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ABSTRACT

The stethoscope has long been at the center of patient care, as well as a symbol of the physician—patient
relationship. While advancements in other diagnostic modalities have allowed for more efficient and accu-
rate diagnosis, the stethoscope has evolved in parallel to address the needs of the modern era of medicine.
These advancements include sound visualization, ambient noise reduction/cancellation, Bluetooth (Blue-
tooth SIG Inc, Kirkland, Wash) transmission, and computer algorithm diagnostic support. However,
despite these advancements, the ever-changing climate of infection prevention, especially in the wake of
the COVID-19 pandemic, has led many to question the stethoscope as a vector for infectious diseases.
Stethoscopes have been reported to harbor bacteria with contamination levels comparable with a phys-
ician’s hand. Although disinfection is recommended, stethoscope hygiene compliance remains low. In
addition, disinfectants may not be completely effective in eliminating microorganisms. Despite these risks,
the growing technological integration with the stethoscope continues to make it a highly valuable tool.
Rather than casting our valuable tool and symbol of medicine aside, we must create and implement an
effective method of stethoscope hygiene to keep patients safe.

© 2020 Elsevier Inc. All rights reserved. ® The American Journal of Medicine (2020) 133:1143—1150
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BACKGROUND

With the COVID-19 (SARS-COV-2) pandemic warrant-
ing a thorough assessment of our infection prevention
practices, it is no surprise that once again, the fate of
the stethoscope has been the subject of intense debate.
Some have chosen to abandon the stethoscope to avoid
potential transmission of bacteria or viruses to patients.
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Others recognize the value it provides at the bedside.
The purpose of this review is to provide an overview of
the stethoscope’s continued relevance in light of the cur-
rent changing landscape of infection prevention. In addi-
tion, we intend to establish how technological
advancement may augment both the clinical utility and
safety of the stethoscope while maintaining the symbol
of our profession that physicians and patients alike
regard as central to the human connection of medicine.

STETHOSCOPE: MORE THAN JUST AN ICON

What initially began as René Laennec’s (1781-1826) awk-
ward examination of his female patient with his stethoscope
prototype has now become the paradigm of the physical
examination.' In an editorial from Dr. Valentin Fuster, for-
mer Editor-in-Chief of the Journal of the American College
of Cardiology, he describes the tremendous value that the
stethoscope holds in providing rapid diagnostic and
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prognostic information. Dr. Fuster also discussed how the
stethoscope fulfills an essential pillar of clinical medicine
by enabling the physician to listen, touch, and diagnose a
patient.” This principle bears profound relevance to patient
care during a pandemic. Patients diagnosed with COVID-
19 are placed in isolation and separated from their loved
ones—thus, the ability for a clinician to be a tangible emo-
tional connection for them is impor-
tant now more than ever.
Stethoscope technology has not

200 years, which has led to a greater

focus on other modalities such as connection.

echocardiography, cardiac computed e Technological advancement will aug-

ment the utility of the stethoscope.

The stethoscope has high utility for

assessment of COVID-19 patients.

e Pathogen contamination in light of
COVID-19 is a concern for the stetho-

tomography, magnetic resonance

imaging, and other diagnostic tools o
such as cardiac biomarkers.” This
conflict has been further exacerbated
by the notion of handheld ultrasound
supplanting the stethoscope. Despite
the welcome addition to the phys-
ician’s armamentarium, concerns
have been raised that increased reli-

scope.

CLINICAL SIGNIFICANCE

changed significantly in the past ® Stethoscopes are clinically valuable
and integral to the doctor—patient

® Tnnovations in stethoscope hygiene
will allow safe auscultation.

can listen to the heart and lung auscultation with only a sin-
gle individual needing to enter the patient room. Once out-
side the room, the recorded breath sounds, heart sounds,
and murmurs can be played for the entire health care team.
The ability to record and transmit heart sounds can also pro-
vide utility for telemedicine, where auscultatory informa-
tion can be assessed by providers remotely.

One of the main criticisms of the
stethoscope is its strong reliance on
subjective interpretation. However,
developments in machine learning
(ML) and artificial intelligence (AI)
technology have allowed for analy-
sis of complex data, such as heart
sounds, murmurs, and abnormal
heart rhythms. These technologies
use novel algorithmic and statistical
methods to allow computers to
“learn” from the given data.'’ Appli-
cations of ML and AI have been met
with success; one study implement-
ing an ML algorithm reported >90%
accuracy in detecting aortic stenosis,

ance on diagnostic technologies
could compromise bedside manner
as well as diagnostic accuracy.” In a recent article advocating
for the institution of point-of-care ultrasound in medical edu-
cation, the authors expressed concern over the high rate of
misdiagnoses that can occur when ultrasound is performed
by an inexperienced operator. In addition, they raised con-
cerns over the additional training that would be required to
achieve competency with this significantly more anatomical
assessment.”

It is the authors’ belief that an increased emphasis on
point-of-care ultrasound and other technologies may over-
shadow the valuable information that can be derived through
auscultation. For instance, the S3 heart sound is highly pre-
dictive of left ventricular dysfunction, and poses a profound
prognostic impact on patients with heart failure.” While it is
clear that ultrasound can provide more anatomical informa-
tion that can aid in diagnosis, the stethoscope allows the lis-
tener to hear things that might not be readily apparent in an
echocardiogram, such as early pericarditis without pericar-
dial effusion, pulmonary hypertension without detectable tri-
cuspid regurgitation, or a pleural rub.”

THE DIGITAL STETHOSCOPE

Recently, similar to the growth and advancement of medi-
cine’s imaging technologies, the stethoscope has also found
a way to evolve its diagnostic capabilities through the
advent of the digital stethoscope. Initial models integrated
features such as ambient noise reduction,’ heart sound
ampliﬁcation,7 and Bluetooth (Bluetooth SIG Inc, Kirkland,
Wash) transmission to external devices.®” The ability to
record and transmit heart sounds can be useful in patients
who are in isolation precautions, where multiple providers

aortic regurgitation, mitral stenosis,
and mitral regurgitation."' Another
study using an artificial neural network program (another
modality of Al) reported a sensitivity and specificity of
100% for screening heart murmurs in children.'”

Smartphones have the potential to integrate these new
stethoscope technologies and incorporate them into our
daily clinical practice. Current smartphone applications that
can visualize and record heart sounds have broad implica-
tions for the future of auscultation. One of the first smart-
phone medical applications was iStethoscope Pro (Peter
Bentley, London, UK), which is capable of recording heart
sounds using the internal microphone while the phone is
placed in direct contact with the skin. It can then provide a
spectrograph visualization of the heart sounds on the appli-
cation interface.'” However, these initial applications often
lacked the capability to identify the S1 and S2 heart sounds
and determine key diagnostic information, such as heart
rate or the presence of heart sound abnormalities. Develop-
ments have been made to improve the analytical capabili-
ties of these heart sound applications. The SensiCardiac
(Stone Three Healthcare, Cape Town, South Africa) mobile
application is one of the current heart sound analysis appli-
cations, and claims to objectively distinguish between path-
ological and innocent murmurs with a sensitivity and
specificity above 80%'* (Figure 1'*"7).

Various smartphone accessories have been developed to
combine the portability of mobile phones with the capabilities
of digital stethoscope technology. For example, Thinklabs
(Thinklabs, Centennial, Colo) developed the Omne Digital
Stethoscope, which is a digital chest-piece that connects with
any headphone or listening device. This device can connect
directly to a smartphone or tablet to get a direct phonocardio-
gram reading, which can be sent to other devices.15 The Steth
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1A. SensiCardiac™

1B. One Digital Stethoscope™

»

m

1D. Eko Core™

Figure 1 Recent advancements in stethoscope technol-
ogy. Recent developments in stethoscope technology
have included phonographic visualization, Bluetooth
transmission, ambient noise reduction and heart sound
amplification, and automated diagnostic support using
machine learning, and artificial intelligence algorithms.
The integration of computer algorithm support with
smartphones has the potential to increase the portability
and accessibility of these technologies.'*'” All images
were retrieved with permission from the developers
(Stone Three Healthcare, Cape Town, South Africa;
Thinklabs, Centennial, Colo; Steth 10, Bothell, Wash;
Eko Devices, Berkeley, Calif).

10 (Steth 10, Bothell, Wash) is a 3-dimensional printed
smartphone case with an attached chest piece-like receiver
that can transmit information directly to a mobile app'®
(Figure 1).

In early 2020, the Eko Core Digital Stethoscope (Eko
Devices, Berkeley, Calif) became one of the first digital
stethoscopes that integrated artificial intelligence diagnostic
support (Figure 1). The developers claim that the Eko Core
can detect atrial fibrillation with a sensitivity and specificity
of 99% and 97%, respectively, and heart murmurs with a
sensitivity and specificity of 87% and 87%, respectively.'’
In addition, developers collaborated with researchers at the
Mayo Clinic to incorporate an algorithm for detection of
asymptomatic left ventricular dysfunction, defined as an
ejection fraction below 35%. The algorithm was validated
in a study published in Nature Medicine, demonstrating a
sensitivity and specificity of 86.3% and 85.7%, respec-
tively.'® The Eko Core is currently being used at over 4000
hospitals, clinics, and medical schools,” showing great
promise for the rapid diagnosis of heart dysfunction and
heart failure at the bedside using the stethoscope.

THE VALUE OF THE STETHOSCOPE FOR
DIAGNOSING COVID-19 PATIENTS

One of the most common clinical presentations of COVID-
19 infection is multifocal pneumonia, often occurring prior
to acute respiratory distress, hypoxia, and the need for
mechanical ventilatory assistance.'””” Pneumonia is often

diagnosed with the presentation of one clinical symptom
(eg, dry cough, fever, dyspnea), coarse breath sounds upon
auscultation, inflammatory biomarkers, and opacification
present on chest X-ray or computed tomography imaging.”’
While mild cases of COVID-19 infection can often present
without signs of pneumonia, current data suggest that pneu-
monia is an indicator for more severe cases with worse
prognosis.'’ Health care facilities lacking in available
imaging or biomarker tests might rely significantly on clini-
cal assessment, including the use of the stethoscope, for
assessment of pneumonia in COVID-19 positive patients.

While respiratory distress requiring mechanical ventila-
tion is the main signal of impending mortality, there is a
growing body of literature demonstrating that underlying
cardiovascular disease carries a high comorbidity for
COVID-19 infection. Data from the National Health Com-
mission of China found that 35% of COVID-19 patients
had hypertension and 17% had coronary artery disease.””
Recently, a meta-analysis of 46,248 COVID-19 positive
patients found that the most prevalent comorbidities were
hypertension (17 £+ 7%; 95% confidence interval [CI],
14%-22%), diabetes mellitus (8 = 6%; 95% CI, 6%-11%),
and cardiovascular diseases (5 & 4%; 95% CI, 4%—7%).23
Possible explanations include cardiovascular disease being
more prevalent in elderly individuals, those with an
impaired immune system, elevated levels of angiotensin-
converting enzyme 2, or a predisposition of COVID-19 for
patients with cardiovascular disease due to an unknown
mechanism.”* Further reports have also shown evidence of
myocardial injury among COVID-19 patients in addition to
reports of decreased left-ventricular function and possible
viral myocarditis.”” The combination of cardiovascular
comorbidities and respiratory dysfunction that is character-
istic of a COVID-19 infection warrants diligent auscultation
with a stethoscope. However, careful cleaning of the stetho-
scope’s membrane is essential, as it could serve as a poten-
tially dangerous vector of infectious disease.

THE “THIRD HAND” OF THE PHYSICIAN

Given the role of the stethoscope as an essential clinical
tool, physician’s icon, and facilitating the emotional bridge
between provider and patient, it is no surprise that the
stethoscope is considered to be the physician’s “third hand.”
However, this bears relevance not only to its integral role to
the physician, but also to its potential for contamination.
Hand contamination, which has a clear connection to health
care-associated infections, is also an independent predictor
of stethoscope contamination.”® One study demonstrated
that the same pathogens found on hands are likely to also
be found on the stethoscope, and that stethoscope dia-
phragms were more contaminated than the thenar and
hypothenar eminences of the clinician’s hand.”’ Stetho-
scopes are frequently used in direct contact with a patient’s
skin where microbes can be present, and can be transferred
from stethoscope to patient.”® Stethoscope contamination
has been thoroughly reported in the literature, with several
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nosocomial pathogens being discovered: methicillin-resis-
tant Staphylococcus aureus (MRSA), vancomycin-resistant
enterococci (VRE), Clostridioides difficile, Pseudomonas
aeruginosa, Escherichia coli (E. coli), and Klebsiella spe-
cies,26:29-32

Because the stethoscope is the “third hand” of the physi-
cian, appropriate hygiene standards are needed. Current Cen-
ters for Disease Control and Prevention guidelines designate
the stethoscope as a “non-critical” medical device (ie, only in
contact with intact skin, no bodily fluids), recommending that
they be cleaned anywhere from after each patient interaction
to once weekly using alcohol or bleach-based disinfectant.”
Given the potential for viruses, including COVID—19,34 to sur-
vive on the skin and other surfaces for an extended period of
time,”” these standards might not be reflective of the danger
that a contaminated stethoscope might pose.

Survey-based assessments of stethoscope hygiene practi-
ces among providers have demonstrated adherence with
hygiene widely ranging from 10%-80%."°"° However,
recall and social desirability biases might serve as signifi-
cant confounders to this data.*”*' Direct observational stud-
ies have been less common—one study found stethoscope
hygiene rates across different health care providers to be
13%-24%.*> Another study performed in the emergency
department reported a stethoscope hygiene rate of 11.3%
using conventional means, and documented unconventional
practices such as putting a glove over the stethoscope
(13%) and using water/hand towel to clean the stethoscope
(4.3%)." These practices suggest that while providers are
aware of the risk associated with contaminated stetho-
scopes, they are either unaware of proper cleaning methods
or are purposefully opting for a self-devised method.

A

16S Quantity (ng/uL)

w

16S Quantity (ng/ul)

T T
Pre Post

Standard Cleaning

Reasons cited by providers for neglecting to perform stetho-
scope hygiene have included lack of time, forgetfulness, or
lack of access to cleaning supplies.**

During times of increased concern about contamination
and spread of infections, physicians may opt to forgo their
stethoscopes due to a lack of clear guidance on cleaning,
lack of access to proper hygiene materials, or inconvenience
with current personal protective equipment guidelines. Cur-
rent Centers for Disease Control and Prevention guidelines
on personal protective equipment for health care workers in
contact with COVID-19 patients recommend use of a respi-
rator (N95 mask if not available), gown, gloves, and eye pro-
tection.”” This equipment can be viewed as an impediment
to stethoscope usage, as it can be difficult to manage the ear-
pieces and tubing around forms of facial/eye protection (eg,
face shield); this can further discourage providers from using
their stethoscope and neglect the valuable information pro-
vided by lung and heart auscultation. Rather than forgoing a
tool that might be useful in the prognostication of infected
patients with cardiopulmonary abnormalities, it is important
that novel hygienic and technological interventions be inves-
tigated to allow safe usage of the stethoscope.

FINDING A SOLUTION FOR STETHOSCOPE
HYGIENE

Educational interventions aiming to improve stethoscope
hygiene have been implemented and met with mixed suc-
cess. One study demonstrated successful reduction in
stethoscope contamination rates (44.2% to 11.4%; P <
.001);46 however, another demonstrated no change (0% to
0%)."” Furthermore, there is significant variability in

T T
Pre Post

Practitioner Cleaning

Figure 2 Quantification of bacterial contamination on practitioner stethoscopes before and after

cleaning. Knecht et al*®

performed a molecular analysis of provider stethoscope contamination

before and after either standard cleaning with hydrogen peroxide, or cleaning according to pro-
vider preference. The dashed line represents the mean bacterial contamination present on clean
stethoscopes. In the standard cleaning group, 5/10 stethoscopes fell below the clean line. In the
practitioner cleaning group, 2/10 stethoscopes fell below the clean line. Both groups demon-
strated a significant, but not complete, reduction in contamination (P = .00174). Figure repro-
duced with permission from publisher (Cambridge University Press, Cambridge, UK).
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tested the efficacy of aseptic diaphragm barriers for preventing the transmission of several known pathogens: Can-
dida albicans, Staphylococcus epidermidis, extended-spectrum b-lactamase Escherichia Coli, Pseudomonas aerugi-
nosa, methicillin-resistant Staphylococcus aureus (MRSA), and vancomycin-resistant Enterococci (VRE).
Contaminated stethoscopes that had the barrier applied (B+) demonstrated no transmission of bacteria, determined
by quantitative ESwab of the diaphragm surface after inoculation. Figure reproduced with permission from publisher

(Elsevier, Amsterdam, Netherlands).

stethoscope cleaning practices.”® A recent study performed
a molecular analysis of stethoscope contamination and
compared contamination levels before and after cleaning
either by a standard procedure or at the physician’s discre-
tion. Although there was a significant reduction in bacterial
colony counts in both groups, variable contamination was
still present that could potentially pose a risk of transmis-
sion (Figure 2*%).

Furthermore, this study implicates that conventional
cleaning methods (eg, alcohol, bleach, hydrogen peroxide)
might not be completely effective in eliminating stetho-
scope contamination.”® These methods also present the
additional risk of propagating resistant pathogens, including
alcohol-resistant bacteria. One study found that Enterococ-
cus faecium, commonly associated with nosocomial infec-
tions™ isolated from clinical cultures in 2015 was 10-fold
more resistant to alcohol than previous isolates dating back

to 1997.°° Single-patient stethoscopes commonly used in
the intensive care unit have attempted to supplant the need
for using a personal stethoscope. However, the poor quality
of these stethoscopes could either lead to disuse or compro-
mise the identification of important auscultatory findings.”’
Furthermore, contamination of single-patient stethoscopes
with multi-drug-resistant bacteria in the intensive care unit
has been reported. One study found pathogenic contamina-
tion with MRSA on the diaphragm and ear pieces of single-
use stethoscopes.’” Therefore, single-patient stethoscopes
also present a significant cross-contamination risk for clini-
cians sharing the bedside stethoscope. It is important that
we consider other modalities of stethoscope hygiene that
keep both patients and clinicians safe.

Technological advancement for stethoscope hygiene
might provide a safe and efficient solution that will make
auscultation safe and circumvent the barriers to hygiene
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Figure 4 Stethoscope diaphragm cover and dispensing device. Aseptic barriers provide a phys-
ical barrier to prevent the transmission from stethoscope to patient while preventing the propa-
gation of resistant pathogens. A touch-free dispensing system will reduce the likelihood of
transmission from the provider’s hands or other surfaces.’® Images obtained and used with per-
mission from the developer (AseptiScope, San Diego, Calif).

implementation.”* One study investigated the use of an
ultraviolet-light emitting diode device that would be placed
on the stethoscope diaphragm in between patient encoun-
ters, reporting an 87.5% (P < .01) reduction in colony
counts after 1 minute of exposure.” Another study tested
stethoscopes made with an antimicrobial copper alloy and
found significantly fewer colony-forming units than on con-
ventional stethoscopes.”

A promising sector of stethoscope hygiene is disposable
covers, which offer protection to patients in the same man-
ner as other barrier precautions such as gloves, gowns, shoe
covers, etc. One study conducted a microbiological assess-
ment with the use of single-use aseptic diaphragm barriers
in preventing the transmission of several common hospital-
associated pathogens, including MRSA, VRE, and E. coli.
The study found zero growth of either clinical strain patho-
gens (P < .05) or human-sample-derived pathogens (P <
.05) from stethoscopes with the diaphragm barrier
(Figure 3).%

Developers of this barrier (AseptiScope, San Diego,
Calif) intend to integrate them with a touch-free dispenser
system, similar to automatic hand-sanitizer dispensers that
are ubiquitous in health care settings, to allow simple and
quick application without introducing hand contamination
(Figure 4).%°

A recent paper commented on the use of stethoscopes
for COVID-19 patients, stating that one of the main
concerns for stethoscope usage is the lack of a specific
barrier to prevent contamination and subsequent trans-
mission to other patients.”’ Perhaps a single-use dia-
phragm barrier system could be a viable solution to this
concern and promote the safety of stethoscope usage.
Similarly, this could be argued for usage in patients
with infection or colonization with multi-drug-resistant
organisms.

CONCLUSION

The stethoscope maintains its utility and relevance as a
rapid bedside tool capable of gathering important

diagnostic information noninvasively while maintaining
the all-important physician—patient bond. Advances in
stethoscope technology will improve the auscultatory
capabilities of health care workers and allow less con-
tact with patients in transmission-based precautions. It is
important that providers recognize that challenges to
using the stethoscope hygienically do not mean that it
should simply be cast aside. Rather, physicians who are
grappling with the difficulty of keeping patients safe
during infectious diseases epidemics should seek to
innovate and implement novel solutions for stethoscope
hygiene. The physician’s priority should be to maintain
the highest standard of care for their patients while pre-
serving the human connection that is foundational to the
doctor—patient relationship. Patients in the modern era
need not only our knowledge of medicine, but also our
human connection, and the stethoscope will continue to
embody the integration of those 2 facets of medicine.
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