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Abstract

For a long time, physicians relied on auscultation for detecting abnormalities in the human body. In many cases, it could
help early detection of malfunctions in body systems. Auscultation has been particularly important in the examination
of the cardiovascular, respiratory and even in the gastrointestinal system. However, it all started to dramatically change
after René Laennec introduced the early stethoscope in the nineteenth century. His simple wooden tube changed how
doctors approached the bedside. His invention set a new approach for routine clinical assessment. It was one of the
most important tools which has shaped everyday practice in the medical field, and it still echoes.

This review aims to look at how our techniques in clinical listening have changed over the years and how we have moved
from the basic act of hearing body sounds with bare ears to something technically advanced and data-driven. It traces
how digital tools and AI are blended into the modern auscultation by helping to record, filter, and even analyse the
sounds. These developments have already affected and will further influence several clinical settings from primary care
to cardiology, paediatrics, and other fields of medical practice —where careful sound interpretation is extremely crucial.

Digital stethoscopes provide clearer and stronger sound signals, and Al systems enable them to detect patterns that
are otherwise difficult to detect. These developments can help reduce the differences between different observers and
even make remote assessment easier. This revolutionary approach reduces the risk of missing important abnormalities
and can eventually reduce morbidity and mortality. Even so, several issues remain, including limited datasets, ethical
concerns about sensitive patient information, and hesitation among clinicians who are still adapting to these tools.

Auscultation may play an even larger role in the future, especially as healthcare moves toward more personalized and
predictive approaches. Wearable devices and remote Al-supported tools are already shifting the boundaries of what
bedside assessment can be. The TAPEX framework is one example that encourages bringing these digital methods—
such as Al-assisted auscultation—into the routine physical exam to support clearer judgments and greater confidence
[1,2].
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Introduction

Auscultation comes from the Latin auscultare, meaning simple “to listen,” and that is still the basic idea behind it.
Clinicians use the stethoscope to hear sounds from the heart, lungs, and sometimes the abdomen, trying to catch hints
of what might be wrong. Even with many new technologies in healthcare, this simple act of listening remains part of
almost every physical examination because it often points to early changes in cardiac, lung, or gastrointestinal function
[3,4].

Long before the stethoscope existed, doctors placed an ear directly on the patient’s chest. This immediate form of
auscultation gave them some information, but it also had clear drawbacks. There was no way to make quiet sounds
louder, and everything depended on the listener’s hearing and interpretation. Hygiene and patient comfort were problems
too. Things shifted in 1816 when René Laennec introduced his first wooden stethoscope. It may have looked simple, but
it changed the practice almost overnight by giving physicians a cleaner and more comfortable way to listen. Over the
next two centuries, the device kept evolving—different materials, better acoustics, and eventually digital features that
help pick out and analyse sounds that might otherwise be missed [5-7].

A newer change, and one that feels quite different, involves Artificial Intelligence (AI). Al-supported tools can pick
up sound patterns that clinicians sometimes interpret differently, such as faint murmurs or subtle lung noises. As
digital stethoscopes and machine-learning models continue to grow more capable, auscultation now sits somewhere
between long-standing bedside habits and the modern push toward digital health. The rise of telemedicine has also
encouraged these tools, since Al-driven sound analysis can help clinicians work with patients who are far from the clinic.
In this review, we look at how auscultation moved from direct listening to Al-enabled devices and consider how these
developments are beginning to reshape everyday clinical practice [1,6-9].

Early Manual Techniques

Listening to the body as a way to understand disease goes back much further than most people realize. In the earliest
medical traditions, physicians relied on what we now call immediate auscultation—simple placing the ear against the
patient’s chest or abdomen to judge what was happening inside. Hippocrates is often mentioned here; he advised his
students to listen carefully for unusual chest sounds when examining respiratory problems. Early medical notes—such as
the Ebers Papyrus from about 1500 BCE and passages in the Hindu Vedas—show that healers paid attention to sounds
during their usual checks [10-13].

Even so, this method came with clear limits. What someone heard depended on their own hearing and how well they
could make sense of soft or unclear sounds. It also created modesty issues and left both people exposed to poor
hygiene. Because of these issues—minor in some situations and more troubling in others—it became obvious that a
safer and more comfortable way to perform auscultation had to emerge [14,15].

The Invention of the Stethoscope

A major shift took place in 1816, when the French physician René-Théophile-Hyacinthe Laennec introduced a new way
of listening that, in a way, grew from a simple observation. Reports describe him noticing how easily sound moves
through solid objects. To explore the idea, he rolled a sheet of paper into a tube and placed it between his ear and the
patient’s chest. The heart sounds, as he later noted, seemed much clearer than what direct contact allowed [16—-18].

After this first attempt, Laennec went on to make a sturdier wooden version—a monaural stethoscope about 25 cm
long. He drew on two Greek terms, stethos (chest) and skopein (to examine), when naming it. In his 1819 work De
I'Auscultation Médiate, he explained the device, the listening methods he used, and the ways different sounds might
suggest different meanings, which, to be fair, was still new to many clinicians. The stethoscope soon proved useful in
identifying conditions such as pneumonia, tuberculosis, and several cardiac murmurs, and physicians tended to use it
with growing confidence [19-21].

The instrument kept evolving over the following two centuries. New parts, updated materials, and, eventually, the
familiar binaural form made auscultation easier to teach and apply. These steady changes seem to have shaped the
stethoscope into the dependable diagnostic tool used in clinics today.

Transition to Digital Stethoscopes

The shift toward digital stethoscopes began in the late twentieth century, almost in the background at first, and then
with clearer momentum as electronic parts grew smaller and cheaper. The older acoustic design—built from tubing,
metal, and a diaphragm—worked well, yet digital models changed the process by using electronic sensors to capture
body sounds and convert them into digital signals. The sound that reaches the listener often seems cleaner and easier
to work with, especially in settings where background noise might hide faint heart or lung sounds. These instruments
also support clinicians who, with time, may not detect softer frequencies as easily as they once did [4,22,23].

Noise reduction became another early point of interest. Digital stethoscopes rely on filters that cut out much of the
surrounding noise, something the older models could not do. What remains is the part of the sound that clinicians actually
need, rather than everything happening around it. You end up hearing the part of the signal that matters instead of
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everything else going on in the room. They also let clinicians save the recordings—something that, on its own, changed
practice quite a bit. A saved recording can be revisited later, sent to a colleague, or used during remote consultations.
And, of course, recorded sounds are what make Al-assisted interpretation possible in the first place [24-26].

Comparing acoustic and digital devices is not complicated, though the picture is not entirely one-sided. Acoustic models
rely fully on the listener’s ears and are easily disrupted by noise. Digital devices get around this by amplifying the signal
and presenting a clearer version of the sound, which helps when the murmur is faint or the lung sounds are subtle. On
the other hand, though, digital stethoscopes need batteries or another power supply, and their higher cost makes them
harder to introduce in settings with fewer resources. Table 1 outlines the basic differences between the three types—
traditional, digital, and Al-assisted systems—even if the real-world experience is sometimes messier [27,28].

Feature

Traditional Stethoscope

Digital Stethoscope

AI-Assisted Auscultation

Sound Amplification

Passive, depends on
clinician’s hearing

Electronic amplification

Enhanced through digital
processing and filtering

Background Noise Filtering

None

Basic noise reduction
(depending on model)

Advanced filtering algorithms using
machine learning (24, 26, 35)

Diagnostic Support

Relies solely on clinician’s

Enhanced audio but no

Provides real-time diagnostic

interpretation automated interpretation suggestions using trained Al
models (7, 36, 37)
Data Recording and Sharing | Not Possible Enables sound recording Allows remote diagnosis,
and cloud storage telemedicine integration (8, 23, 40)
Learning Curve Low Moderate Requires clinician training and
digital literacy (56-58)
Accessibility in Remote Limited Moderate High; suitable for community, rural,
Settings and low-resource settings (41, 51)
Cost Low Moderate to High Higher initial cost; but scalable with

wider adoption

Challenges in Traditional Auscultation

Traditional auscultation is reliable in many circumstances, but anyone who has used it regularly knows its weak spots.
The biggest one is subjectivity. What one clinician hears as a soft wheeze, another may interpret as normal airflow.
Studies have shown that even experienced listeners disagree more often than we might expect, especially when the
sounds are subtle [3,24,29].

Another difficulty is that there is no universal standard for interpreting every sound. This means the clinician’s training,
experience, and confidence shape the final judgment, which may work well in some settings but not others. These
variations explain why developers and clinicians became interested in Al tools: they may offer a steadier reference point
that does not shift from one listener to another [4,23,30,31].

There is also the problem of noise—a familiar frustration in emergency rooms, outpatient clinics, and ambulances.
Traditional stethoscopes have no way to filter out the sound of conversations, equipment, or movement around the
patient. When the environment is loud, softer abnormalities can be easy to miss. These limitations make it clearer why
digital and Al-supported approaches are drawing attention. They promise more consistent listening conditions and, to
some extent, more confidence in what the clinician thinks they heard [32,33].

The Integration of AI in Auscultation

How AI-Driven Auscultation Works

The use of artificial intelligence in auscultation has grown gradually, almost step by step, as digital tools became more
common in clinical work. The process often begins when clinicians capture clean and detailed recordings with an
electronic stethoscope. These stethoscopes pick up more nuance in heart and lung sounds than older acoustic models
and can reveal small details that might be missed. The recordings then pass through algorithms that clean the signal by
lowering outside noise, sharpening the key parts of the sound, and guiding the system toward the features that matter
[34,35].

After this step, the work moves to machine-learning models. These models review the cleaned recordings and compare
them with many examples from real patients, both healthy individuals and those with specific conditions. With repeated
exposure, the models learn to spot patterns linked to disease. One study reported that an Al-assisted tool identified
heart valve problems with accuracy close to ninety percent, a rate higher than what clinicians usually achieve with
traditional listening. After the analysis, the Al provides an immediate interpretation, giving clinicians something close to
a second set of ears during the examination [36,37].
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Advantages of AI-Assisted Auscultation

The benefits of using Al in auscultation do not come in a single form; they tend to appear

e More Accurate Detection of Early Disease:

Some abnormalities—especially soft murmurs or faint lung sounds—can be easy to overlook. Al systems help notice
these small changes and flag them earlier, which can influence the direction of treatment [36].

e Less Variation Between Clinicians:

One of the long-standing issues with auscultation is the way two trained listeners may hear the same sound but reach
different conclusions. Al reduces this variation by offering a steadier interpretation, no matter who uses the stethoscope
[38,39].

e Stronger Support for Remote or Underserved Areas:

Many Al-enhanced devices fit easily into telemedicine platforms. A clinician in a small clinic—or even a pharmacy, as
has been tried in some settings—can record a sound and send it for interpretation. This widens access in places where
specialists are scarce [40,41].

e Real-Time Monitoring when Timing is Critical:

Al tools can analyse ongoing sound patterns, giving clinicians near-immediate updates during the same encounter or in
remote follow-ups. This is helpful for chronic conditions that change fast or in unpredictable ways [1,40,42].

Clinical Applications of AI-Driven Auscultation

Cardiology

Cardiology is often where people first notice the advantages of Al-supported auscultation. Heart sounds can be subtle,
and clinicians may not agree on what they hear, especially when a murmur is faint or the room is noisy. Al tools can
highlight patterns that the ear may miss at first. They help separate harmless murmurs from those that point toward
valve disease, and this can reduce unnecessary referrals while bringing important cases to attention sooner. Some
systems also follow small shifts in the timing or shape of heart sounds. These details may hint at early heart failure
when seen over time. The purpose is not to replace clinical judgment. It is to guide the listener toward conditions that
need closer review [43-45].

Pulmonology

Lung sounds carry their own challenges, and Al has shown clear progress in this area as well. Conditions such as
pneumonia or asthma change breathing in specific but sometimes delicate ways. Traditional auscultation captures
much of this, though not always with steady reliability. Al algorithms can analyse sound patterns and, in a way,
“remember” thousands of similar recordings. In one study involving children with suspected pulmonary disease, the Al
system detected crackles and wheezes with more consistency than general pediatricians. That is not a criticism of the
clinicians—paediatric auscultation is notoriously variable. The same technology has even been explored in tuberculosis
screening, where it helps identify characteristic acoustic features linked to TB earlier than routine listening might allow
[46-48].

Pediatrics

Listening to infants or young children is often harder than expected. They move, breathe irregularly, and produce
softer pathological sounds than adults. This sometimes leaves clinicians unsure, especially in noisy rooms. AI-supported
devices add stability to this process by analysing recordings even when the situation is less than ideal. Telemedicine
clinics have used Al-enabled stethoscopes to assess murmurs remotely, reducing the need to bring a child physically to
the hospital. A few neonatal units have also trailed Al-based analysis of heart and lung sounds for remote evaluations,
giving clinicians a clearer starting point before making decisions [49,50].

Primary Care and Telemedicine

In primary care, where appointments can be short and the range of problems very broad, Al-driven auscultation works
almost like a quiet assistant. It picks up signals that a clinician might otherwise overlook in a fast exam. As telemedicine
became more common, these tools found an even more natural place. A patient at home can use an Al-enabled
stethoscope, and the system provides immediate interpretation while the clinician reviews the recording. This ongoing
monitoring is particularly helpful for chronic respiratory or cardiac conditions, where early detection of worsening
symptoms can prevent deterioration. It also opens the door for patients in rural or underserved regions to receive
better-quality assessments without long travel or specialist visits [51,52].

Challenges and Limitations

Data Availability and Algorithm Training

Developing reliable Al tools for auscultation depends on having large and varied datasets, but collecting those datasets
is rarely straightforward. Different hospitals record sounds in their own ways, and privacy rules often limit what can be
shared openly. To many people, these problems seem small at first. Still, they create gaps and uneven patterns in the
data the model needs for learning. A study on heart murmur detection found that when the training set is not diverse,
the system tends to work better for some groups than for others. This kind of bias can sit in the background for a long
time before anyone notices it. For this reason, researchers keep asking for broader and more representative datasets so
the models remain helpful for many patient groups. It sounds like a simple fix, maybe, but it matters [53-55].
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Clinical Acceptance and Physician Training

Despite the earlier expectation that Al-assisted auscultation would make rapid progress, these tools are not effectively
used in our everyday medical practice. Some clinicians do not trust these tools, and some are not familiar with this new
technology. There is also a fear among some physicians that promoting Al-assisted auscultation may endanger the
actual need for physicians in the future. Doubt about the risk of taking the wrong decision by relying on information
obtained by these tools and a lack of trust are among other reasons that make some physicians reluctant to use the
new technology.

However, a qualitative study from Sweden mentioned that continuous and persistent training helped many clinicians
to trust and effectively use advanced and technology-embedded examination tools. When they observed how the new
technology can ease the work and improve the outcome in real cases the willingness to put it in their daily practice was
increased significantly. It is obvious that it won’t change overnight, yet the shift will take shape sooner or later [56-60].

Ethical and Legal Concerns

Using Al for diagnosis brings ethical and legal issues that are still not fully settled. Since these systems draw on large
amounts of patient data, concerns about privacy and security remain central; even strong safeguards cannot remove
the risk entirely. Regulation adds another layer of difficulty. The U.S. FDA has pointed out that AI-based diagnostics may
need a more tailored structure, one that fits the way these tools learn and change over time. Another challenge is the
“black box” problem. When clinicians receive a result without knowing how the model reached it, trust can weaken. This
has led to greater interest in explainable AI, where the reasoning behind each result is easier to follow. It helps, even if
it does not answer everything [61-64].

Future Perspectives — Layer 4 (Final Version)

Advancements in Wearable and Portable AI Auscultation Devices

Wearable Al devices are changing how everyday monitoring is carried out, in ways that feel more practical than
dramatic. Some of the newer Al-enabled stethoscopes, such as the Mintti Smartho-D2, can listen to heart sounds in
a person’s home and give quick impressions of murmurs or irregular rhythms. For many patients who struggle with
frequent clinic visits, this type of home monitoring becomes more than a convenience. It lets them check their heart
when they notice something unusual, instead of waiting for an appointment. These devices are also light and simple
enough for most people to manage on their own. This makes them useful for home care and for settings where patients
are moving around a great deal [38,48].

Development of Fully Automated Diagnostic Systems

Al is also starting to move beyond basic detection. Some research groups now explore whether it can suggest how
diseases might develop. One example comes from work at Penn State University, where researchers-built models that
sort through large datasets to predict the course of autoimmune conditions. Their findings suggest that AI might one
day do something similar with auscultation data, picking up patterns that hint at how a cardiac or respiratory condition
could change over time. When these predictive tools link with wearable sensors, they can give quick interpretations,
sometimes during the same monitoring session. In that setting, AI moves from acting as a passive listener to something
closer to an early warning companion [1,64,65].

Potential for Personalized Medicine

Al-assisted auscultation also connects with the broader idea of personalized medicine. When wearable devices supply
continuous sound data, clinicians can track small day-to-day changes in a patient’s condition instead of depending only
on occasional check-ups. These early signals may appear before clear symptoms, and noticing them sooner allows
earlier and more tailored treatment. Some Al-enhanced sensors already show promise in detecting early shifts in chronic
illness. This steady flow of personal data fits well with precision medicine, where decisions focus on the individual rather
than a typical patient profile [66—68].

Conclusion

Auscultation has changed a great deal since the early nineteenth century, when Laénnec introduced his wooden tube
and reshaped how clinicians listened to the body. That first stethoscope marked the start of mediate auscultation and,
in many ways, set the stage for the tools that followed. Over time, these instruments shifted from simple acoustics to
more refined designs, with improvements that earlier clinicians would have found hard to imagine.

Recently, artificial intelligence has become available and has influenced everyday auscultation where it is used.
Digital stethoscopes that benefit from machine-learning technology can help clinicians detect cardiac or respiratory
abnormalities that may be missed during a busy clinic day. It offers a quick interpretation and, in some cases, allows
earlier intervention and therefore better outcomes. This is particularly important in patients for whom an early diagnosis
makes a clear difference in outcome.

Despite these advances, the clinicians still play the primary role. Although Al can provide patterns and prompts, the
clinician’s interpretation is essential. The final decision and patient’'s management plan requires an understanding of
the patient’s full clinical picture. We believe that the combination of advanced auscultation support and professional
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judgment of physicians provides a much better assessment than either one alone.

Looking ahead, auscultation will likely change into a portable and even a wearable Al-based tool. These future devices
could allow direct access to patients’ sounds at any time, and therefore, can alert medical centres to any abnormalities
at the earliest time. In the era of personalised medicine, such tools may soon become parts of routine practice. Reaching
that point will still need more research and training through access to available patients’ medical records and data, as
part of the machine learning process, so clinicians can use these technologies with confidence. If that kind of support
is provided, Al-augmented auscultation can continue to improve while maintaining the clinicians at the centre of care.
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