Chapter 2
Telecardiology
Among the clinical disciplines, the widest use of telemedicine in the
twentieth century has been in cardiology. The main reason for this is the
necessity of urgent diagnosis of acute pathology of the cardiovascular
system, especially with the involvement of high-level experts. At the other
hand, telemetry of electrocardiosignals (ECS or ECG) for the remote
interpretation and analysis was most consistent with the technical
capabilities of electrical engineering in the last century.
2.1. Early Stage of Telecardiology
(Contributing co-authors O. Stadnyk, M. Karlinska)
Most researchers consider March 22, 1905 as the birthday of
telemedicine. On this day,
in
The
Netherlands,
Wilhelm
Einthoven,
professor of physiology at
Leiden University, and
Professor
Johannes
Bosscha, Director of the
Delft
University
of
Technology, transmitted a
Fig. 2.1. Wilhelm Einthoven and Johannes Bosscha
regular electrocardiogram
and phonocardiogrammes
via an protected telephone cable at a distance of about 1500 meters from the
University Hospital to the physiological laboratory at W. Einthoven’s house
(Fig. 2.1) (Einthoven, 1906).
Einthoven is considered one of the main founders of
electrocardiography. For this invention he was awarded the Nobel Prize in
1924. The basic technological component of Einthoven's electrocardiograph
was the so-called string galvanometer. It was a very accurate and
qualitative, but rather cumbersome device mounted in his home laboratory
(Fig. 2.2 - 2.3).
As technology developed, the ECG registrations of patients with various
diseases became of greater interest, but to move the string galvanometer to
the clinic was an almost impossible task. Then Professor Johannes Bosscha
suggested using a remote broadcasting, which enabled to examine patients
in the clinic with a device that was physically located at a distance of 1.5
kilometres (Barold, 2003; Einthoven, 1906; Miami Fire Department’s First
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Paramedic Program 1967; Taylor et
al. 1976). The cable was laid partially
under ground and partially on the
surface. It belonged to the Leiden
Telephone Company and was
mounted by Ribbink and Yan Bork.
Much effort was spent to ensure noise
immunity. In the end, the researchers
achieved the desired quality of the
data transmission, and Einthoven
claimed that by using such cable it
became possible to connect Leiden
with Rotterdam or Amsterdam.

Fig. 2.2. ECG machine designed by W.
Einthoven (Snellen H. 1995)

Fig. 2.3. The building of
Physiological Laboratory in
Leiden where in 1905 receiving
station of Tele-ECG station was
located
Fig. 2.4. A patient in Leiden University
So, on March 22, 1905
Hospital, the process of conducting the first
Einthoven and Bosscha performed
in the world tele-ECG; the first worldwide
an ECG remotely on a healthy male
ECG recorded remotely (22.03.1905, the
volunteer (according to some data,
Netherlands) (Einthoven 1906)
this was W. Einthoven's assistant
named C. J. de Jongh) (Fig. 2.4).
Here is the description of this moment, made by the outstanding
physiologist in person: “The patient is comfortably sitting in the arm-chair
with his both hands immersed into large glass jars, which are attached to the
wires going to the laboratory. The electrocardiogram, in this case the
“telecardiogram”, is being transmitted to the laboratory. The procedure
carried out in such a way is practical and simple and its advantage is the
quick performance as compared to the use of a galvanometer at a patient's
bed” (Barold, 2003; Einthoven, 1906; Miami Fire Department’s First
Paramedic Program 1967; Taylor et al. 1976). It is to be pointed out that W.
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Einthoven was the
first to use the
Latin prefix «tele-«
to denote distant
medical care. He
named the system
that
he
had
invented
“telecardiogram”.
In
1906
Einthoven
Fig. 2.5. Walter Belknap James (11.05.1858-06.04.1927) and
published an article
Horatio Burt Williams (17.09.1877-01.11.1955)
in
the
journal
“Archives Internationales de Physiologie” describing the first telemedical
technology and the electrical and physiological phenomena revealed with its
help (Einthoven, 1906). It should be pointed out too, that the tele-ECG
system of Einthoven-Bosscha existed for a rather short time. It was created
as part of a small project upon completion of which the work was stopped.
Wilhelm Einthoven spent lots of efforts to restore it, however, the result
was negative as he did not get any financial or moral support. Nevertheless,
a new diagnostic method was created and approved successfully, i.e. the
first telemedical transtelephonic electrocardiography. The method has been
actively used worldwide since 1950s, and proved to be one of the most
reliable and efficient telemedicine tools.
In 1910, in New York (USA), two cardiologists Walter Belknap James
and Horatio Burt Williams (Fig. 2.5) created the first intra-hospital teleECG system. They described the advantages of the system as follows: “We
have the wards of Presbyterian Hospital connected with the laboratory by a
system of wiring which permits the taking of any patient’s
electrocardiogram without removing him from his bed… Most of our
records are telecardiograms. The chief advantages of this method are the
saving of time and labor for the operator, the additional convenience and
comfort of the patient and the additional chance of obtaining records free
from evidence of voluntary muscle tension”. W. B. James and H. B.
Williams revealed their experience with the transmission of
electrocardiograms for analysis of a wide range of cardiac issues (Fig. 2.6)
in two papers (James W. B, Williams H. B. 1910 a; 1910 b).
There are some data about the experimental use of transtelephonic ECG
at the campus of Lund University (Sweden) around 1915, but detailed
information is absent (Peter T. et al., 1973).
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After several years, the method of
“tele-electrocardiography”
gained
recognition in the clinical practice in
Eastern Europe. Approximately in 1935 in
Lvov (today Ukraine) Professor Marian
Franke and Professor Witold Lipinski
(Fig. 2.7, Zimenkovskyy et al., 2006;
Zinchuk O., Yavorskyy I., 2016;
Biblioteka Narodowa, 2016; Bibliografia
Polska 2006; Biogramy uczonych
polskich, 1990) organized constant usage
of tele-electrocardiography (tele-ECG).
The transmitting station was located in the
department of infectious diseases of Lvov
Fig. 2.6. An original pictures of
a intra-hospital tele-ECG
General Hospital, while the receiving
system: «The electrodes in use»
station was installed at the Chair for
and «Complete apparatus for
General and Experimental Pathology of
obtaining electrocardiograms»
the Lvov University Medical Faculty.
This historical fact was published for the first time in 2012 (Vladzymyrskyy
et al., 2012 a) and b).
In the publication of Polska Gazeta Lekarska (Polish Medical
Newspaper, No.27, 1937, page 515) the article of the Lvov State General
Hospital stated: “For the last two years tele-electrocardiographic research
was conducted systematically in the department of infectious diseases. The
patients remained in the department and the research results were
transmitted over 500 metres to the Institute of Pathology. The research was
organized by Professor Franke” (Oddzial Zakazny Panstwowego Szpitala
1937) (Fig. 2.8 - 2.9).
In 1936 M. Franke and W. Lipinski published an article about variations
in tele-electrocardiogram of
patients with infectious
diseases (in particular with
scarlet fever and diphtheria)
This work titled «Zmiany
elektrokardiograficzne
w
chorobach zakaźnych» was
issued in two parts in Polska
Gazeta Lekarska (Franke M.,
Lipiński W., 1936; Franke
M., Lipiński W., 1993) (Fig.
Fig. 2.7. Marian Franke and Witold Lipinski
2.10). The authors specify
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tele-electrocardiography as
the main instrument for
carrying out this research.
ECGs were transmitted via
“special wires” to a
distance of “about 500
metres”; an “Elkagraph”
lamp electrocardiographic
apparatus manufactured by
F.
Hellige
&
Sons
Fig. 2.8. The department of infectious diseases of
(Freiburg, Germany) was
State Lvov General Hospital (currently – Regional
used. Having examined
Clinical Hospital), the photo of 1941-1944 from I.
Kotlobulatov's collection
remotely a group of 109
patients (including several
children aged under 14, as well as several intubated patients and terminal
patients) Franke and Lipinski revealed and carefully described a wide range
of variations typical for the infectious diseases ECGs (ibid).
It is important to note that the authors highlighted the significance of the
telemedical method as such. According to M. Franke, “keeping the patient
in one place [thanks to the use of tele-ECG - authors' note] allowed
avoiding adverse events, associated with the patient's transportation” (ibid).
Figure 2.11 shows the ECG examples of patients with infectious diseases
transmitted
and
interpreted with the help
of
Franke-Lipinski
telecardiological system.
Taking into account that
a wide range of remote
examinations
was
conducted on patients
Fig. 2.9. The building of the Lvov University Medical
who are in critical
Faculty where the Chair for General and Experimental
conditions (ventilation)
Pathology was situated. Photo of 1910-1912 from I.
or in agony, it has to be
Kotlobulatov's collection
underlined
that
the
authors, in addition to the
work in the field of telecardiology, were also the first in the world to
demonstrate the application of telemedicine in intensive care (Fig. 2.12)
(ibid).
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Teleelectrocardiography
(tele-ECG) is one
of the most reliable
and
efficient
telemedicine
applications
that
has
been
intensively used up
till now. Although
the method was
created
in
the
Netherlands
in
1905 by Einthoven
and Bosscha, it was
used as a routine
clinical tool, for the
first time in 19351937, by Professor
of
Physiology
Marian Franke and
Professor
of
Infectious Diseases
Witold
Lipinski.
Both were able to
confirm brilliantly
W.
Einthoven’s
statement: “Where
Fig. 2.10. Title page and fragments of the original text with
there
is
a
description of clinical tele-ECG system by M. Franke and W.
Lipinski (Lvov, Ukraine, 1936)
connection,
a
physical or virtual
one, between the laboratory and the hospital, the cooperation between a
physiologist and a clinicist, where each of them remains responsible in its
own field, only then the successful use of electrical methods of examination
is possible” (Einthoven, 1906).

62

Fig. 2.11. ECG examples transmitted and interpreted with the help of
telecardiological system of Prof. M. Franke and Prof. W. Lipinski

Fig. 2.12. ECG examples (transmitted and interpreted with the help of
telecardiological system of Prof. M. Franke and Prof. W. Lipinski) of terminal
patients during intensive care

63

2.2. Telecardiology in the Middle of the 20th Century
“One of the characteristic features of medicine of our
time is authoritative, irresistible penetration of
mathematics and cybernetics into medicine”
E. Sh. Halfen, 1980
It is practically impossible to establish a clear geographic predominence
in the emergence of one or another telemedicine technology. The majority
of ideas and their practical implementations appeared almost simultaneously
in the various parts of the Earth.
In 1952, Dr W. E. Rahm, Dr John Lucian Barmore and Dr F. Lowell
Dunn from the Medical College of Nebraska University (Omaha, USA)
carried out successfully ECG transtelephonic transmission using frequency
modulation. Within a year the method was improved. Reliable devices for
signal modulation and demodulation and ECG reception with sufficient
diagnostic value, when it is broadcasted over long distances, were
developed. The technique has been tested by telemetry on more than 50
separate electrocardiograms between the settlements of Nebraska and South
Dakota over a distance of 500 to 1 200 kilometres (Fig. 2.13) (Remote
monitors unite service 1974; Rossi P. et al., 1989).
Probably one of
the first serial devices
for ECG transmittance
via
telephone
appeared in 1953 in
the Medical Centre of
Kansas
University
Fig. 2.13. Examples of tele-ECG transmissions (Nebraska,
(USA).
An
original
USA, 1952-1953)
transistor device for
heart tone and ECG transfer via telecommunication channels was developed
by Dr Edmunds Grey Dimond (Fig. 2.14), the electronic engineer Fred M.
Berry and John L. Walker, engineer, businessman and pastor (Dimond E.
G., Berry F. M. 1953; Dimond E., 1958). They worked on this system about
six months. In fact, it was a transmitter connected to a standard ECG
machine and a telephone communication channel, and also a receiving
device with a modified self-recorder.
On October 13, 1952 with the help of Dr. Dimond's system ECG was
transmitted from Lawrence to Kansas City (over a distance of about 70 km),
or more precisely from Watkins Memorial Hospital to the laboratory, where
the instrument was developed (Heart call could save your valentine, 1970)
(Fig. 2.15).
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On March 13, 1953 test transmissions were
repeated many times between Kansas City,
Wichita and Hays, as well as Joplin
(Massachusetts). The testing results were
encouraging, and somewhat later Johnnie
Walker Cardiovascular Engineering company
started serial production and sales of this
equipment. Nine vacuum lamps were used in
the first prototypes, later they were substituted
by 15 transistors and storage battery power
supply was installed. A distinctive feature of
the device was the possibility to temporarily
Fig. 2.14. Edmunds Grey
interrupt ECG transmission “for questions and
Dimond (photo from the
History of Medicine
comments”, followed by the resumed
collection (NLM), record
transmission without loss of diagnostic quality
UI 101413703 )
and data integrity. The cost of the system was
about USD 450-500 (Fig. 2.162.18) (Dimond E. G., Berry F.
M., 1953; Dimond E., 1958;
Heart call could save your
valentine, 1970).
In April 1954 «the first
commercial transmittance», i.e.
business presentation of the
system, was held: ECG was
Fig. 2.15. Test ECG transmitted with the help
transmitted from the workshop
of telemetry system by Dr Dimond
of John L. Walker to the Argyle
Building (Kansas City). And a
few days later the system was implemented in the clinical work - the first
network was created between the tuberculosis sanatorium (Norton) and the
office of Dr. J. L. Morgan (Emporia), who supervised and consulted
patients of these institutions. Regular tele-ECG consultations began (Fig.
2.19) (Heart call could save your valentine, 1970; Dimond E., Berry F.,
1953; Dimond E., 1958). The equipment was acquired and installed under
the supervision of Dr Taylor and Dr George W. Jackson. This was followed
by numerous introductions in hospitals and offices of family doctors. As a
result, by 1958, about 70 devices were in use in many states and the
opportunity to apply tele-ECG in military medicine was considered as well.
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Fig. 2.17. Tele-ECG transmitting
device of Dr Dimond's system

Fig. 2.16. ECS-transmitting device
with telephone apparatus connected
developed in the Medical Centre of
Kansas University (USA, 1958)

Fig. 2.18. Tele-ECG transmitting
device of Dr Dimond's system

Fig. 2.19. Practical application of tele-ECG apparatus by E.G. Dimond et
al. (Kansas, USA, 1958)
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According to E. Grey Dimond, ECG transmission via telephone allowed
solving efficiently diagnosis issues, especially in the rural areas.
Approximately in 1961 a device modification was developed for ECG
transmission over radio (Fig. 2.20-2.21) (Hirschman J. et al., 1974). It
became possible to implement real-time telemetry of heard activity while
the examined patient was doing physical exercises or simply during usual
daily life activities. However, this modification failed to reach a large
commercial success.

Fig. 2.20. ECG Radio
telemetry transmitter by
Dimond et al. (USA, 1961)

Fig. 2.21. One of the system co-authors John L.
Walker is demonstrating radio ECG telemetry
while working in the garden. He is assisted by his
secretary Jo Harvey (USA, 1961)

Some interesting facts should be highlighted too. Dr. E. Grey Dimond
developed and successfully implemented a special system for teaching
students and interns. It included an electrical stethoscope, television screen,
tape recorder for remote transmission in the auditorium. It was possible to
transmit auscultations and phonocardiograms from a ward to the
auditorium.
And an episode of an unusual telephone
consultation happened in 1954. At that time
artificial cardiac valves were used, producing
loud clicks during operation, which was heard at a
distance. One of E. Grey Dimond's patients
complained over the phone about irregularities in
the valve operation. However, after listening to
the clicks remotely (using the handset) the doctor
made sure that everything was in order and fully
Fig. 2.22. Zigmas I.
reassured the patient (Dimond E., Berry F., 1953;
Yanushkevichus
Dimond E., 1958; Heart Data by Phone, 1952;
Heart call could save your valentine, 1970; Hirschman et al., 1974).
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In 1963-1966 studies on transtelephonic ECG transmission and
telemetry of phonocardiographic research were carried out at the Kaunas
Medical Institute (Lithuania, USSR) under the supervision of Zigmas
Ippolitovich Yanushkevichus (Fig. 2.22). Yanushkevichus was the rector of
Kaunas Medical Institute and headed the Chair of Hospital Therapy. A few
years later, in 1969, Academician Yanushkevichus received the State Prize
of the USSR for the development of new diagnostic methods and treatment
procedures for patients with myocardial infarction. Under the supervision of
Professor Yanushkevichus, one of the first ECG automated analysis
systems, using first generation computer, was developed. That was a
telemetry system transmiting electrocardiograms effectively, supplemented
with a computerized tool for its decryption and fast interpretation
(Yanushkevichus, 1965; 1966; Yanushkevichus Z., Stasiunas A. S., 1963;
Yanushkevichus et al., 1977; Yanushkevichus et al., 1966; Yanushkevichus,
1980). Total teleconsultation time using automated ECG analysis took 1517 minutes, and «answers - diagnostic ECG opinions - were transmitted by
telephone, teletype, or mail and issued by means of dataphones, if the
processing centre was situated in the clinic» (Chireikin L. et al., 1977;
Chireikin L., Dovgalevskyy P., 1995).
In 1966 Prof. Yanushkevichus stated that the issue of ECG transmission
via telephone may be considered settled... «It is also not difficult to transmit
via telephone communication channels other curves as well:
ballistocardiograms,
sphigmocardiograms,
phlebograms
and
electroencephalograms». However, it was conceded that transmission of
such an important curve as phonocardiogramme (PCG) for diagnosis was
rather complicated. Professor Yanushkevichus successfully solved this
problem in collaboration with G. Vitenshteynas and K. Valuzhis, using the
«PCG envelope» with frequency response of «0.1100 Hz». It was described
as follows: «In the teleconsultation Centre the PCG envelope will be
recorded on any electrocardiograph... or magnetic tape. The narrow
character of the PCG envelope will contribute to transmitting it via
telephone channels to the electro-diagnostic machine…» (Yanushkevichus
et al., 1966).
There is one more notable fact in the above mentioned publication by
Yanushkevichus et al. «Tele-transmission of phonocardiograms» (1966),
i.e. for the first time in the Russian language the term «teleconsultation»,
and more specifically «teleconsultation centre», was used.
As a result of long-lasting work Zigmas Yanushkevichus created a new
section and his own school of telecardiology and medical cybernetics. This
was enhanced by the numerous thematic books and multiple research and
training conferences and meetings held in Kaunas in 1970-1980. At the end
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of the 1970s the team headed by Prof. Yanushkevichus conducted study of
the diagnostic value of tele-ECG by comparing automated opinions and
interpretations of cardiologists. «ECG Control System of 5600С HewlettPackard model (manufactured in the USA) was approved. The system
maked ECG registration, transmission, interpretation and control in 12
standard leads... ECGs were recorded on the 1517A telephone terminal and
transmitted via local telephone lines to the Centre. In the centre (minicomputer ...) ECGs were interpreted and mecanography conclusions were
printed..., provision was made on the control panel of a doctor-editor who
could change the conclusions, if needed. This made possible to formulate
the final conclusion on the ECG». Sufficient diagnostic value of automated
ECG diagnostics was proved (Yanushkevichus, 1965; 1966;
Yanushkevichus Z., Stasiunas A. S., 1963; Yanushkevichus et al., 1977;
Yanushkevichus
et
al.,
1966;
Yanushkevichus, 1980).
Although the
earliest works
on the use of
first generation
computers for
automated ECG
analysis
Fig. 2.23. Bell
appeared
in the
Dataphone
late 1950s, the
commercial production of such systems
started in the USSR and the USA about
Fig. 2.24. Tele-ECG consultation
10 years later. At least 20 major Centers
using Bell dataphone (Omaha,
for automated ECG analysis were already
Nebraska, USA, 1963), photo
active in 1976, conducting up to 5 million
from Northwestern Bell
evaluations per year (Kaseres and
Telephone Company Annual
Report for the Year 1963 by Alma
Dreifus, 1974).
F. Jacobson
In the 1960s telecardiology developed
in North America quite actively. A
special role in this process was played by a telecommunications company
Bell (Fig. 2.23). It offered the so-called «dataphone» for the medical market
- a proprietary design, intended for data exchange over telephone lines at a
rate of the order of 1 200 bits per second (Nose et al., 1986).
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As far back as 1953 the Northwestern Bell Company and the Medical
College of Nebraska University (USA) performed experiments on
transtelephonic
transmission
of
electrocardiograms
and
electroencephalograms using Bell dataphones. Transmission quality was
very good and this technology was acknowledged as potentially important
for communication between physicians on rural settlements and large
medical Centers. (Fig. 2.24) (ibid).
In spring 1961, Dr True W. Robinson (Birmingham, Alabama)
addressed the Southern Bell Telephone and Telegraph Company with a
request about possibility to transmit ECG via telephone communication
channels. A working group of company engineers consisting of B. P. Elder,
J. W. Joyner and D. L. Bonner was organized. The technical problem to
«connect» ECG machine with the Bell dataphone and to transmit ECG by
telephone was solved successfully. The system was tested on December 20,
1961 in Birmingham. ECG was successfully transmitted from West End
Baptist Hospital to Highland Baptist Hospital. Following the positive results
the decision was made to start serial production of transtelephonic ECGdiagnostic systems (Hill D. et al., 1970).
In 1963, at the Creighton University
(Nebraska, USA) the first Regional Cardiac
Center was established, and under the
supervision of Richard W. Booth (Fig. 2.25)
with the participation of John Glaser
(Northwestern Bell engineer). The «dataphone
network» for tele-ECG diagnosis was
deployed (Hill D. et al., 1970; Nose Y. et al.,
1986). Remote ECG-interpretation was
combined with transmission and discussion of
Fig. 2.25. Richard W. Booth
general information about the patient with the
(Professor, an employee of
help of voice communication. Initially the
the Creighton University since
1961, founder and director of
network connected only two hospitals, but it
the Cardiac Center, creator of
worked out so efficiently that by 1970 the
one of the largest tele-ECG
network covered 178 medical facilities in ten
networks in the USA)
states of the Midwest and by 1980 about
84000 tele-ECG consultations took place. The
«dataphone centre» of telecardiology diagnostics at the Creighton
University existed until 1993.
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In 1964, a portable ECG transmitter
(developed in Bell Laboratories Data
Communications) was used for the
demonstration of the transmission of
electrocardiosignal between two hospitals in
New York City and Long Island. In 1966 the
Southern Bell dataphone tele-ECG system
was tested in Miami. ECG telemetry was
performed between the offices of Dr Loius
Lemberg (Fig. 2.26) and Dr Paul D. Unger.
Following the successful results of the new
Fig. 2.26. Loius Lemberg
technology, it was decided to introduce it at
Jackson
Memorial
Hospital
(Electrocardiogram by Phone Foreseen in near Future, 1966).

Fig. 2.27. Remote Coronary
Monitoring System» panel, photo of
nurse Betty Schuerer (St. Elizabeth
Hospital, Appleton, USA, 1974)

Fig. 2.28. Remote reception and ECG
recording panel, photo of nurse Rose
Smith (St. Elizabeth Hospital,
Appleton, USA, 1974)

A telecardiology network was set
up in November 1968 in Wisconsin. At
St. Elizabeth Hospital (Appleton). A
consultation centre for remote
connection with 5 local district
hospitals (at a distance of 16 to 80 km)
was established. A so-called «Remote
Coronary Monitoring System» based
on ECG transmission via dataphones
was
applied.
Centralized
telemonitoring of cardiac function in
patients was carried out around-theclock. Episodes of heart rate variability
were automatically detected and
recorded
separately.
Medical
interpretation of the data recorded
during a day was carried out by
cardiologists
throughout
regular
working hours. Nurse teleconsultations
referring to intensive healthcare were
carried out too (Fig. 2.27-2.28) (Sakurai
Y. et al., 1975).
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In 1973, another hospital-user was
connected to the network, and also teleECG system was introduced. The
consultation center was based at the
Memorial Hospital (Appleton). A threechannel ECG was transmitted via
telephone and interpreted within a few
hours. Eemergency diagnoses were not
carried out. Physical transmission took
about 10 seconds. In the first months of
operation (August-November 1973) only,
about 3 100 tele-ECG consultations were
performed (ibid).

Fig. 2.30. Tele-ECG
consultation of a patient
staying in St. Joseph Hospital
(Arizona, USA, 1970): photo
of nurse Brenda Coulter and
sister Catalina

Fig. 2.29. Professor Frank I.
Marcus (1928) holds a tele-ECG
consultation via dataphone
(Arizona, USA, 1970)

Fig. 2.31. Advertising of tele-ECG system based on
Bell dataphone (right: photo courtesy by National EMS
Museum ), USA, 1960s

In 1970 the dataphone tele-ECG network appeared in Arizona
connecting the University of Arizona College of Medicine (Tucson) and St.
Joseph's Hospital located at a distance of 130 km (Fig. 2.29-2.30). It can be
stated that Bell dataphones were used in the vast majority of tele-ECG
networks in North America (Fig. 2.31).
In 1965 Eugene L. Nagel, (Fig. 2.32), Assistant professor at the
University of Miami School of Medicine, invited Dr James Hirschman and
radio engineer Ben Denby for joint work on the creation of an USW-ECG
radio-telemetry for prehospital examination (Nagel E. et al., 1968; Nagel E.,
1972; Niitani H. et al., 1969; Northwestern Bell Telephone Company Part 4,
1964).
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The early modification of the instrument was
really amateuristic: an ECG machine, Motorola
VHF-radio station and a BIOCOM demodulator
were placed in a milk-bottle box. Later the milk
box was substituted by an aluminum one and an
ECG printer was added. This telemedical system
was introduced in March 1967 when ECGtelemetry and voice communication being
implemented between the fire rescue department
and the expert center at Jackson Memorial Hospital
(Miami) (Fig. 2.33-2.35) (Nagel E. et al., 1968;

Fig. 2.32. Eugene L.
Nagel

Fig. 2.34. The first test of NagelHirschman telemetry system for
prehospital stage (USA, about 1967), an
early modification of the device in a the
milk bottle box, tested in the garage of
prof. Nagel

Fig. 2.33. Call-center of tele-ECG
system in Jackson Memorial Hospital
(Miami, USA), photo courtesy by
National EMS Museum
(http://emsmuseum.org)

Fig. 2.35. Prof. E. Nagel and Jim Hirschman with different groups of rescuers
(training in radio telemetry system use - serial apparatus model in aluminum case)

Nagel E. et al., 1970; Nagel E., 1972; Niitani H et al., 1969). Prof. E. Nagel
and Dr. J. Hirschman jointly carried out a great job, equipping rescue teams
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with fundamentally new medical kits, defibrillators and ECG telemetry
systems. In addition systematic first aid essential training was organized.
The first field application of radio telemetry system took place in
summer 1968 (according to other data - in June 1969) – when after an ECG
transmission directly from a Miami street, an acknowledgement was given
for carrying out defibrillation and saving patient's life.
Soon after that, the tool developed by J. Hirschman and E. Nagel was
introduced successfully in rescue services of Washington, Seattle, NewYork, Los Angeles districts, Nassau, etc., as a model
of telemetry support for paramedics (ibid; Hollos O.,
1966). Medical, psychological and social importance
of a pre-hospital telemedicine system was best
shown in the statement by Dr. James Hirschman: «In
those early years of the system development, the
telemetry was like shaking hands, denoting infinite
trust between paramedics in the streets and
consulting doctors in the hospital».
In spring 1972 E. Nagel and J. Hirshman
developed tools for radio-teleconsultation at the
Fig. 2.36. Herman
Orange Bowl Stadium in Miami as annually 3-5
Noah Uhley
acute coronary deaths were registered during football
matches. To improve and bring cardiac care closer to the point of impact, E.
Nagel and J. Hirshman offered mobile emergency cardiac care systems,
which included a training program for the stadium staff and guards, special
medical kits and radio telemetry system with the possibility of real time
teleconsultations/briefings during the direct implementation of resuscitation
services. The system was introduced successfully in August that year.
In
1970, Dr
Herman
N. Uhley
(Fig. 2.36)
from the
UCSF
Medical
Centre at
Mount
Zion
Fig. 2.37. General operation scheme of tele-ECG system of the first aid
together
service according to H. N. Uhley (USA, 1970)
with
Electra-Biometrics of Lancaster introduced an ECG telemetry system in the
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first aid service in San-Francisco. The equipment performed signal
modulation/demodulation and its acoustic transmission between the mobile
coronary care unit and the infarction department (Fig. 2.37-2.39) (Visser J,
Schuilenburg
R.,
1984;
Vladzymyrskyy A. et al., 2012). The
system efficiency was analyzed on
teleconsultation materials from 50
patients. The important role of
biotelemetry in increasing the scope of
pre-hospital care and the provision of
more adequate therapeutic supports
during transport was established.
Following the results of clinical trials,
Fig. 2.38. Tele-ECG system use at the
pre-hospital stage (USA, 1970s)
the system was widely implemented.
In particular, at the above-mentioned
Medical Centre at Mount Zion, six complexes of this equipment were

Fig. 2.39. Herman N. Uhley at the telemetry system receiving panel of own
development (USA, 1970s)

installed, which made it a national leader in the field of emergency teleECG diagnostics (Fig. 2.40).
In 1974, Dr. Herman N. Uhley
presented a proprietary telemetry ECG
transmitter, distinguished by its
economic efficiency (average cost was
about USD 20) and easy manufacturing
process (ibid; Uhley H., 1976).
Fig. 2.40. Uhley's telemetry ECGtransmitter (USA, 1974)
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In Eastern Europe (USSR), a large-scale formation of telecardiology
was associated primarily with the name of Professor Emmanuil
Shevakhovich Halfen (Fig. 2.41) (Halfen E. Sh., 1998). As early as 1967,
Prof. Halfen and a team, headed by Oleg Mikhailovich Radyuk (Fig. 2.42),
engineers B. A. Baturin, G. T. Chevtaev, Yu. K. Sorokin, N. S. Iofin,
designed and manufactured a biological information telemetry device
(including ECG) transferring data via telephone and radio. Later the device
was named «Volna» («Wave») transtelephonic ECG transmission system.
Based on this system, in 1971 in Saratov, at the Introductory Course of
Internal Diseases (Propaedeutics) Department of the Saratov State Medical
Institute, the first remote consultative and diagnostic center in the USSR
was established. At the time of the system development, Prof. E. Halfen was
Chairman of the Department mentioned above, and O. Radyuk was Director
General of the Scientific Research Institute «Almaz» (State Scientific
Industrial Enterprise) in Saratov (Halfen E., 1980; 1985; 1974; 1977; 1980
a; 1980 b; 1980 c; Khramov А. et al., 1996).
The author's description of the tele-ECG system
operation is given below: «... the device elektrocardiotransducer, by receiving weak heart
biosignals, amplifies and transforms them into
signals that can be easily transmitted via telephone
or radio to the control panel of the attending
cardiologist in the consulting and diagnostic center.
This control panel is connected with an electronic
computing machine, which instantly processes the
cardiogram and automatic typewriter ... prints
diagnosis outcome... All the control panels of the
Fig. 2.41. Emmanuil
center
have
a
direct
Sh. Halfen
communication with the
head of the clinic via intercommunication system,
and in the professor's room a monitor is installed on
which any information from the control panel is
transmitted, if necessary» (Zykov N., 1976).
In 1974 the serial production of «Volna»
telemetry system started, which included electric
cardio-transmitter (ECT), a consultative and
diagnostic control panel (CDCP) and the
communication line (telephone or radio one). ECT
Fig. 2.42. Oleg M.
was a portable device consisting of three units: a
Radyuk
transducer, a power supply unit and an acoustic settop box. Early transmitter models had dimensions of 11x12x4 cm weighing

76

1 kg, later on the size was diminished - 3x8x14 cm and weight 400 g.
CDCP was intended for the ECG reception by telephone and radio, «ink
recording on paper tape», consultations with specialists, the transfer of the
ECG opinions and recommendations to the attending doctor. There was an
«integral or remote long-term memory» on the panel, which recorded all of
the information transmitted and ECG on the magnetic tape. The archive of
the performed tele-ECG consultations was created in an ad-hoc way. CDP
provided the possibility to transmit ECG to the computer memory for the
subsequent automated analysis. It also was equipped with a loud-speaking
communication system and
an additional telephone to
communicate with a third
party (for example, a
qualified specialist). In
general, the system allowed
remotely transmitting 12
ECG leads, taking only 3-4
minutes.
Telephone
communication
was
generally
for
data
transmission and when
connecting to ambulances,
data were transmitted by
radio
(«Cactus»
and
«Granite» radio stations).
Fig. 2.43. Work of Saratov tele-ECG centre in 1976:
Some shortcomings of
an attending consultant at the control panel, a
radio
communication
doctor holds the elektrocardiotransducer, ECG is
equipment, as well as
transmitted from a factory health centre, computer
geographical issues (hilly
machine for processing ECG and information about
the status of critically ill patients in the in-patient
location)
required
the
hospital (temperature, contractile function, blood
development and use of
pressure)
special retransmitters for
radio signal transmission between the ECT and CDCP. Initially these were
operator-controlled equipment sets. The latter were installed in the
functional diagnostics offices of district health clinics and nurses, at these
offices, were in charge of working with the equipment (there were 7-8 such
offices in Saratov). Later on an automated retransmitters appeared (Fig.
2.43-2.45) (Halfen E. 1980; 1985; 1974; 1977; 1980 a; 1980 b; 1980 c;
Khramov А. et al., 1996).
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Tele-ECG network covered treatment
and preventive health care facilities in
Saratov, in rural hospitals in 35 districts,
as well as outreach brigades of
Emergency Health Service formed
quickly around the first remote
diagnostic center. The network consisted
of 125 transmitters in the hospitals, 10
transmitters for outpatients and 6 ECG
receiving panels (5 panels operated
regularly, and one more was connected
additionally
during
wide-scale
preventive examinations). Over time,
multi-channel telephony was organized,
which simplified and speeded up
considerably
the
communication
between health care workers, subscribers
Fig. 2.44. Professor E.Sh. Halfen
receives ECG at the remote
and the expert center.
cardiological centre control panel
Prof. Halfen determined three main
(early-middle 1980s)
lines
for
tele-ECG application (Halfen E., 1980;
1985; 1974; 1977; 1980 a; 1980 b; 1980 c;
Khramov А. et al., 1996):
 Clinical medicine (including rural
health care, emergency medical
service,
large
enterprises,
sanatoria, etc.);
 Mass preventive onsite screening
examinations (combined with
automated ECG analysis);
Fig. 2.45. Work of mobile ambulance
unit: ECG transmission from a
 ECG
patient-activated
patient's apartment (early-middle
transmission (auto-transmission)
1980s)
during outpatient treatment.
Between 1972 an 1979 about 250 000
ECGs were transmitted in Saratov region via «Volna-1» system (Table 2.1)
(ibid).
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Table 2.1 Dynamics of tele-ECG consultations of Saratov telecardiological
network (1972-1979)
ECG
received

Consultations

1972
1973
1974
1975
1976
1977
1978
1979
Total

12632
16796
20457
21390
29723
31148
30374
31840
194360

Occupational
health
examinations
8380
6930
4832
5054
7116
7026
7214
6936
53488

Total
21012
23726
25289
26444
36839
38174
37588
38776
247848

A large amount of experience was presented in scientific publications
and periodicals, both in the USSR and abroad. Tele-ECG system was
demonstrated actively to foreign journalists.
Between 1974 and 1978 the «Volna» system operated in 74 cities and
towns of the USSR, and by 1980 – already in one hundred (Khramov А. et
al., 1996). It was demonstrated at the Exhibition of National Economy
Achievements and the International Exhibition «Healthcare-74». The
«Volna» creators were awarded medals and diplomas. The technical
upgrading of the systems continued constantly. In 1980 under the
supervision of Prof. E. Sh Halfen tele-ECG systems were developed, where
the digital data transfer method was used instead of the analogue one. Also
«Jaguar» three-channel tele-ECG system was created enabling direct remote
ECG transmission to an early generation computer machine (Fig. 2.46-2.51)
(Halfen E., 1980; 1985; 1974; 1977; 1980 a; 1980 b; 1980 c; Khramov А. et
al., 1996).
In the late 1970s Prof. E.Sh Halfen suggested the idea of ECG
autotransmission by the patient. This is one of the first home telemedicine
technologies in Eastern Europe. «In recent years, in some cases, we hand
out EPCs to the patients who were discharged from our clinic for outpatient
observation... Being at home, the patient, if necessary, quickly calls the
remote cardiac centre, transmits the ECG... and gets the relevant
recommendations from the centre... Telemetry information allows the
consulting physician to diagnose the nature of the attack immediately and to
apply the urgent treatment». ECG in one deflection was used for
autotransmission. It should be emphasized that as far back as in the 1970s,
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through its work, Professor E. Sh. Halfen laid the conceptual foundations of
the modern homecare telemedicine (ibid).

Fig. 2.46. In the remote cardiac
consultative and diagnostic centre on the
basis of Introductory Course of Internal
Diseases (Propaedeutics) Department of
the Saratov State Medical Institute (1980)

Fig. 2.47. Early modification of
electric cardio-transmitter of
«Volna» telemetry system with a
separate acoustic set-top box

Fig. 2.48. Later modification
of electric cardio-transmitter
of “Volna” telemetry system
with a built-in acoustic device

Fig. 2.49. "Cactus" radio station, retransmitter for
ECG radio telemetry, relay panel
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By 1980 tele-ECG operational outcomes, technical and diagnostic
aspects and potentials had been analyzed carefully. Some statistical analysis
and efficiency evaluation had been made. In
general, Prof. Halfen carried out considerable
scientific work, having analysed and
generalized experience of tele-ECG service
rules and use. He formulated the general
methodological
principles
of
remote
diagnostic centers operation, developed a
model of territorial tele-ECG network,
described the organizational and personnel
Fig. 2.50. Consultation and
details, the necessary documentation, etc. In
diagnostic control panel of
fact for the first time a substantiated concept
“Volna” system
of telecardiology service was presented.
During the described period another
specific development in telecardiology took
place in Saratov - a telemetry monitoring of
patients
under
hospital
conditions.
Approximately in 1980, Professor B. M.
Temkin deployed the system for automated
interpretation of telemetrically transmitted
ECG of patients undergoing rehabilitation
treatment after myocardial infarction in the
Saratov Medical Institute Clinic. The
Fig. 2.51. “Jaguar” threechannel tele-ECG system
following equipment was used: «Saratov»
(receiving panel and electric
computer machine, 21 RTN radio-based
cardio-transmitter)
transducer and N-338 self-recorder. Intrahospital telemetry provided great safety of
recovery exercises and accurate load dosage in
at least 120 patients (Temkin B., 1980).
Long lasting experience and a proven
transtelephonic electrocardiography system
performance led to the recognition at national
level. On May 27, 1977 the Ministry of Health
of the USSR issued an Ordinance №495 «On
carrying out an experiment for operation of
ECG remote transmission systems». Following
the results of this work Eugeniy I. Chazov and
Rustam I. Utyamyshev (Fig. 2.52) published a
Fig. 2. 52. Rustam I.
methodological guidance under the same name
Utyamyshev (1926-1999)
(Chazov E., Utyamyshev R., 1979).
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A few years later telecardiology reached a new level. On August 19,
1982, the related resolution of the Central Committee of the CPSU and the
USSR Council of Ministers (№773) and on January 20, 1983 the Order of
the Ministry of Health (№72) «On the organization of remote diagnostic
offices/centres (RDC)» were published with the Regulation for such unit
and special forms of medical documentation. Provision was made for the
arrangement of remote diagnostic offices (centres) in the state, provincial
and regional hospitals and equipping them with the appropriate equipment
to improve the quality of diagnosis and treatment of cardiovascular
diseases. Within 2 years (1985), there were 180 RDC, implementing teleECG consulting, 185 RDC in 1987 and 354 RDC by 1991. Portable
instruments for ECG recording and transmission over telephone lines and
receiving stations, based on personal computers were widely used
(Kosutskyy G. (Ed.), 1987; Sysoeva N. et.al., 1998; Almazov B., Chireikin
L., 1985).
Table 2.2 summarizes data on the dates of creation and work of various
RDC. Photos of some founders of Remote Diagnostic Centres in the 19701980s are presented on Fig. 2.53-2.63. Personal details are provided in
section “Short Biographies”.

Fig. 2.53. Saule R. Abseitova

Fig. 2.54. Galina P. Avdeeva

Fig. 2. 55. Maria V. Akulova

Fig. 2. 56. Vasily I. Voynov

Fig. 2.57. Vladimir L.
Gabunskyy

Fig. 2. 58. Igor V. Kobazev
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Fig. 2. 59. Nikolay A. Mazur

Fig. 2. 60. Eugeniy M.
Neyko

Fig. 2. 62. Mikhail P.
Shklyarenko

Fig. 2. 63. Maria T. Saltseva

Fig. 2.61. Vladimir A. Fialko

Table 2.2 Summarized data on the USSR telecardiology network (nowadays
Russian Federation, Kazakhstan and Ukraine)
City

Medical
Institution

Barnaul

Altai
Territorial
Cardiological
Dispensary
Regional
Hospital No.1

Briansk

Year of
RDC
opening
1982

1983
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Activity
Network: 20 districts of the Region
Equipment: «Volna» (Eugeniya P.
Kamysheva, 2005)
Automated Diagnostics Department
was opened under supervision of I.
V. Kobazev, Candidate of Medical
Sciences, Honoured Doctor
Primary medical examination using
tele-ECG implied: up to 3 000
telemetric ECGs daily
in 1985 - remote
electroencephalographic diagnostics

Veliky
Novgorod
Vinnitsa
Volgograd

Gorky (Nizhy
Novgorod)

Donetsk

Ivanovo

Regional
Cardiological
Dispensary
Regional
Clinical
Hospital
Regional
Clinical
Hospital
Not
established

1990

was introduced additionally
-

1982

-

1982 or
1984

Gorky
Medical
Institute
(Nizhny
Novgorod
State Medical
Academy),
Municipal
Clinical
Hospital
No.38

1977

Regional
Clinical
Hospital

-

Central
Municipal
Hospital
No.16
Regional

Late
1970ies

Network: Healthcare facilities of the
city and Region Equipment: «Volna»
(dismantled in 2004)
Network: 32 rural district hospitals,
10 hospitals and a number of
occupational health facilities of
Volgograd industrial enterprises.
Equipment: «Kovyl» proprietary
system (PTUM 1-3)
Q-ty of tele-ECG consultations:
150 000 over 10 years of active
operation (during the first 2 years – 1
324 ECGs)
Network: up to 60 municipal
healthcare facilities (by 1979),
separately - 15 outpatient clinics and
medical units (in 1986) Total number
of tele-ECG consultations was 31
000 (27 384 in 1977-1987). Network
clinical teleconsultations for
outpatient clinics 12 970 (19771986). Development and systemic
introduction of cybernetics and
automation means into cardiology
(under supervision of Prof. A.P.
Matusova). During 1997-2004
ECG autotransmission method was
introduced (under supervision of
Associate Professor A. F. Shestakov)
Network: district healthcare facilities
of the Region. Equipment: «Volna».
Q-ty of tele-ECG consultations:
5 500 -7 000 per year
Network: coal mine first aid facilities
Equipment: «Volna»

1981 or

Network: at least 26 healthcare

Middle of
the
1970ies

84

IvanoFrankovsk
Kiev

Kirov

Clinical
Hospital

earlier

Regional
Cardiological
Dispensary
Municipal
First-Aid
Station

1986
July 1981

Cardiological
Dispensary of
the Regional
Clinical
Hospital
Territorial
Hospital No.2

1985

Crimea

District
healthcare
facilities,
«Livadia»
sanatorium

19731974

Leningrad
(SaintPetersburg)

Scientific
Research
Institute of
Cardiology

1978 (SRI
and RCH)
testing
period

Krasnoyarsk

1975
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facilities with in-hospital departments
204 cases were analysed in the
publications
Network and equipment: In 1981 - 5
«Salyut» transmitters, in 1982 - 20
«Salyut» transmitters, in 1983 - 35
«Salyut» transmitters, in 1985 - 44
«Salyut» transmitters, in 1987 - 30
«Volna» and 14 «Salyut»
transmitters.
Q-ty of tele-ECG consultations: In
1981 – 240 (average daily load: of
RDC – 1.5, of cardiotransmitter –
0.3), in 1985 – 7 293 (average daily
load: 20 and 0,86 respectively)
-

Network: 36 districts of the Region
In complicated cases tele-ECG
consultations were arranged in
Moscow and at the leading
cardiologists of the 4th Main
Directorate Hospital
Equipment: manufactured by
«Electrostandart» VNII; patient's
device - deflection cable, tone
signalling device, telephone
apparatus
Researcher’s device - tone signalling
device, telephone apparatus; singlechannel ECG machine of 061 type.
Network: functional diagnostics
rooms of Miskhor, Livadiya, spacentres of Yalta, «Livadia»
sanatorium
Network: 17 central district hospitals,
4 healthcare facilities (with
maximum care delivery distance of
400 km). Quantity:

Moscow

(Almazov
Federal Heart,
Blood and
Endocrinolog
y Centre),
Regional
Clinical
Hospital,
Leningrad
Municipal
First-Aid
Station

during
19781980 and
regular
operation
since Dec.
1980
(EHS)

MF
Vladimirsky
Moscow
Regional
Research
Clinical
Institute
(MONIKI)

1974

Institute of
Experimental
and Clinical
Therapy/A. L.
Myasnikov
Institute of
Clinical
Cardiology

1971
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- tele-ECG consultations during
1980-1985: over 20 000;
- clinical teleconsultations - over
5700* (annual dynamics: 1979 – 582;
1980 – 1 135; 1981 – 1 448; 1982 –
1352; 1983 – 1 882),
- screening examinations - at least
6400.
EHS Hospital network (under
supervision of I.G. Kirilyuk).
Quantity: in 1978-1980 - 510
(additionally – training and control
facilities); in 1981 г. – over 2 000; in
1982 – over 4 000; as well as – 735
and 1 400 clinical consultations
without ECG transmission
Equipment: «Volna», «Salyut»,
«Ultrans» (Finland). Network: in
total 31 stations, including clinical
departments of the Institute, 15
settlements of Moscow Region and 1
settlement of Tula Region
With the time the intermediate
centres of the regional tele-ECG
network were deployed on the basis
of Shatura and Mytishchi central
district hospitals (with intensity
making about 4 000 teleconsultations
per year). Full-scale clinical
teleconsultations were held with
good and excellent quality of data
transmission in 85% of cases. The
centre was established by Professor
T. S. Vinogradova
Equipment: «Tranzicard» (Norway)
and “domestic system created by a
group of Moscow engineers”.
1st stage - tele-ECG transtelephonic
transmission during researches under
the myocardial infarction register
program (Sokolnicheskyy district)
(n=132). Later the network included
emergency doctors and the district
hospital (Fig. 2.64)

Novosibirsk
Omsk
Orenburg
Poltava

Saransk

Saratov

Sverdlovsk
/Ekaterinburg

Regional
Cardiological
Dispensary
Regional
Clinical
Hospital
Regional
Clinical
Hospital
Cardiological
Dispensary

1976

Around-the-clock consultations for
EHS (Fig. 2.65)

1985

-

1979

Established by Doctor Maria V.
Akulova (Fig. 2.55 and 2.66
(Nuzhdina T., 2016)
Network: Regional Cardiological
Dispensary, 25 districts of the Region
Equipment: «Volna» (dismantled in
2005) Number of tele-ECG
consultations during1990-2004
totalled to 15,128 (after 1995 it was
reduced significantly due to a sharp
rise in the cost of long distance
telephone services) (Shklyarenko M.,
Marienko Ya., 2009)
Equipment: «Salyut»
Network: district hospitals
Centre was founded under
supervision of V. Tyavokin, Doctor
of Medical Sciences, Professor
Network: 20 healthcare facilities of
Saratov, 35 districts of the Region,
EHS brigades, outpatients (10
transmitters). Equipment: «Volna».
Number of tele-ECG consultations
during 1972-1979 totalled to 247848;
only in 1983 to 11 580
Network: 4 receiving stations
(panels); 40 transmitters in
ambulances and in 15 districts of the
Region
Equipment: devices developed by
All-Union Scientific research
Institute «Standartelektron». Lines of
activity: EHS; rural districts
Within a radius of up to 600 km
from the regional centre; screening.
610 tele-ECG consultations for
EHS brigades and 1 102
telemedicine screening
consultations were analysed in the

1985 or
1990

Medical
faculty of
Mordovia
State
University
SRI of
Cardiology,
2nd Municipal
Hospital

1979

Regional
Cardiac
Centre,
Municipal
Clinical
Emergency
Care Hospital

1978

1971
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Ternopol

Ulan-Ude
Kharkov
Cheboksary

Shymkent

Regional
Clinical
Hospital
(cardiac
recovery
department)
First-Aid
Station
Central
Clinical
Hospital No.5
Chuvash
Republican
Cardiological
Dispensary
EHS Hospital,
infarction
department
(Regional
Cardiac
Centre)

1983

publications
Network: districts of the Region
Equipment: «Volna» (installed in
1984, dismantled in 2005) (Pavlov
V., Vivchar N., 2008)

Middle of
the 1980ies
1997

Q-ty of tele-ECG consultations 500

1985

-

1985

-

Inter-railway Remote Diagnostic
Centre of Cardiovascular Diseases.

One of the organizers, Associate Professor Konstantin N. Emeshin
described the establishment of the Barnaul Centre (Fig. 2.67-68) as follows:
«I remember how we managed to get the first Soviet transtelephonic ECG
transmission system – «Volna». I brought it into my office and immediately
tried to transmit ECG from a nearby office. It was successful. It was shown
to
Askalonov
[at
that
time,
Ascalonov
Arthur A.
(Fig. 2.69)
was
the
head of the
Fig. 2.64. ECG transmission by phone and transmitting device (tele-ECG
network experience in Moscow, 1974 (Mazur N. et al., 1974),
Department
«Tranzicard» (Norway) telecardiological equipment is possibly shown in
of Health of
the picture
the
Altai
Territorial Executive Committee - author's note] and he immediately
offered to establish a territorial centre. I invited my classmate L. Kochetova

88

(maiden name) to work at this new
initiative.
The
centre
was
established inside the Territorial
Hospital, and the late cardiologist
Safir was responsible for its
introduction. The photo shows this
centre in the territorial hospital
[Fig. 2.67 - author's note]. At that
time there was no Cardiac Centre
yet» (Emeshin K., 2013).
In July, 1981 in Kiev, under
supervision of Ivan I. Usichenko

Fig. 2.65. ECG “Volna” telecardiological
system was successfully run for 30 years
(Regional Remote Centre of ECG
diagnostics of the Novosibirsk Regional
Hospital, Russia)

(Fig. 2.70) and with the participation
of Leonid M. Shlaen, a RDC was
started up on the premises of the
Municipal
First-Aid
Station
(Usychenko I., Shlaen L., 1987).
«Salyut» and «Volna» systems were
used. By 1987 the network included
44 cardiotransmitter belts and
consultative work was carried out by
Fig. 2.66. ECG Work of Remote
Diagnostic Centre (RDC) in the Orenburg
qualified doctors around-the-clock
Regional Clinical Hospital in 1979
(Fig. 2.71).
There were some technical
problems. The «Salyut» system was recognized as hardly suitable for work
conditions in ambulances; the receiving equipment was modified. To
optimize the RDC,
operation
job
descriptions were
developed; special
advanced
professional
training for teleECG was carried
out.
There was an
increase in number
Fig. 2.67. Remote ECG-diagnostics Centre (Barnaul, 1982),
of
tele-ECG
headed by Lyudmila V. Kolomiets
consultations over
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4 years from 240 to 7 293 per year, with an increased level of myocardial
infarction detectability. Late hospitalization cases were reduced, and the

Fig. 2.68. Konstantin N.
Emeshin

Fig. 2.69. Arthur A.
Ascalonov

Fig. 2.70. Ivan Usichenko

Fig. 2.71. Telemetry Remote Diagnostic
Centre in Kiev. Teleconsultation using
telephony and the «Volna» telemetry
system (cardiologist A. I. Belokur)
(1980s, USSR). Photo from the
collection of Dr. G.D. Kirzhner

efficiency of arrhythmias relief
by the brigades equipped with
tele-ECG devices was 11%
more than for brigades without
transmitters. It was concluded
that it was necessary to
increase the number of general
ambulance brigades equipped
with tele-ECG systems (Fig.
2.72-2.73).
It must be said that in the
described period, tele-ECG
Fig. 2. 72. “Volna” system usage: Tele-ECG
was used very widely at the
consultation from a patient's apartment
prehospital stage. In the USA,
(Saratov, USSR, 1970s)
in the 1970-1980s, mobile
telemedicine systems were actively used in the rescue services (ambulance,
paramedics, firefighters), which allowed carrying out 12-channel ECG
telemetry and voice communication with a consultant by radio. Biophone
(Biophone Company, Fig.2.74-2.76) and APCOR (from “Advanced
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Portable Coronary Observation Radio”, Motorola, Fig. 2.77-2.79) were the

Fig. 2.73. “Volna” system usage: Tele-ECG consultation from an ambulance (Saratov,
USSR, 1970s)

most widespread systems. Both carried out multi-channel data transmission,
had integral battery power supply and could be connected to the antennas of
medical ambulances.
The first Biophone was presented in January 1970, and the first
implementation took place around 1974. 2 hospital consoles and 40
Biophone system transmission devices were introduced in the emergency
medical service in San Francisco (USA) and in Texas (Fig. 2.80). It must be
said that Biophone was a kind of symbol of the age, it even «participated»
in the «Emergency» television series dedicated to ambulance routine work.
There were also other models of similar telemetry devices (Fig. 2.81).

Fig. 2.74. "Biophone" telemetry system: on the left - transmitting device
(3502 model), on the right – 4000 Biophone Commande Console in the
hospital (USA, 1981) (Cromwell et al. 1981)
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Fig. 2.75. ECG telemetry simulation (Biophone
system prototype) in the conditions of first aid
rendering (the photo shows from left to right:
Jerry Knolls, unknown person, Harve Hanish,
Biophone Company President). Photos by Carl C.
Van Cott. (http://behind-thescene.tripod.com/id5.html)

Fig. 2.76. Biophone 3502 telemetry
system (on the right – original device
featured in a TV serial) (The Virtual
EMS Museum, 2015)

Fig. 2.77. APCOR telemetry system, Motorola
(The Virtual EMS Museum, 2015)
Fig. 2.78. APCOR telemetry system,
Orange Box model, Motorola
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Fig. 2.79. Instruction for voice data transmission
via APCOR Orange Box model
Fig. 2.80. Teleconsultation with the help
of Biophone (ambulance supervisor
Randy Frederick (with a telephone
handset in his hands) and paramedic
Bill Collins are receiving
recommendations from Hood General
Hospital (Texas, USA, 1974):
«Biophone will save the precious
seconds which before were lost»
(Holsinger W., Kempner K., 1972)

Fig. 2.81. Bourns Life LS118-1 telemetry system
for paramedics (1973)
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Fig. 2.82. Pavel Ya. Dovgalevsky

What about «Volna»?
In the late 1970s, the teleECG network included
health centres of large coal
mines and the principal
centre at the Donetsk
Central
Municipal
Hospital No.16 (USSR).
And in 1990 a team
headed by Rimma A.
Kopytina
used
the
Fig. 2.83. “Volna” system usage: ECG
«Volna» system to control
autotransmission in home conditions - ancestor of
modern home telemedicine (Saratov, USSR, 1980s)
dynamically the health
status of miners of
Donbass deep coal mines. The method included an «interview, a special
questionnaire and transtelephonic transmission of a worker's ECG from the
mine health centre to the CDC [Consultative and Diagnostic Centre author's note] before and after the work shift, at regular intervals
determined by the risk level of the disease complications development
[ischemic heart disease - author's note]». The positive role of this
telecardiological system was established for maintaining working capacity,
early diagnosis of ischemic infarction, sudden death prevention. This
resulted in a positive social and economic effect (Kopytina R. et al., 1990).
Since 1994 Professor Pavel Dovgalevsky (Fig. 2.82), headed the Saratov
Research Institute of Cardiology. Dovgalevsky was a student of E. Sh.
Halfen and a Doctor of Medical Sciences. He continued the investigations
of his teacher and promoted the development, in priority, of new medical
technologies in cardiology using telemetry and local computer systems.
Further improvements and changes of the individual telemedicine concept,
the «ECG autotransmission by patients», were particularly intensive.
In 1995 the scientific base was developed, the work analysis was
performed, the methodical approaches to the organization of the RDC work
with patients were offered and standardized. In other words, the scientific
and methodological basis of individual telecardiology was developed (Fig.
2.83) (Dovgalevskyy P., 1994; 1995).
The following results prove the effectiveness of this concept:
«Comparative effectiveness of the ECG autotransmission method at a stage
of follow-up of post infarction patients showed that in 57% of the patients
using autotransmission, rythm and conduction disturbances were detected as
compared with 14% in the control group. The time of patients' return to
occupational activities was reduced significantly (on average by 40 days).
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Among patients using autotransmission, the total number of recurrent
myocardial infarction within 12 months was only 7.8% compared with
13.8% in the control group. Within a year, the mortality in the control group
was 13.9%, of which 40% were sudden death cases. Accordingly, mortality
of patients, who used autotransmission, was only 10.7%, and sudden death
was observed in 27.2% cases» (ibid).
However, it should be noted that this work was not the only one in the
world. As far back as 1976, in Canada, under the supervision of Kenneth W.
Taylor, a tele-ECG network for autotransmission was organized. The expert
centre was at the Toronto General Hospital, and every patient with an
implanted pacemaker or risk of arrhythmias could transmit an electrical
signal by phone. The data were recorded by specially trained nurses, and
were interpreted by physicians. For convenience and efficiency, simple and
affordable (both technically and financially) transmitters were developed for
patients. About 400 patients used this service, which was in fact home
telemedicine (Uhley H., 1970).
A special mention in this regard should be made of the tele-ECG
experience in the Gorky (today Nizhniy Novgorod) Region, USSR. Since
1962 a group of engineers and doctors in the city of Gorky was actively
working on the issue of automation in cardiology. The group of doctors was
headed by Professor Aleksandra P. Matusova and the group of engineers
was headed by Professor Yury I. Neymark (Fig. 2.84-2.85). The following
medical professionals were also involved: Ya. G. Lyubavin, Cand. MS, M.
S. Bubel, Cand. MS, K. F. Kravets, L. M. Velikovskaya, N. E. Akhontov,
M. B. Shmerelson, R. F. Fedorovskaya, S. N. Sorinson, M. A. Kuznetsova,
M. V. Vedenskaya, D. L. Pikovskyy, L. G. Chistyakova; and engineering
specialists Z. S. Batalova, Yu. G. Vasin, M. D. Breido, N. D. Obraztsova, I.
M. Ivanova, V. M. Morozov, L. E. Gokhstein, A. N. Durnovo, S. S. Morin,
I. D. Bolshagin, M. Khaimovich, V. Gladkov, V. Borin (Matusova A. et al.,
1986; Matusova A., 2010; Gorodetskiy S., 2016).
They developed and implemented unique methods of automated
diagnostics of various diseases of the cardiovascular system, based on the
proprietary algorithms of medical information detection and analysis,
methods of mathematical outcomes predictions, automated pre-medical
screening procedure, etc. As a result of the huge theoretical and
experimental work they managed to create new methods of initial data
processing and additional approaches addressing feature selection and
construction of decisive classification rules. They also succeeded to design
algorithms of feature recognition, selection and formation, as well as to
specify complete systems of machine features of medical curves,
cardiograms in particular. With the help of the developed methods, a
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number of specific issues of medical diagnosis, prognosis and treatment
method selection were successfully solved. The results obtained in this field
were published in 1972 under the editorship of Yu. I. Neymark in the book
«Pattern recognition and medical diagnostics» (Matusova A. et al., 1986;
Matusova A. et al., 1979; Matusova A., 2010; The regional center of remote
ECG diagnosis of the Regional Hospital of Novosibirsk, 2016).

Fig. 2.84. Aleksandra P.
Matusova

Fig. 2.85. Yury I. Neymark

Fig. 2.86. Nikolay N.
Borovkov

In the mid-1970s, at the Internal Diseases Department of Gorky State
Medical Institute and Municipal Hospital No.38, the Cardiological Remote
Diagnostic Centre was established. Its goal was to receive information from
the municipal medical institutions. The centre was founded by Professor
Aleksandra P. Matusova. Her students – Nikolay N. Borovkov (Fig. 2.86),
Lyubov M. Velikovskaya and M. S Bubel worked actively on the problems
of remote ECG diagnostics for 15 years. Their research and applied works
were award-winners at the Exhibition of National Economy Achievements
(Borovkov N. et al., 1989; Matusova A. et al., 1986; Matusova A. et al.,
1979).
Within 15 years of active work, the Gorky tele-ECG centre held over
31000 teleconsultations, including, 27 384 teleconsultations during 19771987, where myocardial infarction was diagnosed in 1.3% of patients,
angina pectoris in 37.2%. On the basis of the experience gained, a special
model was developed for remote ECG diagnostics application on
outpatients, and methodology and specific features of RDC establishment
based on polyclinic facilities were defined.
By 1986, two Centers performed ECG and clinical data reception from
15 outpatient clinics and medical units in Gorky. Clinical teleconsultations
with a mandatory transmission of complete information about the patient
were held. In total about 12 970 teleconsultations were given in the
outpatient telemedicine network, myocardial infarction was detected in
2.1% (270) patients. Scientific analysis of diagnostic errors was carried out,
96

the leading role of the tele-ECG was determined for infarction prevention
(ibid).
The team headed by prof. A. P. Matusova used the most advanced
concepts in their work, combining remote ECG interpretation as such and
full-fledged cardiac teleconsultations, accompanied by the transmission of
detailed information about the patients. To unify this transmission special
coding schemes were developed, which formalised the description of a
clinical case. The schemes included complaints, a brief history of life and
disease, minimal information on the results of physical examination.
However these data were not just transmitted into the RDC, but subjected to
computer analysis: «Three linear formulas were developed which helped to
perform a mathematical diagnosis of the main forms of ischemic heart
disease on the basis of the codified clinical information in the DC
[Diagnostic Centre - author's note]». During 1977-1987 13950
teleconsultations were carried out according to this procedure. However, the
described scheme was not effective enough due to mandatory medical
examination of the remotely consulted patient. That is, medical attendants
and nurses could not refer patients for teleconsultation though the need for
such services was very high. Therefore, a few years later the schemes were
replaced by scientifically substantiated «single program for thoracic pain
syndrome diagnostics», which was based on the patient questionnaire.
Owing to this innovation «clinical remote consultations... became available
to any paramedic centre. The time spent on remote consultation was
reduced» (mean time «did not exceed 15 minutes») (ibid). There is an
interesting fact: the authors conducted a simple economic calculation and
stated that the cost of one tele-ECG consultation was «1 rouble 70
kopecks».
An important methodological moment was the standardization of the
variants of the most common RDC recommendations for patient
surveillance. In total 7 unified answers remained. The team of Prof. A. P.
Matusova also studied the tele-ECG diagnostic value by comparing the
«centre and hospital diagnoses in hospitalized patients»; the coincidences
were observed in 70-97.6% of the cases. The accumulated experience of the
tele-ECG centres was summarized in a number of articles and
methodological guidances for the RDC organization on the basis of
outpatient clinics. In the mid-1990s the team of Prof. Matusova also studied
and mastered the techniques of ECG autotransmission by the patients at the
outpatient treatment stage (ibid).
Thus, during the late 1970s-1980s the extensive tele-ECG network was
established at the national level in the Soviet Union. The tele-ECG networks
operated efficiently: «The average hospital stay... was shortened by 1.5 - 2
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hrs., which significantly reduced the number of complications and adverse
outcomes ... The number of patients, receiving qualified cardiac care at the
prehospital stage increased daily on average by 2.5 times… ECG
transmission by phone enabled to reveal a number of patients with periods
of brief transient myocardial ischemia» (Fialko V., 2011). Remote
Diagnostic Centres worked around-the-clock as well in the interactive mode
as asynchronously, reporting the results of ECG interpretation during the
second communication session. In some cases teletype machines were used
to send the opinions (Antonov Yu. et al., 1979; Vinogradova T. et al., 1977;
1979; Vinogradova T., 1988).
Special mention should be made of the widespread telecardiology use
for preventive purposes, i.e. for the implementation of telemedicine
screening. Many publications in those times focus precisely on the
preventive importance of mass screening, using ECG transmission by
telephone. In the late 1980s, the procedure of using remote diagnostic centre
for mass screening in groups was developed
and implemented under the supervision of
Professor Vladimir A. Almazov (Fig. 2.87).
Thanks to tele-ECG screening rather
considerable risk groups (14,01-20.7%)
were revealed in large cohorts (n = 5 653; n
= 1,102) (Almazov B. et al., 1986; Almazov
B., Chireikin L., 1985; Fialko V., 2011;
Chireikin L. et al., 1977; Chireikin L.,
Dovgalevskyy P., 1995).
A significant role in the development of
Fig. 2.87. Vladimir A. Almazov
scientific and practical aspects of
(1931 - 2001)
telecardiology and work methodology of
remote diagnostic centres was played by Leningrad cardiologists. In 1978
RDC were established in Leningrad Scientific Research Institute of
Cardiology, (now Almazov Federal Heart, Blood and Endocrinology
Centre, Sankt-Petersburg, Russian Federation) and in the Regional Clinical
Hospital. A tele-ECG network was deployed covering 17 central district
hospitals and 4 municipal healthcare facilities. Between 1980 and 1985, the
Centre carried out over 20 000 tele-ECG consultations and also at least
6400 tele-ECG screening examinations (ibid).
At the Leningrad First-Aid Station, a RDC was also established under
the auspices of the Institute of Cardiology. Between 1978 and 1980 the staff
carried out preparatory and organizational work and arranged special 4-hour
training cources for medical personnel (400 people, mostly doctors) on the
tele-ECG usage procedure (Kirilyuk I. et al., 1984). It should be underlined
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that this bibliography source contains one of the first references of
specialized training on telemedicine. Also, the authors made a simple
economic analysis, which showed a quick payback and high efficiency of
telecardiological systems. Over the 4 years of operation, the RDC provided
more than 4 000 tele-ECG and up to 1 500 clinical remote consultations
annually, with a daily average load of 20 teleconsultations.
Telecardiology development from the level of routine tele-ECG use to
the level of full-fledged clinical telemedicine consultations, scientific
analysis and usage methodology validation resulted from the work of
Professor Lev V. Chireykin (Fig. 2.88; Kurapeev D. et al., 2013), who
supervised the work of tele-ECG network in the Leningrad Region at that
time. Professor Chireykin was the first in the USSR to carry out scientific
analysis of clinical telemedicine (Fig. 2.89). The structure of tele-ECG
consultation appeal was defined quite clearly: «On the total number of
clinical consultations, 79.7% of patients were consulted in urgent
indications, including 31.2% of patients with acute macrofocal myocardial
infarction (MI); 8.3% with other forms of acute ischemic heart disease;
20.2% of patients with complex arrhythmias and conduction. In 19.6% of
cases the «masks» of acute ischemic heart disease» were a reason for
consultations (Almazov B. et al., 1986; Almazov B., Chireikin L., 1985;
Fialko V., 2011; Chireikin L. et al., 1977; Chireikin L., Dovgalevskyy P.,
1995).
Lev V. Chireykin investigated the tele-ECG diagnostic value in the
myocardial ischemia syndrome diagnostics, having studied opinion
concordance of 5 expert specialists as shown in 300 tele-ECGs. It was
determined that a full match of treatments occurred in 69.8% of cases,
whereas in 13.4% - responses were completely different. It was found that
«more similar results were observed in the evaluation of ECG with
macrofocal MI, and evaluations of all specialists matched most during the
analysis of the ECG with His Bundle Branch Block» (ibid). Further study
referred to clinical efficiency as a result of the tele-ECG consultations
(CDH-RCH):
 More than 30% of electrocardiographic findings were corrected and
5.5% were completely revised;
 Treatment regimen was corrected in 60% of cases; the nature of
treatment was fundamentally changed in 12% of cases.
In 14.2% of the cases, teleconsultations resulted in conducting urgent
actions of health interventions or resuscitation. And «the centre consultants
newly diagnosed focal myocardial changes in 12% of patients that had been
previously regarded wrong».
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For the first time within the frame of the
national Telecardiology, L. V. Chireykin
determined that «there are two main lines in
RDC work, which, though not excluding each
other, are considered by us as equally important
to improve cardiac diagnostics, especially in
patients with ischemic heart disease: remote
ECG analysis and implementation of remote
clinical consultations. And both, in the first and
in the second case, depending on the tasks
Fig. 2.88. Lev V. Chireykin
(unknown artist)
assigned to RDC and the list of its «users»,
consultative assistance can be rendered at the
prehospital stage (for
polyclinic
general
practitioners
and
cardiologists,
«emergency
care»
teams) or in case of
sufficiently qualified
cardiologists
available
consultations
of
specialists on the
Fig. 2.89. Tele-ECG system panel in the 1970s-1980s in the
functional diagnosis
Research Institute of Cardiology named after V.A. Almazov
regarding ECG being
(current view)
difficult to interpret
or consultations of CDH cardiologists, physicians and resuscitators in the
diagnosis of obscure cases» (ibid).
As such, for the first time it was shown that remote ECG interpretation
was only one element of a comprehensive cardiac teleconsultation, which
should include a full exchange of all available information about the
patient's condition to determine not only the diagnosis, but also the
therapeutic approach and patient monitoring. Full-fledged «remote clinical
consultations» began in the Leningrad RDC no later than in 1978. It is
known that annually their number and importance increased and reach at
least 6 thousand (annual dynamics looks as follows: 1979 – 582; 1980 – 1
135; 1981 – 1 448; 1982 – 1 352; 1983 – 1 882 consultations) (Kirilyuk I. et
al., 1984; Almazov B. et al., 1986; Almazov B., Chireikin L., 1985; Fialko
V., 2011; Chireikin L. et al., 1977; Chireikin L., Dovgalevskyy P., 1995).
Moreover, Chireykin formulated the «additional conditions for remote
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health care with regard to the general ones», i.e. the requirements for
clinical cardiac teleconsultation, which are quite relevant up to now. Let’s
cite them:
 To provide methodologically correct, systematic, fairly complete
collection of information about the patient (data history, physical,
laboratory and instrumental examinations);
 To minimize the distortion during the information transmission to
the RDC;
 To use the conversational mode to clarify information about the
patient;
 To carry out dynamic monitoring of patients by active calls and
repeated consultations;
 To record precisely the transmitted information and recommended
data, preferably with dictaphone devices;
 To provide peer review of errors committed and accurate diagnosis
cases.
Prof. Chireykin emphasized that «compliance with these conditions shall
be enhanced by the development of formal documents both to enable the
information transmission and to form opinions by the centre, to create a
reference system for most common emergency conditions allowing the
consultant to immediately obtain information on the amount of aid, the
procedure for urgent activities, pharmacodynamic properties of essential
medicines» (Chireikin L. et al., 1977; Chireikin L., Dovgalevskyy P., 1995).
Thus, L. V. Chireykin formulated the general methodology of
telemedicine consultation: requirements for the quality and quantity of
health information interactivity aspects, reporting, resources for evidencebased decision-making, as well as regulatory issues. He proclaimed that
«physicians directly supervising the patient are legally responsible for the
correct diagnosis and first aid rendering to the fullest extent». This is fully
in line with modern telemedicine.
Description of the «human factor» is rather interesting: «The authors
encountered a «paradox»: experienced and qualified cardiologists resorted
to consultations more often than admitting resident physicians or other
medical specialists, mainly due to an incorrect assessment of patients'
severity by the latter» (ibid).
An evidence-based methodology of telemedicine in cardiology was
presented by L. V. Chireykin in a series of articles, patents, monographs and
guidances in collaboration with such leading figures as V. A. Almazov and
P. Ya. Dovgalevsky (Fig. 2.90).
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Fig. 2.90. The title page of one of the patents by L. V.
Chireykin et al., describing tele-ECG system

Researchers
from
Leningrad
Scientific
Research
Institute
of
Cardiology
(V.
A.
Almazov, L. V. Chireykin,
Doctor
of
Medical
Sciences
Victor
F.
Chavpetsov (Fig. 2.91), E.
M. Fetisova, M. S.
Tozhiev, A. I. KoblentsMishke) prepared special
methodological guidance
for the establishment and
work
management
of
remote cardiac diagnostic
centres (Almazov B. et al.,
1986).
This
was
a
comprehensive document
containing
general
provisions on the RDC,
load
and
mode
of
operation, organizational

structure, tasks and features of the work
depending on the health facility served (rural,
ambulance, etc.), the deployment procedure,
etc. It was assumed that, based on one shift,
RDC could hold up to 4 thousand tele-ECG
consultations, and in case of around-the-clock
operation they could provide 20-25 thousand
consultations a year. At least two reception
centres with 30-40 transmitters should be
established for a district with a population of
250 000 inhabitants.
Fig. 2.91. Viktor F.
It was recommended to install computers
Chavpetsov ((07.07.1947for automated ECG analysis in the large
16.11.2011)
clinical hospitals. In this case, the organization
and operation of the ECG interpretation centre
(ECG-RDC), «full-fledged» remote cardiology consultation centre (CRDC) and wide-scale preventive examination centre (P-RDC) were
considered separately (Fig. 2.92) (ibid). Special sections of methodological
guidance were devoted to the multifunctional RDC and the creation of
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telecardiological network. Perhaps for the first time in clinical
telecardiology, the requirements for information security provision and the
fight against distortion and loss of data during teleconsultation were
formulated and also the criteria for evaluating the effectiveness of
telecardiological activity were proposed (ibid). In terms of evaluating
efficiency, many researchers compared the results of ECG interpretation by
physicians of district and regional hospitals where RDC were located
(Vinogradova T. et al., 1977; 1979; Vinogradova T., 1988; Chireikin L. et
al., 1977; Chireikin
L., Dovgalevskyy P.,
1995). An interesting
positive factor in the
tele-ECG
use
provided by Prof.
Tamara
S.
Vinogradova:
«It
[remote
ECG
diagnostics] allows ...
psychologically
preparing a regional
service of functional
Fig. 2.92. Options of cardiac remote diagnostic centre
establishment and different ways of a tele-ECG network
diagnostics
for
creation (from guidelines by L. Chireykin’s team)
automatic
remote
ECG analysis with
the use of computers» (Vinogradova T. et al., 1977; 1979).
In the context of this citation it is necessary to make a short deviation.
The period of the 1960-1980s can be called a «golden age» of medical
cybernetics. Throughout the world, scientific works of grand-strategic
importance were carried out and thus predetermined the development of the
modern concept of e-health.
Computer analysis of various kinds of medical information was actively
developing. Within the course of time it evolved into separate areas called
«computer diagnostics» and «automated control systems». Instrumentation
for diagnostic and information systems implementation with the help of
computer technology were designed. Automated systems for diagnosis of
acute distresses of brain, cardiovascular, oncological and other diseases
were proposed and implemented. The methods of mathematical prediction
and modelling in medicine were particularly studied. Professor Chireykin
accurately foresaw the enormous potential of digitally processed medical
information. Overcoming the weakness of eternal doubters, he wrote: «The
starting point for research problem setting, verification of training groups,
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selection of valuable diagnostic signs and testing their efficiency in practice
is a Medical Specialist, and therefore any grounds for opposing the methods
of traditional medical and computing diagnosis are lacking [italicized by
Chireykin]» (Chireikin et al., 1977).
Prof. Halfen, in addition to tele-ECG, also carried out extensive work on
the automation of diagnostic and treatment processes in the cardiac
institutions. Under his supervision, algorithms and programs were
implemented «enabling the computer machine to record and evaluate the
electrocardiogram and other basic parameters of the functional state of the
cardiovascular system in real time, in the on-line mode» (i.e. the direct
patient - computer communication without intermediate carriers). Since
1970 computer-based automated constant supervision system for
myocardial infarction patients, cybernetic methods for determining the
optimal dosage of medications, mathematical methods for predicting
outcomes of pathological processes were developed, operated and
continuously improved. In general, Prof. Halfen created and put into
practice the concept of automated control over diagnosis and treatment of
patients with cardiovascular diseases.
We have already mentioned the large-scale works performed by Prof. A.
P. Matusova and Prof. Yu. I. Neymark. In general, in the Soviet Union the
works were carried out based on automated collection and processing of
medical information. A national automated system for health care planning
and management was created. The concept of a medical technical centre of
a clinical hospital was formulated, which should include computer centre
(with the development of detailed requirements for its location, structure
and determination of functioning scheme, solved tasks, etc.). Academician
S. A. Gasparyan proposed a model of health servicing network, actively
using automation techniques. It was suggested that for the four-stage
medical service, medical information and diagnostic centres (1 for 250-300
thousand of inhabitants) should be established. Its task, among other things,
would include «servicing of a network of the attached clinics with
laboratory diagnostics, including the remote development of some data
received over telephone channels from the outpatient clinics» (Gasparyan,
1977). Systemic models of regional and municipal medical automated
control systems (ACS), the specific algorithms and programs for use in
health care management, automated patient data processing systems,
included in the wide-scale preventive examinations, statistical forecasting
and modelling, formation and work with medical data banks (including
international ones), information management systems for medical check-up,
questions of teaching ACS and computer diagnostics in the medical high
schools were developed and implemented (Computers in health care and
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biomedical research…, 1978). In 1971, in Kiev Nikolay Amosov issued his
famous monograph – «Medical Information System»
But let us come back to the main topic: Telemedicine History.
In addition to the «Volna» system, other technical solutions for
telemetry of basic physiological parameters, first of all – ECG, were
developed and widely used in the USSR. In 1972 a team from Kislovodsk
consisting of V. L. Kashin, G. A. Pchelintseva and V. A. Mkrtchyan
published a description of the proprietary device for ECG recording over
the telephone line: «...there is often a necessity to register
electrocardiograms of a recumbent patient... it is suggested to use a
communication line over the phone by connecting the appropriate device to
the telephone itself». The system for recording and transmission of 12 leads
consisted of a bioelectrical amplifier, modulator, communication channel,
matching device, demodulator and recorder (the «industrial instrument»). It
was reported about the preparation of engineering prototypes for subsequent
series production (Kashin V. et al., 1972).

Fig. 2.93. Konstantin V.
Gavrikov

Fig. 2.94. Anatoly G.
Konevskyy

Fig. 2.95. Ekaterina V.
Tsybulina

However, the following historical episode deserves special attention. In
the mid-1970s a group of employees of the Volgograd Medical Institute Doctor of Medical Sciences, Professor, Anatoly G. Konevsky, Doctor of
Medical Sciences, Professor Konstantin V. Gavrikov, Doctor of Medical
Sciences, Professor Yekaterina V. Tsybulina (Fig. 2.93-2.95), engineers A.
S. Yudin, M. I. Ryabchenkov, A. V. Buhtin, V. I. Dal - developed their own
physiological information and ECG telemetry system «Kovyl» (PTUM 1, 2,
3 devices), approved by the Ministry of Health of the USSR. Data were
transmitted over the telephone line. The first version of the system
performed consecutive telemetry recording of leads (all 12 leads, one after
the other) and was tested by remote consultations on 1 204 patients.
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Then, within 2 months, a second version of the system was developed
that allowed simultaneous transmission of two leads, which, of course,
reduced the time tele-ECG consultation (practical approval involved 120
patients). The diagnostic value of «Kovyl» system was verified by an
independent assessment of ECG before and after the transmission by the
qualified cardiologists (as tested on 34 patients).
After some time a telemetry centre of functional diagnostics of the
cardiovascular system diseases was opened in the region. It collaborated
remotely with 32 rural district hospitals and 10 hospitals in Volgograd, and
also with the medical units of industrial enterprises. During the first 2 years,
about 1 324 patients were remotely consulted; abnormalities were detected
in 79.2% of them. For 10 years of active service the centre held about
150000 tele-ECG consultations.
Thematic publications refer to 1977-1978 and major awards for the
development of biological radio electronics were received by Prof. K. V.
Gavrikov in 1972. Nevetheless, analyzing the available literature we still
assume that both the scientific and theoretical basis for the system were
carried out in the late 1960s - early 1970s, while the telemetric network as
such was developed around 1975. The first important results of scientific
and practical conclusions were published in 1977 (Konevskyy A., 2011;
Gavrikov K., 1977 a); b); Konevskyy A., 2011 b); Konevskyy A., 1977;
Tsybulina E., 1977).
It should be noted that the «Kovyl» system was the result of the long
lasting work of the team headed by Prof. K. V. Gavrikov. The team created
one of the country's first wireless devices with direct input of medical
diagnostic and reflexometering information into the «Ural-1» computer
machines, developed and implemented one of the first programs of direct
input of physiological data, its machine analysis and automated result
readout.
On the basis of summarizing the research findings, a theory of relative
informational content of the signal effects on the human body was
developed and the foundations of the original theory of systemic
organization of human mental activity were laid. Medical multichannel
digital telemetry system «Kovyl», which connected almost all district
hospitals of the Volgograd Region with the regional diagnostic centre,
surpassed not only domestic but also foreign developments by the level of
technical and organizational solutions for many years ahead. It was honored
with the awards and certificates of the Committee on Science and
Technology of the USSR, USSR Ministry of Health, the Chamber of
Commerce of the USSR, Exhibition of National Economy Achievements,
foreign medical exhibitions, the «Badge of Honor», high praise of the
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leading experts in the field of radio engineering and medicine. The Supreme
Council of the CMEA countries awarded the authors of the «Kovyl» system
with the Diploma of Merit «For active participation and contribution to the
scientific and technical integration of the socialist countries in the field of
medical technology» (ibid).
The scientific contribution of Professor Yekaterina V. Tsybulina to the
«Vovyl» system operation study should be noted separately. Within a few
years of active use of clinical telemetry in the Volgograd Region, in 1977,
she pioneered the development of clear and well-founded indications for
tele-ECG consultations, focusing on the wide-scale preventive
examinations. These indications are quoted below (Tsybulina E. et al.,
1977):
«1. All patients with suspected acute coronary pathology (myocardial
infarction, angina pectoris, preinfarction period) for the purpose of
emergency diagnosis, especially if the patient is not hospitalized during the
first hours of the disease.
2. Patients with ischemic heart disease, subject to regular medical checkup at CDH. Examinations should be carried out in the dynamics prescribed
by a doctor.
3. Patients with essential hypertension.
4. In cases when the electrocardiologist finds difficulty with in the ECG
data assessment in the event of discrepancy in the clinical findings and ECG
changes, etc.
5. All patients with cardialgias, especially those aged 30-60.
6. Patients with chronic coronary insufficiency of I-III degree for
monitoring treatment efficacy of various medicines (outpatient clinic and
CDH).
7. All patients with arrhythmias.
8. Patients in the CRH intensive care units, for monitoring the disease
evolution and patient's treatment with the ad-hoc timely medical advice.
9. Dispensary groups of patients with rheumatic heart diseases during a
routine examination».
On basis of the experience gained, the team developed the concept of
diagnostic service centralization to manage the patients with ischemic heart
disease, which consisted of 4 stages.
The first stage included the provision of regular ECG reception by
telephone and radio (for ambulance) with the issuance of a qualified
opinion. The second stage implied the introduction of so-called «code tables
of medical information» consisting of 6 sections: «General information
about the patient» (25 positions), «Complaints» (67 positions), «Medical
history, clinical picture» (76 positions), «Appealability and quality of health
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care», «Objective data» (61 positions), «Laboratory report». The table had
314 positions in total. All questions in the tables were codified and
transmitted to RDC by doctor over phone or, after he had marked the
relevant positions, by a third party.
The third stage of the concept implied around-the-clock teleconsultation
assistance for all in-hospital departments of (non-specialized) municipal
hospitals and first aid stations. In this respect the stock of biotelemetry tools
was significantly expanded through phonocardiography, sphyigmoplethysmography, etc. In the fourth stage, telemetry systems were widely
implemented for mass preventive examinations with a computerized
preliminary ECG analysis. A significant economic effect was expected
immediately upon the introduction of the concept.
In the context of early-stage development of clinical tele-ECG, the
«Ultrans» system is worth mentioning. It was developed in Finland by
engineer and inventor Veikko Ilmastilla (Fig. 2.96-2.97) in 1972. This
system was used quite efficiently in the ambulance service in Helsinki
between 1971 and 1975 (Irnich W., 1971). In the USSR, it was tested at the
N. V. Sklifosovsky Research Institute of Emergency Medicine in the acute
medical unit headed by Prof. A. P. Golikov. Quite encouraging results were
obtained.

Fig. 2.97. Ultrans System: ECG transmission over the phone,
receiving station
Fig. 2.96. Veikko
Ilmastilla

Engineer Veikko Ilmastilla presented the «Ultrans» in the USSR at the
cardiological symposium in Moscow in 1976. Moreover, to demonstrate the
unique capabilities of the system in the presence of the USSR Minister of
Health, a real time, transtelephonic electrocardiogram transmission of the
Finnish President Urho Kekkonen was organized directly into the
conference hall. However, it should be said that this story looks somewhat
apocryphal.
The «Salyut» system was another technical solution for tele-ECG
transmission in the Soviet Union. Since 1970 Izhevsk Motor Plant (now
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JSC
«Aksion-Holding»)
has
start
producing
single-channel
electrocardiograph ECG-N-«Salyut» (developed by «Salyut» Design
Bureau, Moscow). By 1976 more than 10 000 units had been made. It was a
self-powered transistor device, using printed-circuit board. It is remarkable
that in the 1970-1980s the ECG-H «Salyut» system was constantly used in
the orbital space station «Salyut», and also participated in two famous
expeditions: the one of Yuri Senkevich with Thor Heyerdahl and the polar
expedition of the «Komsomolskaya Pravda» to the North Pole. The teleECG networks operated on basis of the «Salyut» system in the cities of
Gorky and Saransk.
In 1980, in Gorky, a model was introduced for screening and clinical
examination of patients with cardiovascular pathology, developed by a team
headed by Professor Evgenia P. Kamysheva (Fig. 2.98). At the so-called
«second pre-hospital» level, the model implied ECG recording with further
transtelephonic transmission «into the computer system of the clinic
through the «Salyut» cardiophone system». Conclusions were transmitted
by the doctor or ECG coding was carried out directly by the operator of the
computer centre with its subsequent automated analysis and conclusion
delivery. The proposed concept of «computing tele-diagnostics» was
successfully used in nearly 1 700 examined patients with a diagnostic
accuracy of 70-85% (Kamysheva E. et al., 1979; 1981).
In 1979-1980 at the Department of Hospital
Therapy of the Medical Faculty of Moldova State
University, RDC was organized (on basis of the
«Salyut» system) to provide teleconsultations for
district hospitals (Department of Hospital Therapy
of MSU NO im.Ogareva, 2016).
Between 1971 and 1976, many scientists around
the world worked on the problem of automated
ECG analysis for mass screening, developing and
using
«information-diagnostic
systems
for
automated ECG analysis of various complexity».
Fig. 2.98. Eugeniia P.
Among them, L. V. Chireykin cited the teams
Kamysheva
under the supervision of Z. I. Yanushkevichus
(1971), Yu. I. Neymark (1972), Yu. G. Vasin
(1972, 1976), M. I. Kechker (1976), Ch. Chapodi (1976), Bailey, Caceres,
Corday, Pordy, Weihrer (all in 1974). He also made a generalization,
indicating that all the «systems have electrocardiological data collection
devices that allow... entering the converted ECG into the computer machine
or transmit it over the telephone or other communication lines. The presence
of such devices enables to subject ECG obtained by ambulance brigades at
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home, when examining patients in the outpatient clinic and in-hospital
departments... to automated analysis... They are also used for multiphase
screening surveys of the population ... The above systems allow serving the
entire administrative districts». For example, according Ch. Chapodi, in
Hungary a network was established covering peripheral devices (medical
terminals) in 16 localities that provided telephone connection of a nurse
with the centre and the automatic ECG transmission (Chapodi Ch., 1981;
Chireikin L. V et al., 1977).
Professor Chireykin (or rather, the team
under his supervision, including Professor
Dorofei Y. Shurigin (Fig. 2.99), engineer Vadim
K. Labutin, A. R. Keyver, I. D. Pupko and
others) also proposed a proprietary system based
on a specialized device for mass cardiological
examination of the population (in modern
terminology - telemedicine station) - AEKS-1
(Fig.2.100-2.101) (Chireikin L.V et al., 1977).
With
its
help
a
«real-time
ECS
[electrocardiosignals] are analyzed and all the
Fig. 2.99. Dorofei Y.
examined persons are divided into two classes:
Shurigin ((18.06.192320.07.1982)
persons who are recognized as «healthy» on the
basis of the ECS analysis (Class A) and those
found «sick» and being in need of physical examination (Class B)». System
capacity was up to 20 (on average 14-15) patients per hour (ibid).
Telecardiological screening sensitivity was 85-90%, specificity being 8587% (Almazov B. et al., 1986).
In this case, the element of ECG remote transmission was the key one –
«research conducted during ECG transmission to a distance via telephone
communication channels provides an opportunity to create multi-path
information and diagnostic systems that will enable to achieve a significant
improvement in the operating quality of ambulance stations, outpatient
network, industrial health centres» (Chireikin L. V et al., 1977). In this
paper L. V. Chireikin also described the line of activity in the
telecardiology, which could be called the computing one. It is precisely this
line that was the main path of tele-ECG technology development in North
America at the same period of time.
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Fig. 2.100. Specialized device for mass
cardiological examination of the
population - AEKS-1

Fig. 2.101. Conceptual diagram of the tele-ECG
with automated analysis, including on the basis of
the AEKS-1 device (according to L.V. Chireykin)

So, in the 1960s-1970s tele-computing was actively developing in the
United States, which represented telemetry ECG transmission over the
phone or radio for automated analysis with a computer and submission of a
conclusion by the teletype. It is noteworthy that in the 1970s representative
demonstrations of the computing tele-ECG capabilities were held.
«Competitions» between the medical experts and computers equipped with
special software were organized for this purpose. For example, five doctors
were physically located in Los Angeles, and the computer was in
Washington. On another occasion, in April 1968 ECG was transmitted from
Lima (Peru) to Washington, DC (USA), where Dr. C. A. Caceres' system
was placed (see further) (Kaseres Ts., Dreifus L., 1974). The ECGs were
interpreted in parallel by six doctors from several countries (Alfonso
Anselmi (Venezuela), A. Castellanos Jr. (USA), Danto Penaloza (Peru),
Mauricio Rosenbaum (Argentina), Demetrio Sodi-Pallares (Mexico), Joao
Transhesi (Brazil)), who took part in the VIII Interamerican Congress of
Cardiology. The doctors won the duel, as their interpretations were more
detailed and comprehensive and revealed a number of important clinical
nuances. However, the computer analyzed it much faster and the possibility
to use computer tele-ECG diagnosis by general practitioners was
underlined.
In 1961, one of the most advanced and powerful computer-aided ECG
analysis was developed under the supervision of Dr. Cesar Augusto Caceres
(Fig. 2.102) in Washington, DC, at the Medical Systems Development
Laboratory (MSDL) of the U.S. Department of Health and Education
(Kaseres Ts., Dreifus L., 1974). Physically, the system was running on the
CDC-1700 computer, located in Washington DC. Telemetric and direct data
entry for machine processing was provided. Later, the software itself was
repeatedly updated, rewritten in different languages and for different
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computer platforms. Here is a description of the system: «... The telephone
system is used for sending signals in analogue form to the computer. The
signal is received by a dataphone, entered into the analog-to-digital
converter unit and sent to a digital computer system for analysis. The
signals are processed, interpreted and prepared for back transmission to the
physician within some seconds after they have been received at the
processing centre. Measurement and interpretation data are teletyped or
printed out» (ibid). 12 leads ECG was used. Dr. John Stauffer (Hagerstown,
Maryland) was the first family doctor to start using this service. And in
1963, when practical experience reached 5 000 automated tele-ECG
consultations all hospitals around Washington, DC, were connected to this
network. Later the medical centres of San Francisco and Columbia joined it,
too.
Special demonstration of the system was carried out in 1965: 1500
«ordinary» ECG were transmitted telemetrically from Las Vegas to
Washington and immediately interpreted. In many cases the results were
obtained prior to the electrodes being taken off the patients. A
demonstrative remote computer interpretation of
the ECG transmitted from New York to
Washington in September of the same year, took
less than a minute (transmission, decoding, reply
feedback).
In 1966, on basis of the MSDL system, the
unified archive for telemetry data and centralized
computer analysis was created, i.e. The Unified
Archive of ECG data of the Federal Health Office.
In other words, the national network of
computational telecardiology was created (ibid).
Fig. 2.102. Cesar
Augusto Caceres
It should be noted that the idea of creating
similar unified, though international centre of
accumulation and interpretation of electrocardiography data, was proposed
in Eastern Europe by Academician Z. I. Yanushkevichus in the 1970s.
Unfortunately, it was not implemented in full scale (Yanushkevichus Z.,
1980). In North America, however, for the creation of such a powerful
structure, the requirements for standardization and unification of medical
information, terminology and reporting were developed. The technical and
legal aspects were coordinated. Up to 50 000 surveys were analyzed
annually (including 70% ECG, 10% spirograms and 20% of sequentially
recorded ECG and spirograms). Yet, only 40% of the data were transmitted
telemetrically (via analogue dataphones), and the rest were delivered by
messenger or mail on magnetic media. Data from 14 inhabited locations
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were constantly transmitted telemetrically: «in three settlements, dataphone
teletype is used, in eight, the usual teletype, and in another three, portable
teletype machines with two-way voice communication and conventional
talk lines to immediately receive the interpretation results».
Conclusions were presented by «graphs, reconstructed according to the
digital data», by reduced output list of diagnoses and results of basic
measurements, or records in terms of the Minnesota code. It is interesting
that 25% of the data transmitted telemetrically were received from eight
clinics located in the vicinity of the unified archive (neighbouring block of
flats) as well as at a distance of 5 000 km. In all cases, duration of
automated tele-ECG consultation took at least 24 hours.
Electrocardiograms
were
recorded
using
specific
«carts»
(Fig. 2.103), i.e.
ECG
machines
mounted on the
chassis
and
equipped
with
additional
data
input devices (to
enter
passport,
anthropological,
and other data), and
by telemetry: «data
Fig. 2.103. The «cart» for electrocardiosignal recording and
enter
the
telemetry (USA, on the left the model of the 1960s, on the right
communication
- three-channel model with built-in telephone of 1981)
control device from
teletype via the telephone channel and are introduced into the computer»
(Kaseres Ts. and Dreifus L., 1974).
In the same way, but in reverse direction, the computer was linked to the
teletype». Tel-EK 6703 analogue device (Computer Instruments Corp.) and
DRS 100 Digicorder digital device (Beckman Unstruments Corp.) were
used for telemetry data transmission, which allowed transmitting ECG over
the phone or cable channel to transmit directly to the computer (ibid).
Table 2.3 provides information about the basic projects within this line
of activity.

113

Table 2.3 Basic projects in the field of computational telecardiology (USA
and Canada, 1960s-1970s) (Kaseres Ts. and Dreifus L., 1974; Dobrow R. et
al., 1968; Hill S. A., 1964)
City
Halifax,
Canada

Institution
Dalhousie
University,
Medical School

Manitoba,
Winnipeg,
Canada

Winnipeg
General
Hospital,
Portage la
Prairie hospital

Alexandria,
Virginia

Department of
Health,
Honeywell Inc.

Hartford,
Connecticut

Hartford
Hospital, since
October 1967

Knoxville,
Tennessee

Healthcare
program of the
Department of
Agricultural and
Resource
Economics, St.

Activity
Network: IBM 1800 central computer (Fig.
2.104), 16 peripheral units, Intra-hospital and
external (telephone) communication channel.
Processing rate: 30 ECG per hour.
Financial and technical aspects were studied.
Cost of the system use was USD 5 000 per
year. The requirements for the characteristics
of the computer performance quality.
Transphone tele-ECG network

MSDL system.
Development of a special portable
electrocardiograph with storage battery
power supply for ECG recording and
transmission to the MSDL system. Active
use of tele-ECG in the regional screening
program
MSDL system with data transmission by
teletype and phone Later author's software
for CDC1700 computer was developed later.
Quantity of tele-ECG consultations made 20
000 per year.
ECS were transmitted via «dataphone line»,
conclusions were teletyped.
The system practical approval: 5 300
outpatients, 1 000 emergency room patients,
6 700 inpatients. The overall quality of
diagnosis was found to be satisfactory, but
needed technical improvements for
emergency teleconsultations
Network: expert centre in Knoxville;
hospitals in Oneida, Oak Ridge, Sevierville,
White Pine, Johnson City; mobile laboratory
for screening examinations in remote
districts. ECG was transmitted by the phone,
opinions - by teletype.
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Mary's
Ambulatory
Surgery Center

Lisbon, North
Dakota
New York

Omaha,
Nebraska,
Iowa and
South Dakota

Rochester,
Minnesota
Saint Paul,
Minnesota

Washington

Community
Memorial
Hospital
The Mount
Sinai Hospital,
IBM Company

Cardiac
laboratory of the
Creighton
University,
Northwest Bell
Telephone Inc.
1966.
Mayo Clinics
Biomedical
Associates
Private
Company
Veterans Affairs
Medical Center

Tel-EK system for tele-processing of
«regional ECG» from 3 and later from 8-9
remote hospitals.
Quantity of tele-ECG consultations made
4000-6 000 per year.
The study of diagnostic accuracy (n = 200 in
1967): complete coincidence - 72.5%, with
no significant differences - 18%, significant
differences - 9.5%. Corresponding values for
1968: n=300, 81%, 12.7%, 6.3%
Dataphone tele-ECG network between
Lisbon and Fargo
Network: IBM 1401 central computer, later IBM 1800 and 360; intra-hospital and
external telephone lines (special threechannel acoustic transducer was developed
for the latter) Q-ty of tele-ECG consultations
was about 50 000 Machine diagnostics
accuracy was about 90%
Network: expert centre in the Creighton
University (physician's consultations),
MSDL system in Washington, about 30
hospitals, clinics and offices of rural doctors.
Data transmission was made by Bell
dataphones. Quantity of tele-ECG
consultations made up to 100 000 per year
Own computer machine, electrocardiograph
carts, telephone communication lines
MSDL system with data transmission by
teletype and phone Average duration of teleECG consultations was 5 minutes Forms of
medical information transmission and storage
were optimized
Network: CDC 3200 central computer, ECG
data collection carts
Materials of 16 000 patients were used to
create expert system
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Fig. 2.104. Telecardiology
computing system based on IBM1800 (USA, 1960)

Fig. 2.105. General layout of tele-ECG network in
Knoxville (USA, 1960s): Т - telephone, ТТ - teletype

Fig. 2.106. Robert J. Dobrow
organized the work of
telecardiology computing network
in Hartford, Connecticut, USA

Fig. 2.107. General layout of tele-ECG network in
Hartford (USA, 1960s)

Fig. 2.108. Tele-ECG consultation
as a part of the wide-scale
preventive examinations using
Bell dataphone (the patient is at
home, the survey is conducted by
a nurse) (Rahm W. et al., 1953)

Fig. 2.109. Expert centre of the tele-ECG network in
Cardiac laboratory of the Creighton University (Omaha,
USA, 1966). Dr William Anthony Carnazzo is studying
ECG transmitted telemetrically, technician Ingrid Peters
is receiving additional information about the patient
over the phone
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Hartford telecardiology computing system, mentioned in the table, was
one of the most actively operated and provided daily tele-ECG consultations
for outpatients (Fig. 2.106-2.109). Scientific and practical analysis of the
Hartford network was summarized and presented in a number of
publications. The work was carried out under the supervision of Dr. Robert
J. Dobrow (1968).
An interesting episode of computer telecardiology was the use of the
MSDL system for continuous ECG analysis of patients, during surgical
operations, performed in the clinic of the George Washington University.
Data were transmitted from the operating room with a portable acoustic
dataphone (Bell System X 603C).
So, C. Caseres created an original system of automated ECG analysis
with telemetry data transmission, in fact one of the basic computer
telecardiology systems in the USA, in the 1960s-1970s. It is noteworthy that
he was the first to automate ECG analyses, which were recorded in the
conventional system of leads for the needs of everyday clinical practice.
The national telemedicine network was constructed on the basis of this
system.
Yet it is too early to put already a hold at this point. The system of Dr.
C. A. Caceres attracted the attention of NASA. A special version was
created for the biotelemetry of astronauts' cardiac function during space
flight. «Automatic diagnostics were carried out online and in real time,
when for the first time electrocardiographic data of each examined person
were fully controlled and interpreted by a digital computer system». During
the flight of «Gemini 7», ECG of astronauts Frank Borman and James
Lovell were recorded in analogue form in real time and periodically
monitored at intervals of 30-60 minutes during the entire flight, which
lasted 2 weeks. In total 215 discrete recording areas were transmitted and
analyzed. In the subsequent flights (from «Gemini 8» to «Gemini 12»)
automated ECG analyses were carried out continuously. At first, data were
transmitted from the spacecraft to the nearest tracking station and then they
were sent via the telemetry system to Goddard Space Flight Center
(Maryland), and from there «over the phone in multiplex mode as analogue
signals to the computer center in Washington». Signals of four leads (2 of
each astronaut) entered over there, but due to limitations of technical
capabilities, signals were real-time analyzed only for one deflection of each
examined astronaut. «Remaining» data were recorded on the magnetic tape
for delayed in-depth study (Kaseres Ts., Dreifus L., 1974).
In 1965, at the Massachusetts Institute of Technology under the
supervision of Dr. Lawrence Stark and James F. Dickson a computer system
for remote analysis of medical information, including ECG (Fig. 2.110-111)
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was created. Duration of tele-ECG consultation with the Massachusetts
Memorial Hospital was about 5 minutes (Fig. 2.112) (Swihart F., 1974).

Fig. 2.110. Dr Richard Booth (arranged the
work of telecardiology computing network in
Creighton University, USA). He told about
telecardiology activtiy: “Even on a weekend,
we might get 50 ECGs to read at home… In
our best years we were taking in 100 000…
We extended all the way from Wyoming to
Illinois, from the Canadian border well into
Kansas”

Fig. 2.112. Computing tele-ECG consultation
- receiving of computer interpretation of
electrocardiosignals by teletype

Fig. 2.111. Scheme of the computer
telecardiology system of the Massachusetts
Institute of Technology (USA, 1965)

Fig. 2.113. Operation of tele-ECG network in
the state of Missouri. The Nurse Ann
Hoefelman (top picture), in Burge Protestant
Hospital, Springfield, sends ECG data, while
Dr. P. R. Amlinger (sitting) and Dr. Donald
Linberg carry out remote interpretation of the
electrocardiosignal at Columbia (USA, 1968)
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One of the most powerful and famous
computer
telecardiology
projects
was
implemented in the state of Missouri (USA).
There, in April 1968, a tele-ECG network was
organized under the supervision of Assistant
Professor Donald A. B. Lindberg and Dr. Phillip
Rudolph Amlinger (Fig. 2.113-2.114). Initially,
the network was designed specifically for
telemedicine servicing of the rural area (a special
state grant was obtained) (Lindberg DAB, 1965
a), b); Lindberg DAB., 1967; 1968; Lukuisten
Fig. 2.114. Donald A.B.
keksintöjen mies, 2011; MacFarlane P. et al.,
Lindberg
1977; Heartbeat over phone, 1958; Amlinger P.,
1969 a), b)). The receiving station was placed at the University of Missouri
Medical Center (Columbia). At first, transtelephonic ECG transmission was
carried out from the offices of six doctors in Springfield (Dr. Cecil Auner),
Trenton (Dr. C. L. Clark), Cordwell (Dr. Wallace D. English), Kansas City
(Dr. P. Hill), Columbia (Dr. J. M. Mart) and Boonville (Dr. B. M. Stuart).
Ten the network expanded to 25 subscribers in 1976, within a radius of up
to 600 km from the expert centre. ECG computer processing was made
using MSDL software on CDC8090 computer machine CIC «DatEK»
«carts for data collection» - mobile electrocardiographs - allowing
transmitting ECG over the phone. They were placed at the subscriber
stations. Remote ECG transmission and computer-aided automated analysis
was performed, followed by teletyping conclusion to the subscribing
physician. Duration of the tele-consultation was 10-20 minutes.
P. Amlinger and D. Lindberg conducted a thorough study of the
technical aspects of the automated tele-ECG analysis and prevention of
disturbances and faults, and also defined the diagnostic value. They
determined the way to further improve the method in general and the
specific hardware and software packages (Fig. 2.115) (ibid).
In the 1970s a number of commercial computer telecardiology services
were in operation in the United States, among which the most successful
providers were CEIS (Denver, Colorado), which served 35 hospitals within
a radius of several hundred kilometres, and «Telemed» which served 480
hospitals, transmitting up to 4500 ECG per day for automated
teleconsultations (Mount Zion Memories, 2015).
In the context of «computer telecardiology» in the Soviet Union, in
1979, a team headed by Yu. R. Kremer proposed a system providing
«synchronous three-channel recording of electrocardiosignals (ECS) using
an ordinary tape recorder, transmitting these data over a telephone line, as
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well as their reproduction and input into the processing apparatus». The
system passed clinical trials (Kremer Yu. et al., 1979).
Later, at the beginning of the 1980s a joint Soviet-Hungarian project
was established: «SAS-1» - an automated multi-channel system for ECG
transmission and analysis on the basis of an EC1010 small computer. The
system was developed by the Communications Research Institute (Hungary)
and the Institute for Information Transmission Problems (USSR).
Possibility was provided to transmit ECG via direct lines or over the
telephone for further automated analysis by specially developed algorithms.
Particular attention was paid to the issue of digital ECG transmission using
the original methods of data compression. The system was practically
approved on data of 400 examined
patients (Pokrovskaya M. at el., 1981;
Chapodi Ch., 1981).
In the late 1970s some final steps for
computer telecardiology implementation
were taken in Izhevsk by a team headed
by I. B. Ellinskyy. An automated expert
system was developed and remote
transtelephonic ECG transmission was
tested (Ellinskyy et al., 1979; Ellinskyy
I., 1979).
The development of tele-ECG
Fig. 2.115. Operation of
technology
in some other countries will
telecardiology network in the state
be
described
separately.
of Missouri (USA, 1970s). Photo of
Arthur Rikli from the collection of
In Europe in the 1960s a number of
the National Library of Medicine,
scientists dealt with the problems of
record UI: RMBBAK
ECG transmission over long distances
(http://profiles.nlm.nih.gov/ps/retrie
(Honkavaara P., 1980; Omiya Z. et al.,
ve/ResourceMetadata/RMBBAK )
1975). Then the first works were
published reporting on the activities of the first centres of transtelephonic
ECG and the research results of its effectiveness (Geddes L. et al., 2000). In
1971, in Germany remote monitoring of pacemaker functions started (Late
rush to football tilts cited as prime cause of stadium heart attacks, 1972).
Development works were performed aimed at miniaturizing technical
solutions and developing devices for personal use (Hrdlicka S, Osmera P.,
1979).
By 1975 the main areas of concern for transtelephonic
electrocardiography had been identified:
1. Surveillance of pacemaker operation;
2. ECG interpretation by specialists and consultation service;
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3. Automated ECG analysis in the diagnostic centres;
4. Data transmission by ambulance brigades to the clinics.
At the same time appeared the first works on the development of an
integrated European biomedical telemetry system.
In the 1980s extensive research was carried out to study the clinical
effectiveness of transtelephonic ECG transmission for individual nosologies
and in comparison with conventional methods of healthcare provision.
Reduced mortality and lethality rate due to the use of this type of
telemedicine systems was convincingly demonstrated (Chadda K. et al.,
1986; Fletcher G. et al., 1984; Watts M., Macfarlane P., 1977).
Table 2.4 and Fig. 2.116-2.117 provide
information on the use of telecardiology
within the territory of some European
countries (Lindberg D. A., Amlinger P.
1968; Sakurai Y. et al., 1978; Stanić R,
Cvetkov R., 1980; Stark L., Dickson J.,
1965; Yan V, Sloman G., 1973).
In

1979 in
Prague
(Czechoslovakia /
Fig. 2.116. Jacques Mugica
Czech Republic)
(28.02.1933-12.12.2002, the
S. Hrdlička and P.
transtelephonic pacemaker
Ošmera
were
check-up network functioned
working in the
under his supervision in France
in the 1970s)
field
of
transtelephonic
ECG diagnosis, but the most significant
achievements in the area of telecardiology in the
Fig. 2.117. Erik Stålberg
country are associated with the name of Dr. Petr
(ECG and EEG telemetry
system designer, Sweden,
Bartůněk (Fig. 2.118). Not later than in 1982
1970s)
TELSAR transtelephonic ECG diagnosis system
was developed in Czechoslovakia in the hospital
of the Faculty of Medicine of Charles University.
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Table 2.4 Telecardiology in some European countries in 1970-1980s
Country
Denmark

Supervisor
P. Christoffersen

Germany

Weber H., Kiss
H., Joskowicz G.,
Pfundner P.,
Müller C.,
Auinger C.,
Steinbach K.,
Kaindl F.
Kutschera J.,
Dudeck J.,
Barthel G.,
Habicht L.,
Strachotta W.
Rossi P, Sarasso
G, Caccia ME,
Mantica P,
Pazzafini C,
Giacomarra G,
Fornaro G.

Italy

Milan

G. Valentini

System
Single-channel tele-ECG telemetry; teleECG at the prehospital stage
Optimal configurations and specifications
for tele-ECG systems were developed to
solve each individual telemetry task (see
above). By 1977 there were
approximately 10 telemetry systems
operating in Denmark, they were used for
single-channel transmission from doctors'
offices to large hospitals or between
hospitals and attending doctors at home.
A pacemaker tele-check was carried out
with a transmission from Greenland to
Copenhagen. Radio telemetry was used at
two ambulance transmission systems
Transtelephonic ECG diagnostics for the
detection of paroxysmal arrhythmias. By
1984 not less than 196 patients benefited
from the system

Digital ECG processing and transmission
for discussion in the dialogue mode

Tele-ECG at the prehospital stage
Transtelephonic ECG transmission by
ambulance brigade to the attending
cardiologist. 311 tele-ECG consultations
were held during 03.1986 - 12.1988,
which enabled to carry out successful
treatment in home conditions without
transportation and hospitalization
Tele-ECG transmission with computer
control (an original automatic calling
system, leased telephone network was
used)
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Pisa

The
Netherlands

P.Mancini,
R.Bedini,
G.Palagi,
C.Contini
T.P. de Jongh,
Neher

Leiden
(The
Netherlands)

F.A. Rodrigo

France
(Paris)

Renaud Koechlin

Sweden

Stålberg E
(Fig.2.117),
Wallin G.
Stanić R,
Cvetkov R.

Yugoslavia
(Croatia)

Jacques Mugica
(Fig. 2.116)

Transtelephonic control of pacemakers
Experimental computerized tele-ECG
system (PDP-8E minicomputer and IBM1800 process computer, transmission via
telephone network) since 1972 or earlier
to provide teleconsultations for general
practitioners. Single- or three-channel
ECG was used. 3 receiving centres and at
least 400 transmitters have been installed
by 1975
Transtelephonic acoustic pacemaker
check-up, more precisely pulse frequency
control using the Pacertest system of
Biotronik During 1973-1975 – about 100
patients
1) Daily Transtelephonic single-channel
tele-ECG transmission in patients with
transplanted hearts (about 10 patients).
2) Transtelephonic control of
pacemakers. Within a range of 250 km
around Paris a number of pacemaker
check-up centres were established.
Patients were attended by a cardiologist
according a schedule. ECG telemetry was
carried out from each check-up centre to
consultation centre in the Clinique VALD'OR of Saint Cloud near Paris.
SUSICALL system was used for data
transmission and discussion.
3) Development of numerous
technological aspects of ECG telemetry
Experimental transtelephonic ECG and
EEG transmission for interpretation at the
Uppsala University Hospital
Transtelephonic ECG transmission
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The idea belonged to the clinic staff assistant Svjatoslav Vinogradov,
and practical implementation was carried out by a team headed by assistant
Petr Bartůněk with the participation of experts from the Czech Technical
University (Jiří Skořepa, Ladislav Mikysa et al.). The system was used
primarily to diagnose arrhythmias: detecting early signs of arrhythmias,
monitoring the effectiveness of treatment and diagnosing emergency, etc
(Bartůněk P. et al., 1982; 1989; 1996; Bartůnĕk P. 1987 a), b)). The system
was tested in the network of five cardiac departments in the Czech Republic
and in Bratislava. Transtelephonic one-lead ECG transmission was
performed to assess the clinical effectiveness of antiarrhythmic therapy. The
method simplicity and low cost was flagrant, compared with Holter
monitoring and laboratory examinations. The results of practical trials were
good, and the Ministry of Health of Czechoslovakia decided to start serial
production of the equipment under the name TELSAR. However various
problems with the national medical equipment industry in 1989 did not let
this happen. In 1996, in the article summarizing 10 years of experience in
using the system, Dr. Bartůnĕk announced the successful transtelephonic
transmission and interpretation of 3 727 ECG of 251 patients, and the high
efficiency of the TELSAR system for arrhythmia detection (including
sporadic ones) and their treatment control (ibid).
In the UK, the computer tele-ECG diagnosis was associated with the
work of the team consisting of Dr. Peter W. MacFarlane (Fig. 2.119-120),
Professor T. D. V. Lawrie, physicist M. P. Watts and Dr. R. S. Walker
(Medical data transmission by public telephone systems, 1977). An original
algorithm was developed for data analysis and a computer with the
appropriate software was installed in the Cardiology Department of the
University of Glasgow. The equipment was installed in Law Hospital, a
Carluke district general hospital. It allowed recording ECG and «digital
information» and transmitting them over two separate public telephone lines
to the city of Glasgow for computer-assisted analysis. The 3-lead ECG was
used for transmission. The system could record 12-lead ECG using the same
cable, but the authors asserted that «this was not necessary for the computer
interpretation».
As mentioned above, the input information entered via two telephone
lines. «Digital information» (passport, anthropological and other data) was
introduced using a special terminal with a keyboard linked to the telephone
line via a modem. The same line could also be used to send conclusions
(immediate interpretation results) in the opposite direction and print them
out. The second telephone link was used for tele-transmitting the 3-lead
ECS (ibid).
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Fig. 2.118. Petr Bartůněk

Fig. 2.119. Peter W.MacFarlane

Fig. 2.120. General layout of computer
telecardiology network (Glasgow, UK,
1977)

The diagnostic value of the materials was analyzed for 100 TV ECG
interpretations. This dataset was originally transmitted via telephone
communication lines for computer analysis, and then the same ECG was
recorded on the magnetic media and transmitted to the University of
Glasgow by mail for repeated analysis.
It is noteworthy that in this study, the scientists were rather interested in
the opportunities and/or potential loss of quality, than the quality of the
algorithm and program operation, when transmitting the data over telephone
lines. As a result 4% of errors were registered. Following the results of
clinical trials, the algorithm and program were upgraded and improved. The
authors stated that they had created a kind of computer telecardiology centre
for the entire region, able to remotely interpret up to 65 000 ECGs per year.
It should be noted that the authors focused on routine examination and
screening surveys and not on emergency situations (ibid).
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In 1968, the single-channel ECG telemetry line was organized between
Lincoln and London (Colbeck W., 1968). In 1970 - two-channel line of
«distant» connection between the Netherlands (Nijmegen) and the UK
(London) was aslo organized. Both projects were implemented with the
participation of Dr. Dennis Walter Hill. Later he developed a telemetry
system of intraoperative monitoring (this will be explained in the chapter on
telemetry). Dr. Hill introduced a system of computer diagnostics for remote
ECG analysis, which functioned quite actively. It is interesting that in 1969,
a 12-lead ECG was transmitted from France (Nancy) for computer analysis
by the system of Dr. Hill to the Royal College of Surgeons (London).
Diagnostic conclusion arrived at the subscriber terminal and was printed out
within 2 minutes. On the French side, this tele-ECG consultation was
organized by Dr. Koechlin, Dr. Courtois and Dr. Janouch (the latter was a
representative of the Czech Republic).
This shows how the idea of resource sharing computer telecardiology
started to take shape: «if one computer fails, which did happen in Paris, then
another one having the same program in London was called» (Colbeck W.,
1968; Mount Zion Memories, 2015).
In Canada, in the early 1960s, on the initiative of Dr. Constantine T.
Cerkez (Fig. 2.121) and the most active participation of Professor George
W. Manning (Fig. 2.122), who at that time headed the Cardiac Center,
University of Western Ontario, the development of a transtelephonic ECG
transmission system was started up. Chief technology officer of the
Cardiology Center, University of Western Ontario Gordon C. Steward
developed its own original tele-ECG system and carried out its laboratory
trial (Cerkez C. et al., 1964; 1965). In the period of January 1 - March 31,
1964, the clinical «field» testing of the system was held. Tele-ECG
consultations were carried out between the hospital in London (Ontario) and
the cardiac center in Wingham. Dataphones of Bell Telephone Company of
Canada were used to transmit data (Fig. 2.123) (ibid).

Fig. 2.121. Constantine T. Cerkez
(27.02.1932 – 30.12.2010)

Fig. 2.122. George William Manning
(1911-2.10.1992)
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Fig. 2.123. Set of transmitting equipment: Viso 100 Sanborn ECG machine and
X603AM / X603BM dataphone

Over a period of 3 months, 102 teleconsultations were held on 71
patients (12-lead ECG). Abnormal ECGs were revealed in 70% of cases and
in 7% remote interpretation was extremely valuable for timely diagnosis
and treatment. Technical aspects were studied and the system was
optimized in terms of engineering design. A significant clinical and
logistical value of tele-ECG diagnosis was established (for example, prior to
its introduction, interpretation of ECG recorded in London, Ontario, took 3
days). Later the authors began to develop individual telemetry systems for
assessing cardiac function in the normal life conditions using satellite
communications for data transmission. A special transmitting transistor set
with autonomous power supply (Spacelabs model 130 Biotel Telemetry
System), was made up as a jacket. There was a remarkable detail - the
system allowed direct voice communication between the patient and the
physician. If necessary, an audio microphone clipped to the clothing was
provided for this purpose. Data telemetry was implemented via satellite
communication channel over a distance of 20 km (Fig. 2.124-2.125) (ibid).

Fig. 2.124. A patient's device of telemetry ECG system, sensors fixed on the body
(Canada, 1965)
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In the course of testing, 94 remote examinations of 63 patients were
carried out. They studied the diagnostic value and technical aspects
(including the specific use of the electrodes). The method of prolonged
individual satellite telemetry ECG was acknowledged to be very effective
and meaningful for monitoring heart activity in daily life, and for special
surveys (Fig. 2.126).
Meanwhile the usefullness of telecardiology networks for military and
scientific research became evident. The cardiological centre headed by Prof.
G. W. Manning acted as an expert centre.
In 1986 about 350 000 tele-ECG
consultations were given (ibid).
Also in Canada (Toronto) in 1976 Dr
Neil D. Berman arranged ECG
autotransmission service by telephone for
patients with non-diagnosed arrhythmias
or with implanted pacemakers. The
receiving centre was organized in
Toronto Western Hospital. Data were
transferred on the patients' initiative.
Thus, when symptoms of the disease
occurred, a patient called the consultation
centre, stated his name and location, and
then placed the ECG transmitter against
the chest and placed the telephone
mouthpiece against the transmitter. ECG
Fig. 2.125. Consultant's device of
was recorded on the magnetic carrier and
telemetry ECG system (Canada,
1965)
interpreted by the physician. It should be
noted that real-time ECG overview was
not performed practically. In most cases
the cardiologist worked with the patients'
recordings over a certain period (for
example, over a day). So this system was
Fig. 2.125. Consultant's device of
extremely useful for the detection of
telemetry ECG system (Canada,
1965)
recurrent
paroxysmal
arrhythmias,
though it did not work in emergency
situations (Fig. 2.127-2.128, Berman N., 1979). From January 1976 to
January 1979 this service was used by at least 31 patients. The author stated
that patient-activated transtelephonic ECG transmissions had been carried
out even earlier in the hospital, but due to scarce detailed documentation
from the earlier years their results were unavailable for research and
publication. This service was acknowledged as a very efficient clinical tool,
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since it provided good detection of arrhythmias, in particular paroxysmal
ones (ibid).
In Japan in 1969, radio telemetry ECG transmission systems were
developed under the supervision of Dr. Hirokazu Niitani from the Medical
School of Showa University (Tokio). In 1975, the construction of regional
medical networks for transtelephonic ECG transmission at the outpatient
treatment stage was already considered (Peter T. et al., 1973).
Work of the teams headed by Dr. Jun-ichi Hattori (Kanto Teishin

Fig. 2.126. Long-term individual satellite ECG telemetry (on the left - the examined
patient works in his garage, on the right - a set of equipment for satellite data
transmission, at the bottom - telemetrically recorded ECG), Canada, 1965

Hospital, Tokyo) and Dr. Y. Sakurai
(Niigata Hospital) should be mentioned
separately. In September 1973 in Tokyo
and Niigata (Japan), an experiment was
conducted on transtelephonic pacemaker
operation
data
transmission.
ECG
telemetry was so successful that the
system was implemented in practice and
its constant use began since October 1974.
The equipment allowed two-channel
transmission, but it was extremely difficult
for the patients (60% failed for technical
Fig. 2.127. ECG
reasons), so the authors limited the
autotransmission by telephone
(Toronto, Canada, 1976-1979)
practical use to one channel (Fig. 2.129).
Following the results of this work, it
received the name of «pacemaker telephone clinic» and it treated at least 60
patients during 2 years (Hattori J. et al, 1975; Sakurai Y. et al. 1975; 1978).
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By 1978 results on 15 patients with implanted pacemakers, who carried
out transtelephonic telemetry of 1-lead ECG, pacemaker pulse frequency
and heart rate, were published. The system was identical to personal visits
of patients by the quality of diagnosis and medical care, significantly
lowering the logistics costs (ibid).
In 1980 the issue of possible widescale tele-ECG application based on
common national telephone line was
studied in Japan. Under the supervision
of Professor Yoshiaki Nose (Faculty of
Medicine, Kyushu University) the study
of their technical suitability was
conducted by multiple repetitive
transmission of 100 ECG (34 normal
ECG and 66 ECG with pathological
signs) between Tokyo and Fukuoka (at a
distance of about 1000 km) (Fig. 2.130).
Identical results of remote interpretation
were registered for 97% of standard
ECGs and 92% of ECGs with
pathological deviations (Nose Y. et al.,
Fig. 2.128. Examples of EGCs sent
telemetrically by patients (ECG
autotransmission by telephone)
(Toronto, Canada, 1976-1979)

1980; 1982; 1986).
On basis of the results obtained,
the computer telecardiology network
was implemented (IBM computer
and software developed by Bonner et
al., 1972 were used), where 1 236
tele-ECG consultations were carried
out only during the first month. The
quality of this data transmission was
completely satisfactory in 98.6% of
cases. Nevertheless, the authors
modified the software so that the
determination of the quality level of
the transmitted information and the
subscriber notification (in case of a
transmitting an ECG unsuitable for
interpretation) occurred within a few
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Fig. 2.129. Telemetry equipment of
«pacemaker telephone clinic» (Japan,
1973-1975)

seconds. Such approach significantly improved the operating quality of the
computer telecardiology network, due to momentary ECG re-transmission
in case of defective primary transmission. In the next 4-5 years about 35000
tele-ECG consultations were performed (ibid).
In Greece in 1976 or by 1980 E. Skordalakis and Professor George
Papakonstantinou (Fig. 2.131) from the National Technical University of
Athens developed and implemented their own transtelephonic ECG
diagnosis system. The issues of computer analysis of electrocardiosignals
were studied as well. The equipment was so efficient that its use lasted at
least 15 years (Ferrer-Roca O., Sosa-Iudicissa M., 1998; Skordalakis E.,
Papakonstantinou G., 1981).
In the context of telecardiology development in the middle of the 20th
century, it is worth noting that in this period, telemetry systems were
proposed for use in perinatal medicine and paediatrics. In the USA in April
1963 W. K. Hagan and S. D. Larks published the description of a
transtelephonic foetal ECG transmission method over long distances (Hagan
W., Larks S., 1963).
In Germany in
1967
K.
Baumgarten and
K. Sokol also
transmitted ECG
and foetal heart
rate using radio
telemetry system,
both
during
pregnancy
and
Fig. 2.130. Yoshiaki Nose
childbirth. Much
Fig 2.131 George K.
Papakonstantinou
later, in 1981, in
France, telemetry
of foetal cardiac function in pregnant women at high risk was performed
and assessed in terms of quality. Completely sufficient diagnostic value of
the transmitted data, the possibility of rapid and early diagnosis of
threatening pathological conditions, total simplicity and availability of the
system were stated (Baumgarten K., Sokol K., 1967; Crépin G. et al., 1981).
In paediatric practice, transtelephonic outpatient tele-ECG transmission
was actively used in the United States in 1984 at least on 41 patients with
symptoms suggesting arrhythmia. As a result, in 22% of the observed
patients, paroxysmal arrhythmias were revealed, which allowed starting a
reasonable drug treatment (Fyfe D. et al., 1984).
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To summarize: In the mid-late 1970s, clinical tele-ECG, in conjunction
with automated remote analysis of electrocardiosignals, was widely spread
throughout the world.
«Computer telecardiology» can be considered a separate line of
research. National tele-ECG systems were created and actively operated in
the USSR, USA, Canada, Japan, Australia, The Netherlands, Finland, East
Germany (GDR) and Hungary.
Words written by Prof. Halfen, a few decades ago, remain completely
relevant today: «ECG telemetric recording and evaluation should be
performed where there is no possibility for a specialist to record and decode
it at the given moment. If such a possibility exists, it should not be
neglected in any case. Telemetry should not substitute the direct contact
with the patient, wherever possible …» (Halfen E., 1974; 1977; 1980; 1980
a, b, c; 1985; 1998).
The above statement is supported by L. V. Chireikin: «It goes without
saying that remote consultations will never be able to replace real
communication of an experienced physician with patients ... RDC
contribute to the approximation of specialized cardiac care to the
population, especially in the rural areas. Remote clinical consultations on
their own are effective not only in the hospital itself, but, most importantly,
at the prehospital stage» (Chireikin L. et al., 1977; Chireikin L.,
Dovgalevskyy P., 1995). How close are these statements to the famous
declaration of Kenneth T. Bird, one of the founders of the American
telemedicine: «Telemedicine can be defined as the practice of medicine by
means of an interactive audio-video communications system without the
usual physician-patient physical confrontation. Telemedicine depends on
the physician and his special abilities. It does not replace him or alter his
role. In fact telemecicine multiplies the usefulness of the specialist and
enlarges his horizons while simultaneously maintaining his position at the
focal point of all health care activities». These citations express the entire
essence of modern telemedicine!
In the 20th century, the most widespread form of telemedicine was
telecardiology - a comprehensive use of telemedicine procedures
(biotelemetry and telemonitoring, remote interpretation of diagnostic data,
teleconsultation, home telemedicine) for the prevention, emergency and
routine medical care for patients with disorders of cardiovascular system.
During that period the main component of telecardiology was precisely the
tele-ECG, the process of transferring of the electrocardiography data over
telecommunication lines for the purpose of remote interpretation,
telemedicine consultation and distance learning. The significance of this
technology is confirmed by the fact that it still is a common and widely
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spread practice since its creation in 1905. During the 1940s-1970s in
Europe, Asia and North America, numerous engineering solutions for teleECG were developed in parallel, and the relevant networks were
successfully implemented. The concepts of telemedicine use for emergency
support at primary-level health care was fully developed, and also the
foundation for an individual (home) telemedicine was established to provide
long-term medical care for patients in everyday life.
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