
          

Fig. 2.1. Wilhelm Einthoven and Johannes Bosscha 

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 
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.  

So, on March 22, 1905 
Einthoven and Bosscha performed 
an ECG remotely on a healthy male 
volunteer (according to some data, 
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. 

 

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 

Hospital, the process of conducting the first 
in the world tele-ECG; the first worldwide 
ECG recorded remotely (22.03.1905, the 

Netherlands) (Einthoven 1906) 

 

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

published an article 
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 tele-
ECG 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). 

    

Fig. 2.5. Walter Belknap James (11.05.1858-06.04.1927) and 
Horatio Burt Williams (17.09.1877-01.11.1955) 
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Fig. 2.6. An original pictures of 
a intra-hospital tele-ECG 

system: «The electrodes in use» 
and «Complete apparatus for 

obtaining electrocardiograms» 

   

Fig. 2.7. Marian Franke and Witold Lipinski 

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 
General Hospital, while the receiving 
station was installed at the Chair for 
General and Experimental Pathology of 
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. 
2.10). The authors specify 

60



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 
(Freiburg, Germany) was 
used. Having examined 
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 
who are in critical 
conditions (ventilation) 
or in agony, it has to be 
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).  

 

Fig. 2.8. The department of infectious diseases of 
State Lvov General Hospital (currently – Regional 
Clinical Hospital), the photo of 1941-1944 from I. 

Kotlobulatov's collection 

 

Fig. 2.9. The building of the Lvov University Medical 
Faculty where the Chair for General and Experimental 

Pathology was situated. Photo of 1910-1912 from I. 
Kotlobulatov's collection 
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Tele-
electrocardiography 
(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 1935-
1937, by Professor 
of Physiology 
Marian Franke and 
Professor of 
Infectious Diseases 
Witold Lipinski. 
Both were able to 
confirm brilliantly 
W. Einthoven’s 
statement: “Where 
there is a 
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).  

       

 

 

 

Fig. 2.10. Title page and fragments of the original text with 
description of clinical tele-ECG system by M. Franke and W. 

Lipinski (Lvov, Ukraine, 1936) 
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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 
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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 
(USA). An original 
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).  

 

 

Fig. 2.13. Examples of tele-ECG transmissions (Nebraska, 
USA, 1952-1953)  
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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 
interrupt ECG transmission “for questions and 
comments”, followed by the resumed 
transmission without loss of diagnostic quality 
and data integrity. The cost of the system was 

about USD 450-500 (Fig. 2.16-
2.18) (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 
transmitted from the workshop 
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.  
 
 
 

 

Fig. 2.14. Edmunds Grey 
Dimond (photo from the 

History of Medicine 
collection (NLM), record 

UI 101413703 ) 

 

Fig. 2.15. Test ECG transmitted with the help 
of telemetry system by Dr Dimond  
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Fig. 2.16. ECS-transmitting device 
with telephone apparatus connected 
developed in the Medical Centre of 

Kansas University (USA, 1958) 

 

Fig. 2.17. Tele-ECG transmitting 
device of Dr Dimond's system 

 

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. 

 
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 
reassured the patient (Dimond E., Berry F., 1953; 
Dimond E., 1958; Heart Data by Phone, 1952; 
Heart call could save your valentine, 1970; Hirschman et al., 1974). 

 

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) 

 

Fig. 2.22. Zigmas I. 
Yanushkevichus 
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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 15-
17 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 Hewlett-
Packard 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 (mini-
computer ...) 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 
appeared in the 
late 1950s, the 

commercial production of such systems 
started in the USSR and the USA about 
10 years later. At least 20 major Centers 
for automated ECG analysis were already 
active in 1976, conducting up to 5 million 
evaluations per year (Kaseres and 
Dreifus, 1974).  

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).  

 

Fig. 2.23. Bell 
Dataphone 

 

Fig. 2.24. Tele-ECG consultation 
using Bell dataphone (Omaha, 
Nebraska, USA, 1963), photo 

from Northwestern Bell 
Telephone Company Annual 

Report for the Year 1963 by Alma 
F. Jacobson 
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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 ECG-
diagnostic 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 
general information about the patient with the 
help of voice communication. Initially the 
network connected only two hospitals, but it 
worked out so efficiently that by 1970 the 
network covered 178 medical facilities in ten 
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.  

 

Fig. 2.25. Richard W. Booth 
(Professor, an employee of  

the Creighton University since 
1961, founder and director of 
the Cardiac Center, creator of 

one of the largest tele-ECG 
networks in the USA) 
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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 
technology, it was decided to introduce it at 
Jackson Memorial Hospital 
(Electrocardiogram by Phone Foreseen in near Future, 1966). 

 
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-the-

clock. 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). 

 

Fig. 2.26. Loius Lemberg 

 

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) 
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In 1973, another hospital-user was 
connected to the network, and also tele-
ECG system was introduced. The 
consultation center was based at the 
Memorial Hospital (Appleton). A three-
channel 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).  

 

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).  

 

Fig. 2.29. Professor Frank I. 
Marcus (1928) holds a tele-ECG 

consultation via dataphone 
(Arizona, USA, 1970) 

 

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. 2.31. Advertising of tele-ECG system based on 
Bell dataphone (right: photo courtesy by National EMS 

Museum ), USA, 1960s 
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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 ECG-
telemetry 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; 

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 

 

Fig. 2.32. Eugene L. 
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. 2.34. The first test of Nagel-
Hirschman 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. 2.35. Prof. E. Nagel and Jim Hirschman with different groups of rescuers 
(training in radio telemetry system use - serial apparatus model in aluminum case) 
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Fig. 2.37. General operation scheme of tele-ECG system of the first aid 
service according to H. N. Uhley (USA, 1970) 

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, New-

York, 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 
Orange Bowl Stadium in Miami as annually 3-5 
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 
together 
with 
Electra-Biometrics of Lancaster introduced an ECG telemetry system in the 

 

Fig. 2.36. Herman 
Noah Uhley 
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Fig. 2.40. Uhley's telemetry ECG-
transmitter (USA, 1974) 

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, 
the system was widely implemented. 
In particular, at the above-mentioned 
Medical Centre at Mount Zion, six complexes of this equipment were 

installed, which made it a national leader in the field of emergency tele-
ECG 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. 2.38. Tele-ECG system use at the 
pre-hospital stage (USA, 1970s)  

   

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

75



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 
center have a direct 
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 
was a portable device consisting of three units: a 
transducer, a power supply unit and an acoustic set-
top box. Early transmitter models had dimensions of 11x12x4 cm weighing 

 

Fig. 2.41. Emmanuil 
Sh. Halfen 

 

Fig. 2.42. Oleg M. 
Radyuk 
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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). 
Some shortcomings of 
radio communication 
equipment, as well as 
geographical issues (hilly 
location) required the 
development and use of 
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). 

 

 

 

Fig. 2.43. Work of Saratov tele-ECG centre in 1976: 
an attending consultant at the control panel, a 

doctor holds the elektrocardiotransducer, ECG is 
transmitted from a factory health centre, computer 

machine for processing ECG and information about 
the status of critically ill patients in the in-patient 
hospital (temperature, contractile function, blood 

pressure)  

77



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 
and the expert center. 

Prof. Halfen determined three main 
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); 

 ECG patient-activated 
transmission (auto-transmission) 
during outpatient treatment. 

Between 1972 an 1979 about 250 000 
ECGs were transmitted in Saratov region via «Volna-1» system (Table 2.1) 
(ibid).  

 

Fig. 2.44. Professor E.Sh. Halfen 
receives ECG at the remote 

cardiological centre control panel 
(early-middle 1980s) 

 

Fig. 2.45. Work of mobile ambulance 
unit: ECG transmission from a 

patient's apartment (early-middle 
1980s) 
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Table 2.1 Dynamics of tele-ECG consultations of Saratov telecardiological 
network (1972-1979) 

ECG 

received 

Consultations Occupational 

health 

examinations 

Total 

1972 12632 8380 21012 
1973 16796 6930 23726 
1974 20457 4832 25289 
1975 21390 5054 26444 
1976 29723 7116 36839 
1977 31148 7026 38174 
1978 30374 7214 37588 
1979 31840 6936 38776 
Total 194360 53488 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 
details, the necessary documentation, etc. In 
fact for the first time a substantiated concept 
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 
following equipment was used: «Saratov» 
computer machine, 21 RTN radio-based 
transducer and N-338 self-recorder. Intra-
hospital 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 
methodological guidance under the same name 
(Chazov E., Utyamyshev R., 1979).  

 

Fig. 2.50. Consultation and 
diagnostic control panel of 

“Volna” system 

 

Fig. 2.51. “Jaguar” three-
channel tele-ECG system 

(receiving panel and electric 
cardio-transmitter) 

 

Fig. 2. 52. Rustam I. 
Utyamyshev (1926-1999) 
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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 tele-
ECG 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 1970-
1980s 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. 2.61. Vladimir A. Fialko 

 

Fig. 2. 62. Mikhail P. 
Shklyarenko 

 

Fig. 2. 63. Maria T. Saltseva 

 

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

City Medical  

Institution 

Year of 

RDC 

opening 

Activity 

Barnaul  Altai 
Territorial 

Cardiological 
Dispensary 

1982 Network: 20 districts of the Region 
Equipment: «Volna» (Eugeniya P. 

Kamysheva, 2005) 

Briansk Regional  
Hospital No.1 

1983 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 
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was introduced additionally 
 Regional 

Cardiological 
Dispensary 

1990 - 

Veliky 
Novgorod 

Regional 
Clinical  
Hospital 

1982 - 

Vinnitsa Regional 
Clinical  
Hospital 

1982 or 
1984 

Network: Healthcare facilities of the 
city and Region Equipment: «Volna» 

(dismantled in 2004) 
Volgograd Not 

established 
Middle of 

the 
1970ies 

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) 
Gorky (Nizhy 

Novgorod) 
Gorky 

Medical 
Institute 
(Nizhny 

Novgorod 
State Medical 

Academy), 
Municipal 
Clinical 
Hospital 
No.38 

1977 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 (1977-

1986). 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) 
 Regional 

Clinical 
Hospital 

- Network: district healthcare facilities 
of the Region. Equipment: «Volna». 

Q-ty of tele-ECG consultations: 
5 500 -7 000 per year 

Donetsk Central 
Municipal 
Hospital 
No.16 

Late 
1970ies 

Network: coal mine first aid facilities 
Equipment: «Volna» 

Ivanovo Regional 1981 or Network: at least 26 healthcare 
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Clinical 
Hospital 

earlier facilities with in-hospital departments  
204 cases were analysed in the 

publications 
Ivano-

Frankovsk 
Regional 

Cardiological 
Dispensary 

1986 - 

Kiev Municipal 
First-Aid 
Station 

July 1981 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) 

Kirov Cardiological 
Dispensary of 
the Regional 

Clinical 
Hospital 

1985 - 

Krasnoyarsk Territorial 
Hospital No.2 

1975 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 
Crimea  District 

healthcare 
facilities, 
«Livadia» 
sanatorium 

1973-
1974 

Equipment: manufactured by 
«Electrostandart» VNII; patient's 

device - deflection cable, tone 
signalling device, telephone 

apparatus  
   Researcher’s device - tone signalling 

device, telephone apparatus; single-
channel ECG machine of 061 type. 

Network: functional diagnostics 
rooms of Miskhor, Livadiya, spa-

centres of Yalta, «Livadia» 
sanatorium 

Leningrad 
(Saint-

Petersburg) 

Scientific 
Research 

Institute of 
Cardiology 

1978 (SRI 
and RCH) 

testing 
period 

Network: 17 central district hospitals, 
4 healthcare facilities (with 

maximum care delivery distance of 
400 km). Quantity: 
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(Almazov 
Federal Heart, 

Blood and 
Endocrinolog

y Centre), 
Regional 
Clinical 
Hospital, 
Leningrad 
Municipal 
First-Aid 
Station 

during 
1978-

1980 and 
regular 

operation 
since Dec. 

1980 
(EHS) 

- 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 

Moscow MF 
Vladimirsky 

Moscow 
Regional 
Research 
Clinical 
Institute 

(MONIKI) 

1974 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 

 Institute of 
Experimental 
and Clinical 

Therapy/A. L.  
Myasnikov 
Institute of 

Clinical 
Cardiology 

1971 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) 
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Novosibirsk Regional 
Cardiological 
Dispensary 

1976 Around-the-clock consultations for 
EHS (Fig. 2.65) 

Omsk Regional 
Clinical  
Hospital 

1985 - 

Orenburg Regional 
Clinical  
Hospital 

1979 Established by Doctor Maria V. 
Akulova (Fig. 2.55 and 2.66 

(Nuzhdina T., 2016) 
Poltava Cardiological 

Dispensary 
1985 or 

1990 
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) 
Saransk Medical 

faculty of 
Mordovia 

State 
University 

1979 Equipment: «Salyut» 
Network: district hospitals 
Centre was founded under 

supervision of V. Tyavokin, Doctor 
of Medical Sciences, Professor 

Saratov SRI of 
Cardiology, 

2nd Municipal 
Hospital 

1971 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 

Sverdlovsk 
/Ekaterinburg 

Regional 
Cardiac 
Centre, 

Municipal 
Clinical 

Emergency 
Care Hospital 

1978 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 
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publications 
Ternopol Regional 

Clinical 
Hospital 
(cardiac 
recovery 

department) 

1983 Network: districts of the Region 
Equipment: «Volna» (installed in 
1984, dismantled in 2005) (Pavlov 

V., Vivchar N., 2008) 

Ulan-Ude First-Aid 
Station 

Middle of 
the 1980ies 

Q-ty of tele-ECG consultations 500 

Kharkov Central 
Clinical 

Hospital No.5  

1997 Inter-railway Remote Diagnostic 
Centre of Cardiovascular Diseases. 

Cheboksary Chuvash 
Republican 

Cardiological 
Dispensary 

1985 - 

Shymkent EHS Hospital, 
infarction 

department 
(Regional 
Cardiac 
Centre) 

1985 - 

 
 
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 
Department 
of Health of 
the Altai 

Territorial Executive Committee - author's note] and he immediately 
offered to establish a territorial centre. I invited my classmate L. Kochetova 

   

Fig. 2.64. ECG transmission by phone and transmitting device (tele-ECG 
network experience in Moscow, 1974 (Mazur N. et al., 1974), 

«Tranzicard» (Norway) telecardiological equipment is possibly shown in 
the picture 
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(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. 2.70) 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 
qualified doctors around-the-clock 
(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 tele-
ECG was carried 
out. 

There was an 
increase in number 
of tele-ECG 
consultations over 

 

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. 2.66. ECG Work of Remote 
Diagnostic Centre (RDC) in the Orenburg 

Regional Clinical Hospital in 1979  

 

Fig. 2.67. Remote ECG-diagnostics Centre (Barnaul, 1982), 
headed by Lyudmila V. Kolomiets 
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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  

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 
was used very widely at the 
prehospital stage. In the USA, 
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 

 

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 

 

Fig. 2. 72. “Volna” system usage: Tele-ECG 
consultation from a patient's apartment 

(Saratov, USSR, 1970s)  
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Portable Coronary Observation Radio”, Motorola, Fig. 2.77-2.79) were the 

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

 

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) 

91



 

 

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-the-
scene.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) 

 

Fig. 2.82. Pavel Ya. Dovgalevsky 
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What about «Volna»? 
In the late 1970s, the tele-
ECG 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 
«Volna» system to control 
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). 

 

Fig. 2.83. “Volna” system usage: ECG 
autotransmission in home conditions - ancestor of 
modern home telemedicine (Saratov, USSR, 1980s)  
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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 1977-
1987, 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, 
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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 
scientific and practical aspects of 
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 

 

Fig. 2.87. Vladimir A. Almazov 
(1931 - 2001) 
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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 
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 
functional diagnosis 
regarding ECG being 
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 

 

Fig. 2.88. Lev V. Chireykin 
(unknown artist) 

 

Fig. 2.89. Tele-ECG system panel in the 1970s-1980s in the 
Research Institute of Cardiology named after V.A. Almazov 

(current view)  
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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 evidence-
based 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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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. Koblents-
Mishke) 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.  

It was recommended to install computers 
for automated ECG analysis in the large 
clinical hospitals. In this case, the organization 
and operation of the ECG interpretation centre 
(ECG-RDC), «full-fledged» remote cardiology consultation centre (C-
RDC) 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 

 

Fig. 2.90. The title page of one of the patents by L. V. 
Chireykin et al., describing tele-ECG system 

 

Fig. 2.91. Viktor F. 
Chavpetsov ((07.07.1947-

16.11.2011) 
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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 
diagnostics for 
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, 

 

Fig. 2.92. Options of cardiac remote diagnostic centre 
establishment and different ways of a tele-ECG network 

creation (from guidelines by L. Chireykin’s team)  
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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 check-
up 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 

107



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, sphyigmo-
plethysmography, 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. 2.96. Veikko 
Ilmastilla 

 

 

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

 

 
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 tele-
ECG 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». 
Among them, L. V. Chireykin cited the teams 
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 

 

Fig. 2.98. Eugeniia P. 
Kamysheva 
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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 
examined persons are divided into two classes: 
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 85-
87% (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. 

 

Fig. 2.99. Dorofei Y. 
Shurigin ((18.06.1923-

20.07.1982) 
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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).  

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 

 

Fig. 2.102. Cesar 
Augusto Caceres 
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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.  

Electrocardio-
grams 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 
enter the 
communication 
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. 

 

Fig. 2.103. The «cart» for electrocardiosignal recording and 
telemetry (USA, on the left the model of the 1960s, on the right 

- three-channel model with built-in telephone of 1981) 
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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 Institution Activity 

Halifax, 
Canada 

 

Dalhousie 
University, 

Medical School 

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. 

Manitoba, 
Winnipeg, 

Canada 
 

Winnipeg 
General 
Hospital, 
Portage la 

Prairie hospital 
 

 
 

Transphone tele-ECG network 

Alexandria, 
Virginia 

Department of 
Health, 

Honeywell Inc. 
 

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 
Hartford, 

Connecticut 
Hartford 

Hospital, since 
October 1967 

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 
Knoxville, 
Tennessee 

Healthcare 
program of the 
Department of 

Agricultural and 
Resource 

Economics, St. 

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 

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% 
Lisbon, North 

Dakota 
Community 
Memorial 
Hospital 

Dataphone tele-ECG network between 
Lisbon and Fargo 

New York  The Mount 
Sinai Hospital, 
IBM Company 

Network: IBM 1401 central computer, later - 
IBM 1800 and 360; intra-hospital and 
external telephone lines (special three-

channel acoustic transducer was developed 
for the latter) Q-ty of tele-ECG consultations 

was about 50 000 Machine diagnostics 
accuracy was about 90% 

Omaha, 
Nebraska, 
Iowa and 

South Dakota 
 

Cardiac 
laboratory of the 

Creighton 
University, 

Northwest Bell 
Telephone Inc.  

1966. 

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 
Rochester, 
Minnesota 

Mayo Clinics Own computer machine, electrocardiograph 
carts, telephone communication lines 

Saint Paul, 
Minnesota 

Biomedical 
Associates 

Private 
Company 

MSDL system with data transmission by 
teletype and phone Average duration of tele-
ECG consultations was 5 minutes Forms of 

medical information transmission and storage 
were optimized 

Washington Veterans Affairs 
Medical Center 

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 IBM-

1800 (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. 2.111. Scheme of the computer 
telecardiology system of the Massachusetts 

Institute of Technology (USA, 1965) 

 

 

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

electrocardiosignals by teletype 

 

 

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 
keksintöjen mies, 2011; MacFarlane P. et al., 
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 

 

Fig. 2.114. Donald A.B. 
Lindberg 
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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 
technology in some other countries will 
be described separately. 

In Europe in the 1960s a number of 
scientists dealt with the problems of 
ECG transmission over long distances 
(Honkavaara P., 1980; Omiya Z. et al., 
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; 

 

Fig. 2.115. Operation of 
telecardiology network in the state 
of Missouri (USA, 1970s). Photo of 
Arthur Rikli from the collection of 
the National Library of Medicine, 

record UI: RMBBAK 
(http://profiles.nlm.nih.gov/ps/retrie
ve/ResourceMetadata/RMBBAK ) 
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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 / 
Czech Republic) 
S. Hrdlička and P. 
Ošmera were 
working in the 
field of 

transtelephonic 
ECG diagnosis, but the most significant 
achievements in the area of telecardiology in the 
country are associated with the name of Dr. Petr 
Bartůněk (Fig. 2.118). Not later than in 1982 
TELSAR transtelephonic ECG diagnosis system 
was developed in Czechoslovakia in the hospital 

of the Faculty of Medicine of Charles University. 
 

 

Fig. 2.116. Jacques Mugica 
(28.02.1933-12.12.2002, the 
transtelephonic pacemaker 

check-up network functioned 
under his supervision in France 

in the 1970s) 

 

Fig. 2.117. Erik Stålberg 
(ECG and EEG telemetry 
system designer, Sweden, 

1970s) 
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Table 2.4 Telecardiology in some European countries in 1970-1980s 

Country Supervisor  System 

Denmark P. Christoffersen Single-channel tele-ECG telemetry; tele-
ECG 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 

Germany Weber H., Kiss 
H., Joskowicz G., 

Pfundner P., 
Müller C., 

Auinger C., 
Steinbach K., 

Kaindl F. 

 
Transtelephonic ECG diagnostics for the 
detection of paroxysmal arrhythmias. By 
1984 not less than 196 patients benefited 

from the system  

 Kutschera J., 
Dudeck J., 
Barthel G., 
Habicht L., 

Strachotta W. 

 
Digital ECG processing and transmission 

for discussion in the dialogue mode 

Italy Rossi P, Sarasso 
G, Caccia ME, 

Mantica P, 
Pazzafini C, 

Giacomarra G, 
 Fornaro G. 

 

 
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  

Milan G. Valentini Tele-ECG transmission with computer 
control (an original automatic calling 
system, leased telephone network was 

used) 
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Pisa P.Mancini, 
R.Bedini, 
G.Palagi, 
C.Contini 

 
Transtelephonic control of pacemakers 

The 
Netherlands  

T.P. de Jongh, 
Neher 

Experimental computerized tele-ECG 
system (PDP-8E minicomputer and IBM-
1800 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 
Leiden  
(The 

Netherlands) 

F.A. Rodrigo Transtelephonic acoustic pacemaker 
check-up, more precisely pulse frequency 

control using the Pacertest system of 
Biotronik During 1973-1975 – about 100 

patients 
France 
(Paris) 

Renaud Koechlin 
 

Jacques Mugica 
(Fig. 2.116) 

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 VAL-

D'OR of Saint Cloud near Paris.  
SUSICALL system was used for data 

transmission and discussion. 
3) Development of numerous 

technological aspects of ECG telemetry 
Sweden Stålberg E 

(Fig.2.117), 
Wallin G. 

Experimental transtelephonic ECG and 
EEG transmission for interpretation at the 

Uppsala University Hospital  
Yugoslavia 
(Croatia) 

Stanić R, 
Cvetkov R. 

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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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. 2.123. Set of transmitting equipment: Viso 100 Sanborn ECG machine and 
X603AM / X603BM dataphone 

    

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 
was recorded on the magnetic carrier and 
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 
extremely useful for the detection of 
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, 

 

Fig. 2.125. Consultant's device of 
telemetry ECG system (Canada, 

1965) 

 

Fig. 2.125. Consultant's device of 
telemetry ECG system (Canada, 

1965) 
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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 

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 
reasons), so the authors limited the 
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).  

 

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 

 

Fig. 2.127. ECG 
autotransmission by telephone 
(Toronto, Canada, 1976-1979) 
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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 wide-

scale 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., 

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 

 

Fig. 2.128. Examples of EGCs sent 
telemetrically by patients (ECG 
autotransmission by telephone) 
(Toronto, Canada, 1976-1979) 

 

 

 

Fig. 2.129. Telemetry equipment of 
«pacemaker telephone clinic» (Japan, 

1973-1975) 
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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 
childbirth. Much 
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). 

 

Fig. 2.130. Yoshiaki Nose 
 

Fig 2.131 George K. 
Papakonstantinou 
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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 tele-
ECG 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. 

References 
[1] [Computers in health care and biomedical research], Nauchnye trudy NGMI, 94, 

Novosibirsk, 1978, 90 pages (in Russian), ЭВМ в здравоохранении и медико-
биологических исследованиях, Научные труды НГМИ, 94, Новосибирск, 1978, 90 с. 

[2] [Department of Hospital Therapy of MSU NO im.Ogareva], http://www.mrsu.ru (in 
Russian), Кафедра госпитальной терапии НИ МГУ им.Огарева, http://www.mrsu.ru  

[3] [Medical electronics for healthcare], Translated from English: L. Cromwell, M. Arditti, F. 
Baybell et.al.; Translation Editor: R. I. Utyamyshev, M.: Radio i sviaz, 1981, 344 pages 
(in Russian), Медицинская электронная аппаратура для здравоохранения: Пер. с 
англ., Л. Кромвелл, М. Ардитти, Ф. Вейбелл и др.; Пер. под ред. Р. И. Утямышева, 
М.: Радио и связь, 1981, 344 с. 

[4] [The regional center of remote ECG diagnosis of the Regional Hospital of Novosibirsk], 
www.infarktu.net/forum/viewtopic.php?t=2324&sid= 
c6a0f00ec141e6757cf63a25b4b92f92, 2016 (in Russian), Областной дистанционный 
центр ЭКГ-диагностики Областной больницы г. Новосибирска, 
www.infarktu.net/forum/viewtopic.php?t=2324&sid= 
c6a0f00ec141e6757cf63a25b4b92f92, 2016 

[5] Almazov B. A., Chireikin L. V. [The role of remote diagnostic centers in improving the 
diagnosis of various forms of ischemic heart disease], Paper in Almazov B. A., Chireikin 
L. V. Difficulties and errors in the diagnosis of the dieases of the cardiovascular system, 
L.: “Meditsina”, 1985, pp. 8-30, http://lekmed.ru/info/arhivy/trudnosti-diagnostiki-
zabolevaniy-serdechno-sosudistoy-sistemy.html (In Russian), Алмазов В. А., Чирейкин 
Л. В. Роль дистанционных центров в совершенствовании диагностики различных 
форм ишемической болезни сердца, в кн.: Трудности и ошибки диагностики 
заболеваний сердечно-сосудистой системы. Л.: «Медицина», 1985, 
http://lekmed.ru/info/arhivy/trudnosti-diagnostiki-zabolevaniy-serdechno-sosudistoy-
sistemy.html 

[6] Almazov B. A., Chireikin L. V., Chavpetsov V. F., Fetisova E. M., Tozhiev M. S., 
Koblets-Mishke A. I., [Organization of remote cardiac diagnostic centers. Method, 
recommendations], Leningr. NII kardiologii, Pazrab. L. Tyazhpromelectronproekt, 1986, 
pp. 31 (in Russian), Алмазов В. А., Чирейкин Л. В., Чавпецов В. Ф., Фетисова Э. М., 
Тожиев М. С., Кобленц-Мишке А. И. Л.: Организация работы кардиологических 
дистанционно-диагностических центров. Метод. рекомендации Ленингр. НИИ 
кардиологии, Разраб. Тяжпромэлектронпроект, 1986, с. 31  

[7] Amlinger P. R. Biotelemetry and computer analysis of electrocardiograms. Methods Inf 
Med., 1969 Nov, 8, 3, pp. 120-127 

[8] Amlinger P. R. Routine telemetry of electrocardiograms and computer analysis. IEEE 
Trans Aerosp., 1969, pp. 682-683 

[9] Antonov Yu. G., Sokolova E. F., Vinogradova T. S., Koryakov L. V. [Three levels of 
telemetric ECG diagnostics. Computational diagnostics and telemetry processing of 
medical information], Tezisy II Vseros. nauch.-pract. conf. po med. Kibernetike, Gorky, 
1979, pp. 92-93 (in Russian), Антонов Ю. Г., Соколова Э. Ф., Виноградова Т. С., 

133

http://www.mrsu.ru/
http://www.mrsu.ru/
http://lekmed.ru/info/arhivy/trudnosti-diagnostiki-zabolevaniy-serdechno-sosudistoy-sistemy.html
http://lekmed.ru/info/arhivy/trudnosti-diagnostiki-zabolevaniy-serdechno-sosudistoy-sistemy.html
http://lekmed.ru/info/arhivy/trudnosti-diagnostiki-zabolevaniy-serdechno-sosudistoy-sistemy.html
http://lekmed.ru/info/arhivy/trudnosti-diagnostiki-zabolevaniy-serdechno-sosudistoy-sistemy.html


Коряков Л. В. Трех-уровневая система телеметрической ЭКГ-диагностики. 
Вычислительная диагностика и телеметрическая обработка медицинской 
информации. Тезисы II Всерос. науч.-практ.конф. по мед.кибернетике, Горький, 
1979, с. 92-93 

[10] Barold S. Willem Einthoven and the Birth of Clinical Electrocardiography a Hundred 
Years Ago. Cardiac Electrophysiology Review, 2003, 7, 1, pp. 99-104 

[11] Bartůnĕk E., Zapletalová J., Kotrlíková E., Gorican K., Chochola M. [Initial experience 
with modification of dosage of anti-arrhythmic agents using telephone transmission of 
the electrocardiogram], Cas Lek Cesk. 1989 Jan 20, 128, 4, pp. 114-116 

[12] Bartůnĕk P. [Arrhythmia in patients after acute myocardial infarct. Possibilities of 
detection by ECG transmission by telephone], Cas Lek Cesk, 1987 Dec 11, 126, 50, pp. 
1559-1561 

[13] Bartůnĕk P., Gorican K., Zapletalová J., Kotrlíková E., Mrázek V. [Transmission of the 
electrocardiogram via telephone. Analysis of 10 years' experience]. Cas Lek Cesk, 1996 
Jun 12, 135, 12, pp. 385-388 

[14] Bartůněk P., Vinogradov S., Skořepa J., Mikysa L. Nové možnosti identifikace dysrytmií 
metodou Telsar, Univ. Karlova, 1982, p. 102  

[15] Bartůnĕk P.Telephone transmission of the electrocardiogram: possibilities, indications, 
trends, Cas Lek Cesk, 1987 Mar 13, 126, 11, pp. 335-338 

[16] Baumgarten K., Sokol K. [Wireless transmission of the fetal electrocardiogram and fetal 
heart beat during pregnancy and labor], Arch Gynakol, 1967, 204, 2, pp. 267-268 (in 
German) 

[17] Berman N. D. Patient-initiated transtelephonic transmission of electrocardiographic 
signals in the diagnosis of arrhythmias, CMA Jour, 1979, 120, pp. 56-59 

[18] Bibliografia Polska 1901-1939, Federowicz G., Machnik H., Maziarz I. (Eds.) Warsawa, 
Biblioteka Narodowa, 2006, 8, p. 662 

[19] Biblioteka Narodowa, Access mode: http://www.bn.org.pl  
[20] Biogramy uczonych polskich, Część VI: Nauki medyczne zeszyt 1, Pod redakcją 

A.Śródki.-Wrocław: Ossolineum, 1990, pages 500 (in Polish)  
[21] Borovkov N. N., Bubel M. S., Ivanchenko E. Yu., Kravets K. F., Utrobina S. A., Ivanova 

I. M. [Basic principles of automated remote cardiological center for outpatient 
consultations. Automation of cardiac studies in clinical practice], Sb. nauch.tr. Gorky, 
1989, pp. 26-33. (in Russian), Боровков Н. Н., Бубель М. С., Иванченко Е. Ю., 
Кравец К. Ф., Утробина С. А., Иванова И. М. Основные принципы работы 
автоматизированного дистанционного кардиологического центра для 
амбулаторных консультаций. Автоматизация кардиологических исследований в 
клинической практике: Сб. науч. тр. Горький, 1989, с. 26-33 

[22] Cerkez C. T., Steward G. C., Bacongallo B., Manning G. W. Telephonocardiography: 
The Transmission of Electrocardiograms by Telephone, J. Can. Med. Assoc., 1964, 91, 
14, pp. 727-732 

[23] Cerkez C. T., Steward G. C., Manning G. W. Telemetric Electrocardiography, J. Can. 
Med. Assoc., 1965, 93, 23, pp. 1187-1199 

[24] Chadda K. D., Harrington D., Kushnik H., Bodenheimer M. M. The impact of 
transtelephonic documentation of arrhythmia on morbidity and mortality rate in sudden 
death survivors. Am Heart J., 1986 Dec, 112, 6, pp. 1159-1165 

[25] Chapodi Ch. [Digital transmission and storage electrocardiosignals using compressed 
data. Theory and Practice of Automation electro-cardiological and clinical studies]. 
Kaunas: KMI. 1981, pp. 66-76 (in Russian) Чаподи Ч. Цифровая передача и хранение 
электрокардиосигналов с применением сжатых данных. Теория и практика 
автоматизации эл.-кардиологич. и клинических исследований. Каунас: КМИ, 1981, 
с. 66-76 

134

http://www.bn.org.pl/


[26] Chazov E. I., Utyamyshev R. I. [About the experiment of remote ECG transmission 
systems: Guidelines], M., 1979 (in Russian), Чазов Е. И.,Утямышев Р. И. О 
проведении эксперимента по эксплуатации систем дистанционной передачи ЭКГ: 
Методические рекомендации, М., 1979 

[27] Chireikin L. V., Dovgalevskyy P. Ya. [Remote diagnostic cardiology centers], SPb. [b.i.], 
1995, pp. 232 (in Russian), Чирейкин Л.  В., Довгалевский П. Я. Дистанционные 
диагностические кардиологические центры. – СПб.: [б. и.], 1995, 232 с. 

[28] Chireikin L. V., Shurygin D. Ya., Labutin V. K. [Automatic ECG Analysis], M.: 
“Meditsina”, 1977, 248 pages (in Russian), Чирейкин Л. В., Шурыгин Д. Я., Лабутин 
В. К. Автоматический анализ электрокардиограмм, М.: «Медицина», 1977, 248 с. 

[29] Colbeck W. J., Hill D. W., Mable S. E. R., Payne J. P. Electrocardiographic transmissions 
by public telephone, Lancet, 1968, 292, 7576, pp. 1017-1018 

[30] Crépin G., Querleu D., Meurette J., Laloux V. [Telemetric transmission of fetal cardiac 
rhythm in monitoring high risk pregnancies]. J Gynecol Obstet Biol Reprod, Paris, 1981, 
10, 8, pp. 797-806 

[31] Dimond E. G. Transistor for transmission of electrocardiograms by telephone; a unit 
which does not require electrical connection to telephone. J Am Med Assoc., 1958 Jul 26, 
167, 13, pp. 1624-1625 

[32] Dimond E. G., Berry F. M. Transmission of electrocardiographic signals over telephone 
circuits, American Heart Journal, 1953, 46, 6, pp. 906–910 

[33] Dobrow R. J., Fieldman A., Clason W. P., Gorman P. A., Reinfrank R. F., Caceres C. A. 
Transmission of electrocardiograms from a community hospital for remote computer 
analysis, Am J Cardiol., 1968 May, 21, 5, pp. 687-698 

[34] Dovgalevskyy P. Ya. [Auto translation ECG as a method of early detection of emergency 
conditions in patients with coronary heart disease], Cardiologiya, 1994, 34, 10, pp. 57-59 
(in Russian), Довгалевский П. Я. Аутотрансляция ЭКГ как метод раннего выявления 
неотложных состояний у больных ишемической болезнью сердца, Кардиология, 
1994, 34, 10, c. 57-59 

[35] Dovgalevskyy P. Ya. [Organization of remote diagnostic center when personal ECG is 
transmitted], Zdravookhr. Ros. Federatsii, 1995, 6, pp. 20-21 (in Russian), Довгалевский 
П. Я. Организация работы дистанционного диагностического центра при 
индивидуальной передаче ЭКГ, Здравоохр. Рос. Федерации, 1995, 6, c. 20-21 

[36] Einthoven W. Le telecardiogramme, Archives Internationales Physiologie, IV, 1906, pp. 
132-164 

[37] Electrocardiogram by phone foreseen in near future, The Palm Beach Post, Dec. 27, 
1966, p. 27 

[38] Ellinskyy I. B., Nagornykh L. G., Akmarov A. M. et al. [Some issues of the organization 
of telemetry processing of medical and biological information while creating "Gorzdrav". 
Computational diagnostics and telemetry processing of medical information], Tezisy II 
Vseros. nauch.-pract. conf. po med. Kibernetike, Gorky, 1979, pp. 161-162 (in Russian), 
Эллинский И. Б., Нагорных Л. Г., Акмаров А. М. с соавт. Некоторые вопросы 
организации телеметрической обработки медико-биологической информации при 
создании АСУ «Горздрав». Вычислительная диагностика и телеметрическая 
обработка медицинской информации, Тезисы II Всерос. науч.-практ.конф. по 
мед.кибернетике, Горький, 1979, с. 161-162 

[39] Ellinskyy I. B., Odnopozov I. B., Sterkhova T. I et al. [Information and processing of 
data for coronary heart disease problems - mass examinations of employees. 
Computational diagnostics and telemetry processing of medical information], Tezisy II 
Vseros. nauch.-pract. conf. po med. Kibernetike, Gorky, 1979, pp. 83-84 (in Russian), 
Эллинский И. Б., Однопозов И. Б., Стерхова Т. И. с соавт. Информационное 
обеспечение и обработка данных об ишемической болезни сердца при массовых 
осмотрах работающих. Вычислительная диагностика и телеметрическая обработка 

135



медицинской информации, Тезисы II Всерос. науч.-практ.конф. по 
мед.кибернетике, Горький, 1979, с. 83-84 

[40] Emeshin K. N. [Cardiology - the story of my life], 2013, 
http://kyemeshin.livejournal.com/100097.html (in Russian), Емешин К. Н. Кардиология 
- история моей жизни.-2013.-http://kyemeshin.livejournal.com/100097.html  

[41] Ferrer-Roca O., Sosa-Iudicissa M. Handbook of Telemedicine.-Amsterdam, Berlin, 
Oxford, Tokyo, Washington: IOS Press,1998, 297 pages 

[42] Fialko V. A. [Tactical Medicine. 50 years of experience in the study and practical 
problem-solving urgent medicine at prehospital stage (1957-2007)], Ekaterinburg: 
Publishing House “IRA UTK”, 2011, 318 pages (in Russian), Фиалко В. А. 
Тактическая медицина. 50-летний опыт изучения и практического решения 
проблем ургентной медицины догоспитального этапа (1957 – 2007 гг.), 
Екатеринбург: Изд-во «ИРА УТК», 2011, 318 с. 

[43] Fletcher G. F., Chiaramida A. J., LeMay M. R., Johnston B. L., Thiel J. E., Spratlin M. C. 
Telephonically-monitored home exercise early after coronary artery bypass surgery, 
Chest, 1984 Aug, 86, 2, pp. 198-202 

[44] Franke M., Lipiński W. Zmiany elektrokardiograficzne w chorobach zakaźnych, Cz. 2, 
Polska From the Chief…, Heart Action at The Cardiac Center of Creighton University, 
Feb 1993, pp. 2-3 

[45] Franke M., Lipiński W. Zmiany elektrokardjograficzne w chorobach zakaźnych, Polska 
Gazeta Lekarska, 1936, 15, 9, pp. 1-11  

[46] Fyfe D. A., Holmes D. R. Jr., Neubauer S. A., Feldt R. H. Transtelephonic monitoring in 
pediatric patients with clinically suspected arrhythmias., Clin Pediatr, (Phila), 1984 Mar, 
23, 3, pp. 139-143 

[47] Gasparyan S. A. (Ed.) [Automated control systems in healthcare], Trudy pod red., Iss. 3, 
M., 1977, 128 pages (in Russian), Труды под ред С. А. Гаспаряна, 
Автоматизированные системы управления в здравоохранении, Вып. 3, М., 1977, 
128 с. 

[48] Gavrikov K. V. [Stages of development of centralized diagnostic services for 
maintenance of patients with coronary heart disease], In N. V. Gavrikov, A. G. 
Konevskyy, E. V. Tsybulina [Questions of Experimental Clinical Cardiology], Sb. 
nauch.tr. Volgograd, 1977, pp. 61-64 (in Russian), Гавриков К. В. Этапы развития 
централизованной диагностической помощи при обслуживании больных с 
ишемической болезнью сердца, Н. В. Гавриков, А. Г. Коневский, Е. В. Цыбулина, 
Вопросы экспериментальной клинической кардиологии: Сб. науч. тр. Волгоград, 
1977, с. 61-64 

[49] Gavrikov K. V. [The principles of the study of human emotional stress by means of 
automation and telemetry in a production environment. Models and methods for the study 
of experimental emotional stress], Volgograd: [b.i.], 1977, pp. 5-8 (in Russian), 
Гавриков К. В. Принципы изучения эмоциональных стрессов человека средствами 
автоматики и телеметрии в производственных условиях. Модели и методы 
изучения экспериментальных эмоциональных стрессов, Волгоград: [б. и.], 1977, с. 
5-8 

[50] Geddes L. A., Wald A. Horatio B. Williams and the First Electrocardiographs Made in 
the United States. IEEE Engineering in Medicine and Biology., Sept/Oct. 2000, pp. 117-
121, http://www.ieeeghn.org/wiki/index.php/Horatio_B._Williams  

[51] Gorodetskiy S. Yu. [On the scientific activity of Yuri Isaakovich Neumark], 
http://www.vmk.unn.ru/tudm/prepod/neim.htm (in Russian), Городецкий С. Ю. О 
научной деятельности Юрия Исааковича Неймарка, 
http://www.vmk.unn.ru/tudm/prepod/neim.htm 

[52] Hagan W. K., Larks S. D. Long distance FM telephone transmission of fetal 
electrocardiogram, Am J Med Electron, 1963 Apr-Jun, 2, pp. 147-151 

136

http://kyemeshin.livejournal.com/100097.html
http://www.ieeeghn.org/wiki/index.php/Horatio_B._Williams
http://www.vmk.unn.ru/tudm/prepod/neim.htm
http://www.vmk.unn.ru/tudm/prepod/neim.htm


[53] Halfen E. Sh. [Experience cardiology center with remote and automatic monitoring of 
patients], Cardiologiya, 1980, 20, pp. 24-27 (in Russian), Халфен Э. Ш. Опыт работы 
кардиологического центра с дистанционным и автоматическим наблюдением за 
больными, Кардиология, 1980, 20, с. 24-27 

[54] Halfen E. Sh. [Heart Center with remote and automatic monitoring of the patient: a 
monograph], M.: “Meditsina”, 1980, 191 pages (in Russian), Халфен Э. Ш. 
Кардиологический центр с дистанционным и автоматическим наблюдением за 
больными: монография, М.: Медицина, 1980, 191 с. 

[55] Halfen E. Sh. [Heart remotely controlling the advisory diagnostic center],Cardiologiya, 
1985, 25, 7, pp. 5-9 (in Russian), Халфен Э.Ш. Кардиологический дистанционно-
контролирующий консультативный диагностический центр, Кардиология, 1985, 25, 
7, с. 5-9 

[56] Halfen E. Sh. [On the 75th anniversary of the birth: The biography], Cardiologiya, 1998, 
12, p. 54 (in Russian), Халфен Э. Ш. К 75-летию со дня рождения: биография 
отдельного лица, Кардиология, 1998, 12, с. 54 

[57] Halfen E. Sh. [Remote consulting and diagnostic cardiology center with a telemetry 
system for electrocardiography], Cardiologiya, 1974, 14, 10, pp. 24-30 (in Russian), 
Халфен Э. Ш. Дистанционный консультационно-диагностический 
кардиологический центр с телеметрической системой для электрокардиографии, 
Кардиология, 1974, 14, 10, с. 24-30. 

[58] Halfen E. Sh. [The main directions of the use of mathematics and computer science in 
cardiology], Cardiologiya, 1977, 17, 4, pp. 9 – 25 (in Russian), Халфен Э. Ш. Основные 
направления использования математики и вычислительной техники в кардиологии, 
Кардиология, 1977, 17, 4, с. 9 - 25 

[59] Halfen E.Sh. (Ed.) [Automation diagnosis and treatment of cardiovascular diseases], 
Trudy Leningrad. NII cardiologii, Saratov, 1980, p. 114 (in Russian), Халфен Э. Ш. 
(ред.) Автоматизация диагностики и лечения сердечно-сосудистых заболеваний, 
Труды Ленинград. НИИ кардиологии, Саратов. филиал ; Саратов, 1980, 114 с.  

[60] Halfen E.Sh. (Ed.) [Automation diagnosis of cardiovascular diseases], Trudy Leningrad. 
NII cardiologii, Saratov, 1980, pp. 3-13 (in Russian), Халфен Э. Ш. Автоматизация 
диагностики сердечно-сосудистых заболеваний, в книгу Халфен Э. Ш. (ред.) 
Автоматизация диагностики и лечения сердечно-сосудистых заболеваний, Труды 
Ленинград. НИИ кардиологии, Саратов. филиал ; Саратов, 1980, с. 3-13 

[61] Hattori J., Gomi A., Nagata M. [Technical theory of the regional medical system - 
telephone transmission of pacemaker information during after care]. Nihon Rinsho, 1975 
Aug 10, 33, 8, pp. 2473-81   

[62] Heart call could save your valentine, Tucson Daily Citizen, Tucson, Arizona, Sat, Feb 14, 
1970, p. 39 

[63] Heart Data by Phone, The Kansas City Star, Kansas City, Missouri, Mon, Oct 13, 1952, 
p. 6 

[64] Heartbeat over phone, The Kansas City Star, Kansas City, Missouri, Mon, Aug 4, 1958, 
p. 8 

[65] Hill D. W., Payne J. P., Crul J. F. Patient monitoring by telemetry, Excerpta Medica 
International Congress Series No. 200. Progress in Anaesthesiology. Proc. 4th World. 
Congress of Anaesthesiologists, London, September 9-13, 1970, pp. 361-362 

[66] Hill S. A. Telephoned EKG Interpretation. South Med J., 1964 Sep, 57, pp. 1121-1122 
[67] Hirschman J. C., Nussenfeld S. R., Nagel E. L. Mobile physician command. A new 

dimension in civilian telemetry-rescue systems, JAMA. 1974 Oct 14, 230, 2, pp. 255-258  
[68] Hollos O. [Remote transmission of electrocardiological data], Maroc Med., 1966 Jun, 45, 

492, pp. 459-460 (in French)   
[69] Holsinger W. P., Kempner K. M. Portable EKG telephone transmitter. IEEE Trans 

Biomed Eng., 1972 Nov, 19, 4, pp. 321-323 

137



[70] Honkavaara P. ECG Telemetry Transmitter, a Vital Tool for Emergency Medical 
Technicians in Rescue Line, Disaster Medicine, 1980, 2, pp. 32-36 

[71] Hrdlicka S., Osmera P. [First observations on the transmission of ECG by phone in the 
territory of Prague 10 (author's transl)], Cas Lek Cesk, 1979 Nov 9, 118, 45, pp. 1402-
1404 

[72] Irnich W., Effert S. Telemetric control of pacemaker function.Dtsch Med Wochenschr. 
1971 May 7, 96, 19, pp. 811-814 

[73] James W. B., Williams H. B. The electrocardiogram in clinical medicine. I. The string 
galvanometer and the electrocardiogram in health, Am J Med Sci., 1910, 140, 3, pp. 408-
421 

[74] James W. B., Williams H.B. The electrocardiogram in clinical medicine. II. The 
electrocardiogram in some familiar diseases of the heart, Am J Med Sci, 1910, 140, 5, pp. 
644-668 

[75] Kamysheva E. P. [On the 80th anniversary of her birth], Clinicheskaya meditsina, 2005, 
12, p. 71 (in Russian), Камышева Е. П. К 80-летию со дня рождения, Клиническая 
медицина, 2005, 12, с. 71 

[76] Kamysheva E. P., Denisov V. I., Voloshina N. Yu., Suvorov A. V. et al. [The automated 
system for diagnostics, treatment, clinical examination and prevention of early forms of 
coronary heart disease and diabetes. Computational diagnostics and telemetry processing 
of medical information], Tezisy II Vseros. nauch.-pract. conf. po med. Kibernetike, 
Gorky, 1979, pp. 34-35 (in Russian), Камышева Е. П., Денисов В. И., Волошина Н. 
Ю., Суворов А. В. с соавт. Автоматизированные системы диагностики, лечения, 
диспансеризации и профилактики ранних форм ишемической болезни сердца и 
сахарного диабета. Вычислительная диагностика и телеметрическая обработка 
медицинской информации. Тезисы II Всерос.науч.-практ.конф. по мед.кибернетике, 
Горький, 1979, с. 34-35 

[77] Kamysheva E. P., Voloshina N. Yu., Guseva I. K et al. [Some pequliarities Features of 
cardiovascular disease, prevention and medical examination of workers of railway 
transport. Questions of clinical examination of patients with cardiovascular diseases], Sb. 
nauch.tr., Gorky, 1981, pp. 73-76 (in Russian), Камышева Е. П., Волошина Н. Ю., 
Гусева И. К. с соавт. Особенности сердечно-сосудистой патологии, профилактики и 
диспансеризации работников железнодорожного транспорта. Вопросы 
диспансеризации больных сердечно-сосудистыми заболеваниями. Сб. науч.тр., 
Горький, 1981, с. 73-76 

[78] Kaseres Ts. and L. Dreifus (Eds.) [Computer systems and automatic diagnosis of heart 
disease], “Mir” Publishing House, 1974, pages 504 (in Russian), Вычислительные 
системы и автоматическая диагностика заболеваний серд-ца, Под ред. Ц. Касереса 
и Л. Дрейфусар М.: Изд-во «Мир», 1974, 504 

[79] Kashin V. L., Pchelintseva G. A., Mkrtchyan V. A. [A device to register ECG via 
telephone lines], Mater. IV Vsesoyuz.conf., Part 1., Sverdlovsk, 1972, pp. P78-79 (in 
Russian), Кашин В. Л., Пчелинцева Г. А., Мкртчян В. А. Устройство регистрации 
ЭКГ по телефонному каналу. Биологическая и медицинская электроника. Матер. IV 
Всесоюз.конф., Ч. 1, Свердловск, 1972, с. 78-79  

[80] Khramov А. V., Bubel М. S., Velikovskaya L. М. [Ambulatory monitoring of cardiac 
patients in the remote center], V Vserossiyskyy siezd cardiologov, Book of abstracts, 
Chelyabinsk, 1996, p. 180 (in Russian), Храмов А. В., Бубель М. С., Великовская Л. 
М. Амбулаторное мониторирова-ние кардиологических больных в работе 
дистанционного центра // V Всеросий-ский съезд кардиологов: Тез докл., 
Челябинск, 1996, с. 180 

[81] Kirilyuk I. G., Koblets-Mishke A. I., Chavpetsov V. F. [Experience the remote consulting 
center - Leningrad ambulance station], Zdravookhr. Ross. Federatsii, 1984, 8, pp. 38-40 
(in Russian), Кирилюк И. Г., Кобленц-Мишке А. И., Чавпецов В. Ф. Опыт работы 

138



дистанционного консультативного центра Ленинградской станции скорой 
медицинской помощи, Здравоохр. Росс.Федерации, 1984, 8, с. 38-40  

[82] Konevskyy A. G. [Life and fate], 2011, 
http://www.volgmed.ru/ru/news/content/2011/02/15/295/ (in Russian), Коневский А. Г. 
жизненный путь и судьба, 2011, 
http://www.volgmed.ru/ru/news/content/2011/02/15/295/  

[83] Konevskyy A. G. [Look back and recall all back. Doctor’s. Confession], Volgograd, 
Publishing House of Volgograd State Medical University (VolSMU), 2011, pages 155 (in 
Russian), Коневский А. Г. Припомни все и оглянись назад. Исповедь доктора. 
Волгоград: Изд-во Волгоградского государственного медицинского университета 
(ВолГМУ), 2011, с. 155 

[84] Konevskyy A. G. [Telemetry ECG examination], In A. G. Konevskyy, N. V. Gavrikov, 
E. V. Tsybulina, Questions of Experimental Clinical Cardiology, Sb. nauch.tr. 
Volgograd, 1977, pp. 58-60 (in Russian), Коневский А. Г. Телеметрическое 
электрокардиографическое обследование: А. Г. Коневский, Н. В. Гавриков, Е. В. 
Цыбулина, Вопросы экспериментальной клинической кардиологии: Сб. науч. тр. 
Волгоград, 1977, с. 58-60 

[85] Kopytina R. A., Kudinova T. V., Cherkesov V. V., Kamkov V. P., Danilik V. M., 
Kanyuka S. B. [Experience in the use of the system "Wave" to monitor the state of health 
of the miners. Extreme physiology, hygiene and personal protection of the person], 1990, 
pp. 112-113 (in Russian), Копытина Р. А., Кудинова Т. В., Черкесов В. В., Камков В. 
П., Данилик В. М., Канюка С. Б. Опыт использования системы "Волна" для 
контроля за состоянием здоровья шахтеров. Экстремальная физиология, гигиена и 
средства индивидуальной защиты человека, 1990, c. 112-113 

[86] Kosutskyy G. I. (Ed.) [Preventive Cardiology: A Guide], M.: “Meditsina”, 1987, pages 
511(in Russian), Превентивная кардиология: руководство. Под ред. Г. И. 
Косицкогор М.: Медицина, 1987, 511 с. 

[87] Kremer Yu. R., Lerner S. V., Matus K. M., Mikhailov A. V. [Questions of construction 
equipment data acquisition system for automated diagnostics elektrokardiodignostics. 
Computational diagnostics and telemetry processing of medical information], Tezisy II 
Vseros. nauch.-pract. conf. po med. Kibernetike, Gorky, 1979, pages 143 (in Russian), 
Кремер Ю. Р., Лернер С. В., Матус К. М., Михайлов А. В. Вопросы построения 
аппаратуры сбора данных для системы автоматизированной 
электрокардиодиагностики. Вычислительная диагностика и телеметрическая 
обработка медицинской информации. Тезисы II Всерос. науч.-практ.конф. по 
мед.кибернетике, Горький, 1979, с. 143 

[88] Kurapeev D. I., Kozlenok A. V., Temirov A. A. et al. [Thirty years of experience in 
medical device development and application of telemedicine technology FGBU “FTsSKE 
V. A. Almazova”], Minzdrava Rossii., Moscow, 2013, 
http://www.slideshare.net/dkurapeev/ss-26468684 (in Russian), Курапеев Д. И., 
Козленок А. В., Темиров А. А. с соавт. Тридцатилетний опыт разработки 
медицинских приборов и применения телемедицинских технологий в ФГБУ 
«ФЦСКЭ им. В.А.Алмазова» Минздрава России, Москва, 2013, 
http://www.slideshare.net/dkurapeev/ss-26468684  

[89] Kutschera J., Dudeck J., Barthel G., Habicht L., Strachotta W. [Interactive digital ECG 
processing and transmission]. Methods Inf Med Suppl., 1976, 10, pp. 231-235 (in 
German)  

[90] Late rush to football tilts cited as prime cause of stadium heart attacks, The Daily Capital 
News, Jefferson City, Missouri, Wed, Jun 7, 1972, p. 9 

[91] Lindberg D. A. B. Collection, evaluation and transmission of hospital laboratory data. 
Methods Inf Med, 1967, 6, pp. 97-107 

139

http://www.volgmed.ru/ru/news/content/2011/02/15/295/
http://www.volgmed.ru/ru/news/content/2011/02/15/295/
http://www.slideshare.net/dkurapeev/ss-26468684
http://www.slideshare.net/dkurapeev/ss-26468684


[92] Lindberg D. A. B. Electronic processing and transmission of clinical laboratory data. Mo 
Med, 1965, 62, pp. 296-302 

[93] Lindberg D. A. B. Operation of a hospital computer system. J Am Vet Med Assoc, 1965, 
147, 12, pp. 1541-1544 

[94] Lindberg D. A. B. The computer and medical care. Springfield: Thomas, 1968, 210 
[95] Lindberg D. A., Amlinger P. R. Automated analysis of the electrocardiogram. Mo Med. 

1968 Sep, 65, 9, pp. 742-745 
[96] Lukuisten keksintöjen mies, YrittajaSanomat, 2011, 10, p. 10 
[97] MacFarlane P. W., Lawrie T. D. V., Watts M. P., Walker R. S. Centralised interpretation 

of electrocardiograms, Brit. Med. J., 1977, 1, pp. 345-347 
[98] Matusova A. P. [In memory of an outstanding scientist], Meditsinskiy almanakh, 2010, 2, 

p. 28 (in Russian), Матусова А. П. Памяти выдающегося ученого, Медицинский 
альманах, 2010, 2, с. 28 

[99] Matusova A. P. Bubel M. S., Velikivskaya L. M. et al. [Organization of the work center 
(office) remote ECG and cardiac consultation for clinics: Guidelines], Gorky, 1986, p. 20 
(in Russian), Матусова А.П., Бубель М.С., Великовская Л.М. и др. Организация 
работы центра (кабинета) дистанционных электрокардиографических и 
кардиологических консультаций для поликлиник: Методические рекомендации, 
Горький, 1986, 20 с. 

[100] Matusova A. P., Neimark Yu. I., Batalova Z. I., Breido M. D., Bubel M. S. et. al. [On the 
automation studies of patients with myocardial infarction / Computational diagnostics 
and telemetry processing of medical information], Tezisy II Vseros. nauch.-pract. conf. 
po med. Kibernetike, Gorky, 1979, pp. 47-48 (in Russian), Матусова А. П., Неймарк 
Ю. И., Баталова З. С., Брейдо М. Д, Бубель М. С. с соавт. Об автоматизации 
исследований больных инфарктом миокарда. Вычислительная диагностика и 
телеметрическая обработка медицинской информации. Тезисы II Всерос. науч.-
практ.конф. по мед.кибернетике, Горький, 1979, с. 47-48 

[101] Mazur N. A., Metelitsa V. I., Zorin V. М. [Remote transmission of electrocardiogram], 
Ter. Arkhiv, 1974, 3, pp. 14-18 (in Russian), Мазур H. A., Метелица B. И., Зорин В. 
М. Дистанционная передача электрокардиограммы, Тер. Архив, 1974, 3, с. 14-18 

[102] Medical data transmission by public telephone systems, Proceedings of a workshop 
organized in Stuttgart (Federal Republic of Germany) 26-28 November 1975, Comission 
of the European Communnities, 1977, 180 pages 

[103] Miami Fire Department’s First Paramedic Program, http://www.emsmuseum.org/virtual-
museum/history/articles/399754-1967-City-of-Miami-Fire-Department-Paramedic-
Program 

[104] Mount Zion Memories, http://mountzion.ucsfmedicalcenter.org/history/mzmemories.html 
[105] Nagel E. L. Present and future status of telemetry in emergency medical services. Md 

State Med J, 1972 Dec, 21, 12, p. 90 
[106] Nagel E. L., Hirschman J. C., Mayer P. W., Dennis F. Telemetry of physiologic data: an 

aid to fire-rescue personnel in a metropolitan area. South Med J, 1968 Jun, 61, 6, pp. 598-
601 

[107] Nagel E. L., Hirschman J. C., Nussenfeld S. R., Rankin D,. Lundblad E. Telemetry-
medical command in coronary and other mobile emergency care systems. JAMA, 1970 
Oct 12, 214, 2, pp. 332-338 

[108] Niitani H., Narusawa T., Ishii Y., Fujimaki T., Kanazawa H. [Telemetry with special 
reference to wireless transmission of electrocardiogram]. Nihon Rinsho, 1969 Dec, 27, 
12, pp. 2873-2882 

[109] Northwestern Bell Telephone Company Part 4: The Growing Years: Phones, TV and 
Telstar, Northwestern Bell Magazine, July-August 1964, p. 1 

140



[110] Nose Y., Akazawa K., Watanabe Y. et al. An on-line system for electrocardiogram 
interpretation using the Bonner program, Informatics for Health and Social Care, 1986, 
11, 4, pp. 359-368  

[111] Nose Y., Nakamura M., Inoue T., Nakagaki O., Watanabe Y., Hattori J. Reliability of 
telephone transmission facilities for computerized electrocardiogram analysis in Japan. 
Jpn Heart J, 1982 Nov, 23, 4, pp. 487-495 

[112] Nose Y., Nakamura M., Inoue T., Nakagaki O., Watanabe Y., Yokota M., Tajimi T., 
Kuroiwa A., Hattori J., Miura M. Evaluation of telephone transmission for computer 
electrocardiographic interpretation in Japan. Med Biol Eng Comput, 1980 Nov, 18, 6, pp. 
727-730 

[113] Nuzhdina T. V. [Service status of functional diagnostics of the Orenburg region], 
http://www.rasfd.com/printable.php?productID=678 (in Russian), Нуждина Т. В. 
Состояние службы функциональной диагностики Оренбургской области, 
http://www.rasfd.com/printable.php?productID=678. 

[114] Oddzial Zakazny Panstwowego Szpitala, Polska Gazeta Lekarska, 1937, 27, p. 515 (in 
Polish) 

[115] Omiya Z., Okuse S., Hattori J., Gomi A. [Technical theory of the regional medical 
system - telephone transmission of the electrocardiographic data]. Nihon Rinsho, 1975 
Aug 10, 33, 8, pp. 2469-2472 

[116] Pavlov V. T., Vivchar N. M., Grytsenko M. S. [Analysis of the system "Tredeks" in 
Ternopil region], Ukr.zh.telemed.med.telemat, 2008, 6, 1, pp. 104-105 (in Ukranian), 
Павлов В. Т., Вівчар Н. М., Гриценко М. С. Аналіз роботи системи «Тредекс» по 
Тернопільській області, Укр.ж.телемед.мед.телемат, 2008, 6, 1, с. 104-105 

[117] Peter T., Harper R., Luxton M., Pring M., McDonald R., Sloman G. Personal telephone 
electrocardiogram transmitter. Lancet, 1973 Nov 17, 2, 7838, pp. 1110-1112 

[118] Pokrovskaya M. V., Sokolova E. F., Krivtsov V. N. at el. [The methodology of the 
automated analysis of medical test systems ECG, "Theory and Practice of automation 
elektro-cardiologic and clinical research."], Mater. Sympos, Kaunas, 1981, pp. 27-33 (in 
Russian), Покровская М. В., Соколова Э. Ф., Кривцов В. Н. с соавт. Методика 
проведения медицинских испытаний систем автоматизированного анализа 
электрокардиограмм, «Теория и практика автоматизации электрокардиологических 
и клинических исследований». Матер.симпоз, Каунас, 1981, с. 27-33 

[119] Portable ECG Unit Used In Automated Cardiac Survey, JAMA, Aug 3, 1964, p. 32 
[120] Rahm W. E., Barmore J. L., Ellestad I. M., Dunn F. L. Local and Long Distance 

Transmission and Storage of Electrocardiograms and other Low Frequency Signals. Circ 
Res, 1953, 1, pp. 518-522, doi: 10.1161/01.RES.1.6.518 

[121] Remote monitors unite service, The Post-Crescent, Appleton, Wisconsin, Thu, May 16, 
1974, p. 38 

[122] Rossi P., Sarasso G., Caccia M. E. et al. [Integration of the hospital coronary care unit 
with the first aid service for the domiciliary treatment of cardiovascular emergencies]. G 
Ital Cardiol, 1989 Aug, 19, 8, pp. 694-700 (in Italian) 

[123] Sakurai Y., Aoki H., Terashima M., Asani K., Takeuchi Y., Hattori J. Pacemaker clinic 
by telephone transmission. Jinko Zoki.- 1975.-Vol.4, N6.-P.357-362.  

[124] Sakurai Y., Tokutsu S., Nishimura O., Tagami Y. et al. Surveillance and follow-up of 
patients with implanted cardiac pacemaker by telephone transmission. Jpn Heart J, 1978 
Nov, 19, 6, pp. 829-838 

[125] Shklyarenko M. P., Marienko Ya .L. [Experience of implementing ECG transmission 
system "Telecard" in Poltava region], Ukr.zh. telemed. med. Telemat, 2009, 7, 1, pp. 82-
86 (in Ukrainian), Шкляренко М. П., Мар’єнко Я. Л. Досвід впровадження системи 
передачі ЕКГ «Телекард» у Полтавській області, Укр.ж.телемед.мед.телемат, 2009, 
7, 1, с. 82-86 

141

http://www.rasfd.com/printable.php?productID=678


[126] Skordalakis E. Papakonstantinou G. An experimental system for acquiring, storing, and 
retrieving electrocardiograms, III International Symposium Computer at the University 
Cavtat, Yugoslavia, 1981, http://www.cslab.ntua.gr/~papakon/publications.html  

[127] Snellen H. A. Willem Einthoven (1860-1927). Father of Electrocardiography. Life and 
Work, Ancestors and Contemporaries, H.A. Snellen, Dordrecht [etc.]: Kluwer, 1995, 140 
pages 

[128] Stanić R., Cvetkov R. [Electrocardiogram transmission - a facilitating procedure in the 
timely diagnosis of cardiologic diseases]. Med Pregl, 1980, 33, 3-4, pp. 125-128 

[129] Stark L., Dickson JF. Remote computerized medical diagnostic systems, Computer and 
Automation, July 1965, pp. 18-21 

[130] Swihart F. 1974: Paramedic UHF Telemetry Radio Development, 
http://www.emsmuseum.org/virtual-museum/Equipment/articles/398790-1974-
Paramedic-UHF-Telemetry-Radio-Development  

[131] Sysoeva N. A., Korsunskyy S. B., Ashmarin I. Yu et.al. [Around the clock service for 
remote emergency cardiac consultancy], Cardiologiya, 1998, 4, pp. 83-85 (in Russian), 
Сысоева Н. А., Корсунский С. Б., Ашмарин И. Ю. с соавт. Служба дистанционной 
неотложной круглосуточной консультативной кардиологической помощи, 
Кардиология, 1998, 4, с. 83-85 

[132] Taylor K. W., Liggins R., Mendler P., Schuh F. ECG telephone transmission for 
monitoring pacemakers and cardiac arrhythmias. Med Prog Technol, 1976, 4, 3, pp. 133-
138 

[133] Temkin B. M. [Computer Applications for automatic processing of tele ECG of patients 
suffering from myocardial infarction in the rehabilitation process], Avtomatizatsiya 
diagnostiki i lecheniya serdechno-sosydistykh zabolevaniy, Trudy pod red. Halfen E.Sh.-
Saratov, 1980, GIV, 121, pp. 51-56 (in Russian), Тёмкин Б. М. Применения 
компьютера для автоматической обработки телеэлектрокардиограмм больных 
инфарктом миокарда в процессе реабилитации, Автоматизация диагностики и 
лечения сердечно - сосудистых заболеваний, Труды под ред. Халфена Э. Ш. 
Саратов, 1980, GIV, 121, с. 51-56 

[134] The Virtual EMS Museum, http://www.emsmuseum.org 
[135] Tsybulina E. V. [Contingents of patients that have to undergo remote 

electrocardiographic examination], In E. V. Tsybulina, N.V. Gavrikova, A.G. Konevskyy 
// Voprosy eksperimentalnoy klinicheskoy cardiologii: Sb. nauch.tr. Volgograd, 1977, pp. 
65-67 (in Russian), Цыбулина Е. В. Контингенты больных, подлежащие 
дистанционному электрокардиографическому обследованию. Е. В. Цыбулина, Н. В. 
Гаврикова, А. Г. Коневский, Вопросы экспериментальной клинической 
кардиологии: Сб. науч. тр. Волгоград, 1977, с. 65-67 

[136] Uhley H. N. An inexpensive receiver for ECG telemetry, Am.Heart Jour, 1976, 91, 3, pp. 
346-348 

[137] Uhley H. N. Electrocardiographic telemetry from ambulances. A practical approach to 
mobile coronary care units. Am.Heart Jour, 1970, 80, 6, pp. 838-842 

[138] Usychenko I. I. Shlaen L. M. [The experience of the emergency remote diagnostic center 
of Kiev], Vrach.delo, 1987, 6, pp. 4-6 (in Russian), Усиченко И. И., Шлаен Л. M. Опыт 
работы дистанционно-диагностического центра Киевской городской станции 
скорой и неотложной медицинской помощи, Врач. Дело, 1987, 6, с. 4-6 

[139] Vinogradova T. S. [The effectiveness of the automated telemetry data processing system 
for the research of respiration in a large regions], Effektivnost ispolzovaniya 
avtomatizirovannykh informatsionnykh sistem v deyatelnosti organov i uchrezhdeniy 
zdravoohraneniya i v meditsine, 1988, pp. 214-218 (in Russian), Виноградова Т. С. 
Эффективность применения автоматизированной телеметрической системы 
обработки данных исследования внешнего дыхания в крупном регионе. 
Эффективность использования автоматизированных информационных систем в 

142

http://www.cslab.ntua.gr/~papakon/publications.html
http://www.emsmuseum.org/virtual-museum/Equipment/articles/398790-1974-Paramedic-UHF-Telemetry-Radio-Development
http://www.emsmuseum.org/virtual-museum/Equipment/articles/398790-1974-Paramedic-UHF-Telemetry-Radio-Development


деятельности органов и учреждений здравоохранения и в медицине, 1988, c. 214-
218 

[140] Vinogradova T. S., Koryakov L. V. [Principles of automated system of preventive 
examinations of the population], Vycheslitelnaya diagnostika i telemetricheskaya 
obrabotka meditsinskoy informatsii, Tezisy II Vseros. nauch.-pract. conf. po med. 
Kibernetike, Gorky, 1979, pp. 20-22 (in Russian), Виноградова Т. С., Коряков Л. В. 
Принципы разработки автоматизированной системы профилактических осмотров 
населения, Вычислительная диагностика и телеметрическая обработка 
медицинской информации, Тезисы II Всерос.науч.-практ.конф. по мед.кибернетике, 
Горький, 1979, с. 20-22 

[141] Vinogradova T. S., Sokolova E. F., Koryakov L. V., Vetrova L. P. [Practical of the 
application of remote ECG diagnostic systems …], “Teoriya i praktika avtomatizatsii 
electrocardiologicheskikh i clinicheskikh issledovaniy”, Tezisy Vsesoyuznogo 
soveshchaniya, Kaunas, October 13-14, 1977, p. 171 (in Russian), Виноградова Т. С., 
Соколова Э. Ф., Коряков Л. В., Ветрова Л. П. Практическое использование системы 
дистанционной ЭКГ-диагностики в условиях области, «Теория и практика 
автоматизации электрокардиологических и клинических исследований», Тезисы 
Всесоюзного совещания, Каунас, 13-14 октября 1977, с. 171 

[142] Visser J., Schuilenburg RM.ECG registration via telephone in the diagnosis of 
arrhythmia; a comparison with continuous ambulatory electrocardiography. Ned Tijdschr 
Geneeskd, 1984 Mar 3, 128, 9, pp. 397-401 

[143] Vladzymyrskyy A., Stadnyk O., Karlinska M. [The first application of telemedicine in 
Ukraine: Witold Marian Franke and Lipinski], Ukr.zh.telemed.med.telemat, 2012, 10, 1, 
pp. 18-26 (in Ukrainian), Владзимирський А. В., Стадник О. М., Карліньска М. 
Перше застосування телемедицини в Україні: Мар’ян Франке та Вітольд Ліпіньскі, 
Укр.ж.телемед.мед.телемат, 2012, 10, 1, с. 18-26 

[144] Vladzymyrskyy A., Stadnyk O., Karlinska M. New Fact of the Early Telemedicine 
History. In Global Telemedicine and eHealth Updates: Knowledge Resources. Eds. M. 
Jordanova, F. Lievens, 2012, vol.5, G. D.Luxembourg, pp. 463-467 

[145] Watts M. P., Macfarlane P. W. 3-lead electrocardiogram transmission over Post Office 
telephone lines. Med Biol Eng Comput, 1977 May, 15, 3, pp. 311-318 

[146] Yan V., Sloman G. Clinical value of the telephone-transmitted electrocardiogram. Med J 
Aust, 1973 Aug 11, 2, 1, Suppl: pp. 33-35 

[147] Yanushkevichus Z. I. [Mathematical methods and computer technology in the theory and 
practice of electrocardiology], Teoriya i praktika avtomatizatsii electrocardiologii, 
Vilnyus, 1980, pp. 3-11 (in Russian), Янушкевичус З. И. Математические методы и 
вычислительная техника в теории и практике электрокардиологии, Теория и 
практика автоматизации в кардиологии, Вильнюс, 1980, с. 3-11 

[148] Yanushkevichus Z. I. [On the transmission of ECG over telephone channel], Clin. med., 
1965, 43, 9, pp. 143-144 (in Russian), Янушкевичус З. И. О передаче ЭКГ по 
телефонному каналу связи, Клин. мед., 1965, 43, 9, с. 143-144 

[149] Yanushkevichus Z. I. [Phono cardiographic telemetry], Eksp. KhirAnest, 1966, 11, 4, pp. 
11-12 (in Russian), Янушкевичус З. И. Фонокардиографическая телеметрия, Эксп. 
Хир.Анест, 1966, 11, 4, с. 11-12 

[150] Yanushkevichus Z. I., Bluzhas I. N., Chepaitis Zh. V. et al. [Results comparing the 
electrocardiographic findings of experts and "ECG Management System" model 5600S], 
“Teoriya i praktika avtomatizatsii electrocardiologicheskikh i clinicheskikh 
issledovaniy”, Tezisy Vsesoyuznogo soveshchaniya, Kaunas, October 13-14, 1977, p. 
171 (in Russian), Янушкевичус З. И., Блужас И. Н., Чепайтис Ж.В. с соавт. 
Результаты сопоставления электрокардиографических заключений экспертов и 
«Системы управления ЭКГ» модели 5600С, «Теория и практика автоматизации 

143



электрокардиологических и клинических исследований», Тезисы Всесоюзного 
совещания, Каунас, 13-14 октября 1977, с. 171  

[151] Yanushkevichus Z. I., Stasiunas A. S. [Transmission of physiological information via 
telephone], Cor Vasa, 1963, 5, pp. 152-155 (in Russian), Янушкевичус З. И., Стасиунас 
А. С. Передача физиологической информации по телефону,  Cor Vasa, 1963, 5, с. 
152-155 

[152] Yanushkevichus Z., Vitenshteinas G., Valuzhis K. [Telecast of phonocardiograms], // 
Eksperimentalnaya khirurgiya i anesteziologiya, 1966, 4, pp. 11-12 (in Russian) 
Янушкевичус З., Витенштейнас Г., Валужис К. Телепередача фонокардиограмм. 
Экспериментальная хирургия и анестезиология, 1966, 4, с. 11-12 

[153] Zimenkovskyy B. S., Gzhegotskyy M. R., Lutsik O .D. [Professors of Lviv National 
Medical University named Danylo Galician: 1784-2006], Lviv: “Nautilus” Publishing 
House, 2006, 416 pages (in Ukrainian), Зіменковський Б. С., Гжегоцький М. Р., Луцик 
О. Д. Професори Львівського національного медичного університету імені Данила 
Галицького: 1784-2006, Львів: Видавничий дім «Наутілус», 2006, 416 с. 

[154] Zinchuk O. M., Yavorskyy I. G. [Historical Review], 
http://www.infectio.lviv.ua/history.html (in Ukrainian), Зінчук О. М., Яворський І. Г. 
Історичний нарис, http://www.infectio.lviv.ua/history.html 

[155] Zykov N. [Consilium absentia], Nauka i zhizn, 1976, 9, pp. 70-71 (in Russian), Зыков Н. 
Консилиум заочно, Наука и жизнь, 1976, 9, с. 70-71 

 
 

 

144

http://www.infectio.lviv.ua/history.html

	telemedicina.pdf



