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New Technological Approaches to the Organization
of the Work of Medical Personnel Performing Auscultation

of Patients with COVID-19

A. A. Gavrishev'* and N. V. Gavrisheva?

Due to the COVID-19 epidemic, the challenge of introducing methods for investigating patients reducing or elimi-
nating the probability of infection of medical staff is currently relevant. This article provides an analytical review of
new technological approaches to organizing the work of medical personnel in carrying out auscultation of patients
with COVID-19. The development and approval of such technologies is shown to have started around the world. The
ubiquitous and large-scale introduction of these methods into medical practice therefore seems expedient.

Introduction

Currently, in accordance with normative guideline
documentation [1], auscultation is an obligatory inves-
tigation for the diagnosis and treatment of patients with
coronavirus infection (COVID-19). It provides a quite
simple, effective, and noninvasive method of investigating
patients with lung and heart diseases. However, ausculta-
tion of COVID-19 patients, like other diagnostic investi-
gations such as ultrasound diagnosis, echocardiography,
electrocardiography, pulsoximetry, and various others [2,
3], creates a situation of high risk of COVID-19 infection
of medical staff because of the impossibility of maintain-
ing a safe distance between patient and medical worker.
Thus, during all procedures involving provision of care
to patients with signs of acute respiratory virus infection
(ARVI) as suspected or confirmed (probably) COVID-19,
medical workers are obliged to use personal protective
equipment (PPE) to ensure their own safety, as well as that
of the patient [4, 5]. However, despite taking protective
measures against COVID-19, statistics show [6-9] that
a considerable proportion of cases of COVID-19 infec-
tion occur among medical workers in close contact with
COVID-19 patients while on duty.
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Analysis of sources [10-39] shows that one of the
most difficult problems with auscultation of COVID-19
patients is the impossibility of performing classical aus-
cultation because medical workers in protective costumes
with hoods and protective glasses are simply unable to
place the stethoscope earpieces in their ears without dis-
rupting the sealing of the PPE. Furthermore, the lack of a
single method for safe auscultation of COVID-19 patients
and the equipment required makes the diagnosis and
treatment of COVID-19 patients difficult, forcing med-
ical staff to make adaptations to solve these problems [2,
3, 10-39]: using their medical experience, using special
scales, such as the NEWS scale, and relying exclusively
on investigations which are expensive and harm patients’
health (X-rays, CT, etc.). Thus, the exploration of new
technological approaches to organizing the work of med-
ical personnel performing auscultation of COVID-19
patients is a relevant scientific and practical task [2, 3,
10-39].

The aim of this work was to produce an analytical
review of new technological approaches to organizing
the work of medical staff in performing auscultation in
COVID-19 patients.

Materials and Methods

To generate an analytical review of new technological
approaches to organizing the work of medical staff in per-
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forming auscultation in COVID-19 patients, the authors
analyzed and summarized data on this theme from a va-
riety of sources, particularly RSCI, FIPS, CyberLeninka,
Google Scholar, PubMed, Physionet, EBSCO, Springer,
and search engines Yandex, Google, etc.

Results

Before considering new technological approaches to
organizing the work of medical staff in performing aus-
cultation in COVID-19 patients, we will address studies
on related themes published before 2020.

Thus, work reported in [18] described an electronic
stethoscope for remote auscultation. This stethoscope can
be used via various communication channels to transmit
data from the patient to the physician, including wireless-
ly, expanding its functional potentials.

Work described in [19] developed a multifunctional
diagnostic device based on an FSE-1M electronic stetho-
scope with standard Bluetooth for transmitting acoustic
signals to a computer or smartphone. This provided for re-
mote auscultation of patients and the processing, display,
and storage of the data obtained.

Report [20] presented studies using an auscultation
jacket with built-in electronic stethoscopes and classifica-
tion software able to discriminate normal and a number of
auscultatory abnormalities.

Report [21] described an electronic medical stetho-
scope for auscultation, which increases the signal-to-
noise ratio, eliminates the influences of incidental noises,
and sends investigation results to a remote terminal. The
wireless channel can be Bluetooth, wi-fi, etc.

Report [22] described a device for wide-band auscul-
tation significantly expanding the arsenal of tools for aus-
cultation of the human body. The wireless channel can be
wi-fi, Bluetooth, etc.

As can be seen from these sources, published before
the onset of the COVID-19 pandemic, this direction of
work, addressing remote auscultation using electronic
stethoscopes, was developed to some extent, though not as
actively as at present. However, the start of the pandemic
gave new impetus to its development.

We will now address new technological approaches to
organizing the work of medical personnel in carrying out
auscultation of patients with COVID-19 published from
2020 onwards.

Study [23] presented an electronic stethoscope for re-
mote auscultation, decreasing the risk of infection among
medical workers. This electronic stethoscope can be con-
nected of wireless audio devices such as headphones or
loudspeakers using a Bluetooth transmitter.
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Report [24] suggested a remote stethoscope developed
by the authors allowing the physician to carry out auscul-
tation of patients without the need to place earpieces in the
ears while working in PPE. This system consists of the au-
tonomous stethoscope head and a wireless receiver which
can be connected either to a mobile phone or a headset.

Study [25] proposed use of a remote stethoscope for
transmitting lung sounds via wireless communication
channel directly to a smartphone. The wireless channel
can be the 3G or 4G network or wi-fi.

Report [26] described a portable digital device for iden-
tifying lung sounds in different diseases. This has a defined
frequency range and the physician can receive sound from
patients remotely via various data transmission channels.

Report [28] developed a portable device for remote as-
sessment of the course of a patient’s illness. The system is
based on a wireless digital stethoscope able to record aus-
cultatory phenomena (noises, wheezing, etc.) and transmit
them to a smartphone app via Bluetooth. Sounds are pro-
cessed and classified in the cloud using a neural network.

Work reported in [29] developed a medical robot as-
sistant consisting of a floor-based robot with a manipu-
lator connected to a Raspberry Pi 4. The Raspberry Pi
has built-in Bluetooth allowing the robot to be controlled
remotely using a smartphone with a wireless channel. The
robot is currently able to give patients food and water, as
well as medicines. The potential functionality of the robot
may expand, for example, to carry out auscultation of pa-
tients with COVID-19.

Studies described in [30] proposed the use of a device
consisting of hardware with Bluetooth technology and a
software app allowing transmission of sound to a smart-
phone via wireless connection. In the authors’ view, the
main feature of this device is that the physician can carry
out auscultation while wearing PPE.

Work reported in [31] proposed use of a remote stetho-
scope developed by the authors for auscultation, based on
a Raspberry Pi and transmitting data via wi-fi. The pro-
posed device provides for real-time recording of ausculta-
tion sounds using a microphone and can store data files for
subsequent analysis.

Report [32] developed a scheme using the simplest
possible single-channel device for wireless recording of
Iung sounds on a smartphone and a microcontroller for a
single-channel device with simultaneous recording of lung
sound at different points of the patient’s thoracic cage. The
single-channel device with a Bluetooth microphone makes
recordings on a smartphone at distances of up to 10 m.

Report [33] presented technology for an electronic
stethoscope. The device developed here has a standard
headphone jack and a small ready-made Bluetooth trans-
mitter that can be connected to provide wireless transmis-
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sion of auscultation sounds from the patient to the physi-
cian’s headphones.

Report [34] described a diagnostic system for diagno-
sis of bronchopulmonary diseases in children. One feature
of the electronic phonendoscope developed here is that
it has no sound-conducting tube; it is applied to various
points on the chest and sounds are recorded by specific
software installed on a smartphone. The resulting files are
stored in a database for later analysis.

Report [35] developed an inexpensive system con-
verting an existing user’s stethoscope into a digital stetho-
scope. The system as developed consists of a microphone
connected to a stethoscope, a specific Android app, and
headphones. These can be deployed rapidly and can influ-
ence patient care not only in hospitals, but also in clinics,
where doctors can perform auscultation on patients from
a safe distance.

Work reported in [36] presented a digital stethoscope
for auscultation giving high quality and signal processing
speed with low energy consumption, providing the oppor-
tunity for safe auscultation of patients with COVID-19.
The wireless channel for data transmission can be, for ex-
ample, Bluetooth.

Report [37] presented results from studies addressing
questions of using information systems for wireless mon-
itoring of distributed determination of medical parame-
ters. Results of the development of a working prototype of
the system based on the use of ZigBee wireless technology
are presented.

Report [38] described the use of experimental 5G
technology in the practical work of the Sino-Japanese
Friendship Hospital for the treatment of patients and the
introduction of remote computerized auscultation. In
February 2020, remote computerized auscultation helped
medical workers in this hospital to be one of the world’s
first to hear lung sounds in COVID-19 patients. The 5G
connection allows sounds to be transmitted to a central
platform in real time for remote multispecialty analysis by
specialists using artificial intelligence systems.

Paper [39] described Russia’s first use of a 5G test fa-
cility at the Botkin Hospital piloting various innovatory
medical services, particularly round-the-clock monitor-
ing of patient’s conditions and VR and AR modeling of
X-ray films, ultrasound scans, CT results, etc. Studies of
innovative medical services also addressed remote com-
puterized auscultation of COVID-19 patients.

Analysis and Summary of Results

Analysis and summary of the obtained results show
that:
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1) the approach using remote auscultation using elec-
tronic stethoscopes received a new impetus for its devel-
opment with the onset of the pandemic;

2) safe auscultation of COVID-19 patients can poten-
tially be performed by remote auscultation, which can be
based on the use of wireless information transmission sys-
tems;

3) Bluetooth is a potential technology for wireless
data transmission for remote auscultation in small and
intermediate medical institutions, this providing for in-
formation exchange between different widely used devices
(headsets, smartphones, computers, etc.) at distances of
up to 100 m at unlicensed frequencies;

4) 5G is a potential technology for wireless data trans-
mission for remote auscultation in large medical institu-
tions, which within a single institution provides rapid and
distant collection and processing of data from significant
numbers of different information sources, such as sensors
carried by patients, etc.;

5) systems for processing and storing auscultation
sounds for subsequent analysis and production of advice
for medical staff using machine learning or neural net-
work technologies are receiving ever wider use in medi-
cal practice in the conditions obtaining in the COVID-19
pandemic and therefore requires more detailed study;

6) there is no clear widespread and large-scale intro-
duction of new technical approaches to the organization
of the work of medical staff for auscultation of COVID-19
patients into medical practice; many of the approaches
presented above are either isolated cases within the work
of a particular medical institution or are experimental
studies;

7) there is a clear absence of normative and legal doc-
uments regulating safe auscultation using new technologi-
cal approaches to organizing the work of medical staff un-
der the conditions obtaining in the COVID-19 pandemic.

Conclusions

This article presents an analytical review of new tech-
nological approaches to organizing the work of medical
staff performing auscultation of patients with COVID-19.
The article shows that new technological approaches to
organizing the work of medical staff performing auscul-
tation of patients with COVID-19 are being developed,
particularly those based on the use of remote ausculta-
tion, which uses wireless data transmission systems (for
example Bluetooth or 5G) to conducted investigations at
a safe distance between the patient and the medical work-
er wearing PPE. Furthermore, introduction of machine
learning and neural network technologies in the work of
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medical staff performing auscultation in the conditions
of the COVID-19 pandemic is noted. However, many of
the approaches discussed above are either isolated cases
in the context of the work of medical institutions or are
experimental studies. Thus, widespread and large-scale
introduction of these technologies into medical practice
is desirable. In this regard, it will also be necessary to de-
velop normative and legal documentation regulating safe
auscultation using new technological approaches to orga-
nizing the work of medical staff in the conditions of the
COVID-19 pandemic.

Despite problems in this area, medical staff should
not avoid performing auscultation in the COVID-19 pan-
demic [10-39], as it provides a quite simple and effective
noninvasive investigation for patients with COVID-19
and supplements other investigations. It is desirable to
generalize and propagate the experience in remote aus-
cultation obtained as a result of investigation and observa-
tion of patients with COVID-19 to other areas of medicine
where there is also a risk of infection to medical staff while
working with patients with other infectious diseases, such
as tuberculosis.
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