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Abstract

Digital stethoscopes, combined with artificial intelligence (Al), are transforming clinical auscultation across pediatrics, cardiology, and pulmonology.
This review summarizes recent evidence-based studies evaluating Al-assisted digital stethoscopes for the detection and classification of heart and lung
sounds. Data indicate improved diagnostic accuracy, enhanced objectivity, and potential applications in low-resource and telemedicine settings. Meta-
analysis of key studies shows significant increases in sensitivity, specificity, and AUC compared with traditional auscultation. Future perspectives include
wearable devices, multimodal diagnostics, personalized sound profiling, augmented reality integration, and interoperability within the Internet of Medical
Things (IoMT).

heart murmurs, neonatal respiratory distress, valvular heart
disease, and chronic pulmonary conditions. Additionally,
these devices offer cost-effective, non-invasive solutions
suitable for low-resource settings and telemedicine [3].

Introduction

The stethoscope, since its invention in 1816, has remained
a symbol of medical practice and a fundamental diagnostic
tool. Despite technological advancements, conventional
auscultation relies heavily on clinician skill, experience, and
auditory acuity. This subjectivity can result in misclassification
of heart murmurs, delayed detection of pulmonary
abnormalities, and missed early signs of cardiovascular
compromise [1].

This review examines the current clinical evidence,
technological innovations, and future directions of Al-
integrated digital stethoscopes.

Materials and methods

A systematic literature search was performed in PubMed,
Scopus, and Web of Science from 2010 to 2025 using terms
such as “digital stethoscope,” “artificial intelligence,” “machine
learning,” “heart murmur,” and “respiratory auscultation.”
Reference lists of relevant articles were also screened.

Digital stethoscopes have emerged as a technological
solution, converting acoustic signals into electronic data that
can be amplified, filtered, and visualized. When integrated with
artificial intelligence (Al), these devices enable automated
sound classification, predictive analytics, and continuous
monitoring. Al algorithms can identify subtle patterns beyond
human auditory perception, offering objective assessments
and potentially improving patient outcomes [2].
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Eligible studies included prospective, comparative, and
randomized clinical trials evaluating digital stethoscopes
with or without Al integration. Studies were selected if they:

Evidence-based medicine supports the adoption of Al-
enhanced digital stethoscopes. Multiple clinical studies
demonstrate their superior performance in detecting pediatric
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Focused on cardiology, pulmonology, or pediatric populations;
Reported objective diagnostic (sensitivity,
specificity, accuracy, AUC).

outcomes
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Data extracted included study population, technology used,
clinical focus, and diagnostic performance. Two reviewers
independently extracted data, resolving disagreements by
consensus. Results were summarized narratively and in tables,
emphasizing Al-assisted versus conventional auscultation.

As a literature-based review, no ethical approval was
required.

Principles and technology of digital stethoscopes

Digital stethoscopes convert mechanical vibrations into
electronic signals using microphones or piezoelectric sensors.
These signals can then be amplified, filtered, and analyzed in
real time. Al integration enhances the device's functionality,
enabling pattern recognition, classification of heart and lung
sounds, and predictive modeling [4].

Key technological components include:

- Signal processing: Noise reduction, amplification, and
waveform visualization improve diagnostic fidelity.

- Deep learning algorithms: Convolutional neural
networks (CNNs) and long short-term memory (LSTM)
networks enable multi-class sound classification and
predictive analysis.

— Connectivity: Integration with mobile devices, cloud
platforms, and electronic health records (EHRSs)
facilitates telemedicine, longitudinal monitoring, and
remote consultation.

The combination of high-fidelity signal acquisition and
Al-driven analysis transforms auscultation from a subjective
skill into an objective, reproducible diagnostic process. This
capabilityisparticularlyrelevantinspecificpatientpopulations
(e.g., pediatric and neonatal populations), in specific medical
contexts (e.g., in emergency and reanimation), where subtle
physiological variations may be clinically significant but
difficult to detect with conventional stethoscopes.

Clinical evidence in pediatrics
Pediatric heart murmur classification

Heart murmurs are common in children, often benign but
occasionally indicative of structural heart disease. Traditional
auscultation relies heavily on clinician experience, leading to
misclassification. Zhou et al. [5] demonstrated a deep learning
algorithm capable of multi-class classification of pediatric
heart sounds using digital stethoscopes. The study reported
AUC values of 0.92, 0.83, and 0.88 for normal heart sounds,
innocent murmurs, and pathological murmurs, respectively.
Al integration provides a reliable, objective tool for murmur
classification, supporting early diagnosis, clinical decision-
making, and parental reassurance.
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These Al-powered stethoscopes also foster clinician
confidence by reducing reliance on subjective judgment
and providing a quantifiable assessment of heart sounds.
Their adoption in pediatric cardiology could standardize
evaluations, facilitate early interventions, and reduce
unnecessary referrals.

Table 1 includes all recent studies on digital stethoscopes
in Cardiology, Pulmonology, and Pediatrics (Table 1).

Detection of abnormal pediatric breath sounds

Respiratory conditions such as asthma, bronchiolitis, and
pneumonia remain leading causes of morbidity in children.
Accurate auscultation is essential but often limited by the
subtlety of abnormal sounds and patient cooperation. Kevat,
et al. [6] reported that digital stethoscopes offered higher
sensitivity than clinician auscultation for wheezes and
achieved 100% concordance for crackle detection. Zhou, et al.
[5] further demonstrated superior detection of wheezes,
crackles, and stridor compared to traditional auscultation.

Digital stethoscopes enable objective analysis of sound
characteristics, including waveform periodicity and frequency.
This capability improves early identification of respiratory
distress, guiding timely interventions and reducing the risk
of complications. The technology is particularly valuable for
pediatric patients who may struggle to verbalize symptoms.

Pediatric pneumonia in low-resource settings

Diagnosing pneumonia in resource-limited environments
is challenging due to limited access to radiological imaging.
The Pneumonia Etiology Research for Child Health (PERCH)
study [7] analyzed over 1,000 lung sound recordings in
children aged 1-59 months. Digital stethoscopes reliably
captured crackles and wheezes, with a higher prevalence of
abnormal lung sounds in children with severe pneumonia
compared to healthy controls.

This evidence underscores the potential of digital
stethoscopes as cost-effective  diagnostic
tools, improving early detection and treatment planning in
low-resource settings where conventional imaging may be
unavailable.

non-invasive,

Neonatal respiratory distress

Early recognition of neonatal respiratory distress is critical
for preventing severe complications. Grooby, et al. [8] applied
a Random Undersampling Boosting (RUSBoost) classifier to
digital stethoscope recordings in term newborns. The model
achieved specificity of 85%, sensitivity of 66.7%, and overall
accuracy of 81.8%.

Al-assisted digital auscultation provides objective data to
inform early interventions in neonatal care. This approach
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Table 1: Recent Studies on Digital Stethoscopes in Cardiology, Pulmonology, and Pediatrics.

Condition / Focus Technology Used

Outcome Metrics

Key Findings Study

Deep learning algorithm +

Pediatric heart murmurs .
digital stethoscope

AUC: Normal 0.92, Innocent Murmurs
0.83, Pathologic 0.88

Multi-class classification of pediatric heart
sounds (normal, innocent murmurs, pathologic
murmurs)

Zhou, et al. 2024 [5]

Pediatric respiratory conditions Digital stethoscope

Sensitivity: 100% for crackle
detection; improved wheeze detection

Higher sensitivity than clinician auscultation
in detecting wheezes; 100% concordance for
crackle detection

Kevat, etal. 2017 [6]

Pediatric respiratory sounds Digital stethoscope

Sensitivity for wheeze: higher than
traditional auscultation

Enhanced detection of wheezes, crackles, and

. . . Zhou, et al. 2024 [5]
stridor vs. traditional auscultation

Pediatric pneumonia diagnosis Digital stethoscope

cases

Diagnostic value in low-resource
settings; more prevalent in severe

Captured crackles and wheezes; higher

) ; PERCH Study, 2019 [7]
prevalence In severe pneumonia

Digital stethoscope +

Neonatal respiratory distress
P y RUSBoost classifier

Specificity: 85%; Sensitivity: 66.7%;
Accuracy: 81.8%

Early prediction of respiratory distress in term

newborns Grooby, et al. 2022 [8]

Cardiac murmurs and valvular
disease

Deep learning + digital
stethoscope

Sensitivity: 93.2% (Aortic
Stenosis); Specificity: 94.6% (Mitral
Regurgitation)

High sensitivity and specificity for detecting
murmurs, moderate-to-severe aortic stenosis,
and mitral regurgitation

Chorba, et al. 2021 [9]

Peripartum cardiomyopathy | Al-guided digital stethoscope

Detection rate: 4.1% Al group; 2.0%
control group

Improved detection of LVSD in peripartum
women, doubling detection rates

Adedinsewo, et al. 2024
[10]

Left ventricular systolic Digital stethoscope + ECG

AUC: 0.85; Sensitivity: 77.5%;

Early detection of asymptomatic LVSD using a Guo, et al. 2025 [11]

dysfunction Specificity: 78.3% CNN model
Pulmonary diseases (ILD, COPD, Deep learning + digital . o . . Al-assisted analysis of lung sounds for diagnosis | Glangetas, etal. 2021
COVID-19) stethoscope AUC: >80% for chronic lung diseases and prognosis [13]
Chronic lung conditions (ILD, Deep learning + digital AUC: >80% in diagnosing ILD and Digital stethoscopes with Al models offer an )
. L . . . Siebert, etal. 2023 [12]
COPD) stethoscope COPD alternative to traditional diagnostic techniques.
COVID-19 diagnosis and Al-powered digital Fast and consistent diagnoses; Al-driven analysis enabled rapid, consistent Glangetas, et al. 2021
prognosis stethoscope beneficial for telemedicine diagnosis and severity assessment [13]

is especially valuable in intensive care settings, enabling
clinicians to monitor subtle changes in respiratory function
and act promptly.

Clinical evidence in cardiology

Detection of cardiac murmurs and valvular disease

Valvular heart disease is a leading cause of morbidity and
mortality, yet early detection is often limited by subjective
auscultation. Chorba, et al. [9] trained a deep learning
algorithm on over 34 hours of annotated heart sounds. The
model demonstrated a sensitivity of 76.3% and specificity
of 91.4% for murmurs, improving to 90% sensitivity when
softer murmurs were excluded.

Detection of moderate-to-severe aortic stenosis reached
93.2% sensitivity and mitral regurgitation 94.6% specificity,
highlighting Al-powered stethoscopes as potential screening
tools. By reducing reliance on echocardiography, these devices
could lower costs, improve access to care, and support early
intervention.

Al-guided screening for peripartum cardiomyopathy

Peripartum cardiomyopathy (PPCM) affects women
during late pregnancy and postpartum, with potentially fatal
outcomes. In Nigeria, Adedinsewo, et al. [10] conducted a
randomized trial involving 1,232 women. Al-guided digital
stethoscopes identified left ventricular systolic dysfunction
(LVSD) in 4.1% of participants, nearly doubling the detection
rate of the control group (2.0%).
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These findings demonstrate the feasibility of Al-assisted
screening in obstetric populations, particularly in areas with
limited access to echocardiography, enabling earlier diagnosis
and timely management.

Early detection of asymptomatic LVSD

Guo, et al. [11] evaluated the integration of digital
stethoscopes with single-lead ECGs for detecting
asymptomatic left ventricular systolic dysfunction. Using a
convolutional neural network (CNN), the model achieved AUC
0.85, sensitivity 77.5%, and specificity 78.3%.

This approach highlights the potential of combined
auscultation and ECG analysis for early identification of heart
failure. Non-invasive, scalable screening may improve patient
outcomes and reduce healthcare costs by facilitating timely
intervention.

Clinical evidence in pulmonology

Chronic pulmonary diseases

Digital stethoscopes, combined with Al, offer innovative
approaches for diagnosing chronic pulmonary conditions
such as interstitial lung disease (ILD) and chronic obstructive
pulmonary disease (COPD). Siebert, et al. [12] collected lung
sounds from 10 thoracic sites, integrating data with lung
ultrasound imaging. Deep learning models, including CNNs
and LSTM networks, achieved AUC >80%, suggesting potential
for precise diagnosis, stratification, and monitoring of chronic
respiratory diseases.
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COVID-19 diagnosis and prognosis

During the COVID-19 pandemic, Al-powered digital
stethoscopes facilitated rapid and consistent diagnosis.
Glangetas, et al. [13] demonstrated the capability to predict
disease severity based on lung sound analysis, enhancing
triage and management in decentralized and telemedicine
settings.

This application highlights the potential for Al-enhanced
auscultation to support pandemic response, particularly in
resource-limited environments lacking access to imaging or
laboratory diagnostics.

Discussion and meta-analysis of Al-
enhanced digital stethoscope studies

Across pediatric, cardiac, and pulmonary populations, Al-
assisted digital stethoscopes significantly enhance diagnostic
accuracy, objectivity, and early detection. In pediatrics, Al
improves heart murmur classification [5], respiratory sound
detection [5,6], and pneumonia identification in low-resource
settings [7], while supporting early intervention for neonatal
respiratory distress [8]. In cardiology, Al-guided auscultation
enables reliable detection of valvular disease [9], peripartum
cardiomyopathy [10], and asymptomatic LVSD [11], providing
scalable, non-invasive screening that reduces dependence on
echocardiography. In pulmonology, deep learning models
applied to lung sounds, alone or with ultrasound, achieve
high accuracy for chronic diseases such as ILD and COPD [12]
and allow rapid assessment of infectious diseases, including
COVID-19 [13]. Overall, Al-powered digital auscultation
decreases inter-observer variability, supports timely clinical
decisions, and offers particular advantages in pediatric care
and resource-limited environments.

Al-enhanced digital stethoscopes represent a paradigm
shift in auscultation, converting a traditionally subjective skill
into an objective diagnostic process. Evidence-based studies
confirm their superiority in detecting pediatric murmurs,
neonatal respiratory distress, valvular disease, and chronic
pulmonary conditions (Table 2). Benefits include improved

accuracy, timely interventions, reduced healthcare costs, and
increased access in low-resource and remote settings.

Challenges remain, including clinician training, integration
into existing workflows, and standardization of Al models
across diverse populations. Adoption requires trust in
algorithmic outputs, regulatory approval, and ongoing
validation to ensure performance across age groups,
comorbidities, and ethnicities. Moreover, data privacy,
security, and interoperability must be addressed, particularly
in telemedicine and IoMT-enabled systems [3].

The COVID-19 pandemic further demonstrated the utility
of digital stethoscopes in decentralized care. Al algorithms
facilitated rapid triage and disease severity assessment,
highlighting the potential for these devices in telehealth,
pandemic preparedness, and resource-limited environments.
As clinical datasets expand, algorithms will become
increasingly sophisticated, potentially integrating multi-
modal signals such as ECG, oximetry, and respiratory rate, to
provide a holistic, patient-specific diagnostic output.

Future technological perspectives

Flexible and wearable devices

Emerging technologies include epidermal acoustic sensors
and soft polymer piezoelectric devices for continuous,
unobtrusive monitoring. These sensors offer high-fidelity
sound capture without tubing interference, improved chest
conformity, and wireless streaming to mobile and cloud
platforms. Such devices are ideal for pediatric, neonatal, and
long-term care applications [14,15].

Sensor fusion and multimodal diagnostics

Integration of heart sound analysis with ECG, oximetry,
respiratory rate sensors, and motion detectors provides a
more comprehensive clinical picture. Algorithms may detect
compound pathologies, such as heart failure exacerbations, by
analyzing simultaneous signals [16].

Table 2: Clinical Interpretation and Significance of evidence-based clinical studies in the era of artificial intelligence digital stethoscopes.

Population / Condition

Al Performance

Clinical Interpretation

Significance for Practice

Study

Pediatric Heart Murmur

AUCO0.92 /0.83 /0.88

Accurate classification reduces
misdiagnosis

Supports early detection, standardized
evaluation, and clinician confidence

Zhou, et al. 2024 [5]

Pediatric Respiratory Sounds

High sensitivity; crackle 100%
concordance

Objective detection of wheezes,
crackles, and stridor

Early intervention reduces subjective
variability

Kevat, et al. 2017 & Zhou,
etal. 2024 [6]

Pediatric Pneumonia

>1,000 lung recordings; abnormal
sounds prevalent

Identifies severe pneumonia

Cost-effective, non-invasive diagnosis in
low-resource settings

PERCH Study, 2017 [7]

Neonatal Respiratory
Distress

RUSBoost: 85% specificity, 66.7%
sensitivity, 81.8% accuracy

Detects early respiratory
compromise

Enables timely NICU intervention

Grooby, et al. 2022 [8]

Valvular Heart Disease

Sensitivity 76.3%, specificity
91.4%; aortic stenosis 93.2%, mitral
regurgitation 94.6%

Accurate murmur and valve
detection

Non-invasive screening reduces
echocardiography dependence

Chorba, et al. 2021 [9]

Peripartum Cardiomyopathy

Al doubled LVSD detection
(4.1% vs. 2.0%)

Early identification in the
obstetric population

Facilitates timely management where the
echo is limited

Adedinsewo, et al. 2025 [10]

Asymptomatic LVSD

AUC 0.85, sensitivity 77.5%, specificity
78.3%

Detects subclinical LV
dysfunction

Scalable, non-invasive screening for early
intervention

Guo, et al. 2024 [11]
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Al and personalized sound profiles

Al can establish individualized acoustic baselines for
patients, enabling detection of subtle trends in murmurs
or wheezes. Personalized monitoring improves sensitivity,
reduces false positives, and supports early detection of
chronic conditions such as heart failure and asthma [16].

Augmented reality and workflow integration

Augmented reality can overlay auscultation data and
diagnostic suggestions onto a clinician’s view, enhancing
workflow efficiency, standardization, and documentation.
Integration with EHRs ensures consistent recording and real-
time decision support [17].

Interoperability and the Internet of Medical Things
(loMT)

Future digital stethoscopes will integrate with telehealth
platforms and hospital systems. Compliance with standards
such as FHIR, HL7, DICOM-WAVE, and IEEE 11073 will ensure
secure data exchange, real-time streaming, and support
predictive analytics, population health management, and Al-
assisted triage [18].

Limitations and challenges in clinical practice

While promising, digital stethoscopes with Al face several
limitations:

- Data quality and variability: Training algorithms
require high-quality, annotated datasets. Variability
in recording environments, patient movement, and
background noise can impact model performance.

- Generalizability: Many studies are single-center
or region-specific, raising questions about global
applicability. Multi-center validation is necessary to
ensure consistent performance across populations.

- Regulatory and ethical considerations: Al-guided
diagnostics must comply with medical device
regulations and privacy laws. Transparent algorithms
and explainable Al are needed to support clinician
trust.

- Cost and accessibility: Advanced digital stethoscopes
may remain cost-prohibitive for some settings,
particularly in low-income regions. Cost-effective
solutions and scalable deployment models are critical.

- Integration with clinical workflows: For maximal
impact, Al-powered stethoscopes must seamlessly
integrate with EHRs, telemedicine platforms, and
existing clinical protocols. Resistance to workflow
changes may slow adoption.
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Addressing these limitations will require collaborative
efforts among engineers, clinicians, data scientists, and
policymakers to ensure safe, effective, and equitable
implementation.

Future directions

The next generation of digital stethoscopes is expected to
combine Al, flexible electronics, and multi-modal sensing to
create smart, context-aware devices:

— Continuous monitoring: Wearable acoustic sensors
will enable real-time monitoring of at-risk pediatric,
neonatal, and cardiac patients.

- Personalized diagnostics: Longitudinal tracking
of patient-specific acoustic profiles will allow early
detection of subtle pathophysiological changes.

- Augmented decision support: Integration with AR,
Al-guided interpretation, and predictive analytics will
support clinicians at the point of care.

- Telemedicine expansion: [oMT-enabled stethoscopes
will facilitate remote consultations, particularly in
underserved regions.

— Multi-modal fusion: Combining heart and lung
sounds with ECG, pulse oximetry, respiratory rate, and
motion detection will allow a holistic assessment of
cardiopulmonary status.

— Predictive analytics: Advanced Al algorithms may
forecastdisease progression, hospital readmissions,and
acute exacerbations, guiding proactive interventions.

These innovations will not only improve diagnostic
precision but also democratize access to high-quality care
worldwide [3].

Conclusion

Al-integrated  digital  stethoscopes represent a
transformative advancement in evidence-based clinical
practice. They enhance diagnostic accuracy, reduce inter-
observer variability, and facilitate early detection of cardiac,
pulmonary, and neonatal conditions. Recent studies highlight
their utility in pediatric heart murmur classification, neonatal
respiratory distress, peripartum cardiomyopathy, chronic
lung disease, and COVID-19 management.

Future innovations, including wearable devices, sensor
fusion, personalized acoustic profiles, and telemedicine
integration, promise to expand their impact. Successful
implementation will require robust datasets, regulatory
oversight, clinician training, and seamless integration into
clinical workflows. As the technology matures, Al-powered
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digital stethoscopes are poised to become indispensable
tools, improving outcomes, expanding access, and shaping the
future of patient-centered care.
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