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ABSTRACT

Introduction: Examining the heart and lungs is necessary for critically ill patients, as these individuals may have
abnormalities with either or both of these organs. This review systematically determined how the auscultation of the
heart and lungs using a wireless stethoscope affected the results.

Methods: The research design used was a systematic review following preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines. Databases were searched using the search terms “auscultation,"
"critical patients," and "stethoscope wireless” and associated MeSH terms. The abstracts of the selected articles were
examined independently by two researchers. A systematic search was conducted through several databases (Scopus,
PubMed, JSTOR, and Springer-link), which were published from July 2012 to July 2022 .After reading the full content
of the included studies, key themes and concepts were extracted and synthesized.

Results: In total 142 articles were screened. Five articles met the inclusion criteria and were analyzed. The analysis
revealed that wireless stethoscopes have increased sensitivity with indicators capable of diagnosing abnormal
auscultation results in patients who have abnormal aucultation results on the gold standard. Three out of five studies
suggested that the auscultation of the heart and lungs by wireless stethoscopes are more sensitive, while two other
studies stated that wireless stethoscopes have the same sensitivity as manual acoustic stethoscopes.

Conclusions: Based on this systematic review, a wireless stethoscope may be more sensitive than an acoustic one.
Nevertheless, due to limited studies, a more well-controlled human study is warranted to be done.
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Introduction the advancement of electronic stethoscope design that

Technological advances are currently growing very dramatically reduces external noise contamination

rapidly in all fields, including the health sector, which through hardware redesign and dynamic signal

affects both patients and health workers. Technological processing (McLane et al., 2021).

advancements in the health sector, particularly medical A stethoscope is a typical medical acoustic

devices, are needed by health workers because those
devices play a pivotal role in supporting their work (Tian
et al., 2019). Since its first invention, the stethoscope
has undergone some transformative improvements,
including the introduction of electronic systems in the
last two decades. Improvement in technology has led to

© 2023 Jurnal Ners. This is an open-access article distributed under the terms of the Creative
BV Commons Attribution 4.0 International License (httos://creativecommons.org/licenses/bv/4.0/).

equipment used to listen to the noise in the human
body, making it one of the most important tools used by
nurses and other healthcare professionals (Qu et al.,
2021). Stethoscopes are considered one of the most
valuable medical devices because they are non-invasive,
real-time, and provide informative information (Sarkar
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et al, 2015). In professional healthcare, nurses
frequently use stethoscopes to assist the voice or
auscultate both when listening to heart sounds, lungs,
and systolic and diastolic pressures, thus, making the
stethoscope an indispensable tool in carrying out its
work (Pratiwi et al., 2021).

Patient monitoring has evolved over the years,
including critically ill patients, from the use of monitors
to the development of devices that can be used to
monitor patients, especially monitoring the patient's
vital signs, to check whether their health is normal or
deteriorating for some time (Barnett et al., 2022). In
addition to monitoring vital signs, finding the cause of
decreased vital signs must be done by carrying out a
physical examination of these vital organs, one of which
is by auscultation. The critical patient is physiologically
unstable patient and experiences dysfunctional
disorder, namely multi-organ failure, and his survival
depends on sophisticated therapy and monitoring tools.
In addition, In addition, critical patients have changes in
physiological function which affect vital signs and these
changes can get worse at any time so this situation can
be life-threatening (Saketkoo et al., 2021).

One of the physical examinations that must be
carried out by nurses in critical patients is by carrying out
auscultation of the heart and lungs to find out any
abnormalities in these organs (Harcharran, 2022).
Abnormal sounds that are usually heard when
auscultating the lungs in critical patients, namely
wheezes, stridor, crackles while on auscultation of the
heart, friction rub and gallop, although not all critical
patients have these sounds (Mehmood et al., 2014).
Poor auscultation results can affect the accuracy in
carrying out care and treatment so that the treatment
of patients is not optimal and causes lengthy treatment
(Hu et al., 2017).

Factors that can improve the quality of auscultation,
namely the use of a stethoscope that has a good level of
sensitivity as well as the use of a more flexible
stethoscope can assist nurses in carrying out
auscultation, especially in critical patients because such
patients often have other tools in their bodies that
interfere with the auscultation process (Goldsworthy et
al., 2021). Stethoscopes have experienced better
development starting from the use of wireless which can
help stethoscopes become more flexible, this is because
there is no dangling tubing which limits auscultation
(Andres et al., 2018; Swarup & Makaryus, 2018).

Some studies have compared acoustic and wireless
stethoscopes in clinical settings. Wireless stethoscopes
were compared with standard stethoscopes and
concluded that acoustic stethoscopes were preferred.
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However, they suggested that an ideal stethoscope
would combine the advantages of both acoustic and
wireless stethoscopes (Hgyte et al., 2005; Iversen et al.,
2006).

Wireless stethoscope is a solution to solve the

problem of remote auscultation (Perri, 2010).
Additionally, wireless stethoscopes have another
advantage over classic stethoscopes, namely that they
can increase the sound produced (A-Mohannadi et al.,
2022); and contribute to better performance on
auscultation, as personalized adjustments can be made
(Hgyte et al., 2005b). They cannot, however, be used in
noisy environments because wireless stethoscopes are
very sensitive to sound waves. However, there is limited
evidence that compares the sensitivity of wireless
stethoscopes for diagnostic purposes with an acoustic
stethoscope. Thus, this review systematically assessed
studies investigating the sensitivity of using a wireless
stethoscope compared to acoustic wireless in critically ill
patients.

Materials and Methods

This systematic review was conducted by the
PRISMA guidelines (Page et al.,, 2021). Systematic
reviews can facilitate the critical roles in providing a
synthesis of knowledge statements and addressing
answered phenomena.

Search strategy

We conducted an exploration of the title and
abstract in four databases: Scopus, PubMed, JSTOR, and
Springer-link. Articles published from July 2012 to July
2022 were searched using a comprehensive search
strategy. We constructed the search keywords in this
systematic review based on PICOS (Patient,
Intervention, Control, Outcome, and Study Design). In
this review, the subject was a critically ill patient; the
study used a digital wireless stethoscope, compared
wireless stethoscopes and acoustic stethoscopes, and
the outcome was sensitivity in determining auscultation
for diagnostics. Therefore, we used several main
keywords such as (stethoscope wireless OR digital
stethoscope) AND (auscultation) AND (critical ill OR
critical patients). A complete search can be found in
Supplementary Table 3.

Inclusion and exclusion criteria

The inclusion criteria were full paper articles with
guantitative research methods comparing the sensitivity
of wireless stethoscopes and acoustic stethoscopes. The
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exclusion criteriain this study were non-quantitative
studies, the articles were not full text and were not
published in English.

Search outcomes

A total of 142 potentially relevant articles were
initially identified in the four databases. A total of 135 of
those remained after duplications were removed using
Endnote software. Next, the titles and abstracts of those
articles were read one by one for further screening, after
which the remaining 10 full-text articles were further
assessed for eligibility. Subsequently, five of those
articles were excluded for various reasons (i.e., did not
compare the sensitivity of wireless stethoscopes and
was not tested by health workers). Finally, five studies
were deemed eligible for inclusion in this review (Figure
1). The study selection process was carried out by two of

Table I. Quality assessment for RCT studies

this study's authors (RP and Sl) independently, after
which they reached an agreement. There was no
disagreement between the two authors during the
selection process.

Assessment of methodological quality

The methodological quality of the articles was
assessed using the JBI Critical Assessment Checklist
guidelines. The instruments used consist of two types
which are adjusted based on the research design
according to the screening in this screening system. The
instruments were the JBI Critical Appraisal Checklist for
Randomized Controlled Trial Studies which consists of
13 questions, and the JBI Critical Appraisal Checklist for
Analytical Cross-Sectional Studies which consists of eight
questions. The JBI Critical Assessment Checklist is an
instrument used to assess the methodological quality of

Checklist criteria for RCT studies

Authors 2 3 4 5 6 7 8 9 10 Il 2 13
(Kalinauskiené et al,, 2019) Y Y Y Y Y Y Y Y Y ¥ Y Y Y
(Hirosawa et al., 2021b) Y Y Y Y Y Y Y Y Y ¥ Y Y Y
(Gottlieb et al., 2018) Y Y Y Y Y Y Y Y Y ¥ Y Y Y
(Islam et al., 2019) Y Y Y Y Y Y Y Y Y ¥ Y y y

Y = yes; N = no; U = unclear. |. Was true randomization used for assignment of participants to treatment groups? 2. Was allocation to treatment
groups concealed? 3. Were treatment groups similar at the baseline? 4. Were participants blind to treatment assignment? 5. Were those delivering
treatment blind to treatment assignment? 6. Were outcomes assessors blind to treatment assignment? 7. Were treatment groups treated
identically other than the intervention of interest? 8. Was follow up complete and if not, were differences between groups in terms of their
follow up adequately described and analyzed? 9. Were participants analyzed in the groups to which they were randomized? 10. Were outcomes
measured in the same way for treatment groups? | |. Were outcomes measured in a reliable way? 12. Was appropriate statistical analysis used?
13. Was the trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for

in the conduct and analysis of the trial?
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Table 2 Quality assessment for cross-sectional studies

Checklist criteria for cross-sectional studies

Authors

| 2

4 5 6 7 8

(Zhang et al., 2021) Y Y

Y Y Y Y Y

Y =yes; N = no; U = unclear. |. Were the criteria for inclusion in the sample clearly defined? 2.Were the study subjects and the setting described
in detail? 3.Was the exposure measured in a valid and reliable way? 4.Were objective, standard criteria used for measurement of the condition?
5.Were confounding factors identified? 6.Were strategies to deal with confounding factors stated? 7.Were the outcomes measured in a valid and

reliable way? 8.Was appropriate statistical analysis used?

a study and to assess the extent to which the review has
addressed possible biases in its design, intervention, and
analysis.

Data extraction and synthesis

Two authors (RP and SI) independently extracted
of the
Any disagreements during the data

data from all included studies into Excel
spreadsheets.
extraction process were resolved through un-blinded
discussion. The authors extracted data into five main
categories: (a)  study

author(s), year of publication, and study country; (b)

information including the
populations; (c) research design; (d) measurements; and
(e) findings. Narrative synthesis was applied to analyze
and explain the findings in this study (Popay et al.,
2006). The process included listing data for the included
studies, identifying the type of study being performed,

Table 3 Summary of articles included in the systematic review

and displaying the sensitivity results of the wireless
stethoscope.

Results
Characteristics of included studies

The number of participants in those studies ranged
from 30 to 60. Two of the studies were conducted in the
United States of America (Gottlieb et al.,, 2018;
Kalinauskiené et al., 2019), one in Japan (Hirosawa et al.,
2021), one in China (Zhang et al.,, 2021), and one in
Bangladesh (Islam et al., 2019). Four of the studies
collected their data using randomized controlled trial
design (Gottlieb et al., 2018; Hirosawa et al., 2021; Islam
et al., 2019; Kalinauskiené et al., 2019), and one used a
cross-sectional design (Zhang et al., 2021). All studies
compared wireless stethoscopes to the gold standard
for sensitivity (Gottlieb et al.,, 2018; Hirosawa et al.,

Authors,
year, country

Population

Research
Design

Type of wireless
stethoscopes

Findings

Kalinauskiene et
al. (2019) USA

Zhang et al
(2021) China

Hirosawa et al.
(2021) Japan

Gottlieb et al.
(2018) USA

Patients with body mass
index >30 kg/m? (obese),
were older than |8 years,
were referred for an
echocardiogram, and
agreed to participate in
the study.

Patients with SARS-CoV-
2 Pneumonia.

Senior  residents and
faculty in the department
of  general internal
medicine of a university
hospital.

Internal medicine resident
participants were

Randomized
Controlled Trial
(RCT)

Cross-sectional

Randomized
Controlled Trial
(RCT)

Randomized
Controlled Trial

Compare the 3M
Littmann 3200
Electronic Stethoscope
and 3M Littman
Cardiology 11l
Mechanical

Stethoscope

Assessing a wireless
stethoscope in critically
ill patients with SARS-
CoV-2 pneumonia

Compare the
electronic stethoscope
wireless and traditional
stethoscope

Compare the
electronic stethoscope

Wireless  stethoscopes have a higher
sensitivity value than acoustic stethoscopes,
namely 60.1% vs 45.7%, p<0.0001.

There was no significant difference between
the traditional acoustic stethoscope and the
stethoscope for lung and heart auscultation.
However, the stemoscope used in this study
is easy and comfortable to use.

A listening system using a Bluetooth-
connected  electronic  stethoscope  has
comparable results to listening with a
traditional stethoscope; other than that the
total combined test score was 80/110 (72.7%)
in the intervention group and 71/90 (78.9%)
in the control group, with no differences
between the groups (P=.32).

There was no significant difference in overall
auscultation scores of lung sounds using

randomly selected to hear  (RCT) wireless and analog analog and electronic stethoscopes.
either the analog or stethoscope
electronic lung sounds.
Islam et al. Pediatric patients who Randomized Assessing pediatric  There is an increase in the sensitivity of the
(2019) have  abnormal and Controlled Trial patients with abnormal  wireless stethoscope and has high accuracy.
Bangladesh normal heart sounds. (RCT) and normal heart Stethoscopes have a sensitivity value of 95
sounds  using the (12%).
Wireless Electronic
Stethoscope
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2021; Islam et al.,, 2019; Kalinauskiené et al., 2019;
Zhang et al., 2021)

Type of wireless stethoscope sensitivity

All data collection techniques were performed by
comparing the wireless stethoscope auscultation results
with the gold standard. Several types of stethoscopes
were found that had been designed using a wireless
network (Gottlieb et al., 2018; Hirosawa et al., 2021;
Islam et al., 2019; Zhang et al., 2021), while another
study used a 3M Littmann 3200 Electronic Stethoscope
connected wirelessly (Kalinauskiené et al., 2019). All
studies were tested by experts, namely: internal
medicine (Gottlieb et al., 2018; Hirosawa et al., 2021;
Zhang et al., 2021), cardiologist (Kalinauskiené et al.,
2019), and pediatrician Islam et al., 2019).

Outcomes

Three out of five studies stated that auscultation of
the heart and lungs using a wireless stethoscope was
more sensitive, this is because wireless stethoscopes are
very sensitive to sound waves and have features that
can amplify sound volume compared to acoustic
stethoscopes (Hirosawa et al., 2021; Islam et al., 2019;
Kalinauskiené et al., 2019), whereas two other studies
suggested that wireless stethoscopes have the same
sensitivity as acoustic stethoscopes (Gottlieb et al.,
2018; Zhang et al., 2021).

Wireless stethoscopes have a higher sensitivity value
than acoustic stethoscopes, namely (60.1% vs 45.7% , p
<0.0001) (Kalinauskieneé et al., 2019), while other studies
state that wireless stethoscopes have a sensitivity value
of 95.12% (Islam et al., 2019), other than that the total
combined test score was 80/110 (72.7%) in the
intervention group and 71/90 (78.9%) in the control
group, with no differences between the groups (P=.32)
on wireless stethoscope testing (Hirosawa et al., 2021).
Two other studies state that wireless stethoscopes and
acoustic stethoscopes do not have a significant
difference in value for listening to heart and lung sounds
(Gottlieb et al., 2018; Zhang et al., 2021).

Advantages associated with wireless stethoscopes

This overview found that wireless stethoscopes are
more flexible in their use because wireless stethoscopes
do not have dangling tubing, besides which wireless
stethoscopes can amplify the auscultation of the sound
produced so that they are more sensitive in their use
(Hirosawa et al., 2021; Islam et al., 2019; Kalinauskiené
et al.,, 2019). Another study stated that wireless
stethoscopes have drawbacks, namely they are very

sensitive to sound waves from very noisy environments,

Jurnal Ners

so they can affect the auscultation results (Gottlieb et
al., 2018; Zhang et al., 2021).

Discussions

This literature review analyzed the findings of five
articles featuring digital stethoscope testing that met
inclusion criteria in various populations. Although the
results of this review are not representative of the
healthcare profession as a whole, they can provide an
overview of digital stethoscope testing. We analyzed
research papers on the sensitivity and specificity results
of digital stethoscopes.

This systematic review found that wireless
stethoscopes may have increased sensitivity concerning
auscultation in the heart and lung compared with
manual acoustic stethoscopes. This may be because
digital stethoscopes can improve the quality of the
sound produced during auscultation. Visualizing
sonograms  during auscultation may facilitate
discrimination between different types of heart and lung
sounds (Hirosawa et al., 2021b), and may improve sound
quality (Tavel, 1996), which may contribute to improved

auscultatory performance. Adjustments can also be
made (Hgyte et al., 2005).

Additionally,
stethoscopes and manual acoustic stethoscopes show

findings regarding wireless
they have the same sensitivity. This is obtained because
the development of manual acoustic stethoscopes that
have tubing has often been carried out so that the
auscultation results produced have high sensitivity. In
addition, another study on a Bluetooth-based wireless
stethoscope found that the measurement results were
comparable to direct auscultation (Hirosawa et al.,
2021), can eliminate external noise by using a bandpass
filter and adaptive line enhancement techniques (Lakhe
et al., 2016), use can be made using data transmission
using Bluetooth with a distance of 3 meters 17 and a
Bluetooth-based wireless stethoscope has the same
function as an acoustic stethoscope (Sumartono, 2021).

More and more evidence shows that wireless
stethoscopes have advantages over manual acoustic
stethoscopes, including wireless stethoscopes that are
considered more flexible in their use (Zhang et al., 2021).
The wireless statoscope positively impacts healthcare
providers, particularly nurses, while taking care of
patients during pandemic sessions (Hidayat et al., 2021).
A study showed that the development of a programmed
wireless statoscope based on an efficient net would give
accurate information to detect heartbeat sounds (Haq
et al., 2021). In development of a wireless stethoscope
with no modifications, the tube can be carried easily and
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flexibly because this device only consists of two parts,
namely a modified diaphragm chest piece and for
listening to it through a headset.

This device is suitable for use by nurses in critical
areas because of its high mobility without disturbing the
function of the stethoscope, namely to assist nurses in
performing auscultation of the heart and lungs. In
addition, several other studies on Bluetooth-based
wireless stethoscopes explain that the design of wireless
electronic stethoscopes eliminates the cable connecting
conventional stethoscopes, which offers ease of use and
mobility, makes them easy to carry everywhere,
minimizes the spread of infection and facilitates
auscultation training for health practitioners where it
can be used simultaneously for evaluation (Mills et al.,
2012).

Based on studies that found that wireless
stethoscopes have a suggestion of increased sensitivity
of auscultation heart and lungs compared with manual
acoustic stethoscopes, the increased sensitivity makes
wireless stethoscopes to be considered for use,
particularly in critical patients with heart and lung
problems (Hirosawa et al.,, 2021b; Islam et al., 2019;
Kalinauskiené et al.,, 2019). Additionally, wireless
stethoscopes can be used in auscultated obese patients,
wherein they can hear a smaller sound, while wireless
stethoscopes that use digital products can amplify the
sound produced (Chowdhury et al., 2019).

The resulting sound enhancement is because the
wireless stethoscope has a special feature, namely filter
settings. Previous research explained that the filter
setting can produce low and strong heart and lung signal
frequencies and is quite sensitive (Jusak et al., 2020).
With this, wireless stethoscopes have better
auscultation results and can become assistive
technologies from existing manual systems. In addition,
a wireless-based stethoscope can reduce noise and
improve listening to heart or lung sounds to minimize
errors. Previous research has reported that a digital
stethoscope with a condenser mic feature connected to
a Pre-Amplifier can amplify voice signals up to 28.2
times; this can make a solution to the current
stethoscope problem (Kurniawan, 2017).

The use of a wireless stethoscope still has problems,
namely that it can be influenced by other signals around
the environment so that it disrupts the sound
transmission process. Besides that, a noisy environment
can affect the quality of auscultation results, this is
because wireless stethoscopes are very sensitive to
sound waves from the surrounding environment. This
wireless stethoscope problem should continue to be
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addressed to produce a higher quality stethoscope
(McLane et al., 2021).

Conclusions

A wireless stethoscope to assist patients in a physical
examination can be recommended for further research.
The usefulness and ease of a wireless stethoscope in the
practical patient assessment can be used by the patients
and their families too. We agree that a wireless
stethoscope for auscultation of the heart and lungs in
critically ill patients can facilitate professional
healthcare for the assessment of the patients without
any obstacles.
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