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care: Current scenario and future
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Abstract:

BACKGROUND: This narrative review aims to explore the current state and future perspective of
artificial intelligence (Al) in respiratory care. The objective is to provide insights into the potential
impact of Al in this field.

METHODS: A comprehensive analysis of relevant literature and research studies was conducted to
examine the applications of Al in respiratory care and identify areas of advancement. The analysis
included studies on remote monitoring, early detection, smart ventilation systems, and collaborative
decision-making.

RESULTS: The obtained results highlight the transformative potential of Al in respiratory care.
Al algorithms have shown promising capabilities in enabling tailored treatment plans based on
patient-specific data. Remote monitoring using Al-powered devices allows for real-time feedback to
health-care providers, enhancing patient care. Al algorithms have also demonstrated the ability to
detect respiratory conditions at an early stage, leading to timely interventions and improved outcomes.
Moreover, Al can optimize mechanical ventilation through continuous monitoring, enhancing patient
comfort and reducing complications. Collaborative Al systems have the potential to augment the expertise
of health-care professionals, leading to more accurate diagnoses and effective treatment strategies.

CONCLUSION: By improving diagnosis, Al has the potential to revolutionize respiratory care,
treatment planning, and patient monitoring. While challenges and ethical considerations remain, the
transformative impact of Al in this domain cannot be overstated. By leveraging the advancements
and insights from this narrative review, health-care professionals and researchers can continue to
harness the power of Al to improve patient outcomes and enhance respiratory care practices.

IMPROVEMENTS: Based on the findings, future research should focus on refining Al algorithms
to enhance their accuracy, reliability, and interpretability. In addition, attention should be given to
addressing ethical considerations, ensuring data privacy, and establishing regulatory frameworks
to govern the responsible implementation of Al in respiratory care.

Keywords:

Algorithm, artificial intelligence, datasets, diagnostics, machine learning, patient monitoring, pulmonary
medicine, respiratory care, robotics, treatment planning

hreat to validity: Before delving into
the background and related work, it is
important to address the potential threats to
the validity of this narrative review. While
efforts were made to ensure a comprehensive
search and inclusion of relevant literature,
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the possibility of omitting certain studies or
sources cannot be completely eliminated. In
addition, the interpretation and synthesis
of the included literature may be subject to
individual biases.

To mitigate these threats, a systematic
approach was adopted to identify relevant
literature. Multiple databases, including
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PubMed, Scopus, and IEEE, were searched using the
following search strings: “artificial intelligence (AI),”
“respiratory care,” “diagnostics,” “treatment planning,”
and “patient monitoring.” In addition, citation tracking
and manual screening of reference lists were performed
to identify any additional relevant studies. Despite these
efforts, it is important to acknowledge the limitations
inherent in the literature search process.

Following the consideration of potential threats
to validity, this section provides a comprehensive
background on the applications and advancements of
Alin the field of respiratory care. It explores the existing
literature, research, and developments in Al technology
that have been applied to respiratory diagnostics,
treatment planning, and patient monitoring.

Millions of people worldwide, including children,
adults, and the elderly, are impacted by respiratory
disorders, which are a primary cause of morbidity
and mortality globally.!l Respiratory disorders require
specialized knowledge and access to cutting-edge
technologies for monitoring and treatment.” However,
given the rapid development of Al, there is a growing
interest in its potential uses in respiratory care, such as
precise diagnosis, individualized treatment strategies,
and improved patient outcomes. By enabling precise
diagnosis, individualized treatment strategies, and
improved patient outcomes, Al has the potential to
revolutionize respiratory medicine.!

The field of computer science known as Al, focuses on
creating intelligent machines that can carry out tasks that
ordinarily need human intelligence. In order to analyze,
it makes use of statistical models and algorithms, such
as decision trees, support vector machines (SVMs), and
neural networks.!!

The diagnosis and monitoring of respiratory disorders
is one of the main applications of Al in respiratory
care. Traditional diagnostic techniques frequently rely
on the subjective symptom interpretation, physical
examinations, and imaging testing. To deliver a more
precise and effective diagnosis, Al algorithms may
examine enormous amounts of patient data, including
medical images, physiological factors, and patient
history. Al-enabled software, for instance, can examine
medical images such as computed tomography (CT)
scans or chest X-rays to look for early indications of lung
cancer or other respiratory diseases. Al can assist medical
personnel with diagnosing patients more quickly and
accurately, enabling prompt interventions and better
patient outcomes.®

Al also has the potential to transform respiratory
monitoring in patients with respiratory disorders such as
asthma, chronic obstructive pulmonary disease (COPD),

118

and cystic fibrosis used to need constant observation
in a hospital setting. However, as wearable technology
has developed, it is now possible to remotely monitor
respiratory parameters with the help of Al algorithms.
These gadgets, such as smartwatches or portable
spirometers, can gather real-time data on a variety
of characteristics, including respiratory rate, oxygen
saturation (SpO2) levels, and cough frequency. The data
can be used to track the progression of a disease, identify
early warning signs of an exacerbation, and personalize
treatment plans.[

Al has the potential to revolutionize respiratory care
treatment and therapy in addition to diagnosis and
monitoring. Al technologies can be very helpful for
personalized medicine, a growing discipline that
customizes treatment strategies for particular patients. Al
algorithms can analyze patient data to identify patterns
that may indicate whether the patient is more likely to
respond to a particular treatment. They can also use these
data to predict how a patient will respond to a treatment
over time including genetic data, medical history, and
response to treatment.

This individualized strategy may result in better
treatment outcomes, fewer side effects, and higher
patient quality of life.[”

Al can also help optimize ventilation strategies for
patients who require mechanical ventilation. Ventilation
settings often need to be adjusted continuously based
on the patient’s condition and response to therapy. Al
systems can analyze patient data, such as respiratory
metrics, blood gas levels, and lung mechanics, to make
recommendations for ventilator changes in real time. This
continuous feedback loop can help health-care providers
improve patient outcomes, reduce complications, and
optimize ventilation techniques.®

The collection and analysis of sensitive patient data
increase the risk of data breaches and unauthorized
access. It is imperative to establish robust data protection
protocols and ensure compliance with privacy regulations
to maintain patient trust and confidentiality."!

Another challenge is the potential for bias and lack of
diversity in Al algorithms. If the training data used to
develop Al models is not representative of the diverse
population, it can lead to biased predictions and
decisions. Itis crucial to address these biases and ensure
fairness in Al algorithms to avoid exacerbating existing
health-care disparities.['’!

Related work

Previous research has made significant contributions
to the understanding and implementation of Al in
health-care settings. In the context of recommendation
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systems, the article “A Review of Content-Based and
Context-Based Recommendation Systems” by Javed
et al.' provides valuable insights into the different
types of recommendation systems and their applications
in health care. This work explores the content-based
and context-based approaches and their relevance to
personalized respiratory care recommendations.

In the realm of medical data analysis, the article “A
Comparative Performance Analysis of Data Resampling
Methods on Imbalance Medical Data” by Khushi
etal ' presents a comprehensive analysis of various data
resampling methods for addressing class imbalance in
medical datasets. This study’s findings can be leveraged
to improve the performance and reliability of Al models
used in respiratory care, particularly in scenarios where
data imbalance is prevalent.

Moreover, the article “Deep Transfer Learning
Approaches in Performance Analysis of Brain Tumor
Classification Using MRI Images” by Srinivas et al.!"’!
showcases the application of deep transfer learning
techniques in analyzing magnetic resonance imaging
images for brain tumor classification. This work provides
valuable insights into the performance analysis of deep
learning models and their potential application in
respiratory diagnostics, particularly in the analysis of
medical images such as chest X-rays or CT scans.

By incorporating insights from these articles and the
references they provide, this narrative review aims
to build upon the existing body of literature on Al in
health care and provide a comprehensive overview of
its applications in respiratory care.

Limitations of prior work

Prior work in the field has opened the door to
investigating the potential of Al in respiratory care.
On closer inspection, though, some restrictions have
become apparent. For instance, previous research
mainly focused on the use of Al in diagnosis but did
not provide comparatively a thorough evaluation of its
impact on therapy selection. The ethical issues around
patient privacy and data security were also not covered
that much, despite the fact that it offered insightful
information about Al-driven remote monitoring. These
constraints, along with others mentioned in multiple
books, present areas for further investigation and
invention.

Contributions of the current work

To address the gaps in the body of literature, this research
paper offers a number of original contributions that can
help to advance the understanding of “Al'in Respiratory
Care.” The present study emphasizes the potential of Al
algorithms to support medical professionals in treatment
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planning and decision-making processes in addition to
exploring their diagnostic capabilities. By filling in this
gap, it will provide a more thorough understanding of
Al’s function in respiratory care.

Contributions
This narrative review will make the following key
contributions:

Comprehensive overview

This review offers a comprehensive understanding of
the potential benefits and impact of Al technology. It
consolidates research findings and current practices to
present a holistic view of the role of Alin respiratory care.

Ethical considerations

In addition to highlighting the advantages of Al,
this review also addresses the ethical considerations
associated with its implementation in respiratory care. It
explores issues related to patient privacy, data security,
and the responsible use of Al algorithms. By shedding
light on these ethical concerns, this review aims to
promote the responsible and ethical integration of Alin
respiratory care practices.

Future opportunities

Recognizing the dynamic nature of Al technology, this
review identifies future directions and opportunities for
Al in respiratory care. It explores emerging trends and
discusses the potential for Al to enhance electronic health
records and health-care delivery systems. By outlining
future opportunities, this review aims to inspire further
research and innovation in the field of Al in respiratory
care.

Rational for this Review Article

This review article aims to provide an objective
overview of the current state and future prospects of
Al in respiratory care. Through a systematic analysis of
existing literature, research studies, and technological
advancements, this paper intends to examine the
application of Al in respiratory care. Specifically, the
focus will be on Al-assisted diagnosis, monitoring, and
treatment of respiratory conditions. Furthermore, this
review will critically evaluate the potential benefits,
limitations, and challenges associated with the integration
of Al technologies into respiratory care practices.

Aims and objectives

1. To provide a comprehensive overview of the current
state of Al applications in respiratory care, with a focus
on Al-assisted diagnosis, monitoring, and treatment

2. Toexplore the potential benefits and limitations of Al
in respiratory care, including Al-assisted diagnosis,
monitoring, and treatment
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3. To assess the clinical impact of Al technologies
in respiratory disease management and patient
outcomes

4. Todiscuss the future perspective and potential areas
of research and development for Al in respiratory
care.

By achieving these aims and objectives, the review article
will contribute to the knowledge base surrounding Al
in respiratory care, inform clinical practice, guide future
research efforts, and facilitate the responsible and beneficial
implementation of Al technologies in this critical field.

Methods

Literature search strategy

Systematic literature search was conducted with the help
of electronic databases, such as PubMed, Scopus, and Web
of Science, using relevant keywords such as “artificial
intelligence,” “respiratory care,” and associated terms.

Inclusion criteria

Studies published within the last 15 years to ensure
the inclusion of recent advancements in Al technology
including review articles, original research papers, and
meta-analyses to gather a comprehensive understanding
of the current landscape were included.

Retrieved articles were screened based on predefined
inclusion and exclusion criteria.

Articles specifically discussing Al applications in

respiratory care, encompassing diagnosis, monitoring,
and treatment were included.

Results

Relevant information from the selected articles, including

study design, Al techniques used, and relevant outcomes
were assessed and key findings were extracted. The
extracted data were organized into the below-discussed
appropriate categories or themes to facilitate further
analysis.

Respiratory care spectrum

Respiratory care involves a wide range of services and
is administered in a variety of locations to meet the
individual requirements of patients [Table 1]. When
contemplating the possible integration of technology
such as Al, it is essential to analyze the many domains
of respiratory care. These services are provided in a
variety of venues, including hospitals, clinics, residences,
and distant areas. In hospital settings, respiratory care
providers play a critical role in treating acute respiratory
problems by giving mechanical ventilation and drugs and
monitoring patients’ respiratory state. They engage with
diverse teams to maximize patient outcomes and provide
comprehensive treatment. In addition, the adoption of Al
in respiratory care has the potential to improve diagnostic
precision, individualized treatment methods, and remote
monitoring capabilities in each of these domains. For
instance, Al algorithms may examine patient data, such as
medical pictures and physiological parameters, in order
to aid in the exact diagnosis and early identification of
respiratory disorders. Al technology can allow remote
monitoring and offer real-time data analysis to follow
illness development and tailor therapy in home-based
respiratory care. In addition, the integration of Al with
telehealth platforms may offer remote evaluations,
consultations, and treatment changes in distant places
where access to specialist health-care services may be
restricted. It can enhance patient outcomes and assure
complete treatment throughout the whole spectrum of
respiratory health by taking into account the specific
demands and settings of respiratory care, as well as the
potential advantages of Al and other technologies.

Table 1: Different aspects of respiratory care and their corresponding interventions and strategies

Spectrum of respiratory care Description Reference

Prevention and health Public health campaigns, education, and occupational health [14]

promotion measures to prevent respiratory conditions

Screening and early detection Routine screenings, spirometry tests, and imaging studies to identify [15]
respiratory conditions at an early stage

Diagnostic evaluation Comprehensive medical history, physical examinations, pulmonary [16]
function tests, sleep studies, and genetic testing

Medical management and Pharmacological interventions, oxygen therapy, pulmonary [17]

treatment rehabilitation, allergy management, and personalized treatment plans

Intensive care and critical care Invasive and noninvasive mechanical ventilation, continuous [18]
monitoring, ECMO, and prediction models for risk stratification

Home-based respiratory care Home oxygen therapy, home mechanical ventilation, patient [19]
education, telehealth, remote monitoring, and predictive analytics

Palliative and end-of-life care Symptom management, advance care planning, hospice care, and [20]
palliative care algorithms

Rehabilitation and support Respiratory therapy programs, smoking cessation, patient education, [21]

services

digital health tools, and predictive modeling

ECMO=Extracorporeal membrane oxygenation
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Current challenges in respiratory care
Respiratory care poses numerous challenges for
health-care professionals, which can impact patient
outcomes and quality of life. One of the primary challenges
in respiratory care is the accurate and timely diagnosis
of respiratory conditions. Many respiratory diseases,
such as COPD or asthma, share similar symptom:s,
which can be difficult to differentiate. This diagnostic
ambiguity can lead to delays in initiating appropriate
treatment strategies and potentially compromise patient
outcomes. Furthermore, the interpretation of diagnostic
tests, such as pulmonary function tests or imaging
studies, is subjective and result interpretation can vary
among health-care professionals./?! This subjectivity
poses an additional challenge to achieving consistent
and accurate diagnoses. In addition to diagnosis, another
challenge in respiratory care is the effective monitoring
of patients with respiratory conditions. Traditional
methods of monitoring, such as spirometry or peak
flow measurements, often require patients to visit
health-care facilities, which can be inconvenient and
time-consuming. This limitation can hinder the regular
monitoring of patients and the prompt identification
of exacerbations or changes in disease progression.
Moreover, the manual interpretation of monitoring data
can be prone to human error, limiting the accuracy of
assessments.'”’! Treatment adherence is also a challenge
in chronic respiratory conditions. Many patients struggle
to adhere to complex treatment regimens, which can
involve the use of multiple inhalers, medications, or
devices. Poor treatment adherence can lead to suboptimal
control of symptoms, disease exacerbations, and
increased health-care utilization.?*! AI algorithms can
analyze vast amounts of patient data, including clinical
records, imaging studies, and real-time monitoring data,
to provide accurate and timely diagnoses. Furthermore,
Al-powered monitoring systems can enable remote
patient monitoring, allowing for continuous assessment
and early detection of changes in disease status.*!

Artificial intelligence in the prevention of
respiratory diseases

Predictive modeling for respiratory disease risk

Al has shown considerable potential in the domain
of predictive modeling for assessing the risk of
respiratory diseases. Bhowmik and Most®®! proposed
an innovative spatiotemporal ML framework that
integrates convolutional and recurrent neural networks.
This framework aims to forecast the likelihood of
respiratory disease exacerbations, specifically COPD, by
identifying real-time respiratory events and monitoring
local environmental and meteorological information.
This technology offers a novel approach for the timely
detection of exacerbations, which has the potential to
decrease hospitalization rates and mitigate medical
expenses. In a separate investigation,” emphasized the
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application of clinical decision support systems (CDSS)
in the timely identification of respiratory ailments,
such as asthma and COVID-19, employing diverse ML
methodologies, including artificial neural networks,
SVM, and other approaches. This technique facilitates
the early detection of diseases for medical professionals
and provides guidance for future advancements in CDSS.

Artificial intelligence for respiratory care education and
public health

The use of Al beyond the domain of illness prediction
and encompasses areas such as education and public
health. In a cross-sectional research conducted by,?!
it was shown that those aspiring to become medical
professionals have the perception that Al has the potential
to serve as an assistive tool, aiding in the acquisition of
knowledge, mitigating mistakes, and improving the
overall quality of patient health care. Nevertheless, the
individuals voiced apprehensions about possible negative
consequences, including the depreciation of the medical
field and erosion of trust. They underscored the need
for restructuring educational programs to adequately
prepare upcoming doctors in using Al applications with
proficiency and efficacy. In their recent study, Fisher and
Rosella™! delineated six primary areas of focus that are
crucial for the effective integration of Al inside public
health institutions. These objectives include current
data governance, the allocation of resources toward the
enhancement of data infrastructure, and the resolution
of talent deficiencies, among other significant factors.
According to the findings of Morgenstern et al. (Fisher and
Rosella, 2022), professionals express a measured sense of
optimism about the potential effects of Al in the field of
public health. Specifically, they highlight its potential for
enhancing disease surveillance. However, these experts
also note the existence of several obstacles and concerns,
such as insufficient regulation and a scarcity of accessible
expertise in this domain.

Artificial intelligence for respiratory occupational health
measures

Al’s role in occupational respiratory health measures
is under active exploration. Tran, Kwo, and Nguyen/®!
suggested that Al can match trained clinicians’ precision
under specific conditions, particularly in processing big
data, and could contribute to the greater implementation
of precision medicine. While the role of Al in a clinical
setting is still being debated, it appears to increase
objectivity through its correlational methodology.
Hence, if its strengths and weaknesses are appropriately
accounted for, Al has the potential to enhance health-care
access and improve care quality.

Artificial intelligence-driven diagnosis and
monitoring
ML algorithms can play a vital role in respiratory care by
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analyzing large volumes of data and identifying patterns
that can assist in diagnosis, treatment, and monitoring.
For instance, Zeng et al. (Giri et al., 2021) developed a
ML model that effectively predicted exacerbations in
patients with COPD. By analyzing a range of patient
data, such as symptoms, vital signs, and environmental
factors, the model could enable early intervention and
prevent exacerbations. Similarly, Giri et al. utilized
ML techniques to improve the accuracy of spirometry
interpretation, aiding in the diagnosis and assessment
of lung function.®!

Natural language processing (NLP) is another Al
technology that can benefit respiratory care. NLP
algorithms have the capability to extract meaningful
information from unstructured clinical notes, reports,
and literature. This enables automated analysis and
synthesis of vast amounts of textual data, providing
valuable insights.?*!

Al-driven diagnosis and monitoring in respiratory
care is an emerging field that aims to improve the
detection and treatment of respiratory diseases using
smart wearable devices and real-time data analysis./*!
Al systems can collect and classify biosignals such as
cough, body temperature, and airflow, and provide
accurate and timely diagnosis of respiratory illnesses,
such as COVID-19, asthma, and COPD (Chen et al.,
2021; Zhang et al., 2022). Al systems can also monitor the
patient’s condition and provide feedback and guidance
for self-management and treatment adherence. Al-driven
diagnosis and monitoring in respiratory care has the
potential to reduce the burden on health-care systems,
improve patient outcomes, and enhance the quality of
life for respiratory patients.

Artificial intelligence-enabled treatment and
interventions

One area where Al shows promise is in optimizing
treatment plans for respiratory conditions. Al
algorithms can analyze large datasets, including patient
demographics, clinical records, and treatment outcomes,
to identify patterns and factors that influence treatment
response. By personalizing treatment plans, Al can help
health-care professionals make informed decisions and
enhance therapeutic efficacy.*!

Al can also assist in therapeutic interventions by
providing real-time guidance and feedback. For instance,
Al-powered inhaler devices can monitor inhalation
technique, provide instruction on proper device usage,
and offer feedback to patients. This can help individuals
with respiratory conditions achieve better medication
delivery, leading to improved symptom control and
disease management.®
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Personalization of care is another area where Al can
make a significant impact. By analyzing patient data,
Al algorithms can identify patient-specific risk factors,
predict disease progression, and tailor treatment
plans accordingly. Personalized approach can help
health-care professionals proactively intervene, prevent
complications, and optimize patient outcomes.

While Al-enabled treatment and intervention hold great
potential, it is crucial to address challenges such as data
privacy, algorithm bias, and ethical considerations to
ensure the safe and effective implementation of Al
technologies in respiratory care.

Clinical applications

Real-world examples and success stories demonstrate
the potential of Al in transforming respiratory care.
Several research papers and case studies highlight the
successful implementation of Al technologies in clinical
settings, showcasing the positive impact on patient care
and outcomes.

One notable application of Al is in the diagnosis of
respiratory conditions. For instance, Wang et al. presented
a paper where a deep learning model accurately detected
and classified lung nodules in CT scans. The Al algorithm
demonstrated high sensitivity and specificity, aiding
radiologists in making accurate diagnoses and facilitating
timely intervention. This study showcases the potential
of Al to enhance diagnostic accuracy and efficiency.*”!

Another significant research paper focuses on the use
of Alin respiratory monitoring. Manoni et al. presented
a paper where a wearable device equipped with Al
algorithms continuously monitored respiratory patterns
and identified abnormal breathing events in patients
with sleep apnea. The AI technology enabled early
detection of respiratory disturbances, allowing for timely
intervention and improved patient outcomes. This
research paper highlights the potential of Al-enabled
monitoring systems in enhancing patient care and
management.®

In addition, Al has been employed in the optimization
of treatment plans for respiratory conditions. For
example, Tsang et al. presented a research paper where
Al algorithms analyzed patient data to personalize
medication dosages for individuals with asthma. The
Al-driven approach resulted in improved symptom
control and enhanced treatment outcomes. This study
showcases how Al can optimize treatment strategies and
personalize care for respiratory patients."”!

These research papers provide valuable insights into

the successful implementation of Al technologies in
respiratory care. They demonstrate the potential of Al
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to improve diagnostic accuracy, enhance monitoring
capabilities, and optimize treatment plans. However,
further research and larger-scale studies are needed to
evaluate the long-term impact and cost-effectiveness of
Al in respiratory care.

Breath-evaluating algorithms, smart inhalers, and
wearable equipment are at the forefront of respiratory
care. Pulmonary diseases such as lung cancer, pulmonary
fibrosis, and asthma account for 70% of the pulmonary
diseases globally. However, Al-driven technological
advancements are making it easier for pulmonary
specialists to diagnose diseases, and patients to
administer self-care.

Brisbane-based ResApp is a global leader in audio-based
evaluation of respiratory health that assesses the sound of
a cough through ML/ Al to identify different respiratory
diseases such as pneumonia. These Al-driven smart apps
utilize special algorithms that work on smartphones,
without the need of any additional hardware system.
These algorithms are built into smartphone apps that
have been approved as medical devices and used by
telehealth companies, clinics, and pharmaceutical
companies globally.!*!

Wearable devices and biosensors

Wearable biomedical sensors are devices that can

measure physiological and environmental parameters

and be worn by the patient without restricting their

mobility or daily activities. These devices can monitor:

¢ Physiological parameters such as respiratory rate,
heart rate, SpO2, lung sounds, lung motion, and
electrocardiogram.®!

e Environmental parameters such as air temperature,
humidity, allergen and pollutant concentration, and
ozone level.[*

Wearable sensors can also track the patient’s physical
activity, which is related to health outcomes such as
disease morbidity, hospitalization, and mortality.!*’]
Table 2 lists examples on the technology.

Recent developments in the field of Al and wearable
technology have facilitated the real-time monitoring
of patients” health, enabling the detection of various
health conditions such as stress, respiratory problems
associated with COVID-19, and other pertinent medical
issues. Previous studies have shown the successful use of
Al algorithms in the analysis of biosignals obtained from
wearable sensors, resulting in the correct identification
of stress.[*!! The research demonstrated that the use of
ML methods enabled the successful identification of
stress based on biosignals, achieving a notable degree of
accuracy. These findings provide support for the future
development of noninvasive wearable devices that can
identify and manage stress at an early stage.

In a similar manner,* have developed a wearable
stethoscope that utilizes an Al system to provide
instantaneous monitoring of lung sounds and automated
identification of wheezing. The lung sound monitoring
patch used in this investigation demonstrated the
capability to monitor respiratory function and discern
between typical and atypical breathing patterns. In
long-term clinical applications, the Al-based counter
has shown a remarkable ability to recognize aberrant
breathing episodes, including wheezing occurrences,
with an accuracy rate of over 80%.

The use of wearable technology has also been investigated
in the surveillance of respiratory rate and SpO2 in
individuals affected by COVID-19. According to a
systematic review conducted by, wearable devices
have shown usefulness in continuous monitoring.
However, more investigation involving real patients is
required to ascertain the efficiency and efficacy of this
technology.

In a study conducted by,"*!! the use of Al in the analysis
of data obtained from wearable devices was highlighted
as a means to detect and identify stress. The findings of
the research indicate that ML algorithms demonstrated
a notable level of accuracy in the detection of stress
based on biosignals. In a similar vein,®™ conducted a

Table 2: Examples of wearable sensors for respiratory diseases

Device Description Application Reference examples
Pulse Measures light absorption Evaluates and manages acute apnea in primary and secondary [46]
oximeter through an electronic care; measures SpO, continuously and sends personalised alerts [47]
processor and a pair of based on smart algorithms that detect signs of disease decline in [48]
small light-emitting diodes COPD patients; monitors self-isolated patients and detects early
deterioration of the pulmonary function during the pandemic
Air quality Measures outdoor and Correlates individual environmental exposure to health response [40]
monitor indoor air quality and for understanding impacts of ozone on chronic asthma conditions; [49]
other environmental data creates maps of air quality on cell phones via Bluetooth or Wi-Fi [42]
Wristband Measures heart valve Delivers a quick digital diagnosis of lung health status; monitors [50]
and chest sounds, lung motions, and cardiovascular and respiratory activities simultaneously [51]
patch ECGs using acoustics and

biopotentials

Sp0,=Oxygen saturation, COPD=Chronic obstructive pulmonary disease, ECGs=Electrocardiograms
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meticulously designed, longitudinal clinical trial to
investigate the efficacy of wearable sensors in the timely
identification and monitoring of viral respiratory tract
infections.

In a recent research conducted by,*! the efficacy of a
wearable stethoscope in providing precise real-time
monitoring of lung sounds and automated identification
of wheezing using an Al algorithm was proven.
The research findings indicate that the adventitious
breathing event counter, which utilizes AI, had a
discernment rate of 80% for various events, particularly
those associated with wheeze, when used in long-term
clinical settings.

These studies underscore the promise of wearable
technology and Al in the field of health care, namely in
the monitoring of respiratory health and stress levels.
Further investigation is required to ascertain the efficacy
of these technologies in practical contexts.

Smart inhalers

The use of Alin health care has created new opportunities
for enhancing patient care, notably in the treatment of
chronic respiratory diseases. One example of an Al
application is inhaler usage, where it has shown promise
in improving patient adherence, technique, and overall
disease treatment.

Al systems have been utilized to identify and monitor
medication self-administration mistakes, which pose a
substantial issue in respiratory illness treatment.™ These
systems may identify when patients use their inhalers
and assess whether they follow the proper procedures
for utilizing these devices, hence enhancing drug safety
with minimum overhead for patients and health-care
providers.

Furthermore, Amiko Respiro Sense, a linked technology,
has been used as an add-on attachment to inhaler devices
to record clinical and real-world adherence data, which
is critical for guiding treatment regimens and enhancing
patient inhaler technique.® This technique can estimate
important metrics of inhaler use and lung health with
an accuracy of 90% or higher for all of these respiratory
parameters.

Investigated the viability of innovative electronic
adherence monitoring devices in terms of use,
acceptability to patients and health-care professionals,
and accuracy in a mixed-method research. They
discovered that devices that could record both actuation
and inhalation were the most desired and useful in
clinical practice. However, the research also emphasized
the need of patient-centricity when selecting a device,
since there is no “one size fits all.”
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Finally,” found six consumer-directed mobile
health (mHealth) applications that communicate with
inhalers for asthma treatment in a cross-sectional study.
These applications not only improve provider contact and
act as a logbook, but they also employ alerts, reminders,
or alarms to remind users of inhaler doses. Some even
include direct pharmacy access for refill requests and
Al to forecast future asthma exacerbations. The study
does, however, encourage further research on the results
and usage of these applications in order for health-care
practitioners to make evidence-based recommendations.

The usage of Alinhalers is a promising field of study that
might have a substantial influence on the treatment of
respiratory disorders. However, further study is required
to properly understand its influence on patient outcomes
and its inclusion into ordinary clinical practice.

The use of artificial intelligence in spirometry
Spirometry, an essential instrument in the field of
respiratory care, assumes a critical role in the evaluation
of pulmonary function and the identification of diverse
pulmonary ailments. The use of AI methodologies in
spirometry has shown considerable promise in enhancing
precision, productivity, and analysis of outcomes.

A qualitative research conducted by"! has examined
the problems and possibilities associated with the
resumption of spirometry services during the COVID-19
epidemic. The research indicates that the use of Al
decision support software has promise in facilitating
the evaluation and analysis of spirometry outcomes for
the purpose of assessing their quality. The integration
of Al algorithms into spirometry has the potential to
raise the precision, diminish variability, and elevate the
overall quality of spirometry services. The validation of
Al software plays a critical role in fostering trust and
confidence among physicians and commissioners.

The use of Al has seen a growing prevalence in the
domain of Interstitial lung disease (ILDs), with its
application extending to spirometry as well.*! These
applications include the examination of spirometry
data in order to provide automated interpretation and
decision assistance. Al algorithms have the potential to
assist in the diagnosis and categorization of interstitial
lung diseases (ILDs) by effectively recognizing patterns
and anomalies in spirometry readings.

The health-care industry has seen a significant
transformation with the incorporation of the Internet of
medical things (IoMT) and Al, leading to advancements
in several areas such as spirometry.*’! The integration of
IoMT devices with Al algorithms facilitates the remote
monitoring and instantaneous analysis of spirometry
data. Al algorithms have the capability to evaluate the
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efficacy of spirometry maneuvers, provide immediate
feedback to patients, and aid health-care professionals
in the interpretation of the obtained findings.

The discipline of spirometry in pediatric pulmonology
has been significantly impacted by the integration of
Al techniques, as noted by.l'! Al systems have the
capability to analyze spirometry data in pediatric
populations, hence facilitating precise interpretation and
assisting in the identification of respiratory disorders.
The aforementioned algorithms possess the capability
to discern patterns, recognize anomalies, and aid in
the process of decision-making, hence augmenting the
comprehensive care of pediatric pulmonary disorders.

The use of Al into spirometry offers a multitude of
benefits. Al algorithms have the capability to automate
the process of interpreting and analyzing spirometry
data, resulting in a reduction of subjectivity and
variability. Spirometry maneuvers may be used to
identify trends, anomalies, and quality difficulties. In
addition, they provide immediate input to patients and
aid health-care personnel in rendering precise diagnoses
and therapy determinations.

In general, the use of Alin the field of spirometry offers
a range of advantages, including enhanced precision,
efficacy, and interpretation of outcomes. Al systems have
the potential to assist in the detection and categorization
of lung disorders by using spirometry data. In addition,
they have the capability to aid in the evaluation of
quality, provide immediate feedback, and improve the
overall administration of respiratory ailments.

Digital stethoscope

The use of conventional stethoscopes for the purpose
of auscultating lung sounds has significant importance
in the process of diagnosing and distinguishing various
pulmonary ailments. Nevertheless, the subjective
interpretation of these auditory signals and the
dependence on the personal expertise of health-care
professionals impose constraints on the efficacy
of stethoscopes in the context of clinical use. The
introduction of electronic stethoscopes has significantly
transformed the discipline of pulmonology via the
augmentation of precision and dependability in the
practice of lung auscultation./*?

A meta-analysis was conducted by!®! which aimed to
understand the power of combining digital pulmonary
auscultation with computer-based algorithms. This study
indicated that the specificity and sensitivity of identifying
the abnormal pulmonary sounds using computer-based
algorithms were 85% and 80%, respectively.

Recently, a prototype of a digital stethoscopic system
using ML methods is proposed by.[* The prototype used
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real-time diagnosis of cardiac abnormalities. The system
consists of three subsystems: a portable digital subsystem
for capturing and digitizing phonocardiographic sounds,
a decision-making subsystem for classifying sounds as
normal or abnormal using ML techniques, and a display
subsystem for visualizing the results. The proposed
system demonstrates high accuracy in diagnosing
cardiac abnormalities, with 93.5% accuracy for normal
heart sounds and 93.25% accuracy for abnormal heart
sounds. In addition, the system offers the advantage of
faster examination, with results obtained within 15 s.

Furthermore,!®® research work presented the
development of an electronic stethoscope interfaced
with Raspberry Pi 4B (Raspberry Pi 4B is a compact,
single-board computer that offers a range of features
and capabilities, making it suitable for various projects
and applications [Wikipedia Contributors; 2023]) and
a CNN-based deep learning model (a CNN-based
deep learning model refers to a convolutional neural
network that is specifically designed for image and
pattern recognition tasks, utilizing multiple layers
of interconnected nodes to extract relevant features
and make predictions)®! for accurate prediction of
valvular heart diseases. The system under consideration
encompasses an electronic stethoscope equipped with
Bluetooth technology and a convolutional neural
network (CNN) model that has been developed. This
system has demonstrated a remarkable accuracy
rate of 99.35% in the identification of abnormal heart
sounds. Consequently, it presents itself as an affordable
and easily transportable solution for the initial
assessment of valvular diseases. This is particularly
advantageous in regions where access to comprehensive
medical resources is limited. At another settings and
needs, researchers did not find a difference between
conventional or electronic stethoscope for the detection
of pediatric congenital heart disease preoperatively.?
In contrast to the results of Roy et al.*°! this may be
explained not just by the requirements and population
examined but also by the hardware and software used.

Ethical considerations and challenges

The incorporation of Al inside the health-care sector,
namely in the domain of respiratory care, has significant
promise for transforming the discipline via the
augmentation of precision, productivity, and patient
welfare. Nevertheless, in conjunction with the auspicious
progressions in Al, there exist ethical deliberations
and obstacles that want meticulous attention and
resolution.”! This discourse aims to examine the ethical
implications and obstacles linked to the integration of
Al in the domain of respiratory care, including many
levels of analysis: Al in a broader context, Al within the
health-care sector, and Al specifically within the realm
of respiratory care [Figure 1].
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General ethical concerns of artificial intelligence
technology

The advent of Al technologies has engendered salient
ethical considerations pertaining to matters of data
privacy, discrimination, transparency, prejudice,
accountability, and more (DG, 2020; Marr, 2023;
Nzenwata et al., 2023).11 Al systems possess vast
capabilities for aggregating and storing substantial
corpora of data, thus begetting apprehensions regarding
the protection and security of such data. The potential
exists for this amalgamated data to be leveraged for
tracking individuals’” movements, surveilling their
health statuses, and even prognosticating future
medical vulnerabilities (Centers for Disease Control and
Prevention, 2022).17 Moreover, in situations where Al
systems are trained on biased data sets, the propagation
of prejudices is possible, culminating in inequitable
or discriminatory outcomes such as the preclusion
of employment opportunities or credit extension.”’!
Ensuring transparency in Al systems is of profound
importance, as it enables individuals to comprehend the
decision-making processes, thereby fostering trust in the
impartiality of said systems. Furthermore, instituting
accountability mechanisms is critical to guarantee that
human agents are held responsible for the determinations
made by Al systems, particularly when such judgments
engender pernicious ramifications for human well-being.

Ethical concerns of artificial intelligence technology in
health care

In the health-care sector, the use of Al technology
introduces additional ethical concerns. One major
concern is the potential impact on patient—provider
relationships. The integration of Al systems in health
care could potentially replace or displace health-care
workers, which may negatively affect the interpersonal
connection and trust between patients and providers./""

Healthcare

Respiratory
care

Figure 1: Ethical challenges of artificial intelligence development and uses. The
size of the areas does not represent size effect but rather relationship. Al = Artificial
intelligence
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Another concern is the risk of medical errors. As Al
systems are still being developed, there is a possibility
of errors that could compromise patient safety and
well-being.”?! In addition, the cost of Al technology
is a significant concern. The high expenses associated
with implementing and maintaining Al systems could
limit access to health care for certain individuals
or communities, exacerbating existing health-care
disparities (Celi et al., 2022).17%!

Ethical concerns of artificial intelligence technology in
respiratory care

In the field of respiratory care, specific ethical concerns
arise when Al technology is used. One concern is the
accuracy of Al-based respiratory diagnosis. While Al
systems have shown promising results, they may not
yet be as accurate as human doctors in diagnosing
respiratory diseases.” This raises concerns about
potential misdiagnosis and inappropriate treatment
decisions. Another concern is the impact on patient
autonomy. Al systems, if given decision-making power,
could make decisions about patient care without the
individual’s consent, which could violate patient
autonomy and pose ethical challenges. Furthermore,
the security of respiratory data is a crucial concern.”!
Respiratory data are sensitive and should be protected
from unauthorized access. The potential vulnerability
of Al systems to hacking or data breaches could lead to
the disclosure of patient data and compromise privacy.

Addressing these ethical concerns is paramount to
ensure the safe and ethical use of Al technology in the
health-care sector, including respiratory care.

The resolution of these ethical problems and difficulties
requires the collective effort and cooperation of
health-care practitioners, researchers, policymakers, and
ethicists. The establishment of comprehensive standards,
rules, and training programs may play a pivotal role
in promoting the appropriate and ethical integration
of Al technology within the domain of respiratory
care. The ongoing surveillance and assessment of Al
systems are vital in order to detect and resolve ethical
dilemmas promptly. This practice guarantees that the
incorporation of Al technology remains consistent with
ethical standards and prioritizes patient-centered care.

Vulnerability of deep learning models to
adversarial attacks in respiratory care

In recent years, the vulnerability of deep learning models
to adversarial attacks has garnered significant attention
across various domains. Adversarial attacks involve
manipulating input data in such a way that it can deceive
the model’s predictions, leading to potential security
risks and compromised performance. This issue is not
limited to malware detection but also extends to the field
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of respiratory care, where deep learning models are being
used for diagnostics and decision-making. Addressing
the challenge of adversarial attacks is crucial to ensure the
robustness and reliability of Al models in respiratory care.

The recent paper by Kamran et al.”! “A Novel Method
for Improving the Robustness of Deep Learning-based
Malware Detectors against Adversarial Attacks” proposes
amethod that could be adapted and applied to respiratory
care Al systems. According to this paper, the method
focuses on generating adversarial examples during the
training phase and integrating them into the training
dataset. By exposing the model to these adversarial
examples, it enhances the model’s ability to recognize
and resist potential adversarial attacks at inference time.
This approach can potentially improve the robustness and
generalizability of deep learning models in respiratory
diagnostics, treatment planning, and patient monitoring,
minimizing the risk of manipulated input data leading
to incorrect predictions or compromised patient care.

Study Limitations

While this narrative review provides valuable insights
into the applications and potential benefits of Al in
respiratory care, it is important to acknowledge certain
limitations inherent in the current approach.

Generalizability of findings

The study findings presented in this review are based
on the available literature and research studies within
the scope of the presently available literature search.
However, it is crucial to recognize that the applicability
and generalizability of these findings may vary across
different health-care settings, regions, and patient
populations. Further research and studies are needed
to validate and refine the conclusions drawn from this
review in diverse health-care contexts.

Data quality and availability

The success and effectiveness of Al algorithms in
respiratory care heavily rely on the quality and
availability of data. However, the availability of
high-quality, standardized, and annotated datasets in
respiratory care may be limited. The lack of diverse
and representative datasets can impact the performance
and generalizability of Al models. Future efforts should
focus on addressing data quality issues, promoting
data-sharing initiatives, and ensuring the diversity and
representativeness of datasets used in Al development
for respiratory care.

Ethical considerations and bias

This review touches upon the ethical considerations
associated with Al implementation in respiratory care,
such as patient privacy.
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Future Directions: Embracing the Potential
of Artificial Intelligence in Respiratory Care

Looking ahead, there are several key areas where Al can
play a transformative role:

Personalized medicine

One exciting future direction is the development of Al
algorithms that can analyze vast amounts of patient
data, including medical history, genetic information, and
real-time physiological data. By leveraging this wealth
of information, Al systems can provide personalized
treatment plans and recommendations, tailored to
each individual’s unique needs. This has the potential
to optimize patient outcomes and improve overall
respiratory care.

Remote monitoring and telemedicine

With the increasing adoption of telemedicine, Al can
enhance remote monitoring capabilities for respiratory
patients. Al-powered devices can collect data on lung
function, oxygen levels, and other vital parameters,
providing real-time feedback to health-care providers
and enabling timely interventions. This can be especially
beneficial for patients in rural or underserved areas,
allowing them to access quality respiratory care without
the need for frequent hospital visits.

Early detection and diagnosis

Al algorithms have the ability to analyze large datasets
and identify subtle patterns that may indicate the early
onset of respiratory diseases. By leveraging ML, Al can
assist health-care professionals in detecting respiratory
conditions at an early stage when treatment options are
more effective. This early detection can lead to better
outcomes and potentially save lives.

Smart ventilation systems

Al has the potential to optimize mechanical ventilation in
critically ill patients. By continuously monitoring patient
data, including respiratory patterns, blood gas levels,
and lung mechanics, Al algorithms can adjust ventilation
parameters in real time, ensuring optimal support for the
patient’s respiratory system. This can improve patient
comfort, reduce complications, and potentially shorten
the duration of mechanical ventilation.

Collaborative artificial intelligence systems

In the future, we can expect to see Al systems that not
only analyze data but also collaborate with health-care
professionals. These systems can serve as reliable
clinical decision-support tools, providing insights and
recommendations based on the analysis of patient
data. Through this collaboration, Al can augment the
expertise of respiratory care professionals, leading to
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more accurate diagnoses and more effective treatment
strategies.

Itis important to note that as these future directions unfold,
ethical considerations, data privacy, and the need for
regulatory oversight will be vital to ensure the responsible
and safe implementation of Al in respiratory care.

By embracing these future directions, we can tap into the
full potential of Al revolutionizing the way respiratory
care is delivered and ultimately improving patient
outcomes.

Conclusion

This narrative review has shed light on the transformative

role of Al in respiratory care. Based on the analysis of

various studies and advancements in the field, several
critical results have emerged.

1. Al has demonstrated remarkable potential in
respiratory diagnostics. Through image recognition
and ML algorithms, Al systems have shown high
accuracy in diagnosing respiratory conditions from
medical images such as chest X-rays or CT scans.
This development holds significant promise for
improving the speed and accuracy of diagnosis,
enabling health-care professionals to make informed
decisions and provide timely interventions

2. Al has contributed to personalized treatment
planning in respiratory care. By analyzing patient
history, symptoms, and response to therapies, Al
algorithms can assist in developing tailored treatment
plans. This development has the potential to optimize
patient outcomes by ensuring customized and
effective interventions

3. Al-based monitoring and early detection systems
have emerged as invaluable tools in respiratory
care. These systems enable continuous monitoring
of respiratory patients, allowing for early detection
of deterioration and prompt interventions. By
leveraging wearable devices and smart technologies,
Al facilitates remote patient monitoring, reducing the
burden on health-care facilities and enhancing patient
comfort, the integration of Al technologies with
electronic health records holds promise for seamless
data analysis, decision support, and improved
health-care delivery.

The main contributions of this narrative review:

1. Comprehensive overview: This review provides a
comprehensive understanding of the applications
and potential benefits of Al in respiratory care.
By synthesizing research findings and exploring
current practices, it offers valuable insights into the
transformative potential of Al technology

2. Ethical considerations: The review addresses the
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ethical implications associated with Alimplementation
in respiratory care, including patient privacy, data
security, and algorithm biases. By highlighting these
considerations, it encourages responsible and ethical
integration of Al in respiratory care practices

3. Future opportunities: By identifying emerging trends
and future opportunities, such as Al integration with
electronic health records, this review stimulates
further research and innovation in the field of Al in
respiratory care.

Finally, by improving diagnosis, Al has the potential
to revolutionize respiratory care, treatment planning,
and patient monitoring. While challenges and ethical
considerations remain, the transformative impact of Al
in this domain cannot be overstated. By leveraging the
advancements and insights from this narrative review,
health-care professionals and researchers can continue
to harness the power of Al to improve patient outcomes
and enhance respiratory care practices.
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