘SUMMARY OF THE INVENTION T

The problem of the invention is to create a method and system for real time
telemonitoring of cardiac activity, leading to maximum accurate and precise results
in surveys. The system is lightweight and compact while providing greater

measurement precision, eliminating noise and artefacts.

—-'}&preblenyts—sehzed:bywereatmg -a-methed-tor-real-time-tclemonitoring-of =

cardiac activity.

The created method comprises the steps of: transmitting electrical signals
from the heart area to the patient device; amplification, digitizing and sending via
. wireless connection of these signals to the file server where the received data is
stored for further processing; and visualization of data processed in telemonitoring
centre. According to the invention, simultaneously with the transmission of

electrical signals from cardiac activity, audio signals are transmitted from various
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 resultant vector is displayed in every frame of the 3D imagé on the ielemonitoring

centre devices.

This problem is solved by creating a system for real time telemonitoring of
cardiac activity.

The system fdf real timeA telemonitoring of cardiac activity‘ includes
successively arranged and functionally connected flexible printed circuit, shaped as
a patch, patient device connected via wireless 3G or WiFi connection to the file
server and telemonitoring centre involving computer or mobile devices connected

with the file server over the Internet.

The patch is reusable and is fitted with replaceable electrodes and at least”
two microphones, and the patient device is divided into two parts. One part of the
patient device is a medical device located on the patient’s chest, and the second part
is a communication device that is placed on the patient’s belt or in a special case on

the patient's arm.

Medical 'de;vice—andwcommun_igati_on-—-device;gr_cteennectedfwire}esslv~fand the—

communication device is a 3G or WiFi communication module for connection to

the file server.

The invention allows embodiments in which the removable electrodes
are from two to twelve, and the medical device may be from a single-channel

to twelve channels.

The method and system provide the following advantages:
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~of small'and Tight modules in the syst,en“l;‘

e Security: at any time of the day the patient is monitored by a specialized
team. In emergency cases, the telemonitoring centre responds with a call
and instructions to the patient, his/her doctor or emergency centre if
necessary;

» Prevention: by accumulating data, an artificial intelligence is creatéd,’
with which through analysis, a number of heart diseases can be
-prognosticates and healed -in time. Furthermore, the system can detect

faults and conditions, which are precursors of serious diseases in the

future — sudden cardiac death, myocardial infarction, stroke and the like.

With the so created system there are provided, as well:

e Long battery life of the medical device, which ensures continuity of data
for more than 72 hours;

‘e TLower economic cost of surveys, due to the fact that the electrodes only

are changed, not the entire patch;

e Much greater precision of the received signal due to the elimination of
interference from muscles during movement;

e A tool in the medical device through which the signal is received at the
server, if the patient does not feel well;

e The patient has a permanent audio contact with the medical team at the

centre.
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Flgure 1 1s a block dlagram of the system for real tlme telemomtormg of

cardiac act1v1ty, and

Figure 2 is a diagram of reusable patch.

DETAILED DESCRIPTION OF EMBODIMENT OF THE
INVENTION |
The system for real time telemonitoring of cardiac activity is a system of
medical modules that remotely transmit information about vital signs of the patient.
The system includes successively arranged and functionally connected reusable
- patch 1, patient-device 4, file server-7 and telemonitoring -centre 8, including a ..

computer or mobile device to display information — Figure 1.

The reusable patch 1 shown in Figure 2, is a flexible printed circuit board
located in the region of the heart of the patient. The patch 1 is provided with
replaeeable electrodes 2, which may be from two to twelve units, and which

electrodes 2 transmlt electncal smnals reﬂectmg the electrlcal aet1v1tv of the healt

(ECG) The patch 1 is equipped with 3 Imcrophones located in different
~auscultatory points that transmit audio to the patient device 4 without the need for

additional cables. The patch 1 can be used repeatedly.

Patient device 4 is divided into two parts, one part is a medical device 5,
which is located on the patient’s chest, and the second part is a communication
device 6, which can be placed on the belt or in a special case on the arm. The
medical device 5 may be single-channel to twelve-channels. Electrical signals from

removable electrodes 2 and microphones 3 simultaneously enter the medical device

5
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“is'a 3G or WiFi communication module, which, after filtering signals received from -

the medical device 5, transmit data to the file server 7. The connection between the
medical device 5 and communication device 6 takes place wirelessly, eliminating
the ha,ssle of extra cables and heavy chest device. The file server 7 via the Internet
accepts data sent from the communication device 6 and stores them for further -
processing.

To achieve a greater precision of the signal and removing the interference =~
from the muscles during the movement, at least two microphones 3 are placed over
the reusable patch 1 so as to obtain the audio signal from the two opposite parts of
the heart, related cardiac and non-cardiac acoustic phenomena in audio and
graphics (phonocardiographic) mode. After filtering, amplification and digitization
of these audio signals, a graph is obtained depicting the received audio data. The
signal from removable electrodes 2, representing the ECG is detailed and dynamic
with a lot of interference called artefacts, while the graph of the audio signals is

--round, but precise in maximum and minimum values. By appropriate mathematical ---

-models-and-filters-a-third=graph-is-obtained=representing-a=kind-ot-fusien-between—

the graphs of ECG and audio data. The thus obtained graph is as much detailed, but

the interferences are removed and it has much more accurate signal amplitude.

Moreover, processing of the obtained two types of signals in the file server 7
1s carried out in real time and it is a vector analysis in three planes, and the resultant
vector is displayed in each frame of the 3D image on the devices of the

telemonitoring centre 8. The devices on which the doctors monitor patients are
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USE OF THE INVENTION

The system for real time telemonitoring of cardiac activity is a system of
medical modules that remotely transmit information about vital signs of the patient.
- The information is transmitted continuously in real time via the Internet at a
telemonitoring centre. Reported vital signs include heart rate, indicators of
breathing, oxygen saturation, blood pressure, physical activity, body temperature,
body position in space (standing, sitting, lying, fallen). In the telemonitoring centre,
incoming information is analyzed and the actual cardiovascular and total risk
calculated for the occurrence of serious diseases and/or critical situations. When
registering critical conditions, emergency procedure will be initiated with calls to -
the patient, his relatives and/or supervising doctor. The system monitors the health
of the patient in real time, and, via the GPS module in patient unit 4, a possibility is
secured the patient to be localized and, in an emergency situation, a spécialized

team to be directed to him/her.
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....-"1. A method for real time _telemonitgi’ring of cardiac activity, including the -
steps of: transmitting electrical signals from the heart area to the patient device;

amplifying, digitizing and sending these signals via wireless connection to the file

server where the received data is stored for further processing; and visualization of

data procesSed in telemonitoring centre,

characterized in that

simultaneously with the transmission of electrical signals from the cardiac activity,
also audio signals are transmitted from various auscultatory points, whereupon the

transmission of both types of signals to the patient device (4) is effected wirelessly

and the processing of the obtained two types of signals is performed in the file

“server (7) in real time and it is a vector analysis in three planes, and the resultant
vector 1s displayed in every frame of a 3D image on the telemonitoring centre (8)

devices.

2. A system for real time telemonitoring of cardiac activity, including

_successively arranged and functionally connected flexible printed circuit, shaped as

patch, patient device connected via wireless 3G or WiFi connection to a file server
and telemonitoring centre, including computer or mobile device, connecting with
the file server over the Internet

characterized in that

the patch is reusable (1) and is equipped with removable electrodes (2) and at
least two microphones (3) and the patient device (4) is divided into two parts, one
part is a medical device (5), located on the chest of the patient, and the second part

is a communication device (6) which is placed on the belt or in a special case on the
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3. A telemonitoring system according to the claim, characterized in that

the removable electrodes (2) are from two to twelve.

4. A telemonitoring system according to the claim, characterized in that

the medical device (5) may be from single channel to twelve channels.
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