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Abstract

Inhalation therapy represents the standard of care in children, adolescents as

well as in young, middle-aged and geriatric adults with asthma or chronic

obstructive pulmonary disease. However, there are only few recommendations

for the choice of inhalation devices, which consider both, age-specific

limitations in young and geriatric patients. Transition concepts are lacking. In

this narrative review, the available device technologies and the evidence for

age-specific problems are discussed.

Pressurized metered-dose inhalers may be favoured in patients who fulfill all

cognitive, coordinative and manual power requirements. Breath-actuated

metered-dose inhalers, soft-mist inhalers or the use of add-on devices such as

spacers, face masks and valved holding chambers may be suitable for patients

with mild to moderate impairments of these variables. In these cases, available

resources of personal assistance by educated family members or caregivers

should be used to allow metered-dose inhaler therapy. Dry powder inhalers

may be reserved for patients with a sufficient peak inspiratory flow and good

cognitive and manual abilities. Nebulizers may be indicated in persons who

are either unwilling or unable to use handheld inhaler devices. After initiation

of a specific inhalation therapy, close monitoring is essential to reduce

handling mistakes.

An algorithm is developed that considers age and relevant comorbidities to

support the decision-making process for the choice of an inhaler device.
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1 | OBJECTIVES

Obstructive airway diseases are common and may affect
infants, children and adolescents as well as young,
middle-aged and geriatric adults. In clinical practice,
inhaler usage may be incorrect due to individual limita-
tions in coordination of actuation and inhalation, manual
dexterity and power, peak inspiratory flow (PIF) and cog-
nitive status. These limitations may often be challenging
in paediatric, geriatric and comorbid patients and show
the need to establish individualized recommendations.

It is the aim of this narrative review to give an
overview of the available evidence and to derive a
proposal for an algorithm for a personalized device
therapy in infants, children, adolescents, adults and
geriatric patients.

2 | DATA SOURCE

The PubMed and Cochrane Library databases were
selectively searched for current studies, meta-analyses
and guidelines (from 1990 up to July 2022; search
restricted to articles published in English language
and reporting data from human subjects) on inhalation
device use in asthma or chronic obstructive pulmonary
disease (COPD).

3 | STUDY SELECTION

The search terms were ‘asthma’, ‘chronic obstructive
pulmonary disease’, ‘inhaler’, ‘inhalation’, ‘device’,
‘nebulizer’, ‘children’, ‘adult’, ‘adolescent’,
‘comorbidity’ and ‘geriatric’. Special attention was paid
to the current guidelines and the international Global
Initiative for Asthma (GINA) and the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) reports.
All titles and abstracts were systematically reviewed.
Case reports, abstract-only-publications, double
publications and non-peer-reviewed publications were
excluded. In case of given relevance of the remaining
abstracts, the full-text publications were analysed in
detail and screened for data contributing evidence to the
objectives of this review.

4 | RESULTS

Multiple factors may influence the adherence and the
efficacy of inhalation therapy including device technique,
drug formulation and inhalation pattern. In addition,
inhalation therapy is limited by factors such as patient’s

age and comorbidities. Neonates, children and geriatric
patients represent patient collectives in which conven-
tional inhalation therapy may be less effective or not
feasible. The physiological specificities to be considered
in infants and children are due to the process of growth
and maturation. The main difficulties arise around
aspects such as lip closure when using a mouthpiece, the
manual power required for actuation of metered-dose
inhalers (MDIs) and the coordination of the actuation
and inhalation maneuver. The physiological specificities
to be accounted for in the elderly include a progressive
reduction in the compliance of the chest wall, a reduction
in strength of the respiratory muscles, and anatomical
changes to the lung parenchyma and peripheral airways.
The functional consequences in paediatric and geriatric
patients are decreased peak inspiratory and expiratory
airflows due to limited vital capacity.

Apart from these considerations, especially in paedi-
atric and geriatric patients, stable chronic disease may
represent another condition than acute exacerbation in
respect of ability of correct device usage.

All of these factors may contribute to decreased drug
delivery and reduced therapeutic efficacy as well as a
possible increase in side effects.1

Numerous devices for inhalative drug administration
have been developed.

In general, inhalation therapy devices are categorized
as (1) nebulizer: compressed air jet or ultrasound
nebulizer; (2) MDI: conventional pressurized MDI,
breath actuated MDI; (3) dry powder inhaler (DPI); and
(4) soft-mist inhaler (SMI). Inhalation masks, mouth-
pieces, spacers, valved holding chambers (VHCs) and
inhalation co-training of caregivers represent specific
technical and educative approaches to facilitate the inha-
lation procedure and to increase the delivery efficiency.
Each approach is characterized by specific advantages
and disadvantages, which may be considered in the deci-
sion process for a specific inhalation device (Table 1).
Overall, inhalation therapy has to be regarded as a highly
individualized principle of therapy.

In the current guidelines and previously published
reviews, dedicated recommendations are given for the
use of different drugs adapted to specific situations.2–4

Increasing evidence may aid the decision-making process
in the selection of an age-appropriate specific inhalation
device in young and geriatric patients.

4.1 | Device technologies

For drug delivery to the bronchiole of the lower respira-
tory tract and lungs, particle sizes of 2–5 μm (fine) or
<2 μm (extra-fine) are favoured as more peripheral
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TAB L E 1 Inhaler devices: advantages and disadvantages.

Inhaler device Advantages Disadvantages

Small volume
nebulizer

Jet nebulizer - Patient coordination not required
- Effective with tidal breathing, breath-

hold not necessary
- Manual dexterity and power not

necessary for inhalation
- Peak inspiratory flow not relevant for

efficacy
- Good cognitive status not required
- Application of high doses possible
- Dose modification possible
- Combination therapies feasible
- Supplemental oxygen administration

possible
- No propellants

- Not portable
- Pressurized gas source required
- Long preparation and treatment

time
- Contamination possible
- Manual dexterity for device

preparation and cleaning
required

- Limited availability of medication
with soluble formulations

- High cost of device/compressor
- Potential aerosolization of

infectious particles

Ultrasonic nebulizer - Patient coordination not required
- Effective with tidal breathing, breath-

hold not necessary
- Manual dexterity and power not

necessary for inhalation
- Peak inspiratory flow not relevant for

efficacy
- Good cognitive status not required
- Application of high doses possible
- Dose modification possible
- Small dead volume
- Quiet
- Small and portable
- Fast delivery
- No drug loss during exhalation
- No propellants

- High cost of device
- Need for electrical power source

(portable units available)
- Long preparation and treatment

time
- Contamination possible
- Manual dexterity for device

preparation and cleaning
required

- Limited availability of medication
with soluble formulations

- Potential drug degradation/airway
irritation with some drugs

- Potential aerosolization of
infectious particles

Mesh nebulizer - Patient coordination not required
- Effective with tidal breathing, breath-

hold not necessary
- Manual dexterity and power not

necessary for inhalation
- Peak inspiratory flow not relevant for

efficacy
- Good cognitive status not required
- Application of high doses possible
- Dose modification possible
- Small dead volume
- Quiet
- Small and portable
- Fast delivery
- No drug loss during exhalation
- No propellants

- High cost of device
- Need for electrical power source

(portable units available)
- Long treatment time
- Contamination possible
- Manual dexterity for device

preparation and cleaning
required

- Limited availability of medication
with soluble formulations

- Potential drug degradation/airway
irritation with some drugs

- Potential aerosolization of
infectious particles

Metered-dose
inhaler (MDI)

Pressurized metered-dose
inhaler (conventional)

- Small and portable
- Short treatment time
- Peak inspiratory flow of minor

relevance for efficacy
- No contamination of content
- No preparation time
- High dose–dose reproducibility
(dose counter in newer devices)

- Coordination of inhalation and
actuation

- Requires breath-hold
- Requires good cognitive status
- Manual power for device actuation

necessary
- Risk of high pharyngeal deposition
- Potential for abuse

(Continues)
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deposition may be achieved. Modern inhaler devices are
characterized by pulmonary deposition fractions of 40%–
50% of the nominal dose, compared to fractions of 10%–
15% in older devices.5

4.1.1 | Nebulizers

In nebulizers, drug solutions and suspensions are physi-
cally transformed to small aerosol droplets. Nebulizers

TAB L E 1 (Continued)

Inhaler device Advantages Disadvantages

- No exact dose counting
- Propellants
- Upper dose limit

Breath-actuated metered-dose
inhaler

- No coordination of breathing and
actuation necessary

- Range of drug content
- Higher costs

Supportives Valved holding chamber, spacer
(used in combination with
MDI)

- Reduced need for patient
coordination

- Reduced pharyngeal deposition

- For some patients more complex
inhalation

- Difficulties in connecting inhaler
with spacer

- Risk of reduced dose availability
(drug deposition at spacer walls)

- Patient does not feel entering of
medication in airways

- Reduced portability
- Additional costs

Inhalation mask (used in
combination with MDI)

- Reduced need for adequate lip
closure

- Risk of reduced dose availability
(drug deposition at face mask
walls and skin)

- Increased dead space
- Difficulties in connecting

components
- Additional costs

Dry-powder
inhaler (DPI)

Dry-powder inhaler
• single dose devices
• multidose and multiunit

devices
• power-assisted devices

- Breath-actuated
- Small and portable
- Short treatment time
- Reduced need for patient

coordination
- Reduced manual power is not critical
- No propellants
(dose counter in most devices)

- Requires moderate to high
inspiratory flow (exception:
power-assisted devices)

- Requires breath-hold
- Requires good cognitive status
- Risk of high pharyngeal deposition
- Some devices require manual

dexterity in preparation
- Some units are single dose
- Confusing diversity of device

technologies
- Patient does not feel entering of

medication in airways

Soft-mist inhaler
(SMI)

- Small and portable
- Short treatment time
- Peak inspiratory flow of minor

relevance for efficacy
- Reduced need for patient

coordination
- No contamination of content
- No cleaning necessary
- No preparation time
- Less pharyngeal deposition
- Reduced speed of aerosol cloud
- No propellants

- Requires breath-hold
- Requires good cognitive status
- Manual power for device actuation

necessary
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allow the application of high dose drug formulations.
Different technical solutions are used to generate drug
aerosols, the most important of which are the jet and the
ultrasonic nebulizer techniques. Both techniques may be
applied to administer beta-agonists, anti-cholinergic
agents and inhaled corticosteroids. In jet nebulizers, a
compressor (compressed air or oxygen) is used, and frag-
mentation of the solution is reached by atomization pro-
ducing droplets with a diameter of up to 5 μm. Ultrasonic
nebulizers use a piezoelectric transductor that converts
potential differences in vibration and thereby allows
aerosolization of the drug solutions (in some products
less effective for corticosteroids).6

Mesh nebulizers represent a third technical approach
using a vibrating mesh disc (contraction and expansion
of a vibrational element results in upward and downward
movements of a domed aperture plate with tapered holes)
or a vibrating horn (piezoelectric crystal vibrates at a high
frequency when electrical current is applied, a transducer
horn causes upward and downward movement of the
mesh plate).7 The drug delivery is controlled by a micro-
chip and an adaptive aerosol system that pulses the drug
exclusively during the inhalation phase.

Overall, nebulizers may be indicated in persons who
are either unwilling or unable to use inhaler devices. The
introduction of portable units to the market made nebu-
lizers attractive for routine use in these patients.

4.1.2 | MDIs and supportive devices

The central technical element is a metering valve that
dispenses a predefined propellant volume including the
aerosolized drug dose. Apart from propellant and drug, a
surfactant substrate may be added to reduce particle
agglomeration and to maintain homogenous dispersion
of the drug. All components are held under high pressure
in an aluminium container and are set free by decom-
pression in the metering valve. The decompression is
manually triggered by pressing the bottom of the canister
against the actuator. By the power of decompression, a
dispersion of aerosolized particles is ejected. In the
administration forms in which the drug is not soluble in
the propellant gas, the device must be shaken before
usage in order to prepare a homogenous solution before
applying a puff.

Pressurized MDIs represent the most frequently pre-
scribed inhaler devices. Patients appreciate the small size,
which allows the use as a pocket device. The main disad-
vantages are the necessity of sufficient manual power, of
precise coordination of the actuation and inhalation
maneuver, and the lack of dose counters in the older
models.

Breath-actuated MDIs represent another technical
solution for patients with reduced coordination abilities.
The inhalative flow triggers the release of the drug
ensuring the coordination of inhalation and actuation.
The lung deposition rate is comparable to the standard
pressurized MDIs in patients with adequate coordinative
abilities.8

The fine dispersion of the aerosolized drug may be
supported by using spacers, which increase lung deposi-
tion and reduce the oropharyngeal drug deposition. This
approach decreases the risk of oropharyngeal candidiasis
under treatment with inhalative corticosteroids. Spacers
require a certain degree of coordination between manual
MDI actuation and inhalation maneuver. This problem
may be solved by the use of a one-way valve. In the
nomenclature, spacers with a one-way valve are classified
as VHCs to clearly distinct between technical devices
with and without a valve. VHCs ensure a unidirectional
flow of the aerosolized drug out of the chamber by pre-
venting perturbations in the spacer during tidal breath-
ing. The positive effect of increased lung deposition is
reached by accepting a slightly higher inhalation resis-
tance in most VHCs. Comparing spacers and VHCs, there
is no clear evidence that one technology is more effective
than the other. The prescription of a specific supporting
device should remain an individual decision process.
Overall, spacers and VHCs represent simple technical
approaches for patients with impaired inhalation maneu-
ver or coordination abilities, namely in paediatric, geriat-
ric or co-morbid patients, the lung deposition may be
increased by 30%–120%.9

4.1.3 | DPIs

In DPIs, agglomerates of drug particles or drug particles
adherent to lactose carriers represent the most common
drug formulations. Depending on the formulation, the
device allows deagglomeration of the drug and drug
release from the carrier substrates, respectively, to enable
the deposition of drug particles of at most 5 μm in diame-
ter. Single dose devices have to be separated from multi-
dose/multiunit devices and power-assisted devices. The
latter address the fact that in progressive disease, some
patients may not be able to generate an adequate PIF. The
device technology uses battery-driven impellers and vibrat-
ing piezoelectric crystals to support the dispersion of the
drug particles. Apart from handihalers, where a PIF of
20 L/min is sufficient, these active (or power-assisted)
devices allow adequate lung deposition of >40% in patients
with suboptimal PIF rates of about 30 L/min or less.10

The most important advantage of DPIs is that no
coordination of actuation and inhalation is necessary.
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However, a limitation is the obligatory PIF rate,
especially in children under the age of 5 years and
adults with severely impaired lung function. The PIF
required for adequate drug liberation differs substantially
between DPI devices. The resistance is low in Breezhaler;
medium-low in Accuhaler, Diskhaler, Diskus and
Ellipta; medium in Clickhaler, Genuair/Pressair,
Spiromax/RespiClick/Digihaler and Turbuhaler
(Symbicort); medium-high in Easyhaler (combination
therapy), Nexthaler, Turbuhaler (Pulmicort) and
Twisthaler; high in Easyhaler (monotherapy) and
Handihaler.11 In the presence of reduced inspiratory
flow, power-assisted devices represent an attractive but
relatively cost-intensive solution. An advantage may be
the environmental impact as DPIs are free of propellants
and reusable devices may reduce plastic waste.

Multiple different device technologies of DPIs
have been developed and introduced to the market by
promoting technical specificities. The multitude of
devices may lead to confusion and the risk of lacking
skills of usage education in patients as well as in
physicians.

The usage of some DPI devices may be limited as
impaired manual dexterity may result in handling prob-
lems with essential steps (opening of medication blisters,
insertion of capsules, manual device activation steps to
allow drug release).

In addition, there is no clear evidence that certain
products are per se superior compared to the others. Con-
sequently, the guidelines do not recommend certain
products but advise to practise shared decision making
together with the patients and caregivers. Furthermore,
the number of different device types should be mini-
mized and device types should not be switched without a
clear indication.

4.1.4 | SMI

The SMI is a propellant-free multidose inhaler where a
metered dose of drug solution is set free by a uniblock
nozzle. The nozzle generates soft mist of aerosol. In pres-
surized MDIs, the mean velocity of the generated aerosol
at a 10 cm distance is about 2.0–8.4 m/sec with a mean
duration of aerosol liberation of 0.15–0.36 s. Compared to
this, the mean velocity of the generated aerosol at a
10 cm distance from the SMI nozzle is 0.8 m/sec, the
mean duration of aerosol liberation is 1.5 s.12 In conclu-
sion, SMIs are characterized by small particle sizes,
higher lung deposition, reduced ejection speed and lon-
ger aerosol liberation, which may be attractive for use in
patients with reduced abilities in actuation/inhalation
coordination.

4.2 | Limitations in inhaler usage

None of the previously published pooled meta-analyses
of these devices showed a significant difference in any
efficacy outcome nor in any patient group for each of the
clinical settings that were investigated.1,13 Each of the
delivery devices provided similar outcomes in patients
using the correct technique of inhalation.1 However, it
has to be considered that the majority of comparative
studies were designed to show the equivalence among
different devices in highly selected and trained patients.5

Apart from highly selected trial populations, limitations
in inhaler usage may be a relevant problem in the
real-life scenario.

Sulaiman et al. demonstrated that the main errors in
inhaler use relate to problems with inspiratory flow,
inhalation duration, coordination, dose preparation,
exhalation maneuver prior to inhalation and breath-hold
following inhalation maneuver.14

4.3 | Age-specific limitations

The GINA and GOLD recommendations point out that
up to 70%–80% of patients are unable to use their
inhalers correctly and are unaware of the fact that their
mode of application is ineffective. Known risk factors for
inappropriate inhaler usage are older age, use of multi-
ple devices and lack of education in inhaler usage.15 In
their meta-analysis of asthma patients in 14 studies, Bar-
bara et al. found evidence that, despite a heterogenous
dataset, increasing age is associated with increasing pro-
portions of incorrect MDI and DPI users.16 Usmani et al.
analysed 41 studies reporting data on critical MDI and
DPI user errors in asthma and COPD patients.17 They
found age, education status, previous inhaler instruction,
comorbidities and socioeconomic status to be associated
with frequently worse handling. Thirty-three of the
analysed studies examined the effect of patient age
(29 in adults, four in paediatric patients). Only 12/33
found age to be associated with worsening frequency of
inhaler errors. More recent studies could demonstrate
that device usage errors are more common in older
patients.18,19

In one paediatric study, it was analysed whether there
were differences in the usage of a spacer in combination
with a mouthpiece versus a spacer combined with a face
mask. Interestingly, it could be shown that more critical
errors occurred in the spacer-mouthpiece group. It was
demonstrated that inhaler technique errors were most
prominent in the adolescent population, possibly coincid-
ing with the process of transitioning to a mouthpiece and
more independence in medication administration.20

492 HAGMEYER ET AL.



4.3.1 | Paediatric patients—problems and
solutions

Defining strategies for inhalation therapy in paediatric
patients is difficult. In theory, most devices may be appli-
cable for use in children. However, many inhaled drugs
are used off-label in paediatric patients, which is either
due to the use for a different indication in a younger age
group or combined with an individual support device.
Evidence in this field is growing but sparse.21 In addition,
the optimal size of aerosol particles has not yet been
determined for certain situations such as when artificial
airways (e.g., spacers, VHCs) are used or when the
application is performed via the oronasal orifices. The
evidence for transnasal aerosol inhalation therapy in
infants and children is limited, and the efficacy in clinical
routine remains unclear.22

According to the GINA recommendations, a pressur-
ized MDI with a VHC (with or without face mask,
depending on the child’s age), represents the preferred
delivery system for paediatric asthma patients. However,
the dose delivered by the VHC may vary between the dif-
ferent models. Models with documented efficacy in chil-
dren should be given preference. As young children are
completely reliant on tidal breathing during inhalation
therapy, the time for whole dose consumption may vary
depending on the tidal volume of the child and the
chamber’s dead space and volume. Lower volumes may
be preferred in young children. However, the data is
heterogeneous, as some studies did not detect any
differences in bronchodilator responsiveness in relation
to spacer device selection.23 VHCs made of antistatic
materials should be preferred in order to reduce drug loss
caused by drug attraction due to static charge on some
plastic spacers.

Nebulizers are reserved for the children who are not
able to use spacers adequately. This inability may be due
to age, maturity, comorbidities or acute psychological
stress in the situation of emergency. There is little
evidence regarding the necessary skills or the optimal age
for transitioning children from the mask-plus-VHC
concept to a mouthpiece-plus-VHC concept.24 Herbes
et al. analysed MDI therapy with a VHC and face mask
in 117 low-risk newborns and showed that only 37% were
able to generate a sufficient negative pressure to open the
chamber valve.25

Iramain et al. demonstrated in 103 children
(aged 2–14 years) who were admitted to the emergency
room with a severe acute exacerbation of asthma,
that administration of salbutamol/ipratropium by MDI
with VHC and face mask was more effective than a
nebulizer therapy.26 Snider et al. analysed 890 patients
(aged 2–17 years) with mild to moderate asthma

exacerbations and demonstrated the non-inferiority of
MDI albuterol therapy compared to breath-actuated
albuterol nebulizer therapy.27

4.3.2 | Comorbid and geriatric patients—
problems and solutions

In general, in elderly patients, coordination problems
and cognitive impairment may play a relevant role in
inhaler misuse, though the problems may be resolved by
focused training.28,29

It is important to estimate the patient’s PIF capacity
when the initiation of DPI therapy is being considered.
In COPD patients, it has been shown that using different
DPI devices leads to changes in PIF and thereby to
potential variations in drug deposition.30 It may be chal-
lenging to estimate the PIF in clinical routine to predict
the potential benefit from DPI devices. Disease severity
does not per se predict the feasibility of DPI therapy as
peak expiratory flow may not correlate with PIF. Spi-
rometry delivers PIF values but is not available in all
patients. Maximum airflow generated during inhalation
in litres per minute against the simulated resistance of a
DPI (PIFr) is regarded as a predictor of delivery effi-
ciency of DPI devices.11 By this, PIF metres with adjust-
able resistance may aid with device selection. Handgrip
strength measurement represents a simple clinical test
potentially correlating with the PIF. Frohnhofen and
Hagen could demonstrate that results from handgrip
strength measurements could be a predictor for a suc-
cessful DPI therapy in geriatric patients with COPD.31

Recently, the concepts of breath-actuated MDIs and
SMIs have been established, which show advantages
especially in aged or arthritis patients with problems in
coordination of actuation and inhalation. These devices
can be actuated by low airflow rates, which makes the
technique attractive for patients at all severities of
disease.

Shirmanesh et al. demonstrated a reduced ability of
rheumatoid arthritis patients to manually complete all
steps to operate their device.32 Similar problems are
observed in patients with visual impairments or neuro-
logic disorders like Parkinson’s disease and status post
stroke. Patients who remain unable to effectively use
handheld inhalers despite instruction should be consid-
ered for an alternative approach. In case that personal
assistance by educated family members or caregivers is
available, these resources should be used to allow MDI
therapy. Optionally, the therapy may be supported by
additional tools like face mask, spacer or VHC. This
approach is highly effective and time-sparing. Therefore,
it should be favoured over nebulizer use, which would
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remain a kind of a last resort. However, nebulizers
should be considered in all patients with cognitive
impairment, inadequate manual dexterity or manual
weakness when personal assistance is not sufficiently
available.

In theory, the inhalation of extra-fine particles may
lead to improved topical drug effects in the smaller air-
ways. However, in the study of Price et al., it was demon-
strated that there were no relevant differences between
the effects of fine versus extra-fine particles. Interestingly,
the results of the elderly patients (aged 61–80 years, 37%
of all patients) were similar to those of the whole
cohort.33

4.4 | Improving efficacy of the
established inhalator therapy

Overall, there is only limited evidence on the effect of
interventions to improve the inhaler technique.34 The
critical population at risk (paediatric, geriatric and
comorbid patients) is not well studied. Most of the
data discussed above are derived from retrospective
analysis or small prospective studies in a heterogenous
population. The critical population at risk represents
only a subgroup in some studies. Only in few studies,
the population at risk was predefined as primary
endpoint. By this, the reported data are hypothesis-
generating but should be substantiated by further pro-
spective studies.

Recent data could suggest that there is a need for
focused surveillance in the transition periods from
infancy to childhood to adolescence and later to senes-
cence.20 These transition steps represent cornerstones of
disease management where devices and supporting tools
may be adjusted according to individual conditions. In
these vulnerable situations, a concise education has to
ensure correct device utilization in order to maintain
maximal lung deposition of the drug.

In general, confusing technical specificities of the
available inhalation devices and lack of skills in device
usage among both patients and health care providers,
may contribute to insufficient therapy benefit.

There are, however, strategies to ensure an
appropriate inhaler usage. Dedicated patient education
by skilled personnel should be followed by repetitive
demonstration of application by the patient at the
follow-up visits and correction of detected mistakes in
device usage. In geriatric patients, repetitive and
intensive device training significantly reduced handling
mistakes.29 Where possible, a single device technology
should be implemented, as this concept increases
adherence and disease control.1

4.5 | The decision-making process for an
inhaler device

In conclusion, age, cognitive status, visual acuity, manual
dexterity, manual strength and coordination abilities may
be as important factors as the disease severity for the
individual decision-making process for optimal
inhalation therapy. Comorbidities, such as cardiovascular
and generalized arteriosclerosis, chronic renal failure,
osteoporosis, obesity, polyneuropathy, arthritis, cognitive,
visual and auditory impairment, may influence the
treatment choices. Furthermore, polypharmacy and age-
related changes in pharmacokinetics and pharmacody-
namics should be considered to reduce adverse drug
effects, drug–drug or drug–disease interactions and ther-
apy incompliance.

4.6 | Reasonable strategy

The modern concepts of inhalation therapy imply the
need for a highly individualized approach with close
follow-up and monitoring.35

For infants and children, a strategy that respects
maturity and psychomotor skills may be reasonable,
taking into account the acceptance of the device by the
caregiver. In elderly patients, the concept should be
adapted according to the limitations caused by cognitive
impairments or comorbidities. A proposal for an algo-
rithm for the individual decision-making process is given
in Table 2.

Pressurized MDI may be suitable for patients who ful-
fill all cognitive, coordinative and manual power require-
ments. Breath-actuated MDIs, SMIs, VHCs, spacers and
face masks may be suitable for patients with mild to
moderate impairments of one or more of these variables.
In these cases, available family members and caregivers
should be trained to assist with the inhalation therapy.

DPIs may be applicable, irrespective of coordination
skills but are reserved for patients with a sufficient PIF
and good cognitive and manual abilities.

Nebulizers represent a reasonable solution for
patients who are unsuitable for handheld devices, espe-
cially for the very young, elderly and acutely ill patients
where personal assistance of family members or care-
givers is not available.

The preferences of the patient should be integrated
into the decision-making process. Where possible, a
single device technology should be implemented, as this
concept increases adherence and disease control. Mixed
devices should be avoided.

Finally, upon initiation of a specific inhalation ther-
apy, close monitoring is essential.
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4.7 | Unanswered questions and future
directions

Inhalation strategies are often ineffective in very young
and elderly patients. Evidence in this field is still growing
but sparse. More studies that address the endpoints
symptom relief, patient satisfaction with the therapeutic
concept and adherence are needed. In paediatric patients,
real-life data do not reflect data from large clinical trials;
off-label strategies are common. More data is needed to
prove the benefit of these approaches. The demographic
change leads to an increase of geriatric patients in health
care facilities. However, these patients are underrepre-
sented in clinical phase 3 trials.

Limited delivery efficiency is still a major issue of cur-
rent device technologies. Delivery may be affected by
characteristics of the devices and also by patient’s cogni-
tive resources, coordination between inhalation and actu-
ation, inspiratory flow and breathing pattern. Recent
developments aimed to generate particle sizes with better
penetration to the targeted sites and to allow easier acti-
vation of the device with inspiratory flow. Computer
chips were used to develop smart delivery devices, which
provide feedback to patients; a strong confirmation of a
favourable cost/benefit ratio with this approach is pend-
ing.35 In everyday practice, smart technologies may not
be applicable with the population, in which drug admin-
istration is critical (children, geriatric and comorbid
patients). Increasing the ease of use by including fewer
steps in using the device and reaching a better portability
are aims that still need to be addressed. These consider-
ations demonstrate that addressing single technical issues
may not be goal-oriented and may not overcome the gen-
eral problem of limited drug delivery and adherence.

Innovative approaches may help to overcome the
problem of low lung deposition of the inhaled drug. First
data are reported from new formulations like nanoparti-
cles and several small molecules. A new research field is
the area of targeted carrier systems (e.g., polymeric par-
ticulate carriers, lipid based carriers or viral DNA/RNA
vectors). These carriers may be used as vehicles for
conventional synthetic drugs and also for nanoparticles,
peptides or nucleic acids.36 The clinical applicability is
still unclear. Nevertheless, the results from preclinical
studies are encouraging, and data from clinical trials are
awaited.

5 | CONCLUSIONS

Inhalation therapy has to be regarded as a highly individ-
ualized concept of therapy. Age, maturity and comorbid-
ities should be considered when choosing a specific

inhalation device. Standardized algorithms may support
this decision process. A close monitoring is essential as it
may detect handling mistakes and the need to modify the
device concept. In the future, novel approaches may
increase the therapeutic effect by overcoming the prob-
lem of limited drug deposition in the small airways.
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19. Horv�ath A, Farkas Á, Szip}ocs A, Tomisa G, Szalai Z, G�alffy G.
Numerical simulation of the effect of inhalation parameters,
gender, age and disease severity on the lung deposition of dry
powder aerosol drugs emitted by Turbuhaler®, Breezhaler®

and Genuair® in COPD patients. Eur J Pharm Sci. 2020;154:
105508. doi:10.1016/j.ejps.2020.105508

20. Samady W, Rodriguez VA, Gupta R, Palac H, Karamanis M,
Press VG. Critical errors in inhaler technique among children
hospitalized with asthma. J Hosp Med. 2019;14(6):361-365. doi:
10.12788/jhm.3195

21. Wachtel H, Nagel M, Engel M, El Azzi G, Sharma A,
Suggett J. In vitro and clinical characterization of the valved
holding chamber AeroChamber plus(®) flow-vu(®) for admin-
istrating tiotropium Respimat(®) in 1-5-year-old children with
persistent asthmatic symptoms. Respir Med. 2018;137:181-190.
doi:10.1016/j.rmed.2018.03.010

22. Pediatric BA, Therapy A. Pediatric aerosol Therapy. Respir
Care. 2017;62(6):662-677. doi:10.4187/respcare.05298

23. D’Vaz N, Okitika TA, Shackleton C, Devadason SG, Hall GL.
Bronchodilator responsiveness in children with asthma is not
influenced by spacer device selection. Pediatr Pulmonol. 2019;
54(5):531-536. doi:10.1002/ppul.24263

24. Volerman A, Balachandran U, Siros M, Akel M, Press VG.
Mask use with spacers/Valved holding chambers and metered
dose inhalers among children with asthma. Ann am Thorac
Soc. 2021;18(1):17-22. doi:10.1513/AnnalsATS.202005-522CME

25. Herbes C, Gonçalves AM, Motta GC, Ventura D, Colvero M,
Amantéa SL. Metered-dose inhaler therapy with spacers: are
newborns capable of using this system correctly? Pediatr Pul-
monol. 2019;54(9):1417-1421. doi:10.1002/ppul.24436

26. Iramain R, Castro-Rodriguez JA, Jara A, et al. Salbutamol and
ipratropium by inhaler is superior to nebulizer in children with
severe acute asthma exacerbation: randomized clinical trial.
Pediatr Pulmonol. 2019;54(4):372-377. doi:10.1002/ppul.24244

27. Snider MA, Wan JY, Jacobs J, Kink R, Gilmore B, Arnold SR.
A randomized trial comparing metered dose inhalers and
breath actuated nebulizers. J Emerg Med. 2018;55(1):7-14. doi:
10.1016/j.jemermed.2018.03.002

HAGMEYER ET AL. 497

https://orcid.org/0000-0003-4285-1244
https://orcid.org/0000-0003-4285-1244
info:doi/10.1378/chest.127.1.335
http://www.ginasthma.com
http://www.ginasthma.com
http://www.goldcopd.org
info:doi/10.21037/atm-20-1682
info:doi/10.1016/j.rmed.2017.01.006
info:doi/10.1016/j.rmed.2011.11.016
info:doi/10.1136/thx.46.10.712
info:doi/10.1186/s40749-015-0011-0
info:doi/10.1183/2312508X.10019314
info:doi/10.1183/2312508X.10019314
info:doi/10.1016/j.chest.2021.03.049
info:doi/10.1089/jam.2005.18.273
info:doi/10.1089/jam.2005.18.273
info:doi/10.1111/jgs.15602
info:doi/10.1164/rccm.201604-0733OC
info:doi/10.2147/COPD.S117196
info:doi/10.2147/COPD.S117196
info:doi/10.1183/16000617.0055-2017
info:doi/10.1186/s12931-017-0710-y
info:doi/10.2147/COPD.S178040
info:doi/10.2147/COPD.S178040
info:doi/10.1016/j.ejps.2020.105508
info:doi/10.12788/jhm.3195
info:doi/10.1016/j.rmed.2018.03.010
info:doi/10.4187/respcare.05298
info:doi/10.1002/ppul.24263
info:doi/10.1513/AnnalsATS.202005-522CME
info:doi/10.1002/ppul.24436
info:doi/10.1002/ppul.24244
info:doi/10.1016/j.jemermed.2018.03.002


28. Lee HY, Song JH, Won HK, et al. Comparing inhaler use tech-
nique based on inhaler type in elderly patients with respiratory
disease. Tuberc Respir Dis (Seoul). 2021;84(1):46-54. doi:10.
4046/trd.2020.0021

29. Luley MC, Loleit T, Knopf E, Djukic M, Criée CP, Nau R.
Training improves the handling of inhaler devices and reduces
the severity of symptoms in geriatric patients suffering from
chronic-obstructive pulmonary disease. BMC Geriatr. 2020;
20(1):398. doi:10.1186/s12877-020-01804-4

30. Altman P, Wehbe L, Dederichs J, et al. Comparison of peak
inspiratory flow rate via the Breezhaler®, Ellipta® and
HandiHaler® dry powder inhalers in patients with moderate
to very severe COPD: a randomized cross-over trial. BMC Pulm
Med. 2018;18(1):100. doi:10.1186/s12890-018-0662-0

31. Frohnhofen H, Hagen O. Handgrip strength measurement as a
predictor for successful dry powder inhaler treatment: applica-
tion in older individuals with COPD. Z Gerontol Geriatr. 2011;
44(4):245-249. doi:10.1007/s00391-011-0222-1

32. Kafaei Shirmanesh Y, Jones MD. Physical ability of people
with rheumatoid arthritis and age-sex matched controls to use
four commonly prescribed inhaler devices. Respir Med. 2018;
135:12-14. doi:10.1016/j.rmed.2017.12.014

33. Price D, Small I, Haughney J, et al. Clinical and cost
effectiveness of switching asthma patients from fluticasone-
salmeterol to extra-fine particle beclometasone-formoterol:
a retrospective matched observational study of real-world

patients. Prim Care Respir J. 2013;22(4):439-448. doi:10.4104/
pcrj.2013.00088

34. Normansell R, Kew KM, Mathioudakis AG. Interventions to
improve inhaler technique for people with asthma. Cochrane
Database Syst Rev. 2017;3(3):Cd012286. doi:10.1002/14651858.
CD012286.pub2

35. Sorino C, Negri S, Spanevello A, Visca D, Scichilone N.
Inhalation therapy devices for the treatment of obstructive
lung diseases: the history of inhalers towards the ideal inhaler.
Eur J Intern Med. 2020;75:15-18. doi:10.1016/j.ejim.2020.02.023

36. Osman N, Kaneko K, Carini V, Saleem I. Carriers for the tar-
geted delivery of aerosolized macromolecules for pulmonary
pathologies. Expert Opin Drug Deliv. 2018;15(8):821-834. doi:
10.1080/17425247.2018.1502267

How to cite this article: Hagmeyer L, van
Koningsbruggen-Rietschel S, Matthes S,
Rietschel E, Randerath W. From the infant to the
geriatric patient—Strategies for inhalation therapy
in asthma and chronic obstructive pulmonary
disease. Clin Respir J. 2023;17(6):487‐498. doi:10.
1111/crj.13610

498 HAGMEYER ET AL.

info:doi/10.4046/trd.2020.0021
info:doi/10.4046/trd.2020.0021
info:doi/10.1186/s12877-020-01804-4
info:doi/10.1186/s12890-018-0662-0
info:doi/10.1007/s00391-011-0222-1
info:doi/10.1016/j.rmed.2017.12.014
info:doi/10.4104/pcrj.2013.00088
info:doi/10.4104/pcrj.2013.00088
info:doi/10.1002/14651858.CD012286.pub2
info:doi/10.1002/14651858.CD012286.pub2
info:doi/10.1016/j.ejim.2020.02.023
info:doi/10.1080/17425247.2018.1502267
info:doi/10.1111/crj.13610
info:doi/10.1111/crj.13610

	From the infant to the geriatric patient-Strategies for inhalation therapy in asthma and chronic obstructive pulmonary disease
	1  OBJECTIVES
	2  DATA SOURCE
	3  STUDY SELECTION
	4  RESULTS
	4.1  Device technologies
	4.1.1  Nebulizers
	4.1.2  MDIs and supportive devices
	4.1.3  DPIs
	4.1.4  SMI

	4.2  Limitations in inhaler usage
	4.3  Age-specific limitations
	4.3.1  Paediatric patients-problems and solutions
	4.3.2  Comorbid and geriatric patients-problems and solutions

	4.4  Improving efficacy of the established inhalator therapy
	4.5  The decision-making process for an inhaler device
	4.6  Reasonable strategy
	4.7  Unanswered questions and future directions

	5  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


