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Abstract

Many children with asthma do not use their inhalers correctly and consequently gain little or no therapeutic benefit from the treatment.
The focus of inhalation therapy should be on those inhalers which are easiest to use correctly by various groups of children and the
amount of tuition and training required to obtain a correct technique. It is recommended that clinicians focus on a limited number of
inhalers. Most children can be taught effective inhalation therapy by using a pMDI, a pMDI with a spacer ,or a DPI.

Most preschool children can be taught effective use of a pMDI and spacer with a valve system and a face mask. Therefore, this is the
preferred mode of delivery in these age groups. When the child is capable of using the spacer without a face mask this administration
technique should be adopted.

In older children pMDIs are more difficult to use correctly than a pMDI with a spacer, a DPI ,or a breath-actuated pMDI. Because DPIs and
breath-actuated pMDIs are more convenient to use these devices are normally considered the preferred inhalation devices in these age
groups except for administration of beclometasone dipropionate, which for safety reasons should be delivered by a spacer.
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Introduction

More than 100 different inhaler/drug combinations are now
available for the treatment of asthma. Although such a variety
increases the likelihood of finding an appropriate inhaler for
each individual patient, it also increases the complexity of
inhaler choice for clinicians and it may also reduce the
physician’s or nurse’s experience with each individual inhaler.
Therefore, it may be better for the individual clinician to focus
on a limited number of inhalers to get better experience with
the devices used.

The following three inhalation systems constitute the
cornerstone of inhalation therapy in children with asthma
(nebulisers are only needed in a few patients and are
therefore not discussed here):
® (Conventional pressurised metered-dose inhalers (pMDI)
® pMDI with a spacer attached
® Dry powder inhalers (DPI)

These three inhaler systems differ with respect to
construction, aerosol cloud generation, optimal inhalation
technique and ease of use. Still, with appropriate tuition and
training, virtually all paediatric patients — including children less
than 1 year old — can be taught effective inhaler use with one of
these three systems. The precondition for this is accurate
knowledge about the nature and magnitude of the problems
that children of various age groups experience when using these
devices correctly.

The aims of this paper are:
® {0 summarise the differences in aerosol deposition between

children and adults and the impact of these differences on

the therapeutic ratio of the inhaled drug

® to summarise the most common problems experienced by
various age groups of children in using their inhalers correctly

® {0 provide some guidance about the tuition and amount of
training required to ensure successful inhalation therapy in
children with the various devices, and

® {0 provide a brief and simple aid for clinical decision-making
for choice of inhalers in preschool as well as school-aged
children

Why inhaled therapy?

When inhaled therapy is used the administered therapeutic dose
is small as compared with other routes of administration and
consequently the incidence of systemic side effects is very low.
This is particularly important in the case of inhaled corticosteroid
(ICS) treatment. Compared with oral administration, delivery of
the drug directly to the airways by inhalation has a more rapid
onset of action which is advantageous when bronchodilators are
used to treat acute attacks of bronchoconstriction. Also,
inhalation of a Pz-agonist offers marked protection against
exercise-induced asthma which is common in children. In
contrast oral administration of high doses of the same drug has
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no or only a marginally protective effect against this condition.’
For these reasons inhalation therapy constitutes the cornerstone
of asthma management in children of all ages, and several
randomised controlled trials (RCTs) have demonstrated the
superiority of inhaled asthma treatment over orally administered
treatment.

The majority of information about the various inhalers
normally comes from in vitro studies measuring particle size
distribution and deposition patterns in an impactor. Such
information is useful for estimating in vivo deposition patterns in
the airways and assessment of the therapeutic ratio for the
inhaled drug. However, the clinical importance of small, but
statistically significant, differences in these parameters for the
daily treatment of asthma is not well known. The prediction is
not straightforward since one particle with a mass median
diameter (MMAD) of 4 um will contain 16 times more drug than
a particle with a MMAD of 1 pm.?? Furthermore, an inhaler with
excellent in vitro characteristics may be clinically less effective
than an inhaler with poorer output characteristics which is easier
for the patient to use. Since guidelines recommend titration of
the ICS dose to the lowest dose which controls the disease, small
differences in lung deposition may not be so important in daily
clinical practice.* In agreement with this the available literature
suggests that there is minimal difference in clinical efficacy
between devices — assuming they are used correctly.* In contrast,
several studies have demonstrated that large numbers of
patients do not use their inhalers correctly and consequently gain
little or no therapeutic benefit from the prescribed treatment.>"
Therefore, the focus of inhalation therapy should probably be re-
directed from a main emphasis on in vitro characterisation to
assessments of which inhalers are easiest to use correctly by
various groups of patients. Due to the heterogeneity of patients
no single inhaler will satisfy the needs of all. This is particularly
true for children where different age groups possess different
psychomotor skills.

Aerosol deposition patterns in children
In general, the larger the particles of an aerosol and the higher
the velocity, the greater is the deposition in the oropharynx and
larynx. In adults deposition in the intrapulmonary airways is
greatest for particles with a MMAD between 1 and 5 pym."™"
Most particles greater than 6 um in diameter will impact above
the level of the larynx and particles with a MMAD less than 1 pm
may not be deposited at all because they remain in suspension
and are exhaled.

The optimal particle size distribution of an aerosol for
effective lung deposition and therapy in children is not known.
Impactor studies with inlets mimicking a cast of a young child’s
upper airways suggest that a small particle size may be even
more important for children than for adults.” Due to the smaller
upper airway dimensions in children, a much larger proportion of
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the inhaled drug is deposited in the oropharyngeal region than in
adults (for some inhalers this increased proportion is > 5-fold).'
This can be clinically important if the corticosteroid used has a
high systemic absorption of drug deposited in the oropharyngeal
region (such as beclometasone dipropionate or triamcinalone
where around 50% of orally deposited drug becomes
systemically available'). Thus a typical deposition pattern of 200
mcg beclometasone in a 7-year old child delivered from a pMDI
or a DPI will be around 160 mcg deposited in the oropharynx and
around 10 mcg in the intrapulmonary airways. In such a case the
total systemic availability of drug will be: 50% of 160 mcg from
the oropharynx + 10 mcg from the lungs = 70 mcg. If a pMDI
with spacer had been used around 20 mcg beclometasone
would have been deposited in the lungs and 20 mcg in the
mouth," resulting in a total systemic exposure of 30 mcg even
though lung deposition was higher. These considerations are
even more important in young children because lung deposition
decreases and oropharyngeal deposition increases with
decreasing age. Typically lung deposition from the same pMDI-
spacer combination could be 1-2% in infants, 4-6% in children
aged 2-6 years and 12% in a 10-year old child."*' This is also one
of the reasons why young children often need almost the same
inhaled dose as older children to obtain the desired clinical effect.

For corticosteroids such as ciclesonide, fluticasone propionate
or fumarate, and mometasone fumarate, with a high first pass
metabolism, these considerations are only important in terms of
the risk of local adverse effects, which are generally milder and
rarer in children than in adults. However, for beclometasone
dipropionate a high oropharyngeal deposition should be avoided
because it increases systemic effects without an additional
increase in clinical effect.??** Therefore, beclometasone
dipropionate should always be given by a spacer device or from
a device such as the HFA-BDP Autohaler, which delivers ultrafine
particles and therefore has less oropharyngeal deposition.”
However, even for the Autohaler, use of a spacer improves the
therapeutic ratio of beclometasone somewhat.™

Common problems that children have in
using their inhalers correctly
Pressurised metered dose inhalers (pMDls)
In pressurised aerosols the active drug is dispersed in
suspension or as a solution in a small canister. Previously,
chlorofluorocarbon (Freon) was the preferred propellant, but
this is increasingly being replaced by hydrofluoroalkane-134a
(HFA). The patient actuates a dose of aerosol by pressing down
the canister into the actuator seating. This releases a metered
volume of drug, propellants and surfactant through the
actuator orifice into the air.

Pressurised metered-dose inhalers (pMDIs) contain multiple
doses of the drug and, except for breath-actuated devices, do
not have to be reloaded before each inhalation. The canister of
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suspension aerosols should be shaken before treatment to
ensure proper filling of the metering chamber with a
homogenous mixture of the contents. If the aerosol is cold due
to storage in a refrigerator or in a school bag during winter the
effect of some inhalers decreases because the vapor pressure of
the propellants becomes too low to produce an adequate dose
and sufficiently small drug particles.> The same may be the case
for HFA inhalers which have not been used for some time, in
which case the first 1-3 actuations will not deliver the
prescribed drug dose.* Few pMDIs have a dose counter.

Although correct use of a pMDI looks simple, several studies
have reported that a large proportion of adults as well as
school- age children do not use these devices correctly. Most of
the difficulties are related to problems with correct coordination
of actuation and inhalation — either inhaling too late or too
early in relation to the actuation (Table 1)."'22627 Moreover,
cessation of inhalation when the aerosol particles reach the soft
palate (the cold Freon effect) or actuation of the aerosol into
the mouth followed by inhalation through the nose is
common."? Breath-holding is normally recommended after
the inhalation, but the clinical importance of breath-holding
has not been documented in children. In adults breath-holding
only improved lung deposition after an extremely slow
inhalation,? which virtually no children do when using a pMDI.

It is estimated that more than 50% of school-age children
receiving inhalation therapy with a pMDI gain reduced or no
clinical benefit from the prescribed medication due to incorrect
inhaler use."™ Due to even poorer coordination abilities in
young children, and the reduced strength and dexterity of their
fingers to actuate the aerosol, pMDlIs should not normally be
prescribed to children younger than 7 years old (Figure 1).

Use of a breath-actuated pMDI (Autohaler, EasiBreathe) will
reduce the actuation inhalation coordination difficulties. The
remaining problems remain, however. Studies suggest that this
inhaler should mainly be reserved for children older than 6
years and that children of that age can also use it correctly
during episodes of acute wheeze. 0
pMDI-spacer combinations
Various holding chambers (spacers) may be attached to the
mouthpiece of a conventional pressurised aerosol. These
devices ensure that the aerosol particles have a slower velocity
and a smaller particle size when they reach the patient. This is
a theoretical advantage. Spacers also allow more complete
evaporation of the propellants and deposition of these in the
device before the inhalation. Most devices have a one-way
valve that opens during inspiration and closes during
expiration, which markedly eliminates the coordination
problems seen with the pMDI.**"*> Moreover, the cold Freon
effect is reduced. Therefore, spacers are easier to use than a
pMDI.** Most school-age children can learn the correct use of
these devices after appropriate instruction and demonstration
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Table 1. Inhaler strategy, optimal inhalation technique and most common problems with correct inhaler use in children.

Age groups Optimal technique

Most common problems

pMDI Children > 8 years

Exhalation followed by inhaler
actuation early during a slow

(30 I/min.) deep inhalation followed
by 10 sec. breath-holding

Coordination of actuation and inhalation.

Stop of inhalation at actuation.

Inhalation through the nose and actuation into the
mouth.

Slow inhalation is difficult

Breath-actuated
pMDI

Children > 7 years

Exhalation followed by a slow
(30 I/min) deep inhalation

Slow inhalation is difficult
Stop of inhalation when dose is released

followed by 10 sec. breath-holding

Dry powder inhalers  Children > 5 years

forceful inhalation

(minimal effective flow varies from

Exhalation followed by a deep,

Dose lost if child exhales through the inhaler
Insufficient inhalation flow rate
Dose loading problems*

one type of inhaler to another

A) Children < 3 years
(Use face mask)
B) Children > 3 years
(No face mask)

Spacer with
valve-system

inhalation

Slow deep inhalation (30 I/min.)
followed by 10 sec. breath-holding or
Slow tidal breathing starting
immediately after actuation.
Actuation of only one dose per

Static electricity reduces output* (output reduced
after cleaning)

Air leakage during inhalation due to loosely fitting
face mask

Multiple actuations into spacer

Crying during administration

* Device dependent

Figure 1.

Proportion of children at the first author’s clinic, who, after repeated, individual, personal instructions,

practice at home and demonstrations of the inhalation technique by the child, demonstrated a correct inhalation
technique on at least three of four demonstrations. The instructions were given by an experienced nurse. Over the

years 1682 patients have been instructed according to the same plan. The number of tuitions and instructions varied
from two to eight (mean 3.2). Age and the psychomotor skills of the child influenced the number of training sessions.
DPI = dry powder inhaler, pMDI = pressurised metered dose inhaler (freon). The breath-actuated pMDI was a HFA pMDI.

100 —
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80 —
®» DPI
§ 60 — Spacer + face mask
®
y CFC pMDI
S 40
X
20
0 | I | | T T T I |
0 1 2 3 4 5 6 7 8 9
Age (years)

(Figure 1). Spacers can also be used for delivery of
bronchodilators during attacks of acute bronchoconstriction
when they are as effective as nebulisers.*

Most children younger than 6 years old can also be taught
the effective use of a spacer. The younger age groups need a
face mask attached to the mouthpiece because they cannot
fit their lips tightly around the mouthpiece.?? Although never
studied formally, young children require several more training
sessions than older children before the inhalation technique is
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acceptable. In these age groups help from the parents is
required.

The inhalation technique with spacers is simple, and quiet
tidal breathing normally results in a good clinical effect.® This
inhalation technique is the only possible option in children
younger than 4 years old. However, one study found that, when
inhaling an extra fine particle formulation from a spacer, one
deep inhalation followed by breath-holding resulted in
significantly improved lung deposition compared with tidal
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breathing across all ages in children aged 4 -15 years.™ In young
children the parents should ensure that the valve is moving
correctly.>*¢ Crying during the administration or air leakage
between the face mask and the face due to a loosely fitting face
mask markedly reduces the aerosol delivery to the intra-pulmonary
airways (Table 1). One puff should be actuated into the spacer
followed by some respiratory cycles before the next actuation.
Multiple actuations into the spacer will reduce the amount of
inhaled drug. This is more marked for low volume spacers.?"3

The various spacers vary in size from around 200 ml to 750
ml. The consensus says that (generally speaking) low volume
spacers are preferable in young children, who, due to a low tidal
volume, may have to use several breaths to empty a large volume
spacer.*? Although it sounds plausible, this has never been
formally assessed in vivo. Thus, one study found no differences
between a high and low volume spacer in the amount of drug
inhaled by very young children — probably because the children
increased their minute ventilation once the face mask was placed
over their mouth and nose.* A low dead space of the face mask
may be more important than the volume of the spacer device in
young children. A high dead volume of the face mask combined
with rapid, shallow breathing in a young child may substantially
reduce the inhaled dose.*

The main problem with spacers is that they are bulky,
inconvenient and require a certain amount of maintenance.
Electrostatic charges may interfere markedly with the drug
delivery from some spacer devices.?**# Spacers should be
washed with detergent at least every month. If the spacer device
is made of a material which may become electrostatic they
should be drip dried after washing to limit electrostatic charges.
Spacers made of non-electric chargeable material do not require
this.®% The valves should be replaced at least once a year or
more frequently with some devices.

Spacers reduce the oropharyngeal deposition of drug
substantially (from about 80% to about 30%), yet the dose
delivered to the intrapulmonary airways is often the same or
even higher than that from a pMDI alone®? — though not all
spacers have been thoroughly studied with respect to this.

Generally spacers have a favorable clinical effect/systemic
effect ratio, though this has only been studied in school children
not using a face mask."” The majority of children younger than 4
years old can only use a spacer with a face mask attached. Most
young children breathe in through the nose, which serves as an
efficient filter of larger particles, and therefore may cause
considerable drug deposition in the nose and a reduced
deposition in the lung.” The importance of this has not been
sufficiently elucidated.

Dry powder inhalers

In DPIs, the drug is provided as a finely milled powder in
reservoirs, blisters or gelatin capsules. Each blister or capsule
contains only a single dose of drug substance, so it has to be
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replaced before each treatment. Often the active drug is mixed
with carrier substance such as lactose or micronised glucose so
that the material in the capsules consists of fine drug particles
in large aggregates (diameter of about 60 pm), either alone or
in combination with the large carrier particles. Most of the
particles from DPIs are too large to penetrate into the lungs.
However, the turbulent airstream created in the inhaler during
inhalation causes the aggregates to break up sufficiently to be
carried into the lower airways. Thus the effect of powder
inhalers is dependent upon a certain minimum amount of
energy from the patient's inhalation to create the correct
particle size of the drug and up to a certain point increases in
flow rate will increase the number of particles within the
"respirable range" and the clinical effect of the inhalation. The
dependency of the amount of respirable particles on changes
in the inspiratory flow rate varies markedly between different
DPIs. Some show little variation with increasing flow rate
whereas others show marked increases in inspirable particles
with increasing flow rates. 24’

Forceful fast inhalations enhance the effect of many DPIs in
children, whereas breath-holding, tilting of the head during
inhalation or inhalation from functional residual capacity
instead of residual volume do not seem to influence the clinical
effect.”? The inhalation effort and the inhalation flow rate
required to generate the optimal therapeutic aerosol vary
between different DPIs. Therefore, results obtained with one
inhaler cannot be used to characterise another. All DPIs require
a certain minimum inspiratory flow rate to release the dose and
generate a certain amount of respirable particles. In some
inhalers the flow required to release the dose is lower than the
flow rate needed to generate the optimal amount of particles.
This involves a risk of inhaling a dose which will mainly be
deposited in the mouth.

Even when used optimally, marked (up to 4-fold) variations
exist between different DPIs in the amount of drug deposited in
the intra-pulmonary airways in children.”®*' Generally, the
fraction of the inhaled dose deposited in the oropharyngeal area
after inhalation from a DPI is high, but substantial differences
exist between different devices (from 40% to 80%).%*"

DPIs are breath-actuated and therefore reduce/eliminate the
problems of coordinating actuation and inhalation seen with
the pMDI (Table 1). They are as convenient to carry as a pMDI
but easier to use.**** The various DPIs also seem to differ in their
ease of use.”*> However, most studies assessing the frequency
of correct inhaler use score the use by counting the numbers
of errors without weighing the clinical importance of each
error. Therefore, the clinical importance of small differences
between different DPIs in correct inhaler use is not known. The
main problem with DPIs is in training the child not to exhale
through the inhaler before the inhalation, since that will blow
out the dose and increase the humidity within the inhaler.

213


http://www.thepcrj.org
http://www.thepcrj.org

S Pedersen et al.

Some DPIs are single dose inhalers and are therefore less
convenient to use because they have to be loaded before each
inhalation and some children have difficulties doing this (i.e.
this is device dependent). Some reservoir inhalers such as the
Turbuhaler must be loaded in the upright position; otherwise
the metered dose will be reduced when less than half the
number of doses is left in the powder reservoir.

The requirement of a rapid forceful inhalation and no
exhalation through the inhaler for a good effect of a DPI limits
the number of children younger than 6 years old who can
consistently use a DPI correctly. Some children aged 5 can be
taught to use a DPI after repeated tuition, demonstration and
training at home. However, even after such measures the
majority of children younger than 5 years of age cannot
consistently use a DPI correctly.®® Therefore, DPIs should
preferably be reserved for children older than 5 years (Figure 1).

Storage of the powder at high humidity may dissolve the
drug or influence inter-particulate bonding in some devices so
that large agglomerates are formed, which are not easily
dispersed into sufficiently fine particles by the inhalation.””*¢The
same phenomenon may also be seen in some devices if the
patient by mistake exhales through the inhaler after the dose
has been loaded.

Tuition and amount of training required
for successful inhaler use

Initial tuition and training as well as repeated follow-ups are
crucial for correct inhaler use in children. Prescription of
inhaled therapy to a child should always be accompanied by
thorough tuition of correct inhaler use followed by the child's
repeated demonstration of the inhalation technique.
Pamphlets and videos may be helpful,** but they cannot stand
alone - individual, personal instruction and repeated
demonstration of the inhalation technique by the child are
necessary. The number of corrections and demonstrations of
technique depend on age and the psychomotor skills of the
child. After three instructions and demonstrations 98% and
92% of 6-11 year old children demonstrated a correct
technique using a pMDI spacer or DPI. After two repetitions
the corresponding figures were 90% (spacer) and 76% (DPI).°
These results seemed independent of whether a pediatrician
or a trained nurse gave the instructions.

No studies have formerly assessed the amount of repetitions
required in pre-school children, but it is likely to be higher than
three. One study assessed the use of a DPI (Turbuhaler) in
children aged 3-6 years; the conclusion was that even after
repeated instructions and three weeks with daily practising at
home with electronic training device only children aged 5 could
use the inhaler correctly most of the time.*

A correct inhalation technique is often lost over time, and
therefore inhalation instructions should be given repeatedly to
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SUMMARY BOX

Inhaler strategy in different age groups of children
Based on current knowledge, a rational inhaler strategy in
children can be summarised as follows:

Children < 5 years: pMDIs or DPIs should not normally be used
in these age groups. Some children aged 5 can be taught to use
a DPI provided repeated tuition, demonstration and control is
given. The vast majority of children younger than 6 years can be
taught effective use of a pMDI and spacer with a valve system
and a face mask for daily delivery of maintenance treatment as
well as for treatment of acute episodes of wheeze with -
agonists. Spacers are as effective as nebulisers both for daily
treatment and during acute episodes of wheeze. Since spacers
are more convenient, cheaper and require less maintenance,
they are the preferred device in these age groups. When the
child is capable of using the spacer without a face mask
effectively this administration technique should be adopted.
Children > 5 years: In these age groups pMDIs seem to be
more difficult to use correctly than a pMDI with a spacer, a DPI
or a breath-actuated pMDI. Because DPIs and breath-actuated
pMDIs are more convenient to use than a pMDI with a spacer
these devices are often considered the preferred inhalation
devices except for administration of beclometasone propionate,
which should always be given by a spacer device. A pMDI with
a spacer, a DPI, or a breath-actuated pMDI can all be used
effectively during episodes of acute wheeze.

With this approach children can be taught effective inhaler use
with a minimum of instructional time. Finally, it must be
remembered always to consider the child's wishes since
prescription of an inhaler which the physician but not the child
likes is likely to reduce compliance.

achieve and maintain correct inhalation technique in asthmatic
children. Patients should demonstrate their inhalation technique,
and relevant instructions and corrections should be provided, at
every visit and/or regularly at prescription renewals. This will
reduce the deterioration in inhalation technique with time,
irrespective of the type of inhaler used.

Children who have initially received comprehensive
inhalation instructions with repeated checks of proper inhalation
technique at the pharmacy or in a clinical trial setting are also
more likely to maintain a correct inhalation technique than
children who have only received a single instruction.”*

Follow-up of asthma patients and repeated inhalation
instruction is time-consuming. However, the clinical results will
be better and one trial suggested that the improvements were
achieved at a lower daily dose of inhaled corticosteroid.”® The
main reason for this seemed to be that the frequency of a correct
inhalation technique increased from 64% to 95% during the
one-year study period.
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