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Abstract

For over two centuries, the stethoscope has been a cornerstone of clinical medicine, yet traditional acoustic models are limited by
environmental noise, user experience, and the subjective nature of auscultation. Digital stethoscopes, augmented by signal processing,
visualization tools, and Atrtificial Intelligence (Al), represent a transformative evolution in auscultatory practice. These devices convert
acoustic signals into digital data, enabling amplification, noise reduction, and objective analysis through phonograms and spectrograms.
Al integration enhances diagnostic accuracy by detecting and classifying cardiac and respiratory abnormalities, while connectivity features
facilitate telemedicine, remote monitoring, and longitudinal patient care. Clinical studies consistently demonstrate the superiority of digital
over acoustic stethoscopes in detecting subtle heart murmurs, lung sounds, and arrhythmias, particularly in complex or noisy settings.
Beyond clinical diagnostics, digital stethoscopes serve as educational tools, providing visualized, recordable, and analyzable auscultatory
data. As part of the emerging Medicine 3.0 ecosystem, these devices align with predictive, preventive, personalized, participatory, and
precision (5P) medicine, offering new opportunities for global health equity, chronic disease management, and medical education. This
review synthesizes current evidence on the technology, clinical performance, Al applications, and telemedicine integration of digital
stethoscopes, highlighting their potential to redefine auscultation in the 21st century.

Keywords: Digital stethoscope; Auscultation; Artificial intelligence; Telemedicine; Phonogram; Spectrogram; Cardiac diagnosis;
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Key Points

. Digital Transformation of Auscultation: Digital stethoscopes convert acoustic signals into digital data, enabling amplification,
noise reduction, and objective visualization through phonograms and spectrograms.

. Al-Enhanced Diagnostics: Integrated artificial intelligence improves the detection and classification of cardiac and respiratory
abnormalities, enhancing diagnostic accuracy and reducing inter-observer variability.

. Telemedicine Integration: Connectivity features allow remote auscultation, expert consultation, and longitudinal patient
monitoring, supporting healthcare delivery in underserved and remote regions.

. Clinical Superiority: Evidence from comparative studies demonstrates higher sensitivity and specificity for subtle heart murmurs,
arrhythmias, and lung sounds compared to traditional acoustic stethoscopes, especially in noisy or complex clinical settings.

. Educational and Research Utility: Digital stethoscopes provide recordable, visualized, and analyzable auscultatory data,
enhancing medical education, training, and research in cardiopulmonary medicine.

. Alignment with Medicine 3.0: By enabling predictive, preventive, personalized, participatory, and precision (5P) medicine, digital

stethoscopes contribute to improved patient outcomes, chronic disease management, and global health equity.

INTRODUCTION

For over two centuries, the stethoscope has symbolized the essence
of clinical medicine—a bridge between physician and patient, ear and
heart, observation and intuition [1]. Introduced by René Laennec in
1816, the acoustic stethoscope was not merely a diagnostic tool but a
transformation of clinical method, allowing physicians to “see” within the

body through sound. Despite its iconic status, the acoustic stethoscope
has remained largely unchanged while medicine has progressed into
the digital age. Today, digital stethoscopes stand at the forefront of a
technological revolution in auscultation [2]. By converting acoustic
signals into digital data, providing visualization via phonograms and
spectrograms, integrating Artificial Intelligence (AI) for automated
analysis, and enabling telemedicine applications, these devices enhance
diagnostic accuracy, reduce human error, and extend access to care across
diverse settings. Beyond technical advancement, this evolution invites a
rethinking of what it means to “listen” in modern medicine. This review
aims to provide a comprehensive overview of digital stethoscopes,
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including their technological components, signal-processing capabilities,
clinical performance compared with acoustic models, Al integration,
telemedicine applications, and future directions in the era of connected,
data-driven healthcare.

TERMINOLOGY AND DEVICE CLASSIFICATION

The terminology surrounding stethoscopes has evolved to reflect the
expanding technological diversity of modern auscultatory devices [3].

Acoustic Stethoscopes

Remain the traditional standard. They consist of a chest piece—
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typically with a diaphragm and/or bell—connected to flexible tubing
transmitting sound to earpieces. Operating purely on mechanical
principles, they provide reliable auscultation without electronic
amplification or signal processing, making them simple, robust, and
widely accessible.

Electronic Stethoscopes

Introduce aninitial layer of technology. A built-in microphone converts
mechanical sound waves into electronic signals, which are amplified and
filtered to improve audibility, particularly in noisy environments. While
the output is still analog, internal digitization enhances clarity, reduces
distortion, and facilitates sound storage. Additional features such as
volume control and selective noise filtering make electronic stethoscopes
particularly suitable for busy clinical settings.

Digital Stethoscopes

Represent a significant advance by converting sound into fully digital
datavia analog-to-digital converters (ADCs) [3]. This enables visualization
of sounds through phonograms and spectrograms, long-term storage,
advanced filtering, and wireless transmission for telemedicine. Digital
models frequently incorporate noise reduction algorithms to enhance
subtle cardiac or pulmonary sounds, supporting more precise detection
of abnormalities.

Smart or Al-Enabled Stethoscopes

Integrate artificial intelligence algorithms, either embedded or cloud-
based, to assist clinicians in detecting and classifying pathological sounds,
such as murmurs, wheezes, and crackles [3]. Al enhances diagnostic
precision, reduces inter-observer variability, and can serve as a training
tool for clinicians by providing feedback on auscultation technique.

Numerical Stethoscopes

Quantify auscultatory data, converting sounds into measurable
metrics such as frequency, amplitude, and heart or respiratory rates [3,4].
When combined with Al, these devices offer objective, data-driven support
for diagnosis, longitudinal monitoring, and chronic disease management.
Although these categories overlap, distinguishing between them is
essential for evaluating regulatory requirements, clinical performance,
and application in patient care. As innovation continues, the boundaries
between electronic, digital, and Al-enabled stethoscopes are increasingly
blurred, redefining the practice of auscultation in modern medicine.

TECHNOLOGICAL OVERVIEW: FROM SOUND TO SIGNAL

Digital stethoscopes combine several advanced technological
components to augment traditional auscultation, overcoming limitations
inherent to acoustic devices [3,4]. Understanding these elements is
essential to appreciating their clinical utility and diagnostic potential.

Transducers and Microphones

The transducer is the initial interface with the patient, housing
microphones designed to capture a broader range of frequencies than
conventional diaphragms. Some models integrate dual microphones
optimized for low-frequency heart sounds (bell) and high-frequency lung
sounds (diaphragm), electronically merging signals for comprehensive
auscultation. Modern microphones minimize ambient noise while
enhancing subtle physiological sounds.

Amplification and Filtering

Unlike acoustic stethoscopes, where sound intensity diminishes
along the tubing, digital stethoscopes use electronic amplification
to enhance volume. Clinicians can adjust sound levels to detect faint
murmurs or subtle respiratory sounds. Digital signal processing (DSP)
further applies frequency-specific filters—low, mid, and high—to isolate

clinically relevant sounds, improving clarity in noisy environments or in
patients with thick chest walls.

Analog-to-Digital Conversion (ADC)

Captured sounds are digitized using ADCs, typically with 16-24 bit
resolution. The sampling rate and bit depth determine the fidelity of the
digital signal, preserving subtle variations in heart and lung sounds [3-
5]. High-resolution digitization ensures precise representation, enabling
advanced analysis and storage.

Digital Signal Processing (DSP)

DSP algorithms enhance the digitized audio in real time, applying
filtering, compression, and noise reduction. DSP also optimizes signals
for storage, transmission, and visualization. Spectral analysis generates
phonograms and spectrograms, providing graphical representations of
sound amplitude and frequency over time [6,7]. These visualizations
facilitate detection of abnormal patterns and support objective clinical
assessment.

Data Storage and Connectivity

Many digital stethoscopes include onboard memory for storing
auscultation recordings. Wireless connectivity via Bluetooth or Wi-Fi
allows transmission to Electronic Health Records (EHRs), remote devices,
or telemedicine platforms, enabling expert consultation without physical
presence. Real-time streaming supports synchronous tele-auscultation,
improving accessibility in remote or underserved areas.

Artificial Intelligence Integration

Advanced digital stethoscopes incorporate Al modules—either
embedded or cloud-based—to assist in pattern recognition and diagnostic
suggestions. Al algorithms can detect heart murmurs, wheezes, crackles,
arrhythmias, and other pathological sounds, enhancing clinician accuracy,
reducing inter-observer variability, and supporting training [4].

Power Source

Most devices rely on rechargeable lithium-ion batteries, offering
several hours of continuous use. Battery life is a critical consideration to
ensure reliable performance in clinical practice.

Comparative Advantages

Table 1 summarizes the differences between acoustic and digital
stethoscopes, highlighting enhancements in sound amplification,
frequency range, noise reduction, data storage, and connectivity [3,4].
These features collectively represent a transformative step forward in
auscultatory medicine, enabling clinicians to combine auditory, visual,
and data-driven approaches for improved patient care.

THE INFORMATIVE POWER OF SPECTROGRAMS AND
PHONOGRAMS: LISTENING WITH THE EYES

The digitization of auscultatory sounds has enabled the creation
of visual representations, providing objective, quantifiable data that
complement traditional auditory assessment [4] (Figure 1). This
innovation allows clinicians to “see” sounds, enhancing diagnostic
precision, documentation, and education.

Phonograms

Phonograms graphically display sound amplitude over time, with
the x-axis representing time and the y-axis showing sound intensity.
These representations allow detailed analysis of timing, duration, and
intensity of heart and respiratory sounds [7]. For instance, the crescendo-
decrescendo pattern of an aortic stenosis murmur or the flat holosystolic
profile of mitral regurgitation can be clearly visualized. Phonograms also
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Figure 1: Educational visualization of cardiac sounds as a cardio-phonogram and cardio-spectrogram.
Legand: Left: image generated by artificial intelligence. Right: image from auscultation of a patient with aortic stenosis - the latter is indicated by a
white arrow during a cardiac cycle materialized by B1-B2 (personal data; ASAP project).

Table 1: Comparison between Acoustic and Digital stethoscopes.

Feature Acoustic Stethoscope
Relies on mechanical sound transmission through

tubing

Digital Stethoscope

Sound Transmission Uses digital sensors to capture and amplify sound

Prone to background noise interference and

Sound Quality attenuation

Enhanced sound clarity with noise reduction features

Typically limited to human audible range (20-

Frequency Range 1,000 Hz)

Wider frequency range, often covering 20 Hz to 2,000 Hz+

No amplification, relies on the user’s ear

Amplification e Digital amplification allows louder and clearer sounds
sensitivity

Battery Life No batteries required Requires batteries, with varying life depending on usage

Recording Capability No recording capability Can record and store auscultation sounds for later analysis
. - . Often integrates with smartphones, computers, or telemedicine
Connectivity No digital connectivity
platforms
Data Storage /Analysis None Can analyze and store da.lta, sometimes with advanced
algorithms or Al
Size/Weight Generally lightweight and portable May be slightly heavier due to digital components
Price Typically more affordable Higher cost due to advanced technology and features

User Experience Simple, familiar design Requires some technical knowledge to operate effectively

Use in Telemedicine Limited use without additional equipment Ideal for integration into telemedicine and remote diagnostics

Maintenance Low maintenance, just tubing and earpiece care Requires software updates and occasional battery replacement
Durability Long-lasting with proper care May require more frequent servicing due to digital components
Customization Limited customization options Can be customized with different sound filters and settings
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facilitate differentiation of normal heart sounds (S1, S2) from abnormal
sounds such as S3, S4, clicks, and snaps. This visual documentation
improves communication among healthcare providers and enhances
clinical decision-making (Figure 1).

Spectrograms

Spectrograms provide frequency-based visualizations, with the x-axis
as time, the y-axis as frequency (Hz), and color intensity representing
amplitude. This allows clinicians to analyze harmonic content and energy
distribution across frequencies, which is invaluable in distinguishing
sounds with similar temporal patterns but differing frequency profiles.
For example, spectrograms can help differentiate wheezes from crackles
or classify various cardiac murmurs by their unique frequency signatures
[7] (Figure 1).

Clinical Utility

Visual representations enable longitudinal monitoring of disease
progression, response to treatment, and objective evaluation of
interventions [4]. They also serve as powerful educational tools, allowing
medical students and trainees to learn auscultation with visual feedback,
improving pattern recognition and diagnostic accuracy.

Table 2: Overview of Commercial Digital Stethoscopes in USA and Europe

Telemedicine Integration

Phonograms and spectrograms can be transmitted remotely for
expert review, facilitating tele-auscultation and collaborative diagnosis.
This is particularly valuable in resource-limited settings or for patients in
rural areas where access to specialists is limited.

Evidence

Recent studies indicate that incorporating visual representations
of heart and lung sounds improves inter-observer agreement in
murmur classification and supports remote education and training [7].
By combining auditory and visual information, clinicians gain a more
precise and reproducible understanding of auscultatory findings. In
summary, phonograms and spectrograms transform auscultation from a
purely auditory skill into a multimodal, data-driven process, enhancing
diagnostic accuracy, clinical education, and remote healthcare capabilities.

THE AUGMENTING ROLE OF ARTIFICIAL INTELLIGENCE
IN AUSCULTATION

The integration of Artificial Intelligence (Al) into digital stethoscopes
is transforming auscultation by enabling automated analysis of cardiac

Count Batter: Price Notable Clinical
Brand/Model . Y Features Sound Quality ; y Connectivity Range
Available Life Features
(UsD)
. Excellent, clear Advanced filtering,
3M Littmann USA, Bluetoloth, noise sound, enhanced Up to 60 Bluetooth, $300 - integrated app for
reduction, audio R . . connects to . L
3200 Europe : with ambient noise hours ) $400 sound visualization,
recording . mobile app . .
reduction voice recording
Real-time heart
Eko CORE Digital USA, Bluetooth, Excellen, Upto8 | Bluetooth Eko | $250- and lung sound
amplifies sounds, customizable visualization,
Stethoscope Europe . . ) hours software app $350 .
app integration filters telemedicine
Stmplified design
. . implified design for
Omron USA, N01.s§ reduction, Gooq, enha.mced 10-15 $100 - daily use, battery-
Stethoscope digital sound with noise None
.. Europe e . hours $150 operated, less
(Digital) amplification cancellation -
customization
Amplification Audio capture
iHealth USA, mgbile a ! Clear, moderate 12-16 Bluetooth, $150 - for later analysis,
Stethoscope Europe . .pp amplification hours iHealth app $200 compatible with i0S/
integration .
Android antis
High ampEl;(f?sgttil(()): aideal
Thinklabs One USA, amplification, .Excellen't,.ver.y Up to 25 None $500 - for difficult-to-hear
Europe small and high amplification hours $600 .
. patients, compact
portable design .
design
. High-quality acoustic
Welch Allyn USA, Digital fr‘equency High, customizable 20-25 $250 - and digital sound,
tuning, ) None .
Harvey DLX Europe e sound profiles hours $350 multi-frequency
amplification ]
adjustments
- Simple amplification,
Amplified USA, Sound Moderate, 12-15 $100 - affordable price,
Stethoscope by amplification, amplified for None
Europe . . . hours $175 useful for general
ADC flexible tubing clarity -
auscultation
Littmann Digital Bluetooth A;ﬁl;ISEZaa; gedsliglrzal
Electronic USA, amplification, High-quality with | Upto20 | . " $250 -  CesiEl,
. . integrates with customizable
Stethoscope Europe noise reduction, clear sound hours mobile a $350 sound filters. digital
Model 3100 dual head design PP > 18
recording
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and pulmonary sounds, enhancing both accuracy and efficiency in
clinical practice [3,4]. Al acts as an augmentative “second ear,” supporting
clinicians in detecting subtle or complex abnormalities that may be
challenging to identify with conventional auscultation.

Automated Detection of Cardiac Abnormalities

Al algorithms trained on extensive datasets of normal and
pathological heart sounds can detect murmurs, arrhythmias, atrial
fibrillation, and valvular heart diseases with high precision [3,4]. These
algorithms analyze timing, amplitude, and spectral patterns, providing
real-time alerts for subtle anomalies that may otherwise go unnoticed,
particularly in early-stage disease or noisy clinical environments.

Automated Analysis of Respiratory Sounds

Al also enhances the identification of abnormal lung sounds,
including wheezes, crackles, and pleural rubs, associated with conditions
such as pneumonia, COPD, asthma, and pleural effusions [3,4]. Automated
analysis supports early detection, continuous monitoring, and timely
intervention, improving patient outcomes.

Risk Stratification and Prognosis: Advanced Al models can
predict the risk of future cardiac events by analyzing nuanced acoustic
features. This predictive capability enables early intervention and
personalized treatment planning, shifting auscultation from reactive
diagnosis to proactive risk management [3,4].

Reducing Inter-Observer Variability

By providing objective, data-driven analysis, Al reduces inter-
observer variability in auscultation, particularly benefiting less
experienced clinicians. Studies have shown that Al-assisted stethoscopes
improve diagnostic confidence and consistency, facilitating standardized
clinical assessments across diverse healthcare settings [3,4].

Big Data Integration

Digital auscultation generates large volumes of structured and
semi-structured data, including phonocardiograms, spectrograms,
and respiratory cycles. Al can aggregate and analyze these data across
populations, identifying longitudinal patterns and subtle abnormalities
that may be imperceptible to the human ear [3,4,7]. Machine learning
models, including convolutional and recurrent neural networks, have
demonstrated remarkable accuracy in classifying heart murmurs,
detecting atrial fibrillation, and distinguishing between different lung
sounds.

Evidence

A 2023 multicenter study analyzed over 1.2 million auscultation
recordings and found that a deep learning model outperformed general
practitioners in detecting pathological murmurs (AUC 0.93 vs. 0.79),
highlighting the potential of Al to enhance diagnostic precision and
clinical decision-making [8].

Clinical Considerations

While Al significantly augments auscultation, it should complement,
not replace, clinical judgment. Results must be interpreted within the
broader clinical context, integrating patient history, physical examination,
and additional diagnostic tests. In conclusion, Al-powered digital
stethoscopes represent a paradigm shift in clinical auscultation, offering
improved detection, risk stratification, and standardization, while
supporting telemedicine, longitudinal monitoring, and evidence-based
decision-making.

MARKET OVERVIEW AND MODELS OF DIGITAL
STETHOSCOPES

The market for digital stethoscopes has expanded rapidly, driven
by advances in sound amplification, signal processing, connectivity,
and Al integration (4). Modern devices are designed to meet diverse
clinical needs, from routine auscultation to specialized cardiology and
pulmonology assessments, and increasingly support telemedicine
applications.

Key Features and Functionalities

Digital stethoscopes differentiate themselves from traditional
acoustic models through several capabilities:

Sound Amplification: Enhances low-intensity cardiac and
pulmonary sounds, improving detection of subtle murmurs or faint
respiratory noises.

Noise Reduction: Active filtering isolates clinically relevant sounds
from ambient noise, particularly valuable in emergency departments,
ICUs, or outpatient settings.

Connectivity: Wireless options such as Bluetooth and Wi-Fi enable
seamless integration with mobile devices, telemedicine platforms, and
electronic health records (EHRSs).

Data Storage and Sharing: Onboard memory allows storage of
auscultation recordings for longitudinal monitoring, review, or expert
consultation.

Al-Driven Diagnostics: Certain models include embedded or cloud-
based Al algorithms for real-time detection and classification of heart and
lung sounds, including murmurs, arrhythmias, wheezes, and crackles.

Representative Models
(including France)

in the USA and Europe

A variety of commercial devices now provide combinations of the
above features:

Littmann 3200: Wireless transmission, sound amplification, and
digital storage, widely used in cardiology and general practice.

Thinklabs One: Compact design with high-fidelity amplification and
recording capabilities, suitable for pediatrics.

Eko Core: Integrates Al-assisted murmur detection and ECG
functionality, bridging auscultation with cardiac monitoring.

Stemoscope: Consumer-friendly design with Bluetooth connectivity
for telemedicine, supporting remote auscultation and patient engagement.

Clinical Applications

These devices have demonstrated utility in improving auscultation
in noisy environments, enhancing diagnostic accuracy, supporting
teleconsultations, and providing training opportunities for medical
students and residents. As connectivity and Al capabilities expand, digital
stethoscopes are increasingly becoming essential tools for both clinical
practice and telehealth workflows [4].

Considerations for Clinicians

Selection of a digital stethoscope should be guided by clinical
needs, including patient population (adult, pediatric), frequency of
remote consultations, Al diagnostic support, battery life, and device
ergonomics. While devices differ in features, all provide enhanced
capabilities compared to acoustic stethoscopes, particularly in precision,
documentation, and telemedicine integration.

The evolving market reflects the growing role of digital stethoscopes
as central components of modern, connected healthcare. By combining
traditional auscultation with amplification, visualization, Al support, and
telemedicine integration, these devices offer a comprehensive approach
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to cardiac and pulmonary assessment, redefining the clinical experience
of listening to the human body (Table 3 and Table 4).

RESULTS OF STUDIES COMPARING ACOUSTIC AND
DIGITAL STETHOSCOPES

A growing body of evidence has evaluated the comparative
performance of digital versus traditional acoustic stethoscopes,
highlighting the clinical advantages of digital devices in diverse settings.

Superior Detection of Low-Intensity Sounds

Digital stethoscopes with amplification capabilities significantly
improve the detection of faint heart murmurs (grade 1-2) and subtle
respiratory sounds [3,4]. This benefit is particularly evident in noisy
environments or in patients with thick chest walls, where acoustic

stethoscopes may fail to capture low-intensity signals.

Enhanced Diagnostic Accuracy through Visualization

Devices equipped with phonogram and spectrogram visualization
allow clinicians to objectively characterize heart and lung sounds [7].
Visual representations assist in distinguishing S1-S2 from S$3-S4,
murmurs, clicks, and abnormal respiratory sounds, enhancing diagnostic
precision, especially for less experienced practitioners.

Al-Assisted Screening and Diagnosis

Al algorithms integrated into digital stethoscopes have shown high
sensitivity and specificity in detecting conditions such as atrial fibrillation,
heart murmurs, and pulmonary abnormalities [3,8]. These algorithms act
as a “second ear;” alerting clinicians to subtle abnormalities that may be

Table 3: Digital stethoscopes that integrate Artificial Intelligence (Al) for enhanced clinical use

Price
Brand/Model Al Features Sound Quality Connectivity Key Clinical Features Range
(USD)
Al-driven algorithms for Excellent Bluetooth, integrates Real-time visualization of
Eko CORE Digital 8 ) ) ! 8 heart and lung sounds, Al- $250 -
heart and lung sound customizable with Eko software . .
Stethoscope ) ) based arrhythmia detection, $350
analysis filters app RO -
telemedicine integration
Al-assisted noise . . .
3M Littmann 3200 reduction and sound Exce.llent, Flear Bluetooth, mobile Al-driven noise rgductlon, $300 -
o with noise . . custom sound profiles, sound
- CORE filtering for clearer . app integration . R $400
auscultation reduction visualization
Combines digital Excellent, . Dual mode (stethoscope + ECG), )
Eko DUO amplification with Al- enhanced with Al Blug tooth, integrates Al for detecting arrhythmias, $450
X e with Eko software $600
based ECG analysis filtering heart murmurs
. . Al-assisted sound None (does not Al-driven noise reduction, )
Thlr}klabs On_e ‘.Nlth analysis for enhanced _Excellen_t,_very directly integrate enhanced amplification for tough- $500
Thinklabs Digital . . high amplification . . $600
diagnostics with apps) to-hear patients
AI—p_owe_red soun_d Clear, amplified Bluetooth, mobile Al—a551ste.d lung and heart sgund $300 -
Steth I0 analysis with real-time . . analysis, remote diagnosis
. . sounds app integration s $400
diagnostics capabilities
Welch Allyn Harvey | Al-enhanced filtering and ngh-q‘.lahty’ Aclva.nced noise c.ancellatllon, $250 -
. . customizable None Al-assisted acoustic analysis for
DLX (Digital) sound analysis : $350
profiles heart sounds

Table 4: Studies comparing Acoustic and Digital Stethoscopes

Study

Method

Conclusion

Williams et al., 2019 - Comparison
of Acoustic and Digital
Stethoscopes in Diagnosing Heart
Sounds (10)

Cross-sectional study, 200 patients
Comparison of Littmann Classic I11

(acoustic) vs Littmann 3200 (digital)

Results
Digital stethoscopes had higher
sensitivity and specificity
for detecting murmurs and
arrhythmias

Digital stethoscopes improve
diagnostic accuracy and
sound clarity

Thompson etal,, 2020 - A
Comparison of Digital and
Acoustic Stethoscopes in Detecting
Pulmonary Sounds (11)

Prospective cohort study, 150 patients
with respiratory diseases Comparison

of Omron Digital Stethoscope vs
Littmann Classic II

Digital stethoscopes detected
wheezes and crackles more
reliably, especially in early-

stage pulmonary diseases

Digital stethoscopes offer

better pulmonary sound

detection, particularly in
early-stage diseases

Patel et al,, 2021 - Impact of
Digital Stethoscopes on Diagnostic
Performance in Cardiovascular
Examination (12)

Randomized controlled trial, 250
cardiovascular patients Comparison
of Littmann Digital vs traditional
acoustic stethoscopes

Digital stethoscopes had higher
diagnostic accuracy (93%) vs
acoustic (85%)

Digital stethoscopes increase
diagnostic accuracy and
clinician confidence

Harris et al,, 2022 - Comparing
Acoustic and Digital Stethoscopes
for Clinical Use in Pediatrics (13)

Cross-sectional study, 300 pediatric
patients Comparison of Thinklabs
One (digital) vs Littmann Classic II

Pediatric (acoustic)

Digital stethoscopes detected
heart murmurs and lung
sounds more accurately in
children

Digital stethoscopes are
more effective in pediatric
auscultation due to
amplification and clarity

Park et al., 2023 - Acoustic vs.
Digital Stethoscopes in Emergency
Medicine: A Comparative Study
(14)

Randomized crossover study, 100
emergency department patients
Comparison of Welch Allyn Harvey
DLX (digital) vs Littmann Classic III
(acoustic)

Digital stethoscopes improved
diagnostic efficiency and
detection of critical conditions
like arrhythmias and murmurs

Digital stethoscopes are
particularly advantageous in
high-noise environments like

emergency settings
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overlooked in routine auscultation.

Telemedicine Applications

Digital stethoscopes facilitate remote auscultation, enabling
high diagnostic agreement between in-person and teleconsultation
assessments [9]. This capability is particularly valuable in rural or
underserved regions, bridging gaps in specialized care.

Improved Performance in Noisy Clinical Settings

Active noise cancellation features enhance the clarity of cardiac and
pulmonary sounds in environments like emergency departments or ICUs,
improving clinician confidence and accuracy [3,4].

Key Study Highlights

- Cardiac Auscultation: Williams et al. reported higher
sensitivity (89% vs. 76%) and specificity (92% vs. 83%) for detecting
murmurs with the Littmann 3200 digital stethoscope compared to the
acoustic Littmann Classic I1I [10].

- Pulmonary Auscultation: Thompson et al. demonstrated a
sensitivity of 85% vs. 68% for lung sounds using a digital stethoscope in
patients with suspected respiratory disease [11].

- Randomized Controlled Trial: Patel et al. found superior
diagnostic accuracy (93% vs. 85%) and higher clinician confidence scores
with digital stethoscopes in 250 cardiovascular patients [12].

- Pediatrics: Harris et al. showed improved detection of subtle
pediatric heart murmurs with a digital stethoscope (sensitivity 88% vs.
72%) [13].

- Emergency Medicine: Park et al. reported faster diagnosis
and improved sound detection in high-noise environments with digital
stethoscopes equipped with active noise cancellation [14].

Table 4 provides a consolidated overview of key studies comparing
acoustic and digital stethoscopes, emphasizing enhanced sensitivity,
specificity, and clinician confidence across clinical contexts. Collectively,
these studies underscore the growing clinical value of digital stethoscopes,
particularly in detecting low-intensity sounds, supporting telemedicine,
and integrating Al-driven diagnostics. While additional large-scale trials
are warranted, current evidence strongly supports their superiority over
traditional acoustic stethoscopes in multiple medical domains[15,16].

CONNECTED MEDICINE AND THE ERA OF MEDICINE
3.0: FROM THE CLINIC TO THE CLOUD

The emergence of connected medicine, or Medicine 3.0, represents
a paradigm shift from centralized healthcare delivery to a distributed,
data-driven ecosystem. In this model, patient care is enhanced through
integration of wearable devices, smart technologies, remote monitoring
platforms, and patient-generated data [17,18]. Digital stethoscopes are
key components of this transformation, functioning as interconnected
nodes that extend clinical capabilities beyond traditional settings.

Telemedicine and Remote Auscultation

Digital stethoscopes enable clinicians to perform remote
auscultation, transmitting high-quality heart and lung sounds from rural
or underserved regions to tertiary care centers for expert evaluation
[19-23]. This capability bridges geographic gaps in access to specialized
care and supports timely, accurate diagnoses. Furthermore, cloud-based
storage of auscultatory recordings allows longitudinal analysis and
facilitates pattern recognition for proactive, data-driven clinical decisions.

Collaborative Teleconsultation

Integration of digital stethoscopes into teleconsultation and

teleexpertise platforms enables real-time collaboration between general
practitioners and specialists [19,20,23]. Clinicians can share diagnostic
data instantly, reducing the need for patient travel while maintaining
high-quality care. Telesurveillance systems further enhance care by
continuously monitoring cardiac and pulmonary sounds, alerting
providers to early signs of decompensation in chronic conditions such as
heart failure or COPD [21,22].

Al-Enhanced Diagnostics

Artificial intelligence algorithms, whether embedded or cloud-based,
analyze auscultatory data in real time to detect subtle abnormalities
and suggest potential diagnoses [18,20]. This Al integration improves
diagnostic accuracy, particularly in under-resourced settings where
specialized expertise may be limited. Digital stethoscopes, therefore,
become not just listening devices but intelligent diagnostic tools within
an interconnected healthcare network.

Data Integration and Patient Monitoring

By linking digital stethoscopes with electronic health records (EHRs)
and telemonitoring dashboards, clinicians gain access to a comprehensive
view of patient health [3,20-24]. Visualizations such as phonograms,
spectrograms, and waveform trends complement traditional clinical
data, providing deeper insight into patient conditions and enabling more
informed decision-making.

Implications for Medicine 3.0

Within the Medicine 3.0 framework, digital stethoscopes exemplify
principles of ubiquitous care, interoperability, and ambient intelligence.
They empower clinicians to leverage real-time data streams for
preventive, predictive, and personalized care, ultimately enhancing
patient outcomes and supporting equitable access to healthcare services.
Table 5 lists telemedicine platforms compatible with digital stethoscopes,
highlighting their features for remote auscultation, expert consultation,
and continuous monitoring. Digital stethoscopes, integrated into
connected medicine networks, are pivotal for expanding access, improving
diagnostic accuracy, and supporting real-time patient monitoring. Their
role in telemedicine and Al-assisted care underscores their potential to
transform healthcare delivery in the era of Medicine 3.0.

PERSPECTIVES AND FUTURE DIRECTIONS

Digital auscultation is rapidly evolving, offering transformative
potential in clinical practice and aligning closely with the 5P medicine
model—Predictive, Preventive, Personalized, Participatory, and
Precision medicine [24,25]. As technology matures, several key
developments are poised to enhance the role of digital stethoscopes
across healthcare.

Advanced Al Algorithms

Future Al models are expected to detect a broader spectrum of
cardiac and pulmonary conditions with greater precision. Beyond
identifying existing pathologies, predictive algorithms may analyze subtle
acoustic patterns to forecast potential cardiovascular or respiratory
events, enabling early intervention and preventive care [24]. Integration
with other patient data, such as ECGs and imaging, will support holistic
diagnostics and enhance prognostic capabilities.

Integration with Wearables and Remote Monitoring

Digital stethoscopes are increasingly compatible with wearable
sensors and remote monitoring systems, enabling continuous, real-
time assessment of cardiorespiratory function [25]. Longitudinal data
collection facilitates early detection of health deterioration, supporting
preventive interventions and reducing the need for hospital visits.
Clinicians can track trends over time, improving management of chronic
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Table 5: Telemedicine platforms compatible with digital stethoscopes, enabling remote auscultation and diagnostic capabilities

Platform Compatible Stethoscopes ] Key }I-ieaturegd ] Al Integration Price Range (USD)
Eko CORE, Eko DUO, Littmann Rea -tl.me Iear.t ancrung Al for arrhythmia and murmur Subscription-based,
Eko Health sound visualization, remote . .
3200 . detection varies by plan
consultations
TyvtoCare TytoCare Digital Stethoscope Full examination suite (heart, Basic Al for health assessments $300 - $500 for kit +
y integrated device lungs, skin, throat, etc. subscription
g g p
TeleHealth by 3M Littmann 3200, 3M Cloud-based auscultation, Al for sound analysis and Subscription-based,
3M Littmann 3100 (via Bluetooth) remote patient monitoring filtering varies by plan
Telemedicine integration, No specific Al integration,
MedWaves MedWaves Digital Stethoscope allows for real-time but digital amplification and Contact for pricing
NG C auscultation filtering are present
Compatible wit _mu U_p e digita Remote consultations, heart Al-based heart and lung sound Subscription-based,
DocSwabber stethoscopes including Eko . . .
CORE and lung sound analysis detection contact for pricing
LiveHealth Stethoscopes like Eko CORE, Te.lehealth consultatllons, . . Pay-per-use or
. . . includes auscultation Some Al for diagnostics -
Online Littmann 3200 (via Bluetooth) . . subscription-based
R tflzn;sgcrgﬂgtnion and
emo oo L
Healthie Eko CORE, iHealth Stethoscope consultation, real-time audio No specific Iz:i;r)il;;gmd . Scli)l:]stcarclf;(l)(l)"r;}")iiisr?g,
capture
Compatible with various Telemedicine platform for No Al integration but allows Subscription-based
VSee Bluetooth stethoscopes remote healthcare, tele- integration with other Varieps by plan !
including Eko CORE auscultation diagnostic tools yp
conditions. CONCLUSION

Personalized Auscultation

Emerging devices may tailor sound amplification and filtering to
individual patient characteristics—body habitus, age, and underlying
conditions—optimizing auscultatory precision [25,26]. Personalized
phonographic signatures can establish baseline profiles, allowing
dynamic monitoring and improved detection of subtle deviations
indicative of early disease.

Predictive Auscultation

Al-enhanced stethoscopes could enable identification of subclinical
anomalies, such as early heart failure or subtle respiratory changes,
before clinical symptoms manifest [4,27]. This predictive capacity
supports timely interventions, improving patient outcomes and aligning
with the principles of preventive medicine.

Educational Applications

The ability to record, visualize, and annotate sounds offers powerful
educational tools for medical students and trainees. Access to a diverse
library of cardiac and pulmonary sounds, combined with objective
feedback, improves auscultation skills and clinical reasoning [4].

Global Health Impact

By integrating digital stethoscopes into telemedicine platforms,
clinicians can extend high-quality care to remote or underserved
populations [22-24]. This supports equitable access, reduces healthcare
disparities, and enables expert consultation without geographic
limitations.

Digital stethoscopes are redefining auscultation by integrating Al,
wearable devices, and telemedicine (Figure 2). They support predictive,
preventive, personalized, and precision care while enhancing education
and global health accessibility. Continued innovation and adoption
promise to make these tools indispensable in future patient-centered
healthcare.

Digital stethoscopes represent a transformative evolution in
auscultatory medicine, bridging the gap between traditional clinical
practice and the digital era. Equipped with real-time sound amplification,
visual analysis through phonograms and spectrograms, Al-driven
diagnostic support, and seamless integration into telehealth platforms,
these devices significantly enhance clinicians’ ability to detect, document,
and monitor a wide range of cardiac and respiratory conditions.

Clinical studies consistently demonstrate that digital stethoscopes
outperform traditional acoustic models in sensitivity, specificity, and
diagnostic confidence, particularly in challenging or noisy clinical
environments. Features such as active noise reduction, visual sound
representation, and Al-assisted interpretation improve diagnostic
accuracy, clinician confidence, and inter-observer consistency. Beyond
individual clinical encounters, digital stethoscopes facilitate remote
care and telemedicine, supporting decentralized healthcare delivery.
By enabling high-quality auscultation in underserved or geographically
isolated areas, they contribute to improved access, equity, and quality of
care. As integral components of Medicine 3.0, these devices function as
nodes within a broader ecosystem of real-time monitoring, Al-assisted
analysis, and personalized healthcare.

Looking ahead, the convergence of Al, wearable technologies, and
cloud computing will further expand the predictive and preventive
capabilities of digital stethoscopes. They hold the potential to improve
global health equity, enhance medical education, and support continuous
monitoring, making them indispensable tools for future healthcare
professionals. While challenges such as cost, training, and integration
remain, the continued refinement and adoption of digital auscultation
tools will play a pivotal role in shaping next-generation, patient-centered
care.
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DIGITAL STETHOSCOPES IN THE AGE

OF Al AND CONNECTED MEDICINE
CLINICAL IMPLICATIONS FOR PRACTICE

Figure 2: Digital Stethoscopes: Transforming Auscultation Through Al-Enhanced Precision.

Legand: A modern digital stethoscope capturing and analyzing heart and lung sounds through advanced signal processing and Al algorithms.
Visualizations such as phonograms and spectrograms highlight how digital auscultation improves diagnostic accuracy, supports telemedicine,
and enhances medical education within the Medicine 3.0 ecosystem
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