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ABSTRACT

Background: Inhaled therapies are essential for managing symptoms and preventing exacerbations of
Chronic Obstructive Pulmonary Disease (COPD), a cause of morbidity and mortality that is prevalent
throughout the world. In order to enhance patient outcomes, innovative inhaler designs have been
developed in response to limitations in classic inhaler technologies, such as inadequate drug delivery
and poor adherence. Objective: This review focuses on advancements in smart inhalers, particle
engineering, and usability enhancements, aiming to explore recent breakthroughs in inhaler technology
and their potential impact on the management of COPD. Methods: A thorough literature review was
performed to locate peer-reviewed studies, clinical trials, and reviews published in the last ten years.
Focus was directed towards technologies that improve drug delivery, adherence monitoring, and
patient usability. Qutcomes: Innovative technologies, like smart inhalers, incorporate digital feedback
and adherence monitoring, facilitating personalized treatment. Innovations in device design, such as
soft mist inhalers and advanced dry powder inhalers, improve drug deposition efficiency and tackle
patient-specific issues, including diminished inspiratory effort in elderly individuals. Enhanced
usability features, such as optimized dose actuation mechanisms, have shown promise in improving
adherence and minimizing errors. Summary: Advancements in inhaler technology offer transformative
potential in COPD management, aligning with trends toward personalized and patient-centred care.
By addressing barriers to effective therapy, these innovations improve drug delivery, enhance
adherence, and reduce exacerbation rates. Further research is needed to integrate these technologies
into routine clinical practice and assess their long-term impact on patient outcomes.
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INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) impacts more
than 200 million individuals globally, constituting a
considerable strain on healthcare systems and the quality of life
of patients.! Management strategies emphasize symptom
control, prevention of exacerbations, and deceleration of disease
progression, with inhaled therapies serving as a fundamental
component of treatment. Conventional inhalers, comprising
pressurized metered-dose inhalers (pMDIs) and dry powder

inhalers (DPIs), have demonstrated efficacy but are constrained
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by issues such as inadequate adherence, improper technique,
and diminished drug delivery efficiency.? This review analyses
novel inhaler technologies designed to address these limitations,
thereby improving COPD management. Chronic Obstructive
Pulmonary Disease (COPD) is defined by persistent
inflammation, airway remodelling, and progressive restriction
of airflow. Exacerbations and symptom variations are prevalent,
caused by heightened airway resistance and hyperinflation.
Efficient drug delivery to distal airways is essential for
regulating inflammation, facilitating bronchodilation, and
alleviating symptoms. Inhalers, as the principal drug delivery
mechanism, guarantee the effective administration of

Journal of Pharmacovigilance & Drug Safety

Volume-21 | Issue-2 | July — December 2024 1


http://www.journalofsopi.com/
mailto:editorjournalsopi@gmail.com

J Pharmacovig Drug Safety

Vibhu Pandey, Jameel Ahmad

medications such as bronchodilators and corticosteroids to the
lungs. However, their efficacy relies on proper implementation
and adherence.

Traditional inhalers face challenges related to diminished
compliance stemming from device complexity and the
likelihood of patient errors. Approximately 70% of patients
improperly utilize inhalers, resulting in diminished therapeutic
efficacy.> Common errors include inadequate coordination of
inhalation with actuation in pressurized metered-dose inhalers
(pMDIs) and insufficient inspiratory efforts in dry powder
inhalers (DPIs).*

Conventional inhalers frequently exhibit inconsistent drug
delivery, particularly in the small airways. The requirement for
propellants in pressurized metered-dose inhalers (pMDIs)
presents environmental issues; conversely, dry powder inhalers
(DPIs) may be less efficacious in patients with significant
airflow restriction.

A multitude of patient-related factors affects the device's
efficacy. The improper use of the device is primarily influenced
by age-related deterioration in dexterity and cognitive abilities.
Comorbidities, such as arthritis, further restrict proper device
handling in elderly populations.*

Advancements in Inhaler Technologies

1. Smart Inhalers

Smart inhalers incorporate digital technology to enhance patient
adherence and simplifies the complexities of device operation.
These smart inhalers incorporate embedded sensors and
connectivity capabilities aimed at resolving issues associated
with patient adherence and correct usage, prevalent in COPD
management.® These inhalers are particularly beneficial for
assessing patient adherence to their medication regimens. These
sensors monitor critical parameters, including dosage
consumption, inhalation flow rates, and the timing of inhaler
activation. If a patient misses doses or uses improper technique,
the inhaler records this data for assessment. The objective of
incorporating embedded sensors into the design of smart
inhalers is to monitor and document essential data regarding
patient usage of their inhalers. The aim is to ensure accurate
oversight of medication usage and administration, which are
essential for effective COPD management.® The primary
parameters tracked by these smart inhalers include dosage
frequency, inhalation flow rates, and the timing of inhaler
activation. The sensors maintain a log of each activation,
ensuring patient compliance with their prescribed medication
regimen. They monitor adherence to the prescribed medication
regimen (e.g., twice-daily) and identify any missed doses. The
sensors evaluate the intensity and uniformity of inhalation,
facilitating the assessment of the drug's effective delivery to the
lungs. An inadequate inhalation flow may suggest that the
patient is not receiving sufficient medication, potentially
compromising disease management. The device accurately logs
the time a dose is administered, offering insights into patient
adherence to their dosing regimen (e.g., taking medication
consistently at the same time daily). Variations in timing may
indicate possible adherence problems or imply the necessity for

modifications in patient schedules. If a patient consistently skips
doses or uses the inhaler improperly (e.g., not inhaling strongly
enough), the inhaler logs this information. This information is
retained for examination by the patient and healthcare
professionals, facilitating focused interventions such as
retraining on appropriate techniques or modifications to the
treatment strategy.® The advanced smart inhalers are designed
to seamlessly connect with smartphones via Bluetooth, enabling
a two-way information exchange between the inhaler and the
user. These novel devices exhibit essential functions by
providing real-time feedback, allowing patients to receive
immediate insights regarding their inhaler technique or
adherence via a mobile application. The notifications can
indicate improper usage, such as insufficient inhalation or
missed doses, enabling prompt corrective actions. The inhaler
functions as a medication reminder, equipped with programmed
applications that dispatch alerts when it is time to administer a
dose, thereby diminishing the probability of overlooked
medications. These reminders can be customized to align with
the patient's schedule and treatment protocol. The application
offers a comprehensive record of previous inhaler usage,
enabling patients to track their adherence patterns over time. A
weekly or monthly adherence summary can aid patients in
visualizing their progress and understanding the importance of
consistency. The applications associated with these inhaler
devices frequently incorporate educational components,
including videos or detailed instructions, to instruct patients on
the proper inhaler technique. They may also offer personalised
recommendations based on specific usage patterns, such as
modifying inhalation techniques for enhanced drug delivery.’
The connectivity of these smart inhalers to smartphones
enhances patient engagement by integrating reminders,
feedback, and educational resources, thereby empowering
patients to actively manage their condition. The documentation
of patient usage data aids in comprehending the influence of
proper technique on symptomatology and disease progression.
The collected data from these inhaler devices can facilitate
interventions provided by healthcare professionals. The data
collected from patients’ personal devices can be shared directly
with healthcare providers, offering detailed insights into a
patient’s adherence and inhalation technique. For example, if a
patient consistently fails to use the inhaler properly, the provider
can offer targeted retraining or adjust the treatment plan. The
timely interventions based on this data can help prevent
exacerbations and improve disease control. Healthcare
professionals can use the collected data from each device to
make individualized treatment decisions, such as modifying the
inhaler type, changing medication timing, or addressing issues
like poor inspiratory effort. By addressing adherence and
technique issues early, smart inhalers can significantly reduce
the risk of COPD exacerbations, which are often caused by
suboptimal medication delivery or missed doses.® The
combination of embedded sensors and smartphone connectivity
in smart inhalers revolutionizes COPD management by
addressing adherence and usage challenges. These features not
only empower patients to take control of their health but also
enable healthcare providers to deliver personalized, data-driven
care, improving outcomes and reducing healthcare costs.
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The clinical impact of these smart inhalers has shown significant
improvements in  medication adherence-studies report
adherence improvements of 20-30%. Regular use of these
devices diminishes COPD exacerbations and decreases
hospitalization days, thereby preventing missed doses, resulting
in improved disease management and fewer complications.
Immediate feedback aids patients in correcting improper
techniques, thus improving patient involvement and education.

2. Soft Mist Inhalers (SMIs)

Soft Mist Inhalers (SMIs) signify a notable progression in
inhaler technology, enhancing drug delivery efficacy and user-
friendliness for individuals with chronic respiratory conditions
such as COPD. In contrast to conventional inhalers, SMIs
produce a slowly dispersing, fine aerosol mist through a spring-
loaded mechanical mechanism instead of utilizing propellants.
This design facilitates improved medication deposition in distal
airways, which is essential for the effective management of
conditions such as COPD.® A primary benefit of SMiIs is their
diminished reliance on inhalation technique. pMDIs necessitate
exact synchronization between actuation and inhalation,
whereas SMIs generate a gradual mist that patients can inhale
effortlessly, markedly reducing the likelihood of improper
technique. This feature renders SMls especially advantageous
for elderly patients or individuals with diminished inspiratory
capacity, as conventional inhalers frequently do not achieve
optimal outcomes.® Moreover, SMIs exhibit superior efficiency
in medication delivery, attaining lung deposition rates of up to
60%, in contrast to the 10-20% achieved by pMDlIs. This
efficiency not only decreases the necessary dosage but also
mitigates systemic side effects, enhancing patient safety and
comfort.® Clinical trials have shown that SMIs, like the
Respimat device, yield better results than conventional inhalers.
Patients with COPD utilizing SMIs have demonstrated a
reduction in exacerbations and enhanced lung function relative
to those employing pMDIs or DPIs, especially among the
elderly demographic.'?> Moreover, patients consistently express
a preference for SMIs over alternative inhaler types due to their
user-friendliness and the soothing, less irritating quality of the
mist.!* Despite these advantages, SMIs have specific
limitations. They are generally more expensive than traditional
inhalers, which may limit their accessibility, particularly in low-
resource settings. Effective utilization necessitates appropriate
training, although the learning curve is less pronounced
compared to other inhaler types.® SMis tackle significant
challenges in inhaler utilization by improving drug delivery,
diminishing reliance on inhalation technique, and decreasing
total dosage requirements. With increasing clinical evidence
validating their effectiveness, SMIs are set to become
fundamental in the treatment of COPD and other chronic
respiratory disorders.'

3. Advances in Dry Powder Inhalers (DPIs)

Dry Powder Inhalers (DPls) have become a crucial
advancement in respiratory treatment, providing an alternative
to pressurized metered-dose inhalers (pMDIs). Recent advances
in their design have addressed key limitations, such as the need
for sufficient inspiratory flow and inconsistencies in drug

delivery. These improvements have made DPIs more effective
and user-friendly, especially for patients with severe COPD,
who often struggle with traditional inhalers.®> A significant
development in DPIs is the formulation of engineered particles.
Pharmaceutical researchers have enhanced aerosolization and
deposition in the lungs by optimizing particle size, shape, and
composition. These ultrafine particles improve delivery to the
small airways, which are the primary site of obstruction in
COPD. Engineered particles guarantee uniform drug efficacy
irrespective of fluctuations in inspiratory effort, tackling a
prevalent issue in patients with severe COPD.® A significant
advancement is the integration of breath-actuated mechanisms.
Conventional inhalers  frequently  necessitate  manual
synchronization of actuation and inhalation, posing difficulties
for patients with diminished dexterity or cognitive abilities.
Breath-actuated DPIs obviate this necessity by autonomously
releasing medication upon patient inhalation. This mechanism
enhances the usage process and ensures that the medication is
delivered at the optimal point in the breathing cycle, thus
maximizing lung deposition.'” The influence of these
innovations is significant. Next-generation DPIs provide
markedly enhanced usability and drug deposition, even in
patients with severe COPD who may exhibit impaired
inspiratory flow. Clinical studies indicate that these devices
improve pulmonary function and reduce the frequency of
exacerbations by ensuring reliable and efficient medication
delivery. Furthermore, they are associated with a decreased
occurrence of side effects, as the improved delivery reduces
drug accumulation in the oropharynx and systemic absorption.*®
Despite these advancements, some limitations remain. DPIs
require a minimum inspiratory effort to effectively release the
medication, which may still be challenging for the most severely
affected COPD patients. However, continued research into
particle engineering and device design is addressing this gap.*°
Advancements in DPIs, such as engineered particles and breath-
actuated mechanisms, have markedly enhanced their efficacy
and usability. These innovations are especially advantageous for
patients with severe COPD, providing improved drug delivery,
superior symptom management, and diminished exacerbation
risk. As DPIs advance, they are poised to assume a more
significant role in the individualized management of respiratory
diseases.?

4. Particle Engineering and Aerosol Science

Progress in particle engineering has markedly enhanced the
administration of inhaled therapeutics for chronic respiratory
conditions such as COPD. A significant advancement in this
field is the formulation of ultra-fine particles, which are tailored
for improved deposition in narrow airways. These smaller
particles have improved aerodynamic properties, allowing them
to reach the peripheral parts of the lungs more effectively. This
innovation resolves the problem of inadequate drug deposition,
a constraint of previous inhaler technologies. Furthermore, the
advancement of combination therapies, which administer
bronchodilators and corticosteroids in a single inhaler, has
improved patient convenience by minimizing the number of
devices required for treatment. These advancements optimize
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treatment protocols and enhance adherence, which is essential
for disease management.?

The implications of these innovations are substantial. Improving
the targeting of medication to the lungs reduces systemic drug
absorption, consequently lessening side effects like oral thrush
or complications related to systemic corticosteroids. Improved
lung deposition facilitates superior symptom management,
thereby enhancing patients' quality of life.?

Patient-Centered Design Innovations

Modern inhalers increasingly incorporate ergonomic and
accessible designs to cater to a diverse patient population. For
individuals with reduced dexterity, such as those suffering from
arthritis, inhalers featuring streamlined actuation mechanisms
and enlarged dose counters enhance usability. Moreover, tactile
feedback systems enable users to verify correct actuation,
mitigating concerns regarding device misuse. To enhance user-
friendliness for patients with visual impairments, clear labelling
and auditory signals are incorporated into the devices.™
Customization for specific needs is another area of innovation.
Pediatric inhalers are engineered with reduced, age-appropriate
dosages, whereas devices for elderly individuals or those with
cognitive impairments typically incorporate auto-actuation or
preloaded medication. Modular inhaler designs, adaptable to
diverse inspiratory flow capacities, guarantee effective usage
across all patient demographics.’

Integration into Personalized Medicine

The integration of inhaler technologies with digital platforms
supports the broader trend toward personalized medicine. Smart
inhalers equipped with data-tracking capabilities provide
actionable insights into individual usage patterns. These data-
driven interventions enable healthcare providers to identify
adherence challenges, evaluate inhalation techniques, and
customize treatment plans accordingly. Patients who regularly
neglect doses can receive reminders via connected smartphone
applications, enhancing accountability.'4

Moreover, smart inhalers facilitate behavioral support by
involving patients in self-management. Mobile applications
linked to these devices frequently encompass educational
resources, tailored advice, and progress monitoring tools. These
features enable patients to comprehend their condition more
effectively and comply with their treatment regimen.?

Barriers to Implementation

Despite their benefits, advanced inhaler technologies face
several barriers to widespread adoption. The substantial initial
expenses associated with smart inhalers and advanced devices
may restrict their accessibility, especially in low-resource
environments where cost is a significant issue. The dependence
on digital platforms for smart inhalers presents a challenge for
elderly patients or individuals lacking technological
proficiency.?*

A further concern is the absence of regulatory and
standardization frameworks for these devices. Discrepancies in
standards among manufacturers may result in interoperability

challenges, hindering integration into clinical workflows and
electronic health records.?

Future Directions

To fully realize the potential of advanced inhaler technologies,
several key areas need further development. Comprehensive
clinical trials are essential to determine the long-term
advantages of these devices, encompassing their effects on
exacerbation rates, patient quality of life, and healthcare
expenditures. These trials would yield substantial evidence to
facilitate regulatory approval and incorporation into treatment
guidelines.?®

The integration of telemedicine presents a promising
opportunity. By integrating smart inhalers with telehealth
systems, healthcare providers can oversee patient compliance
remotely and implement immediate modifications to treatment
regimens. This method is especially beneficial in the
management of chronic diseases such as COPD, as ongoing
monitoring can avert complications.®

There is an increasing emphasis on sustainability in the
development of inhalers. Numerous companies are developing
eco-friendly designs, including inhalers with reduced carbon
footprints  or recyclable components, to mitigate the
environmental impact of respiratory treatments.4

CONCLUSION

Innovations in particle engineering, patient-centric design, and
digital integration have transformed inhaler technologies,
providing substantial advantages for COPD management.
Despite the persistence of challenges including cost,
technological literacy, and regulatory obstacles, continuous
innovation and research are expected to mitigate these
impediments. These technologies correspond with the transition
towards individualized and sustainable healthcare, guaranteeing
enhanced patient outcomes and ecological accountability.
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