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ABSTRACT

Objective. The objective of the present study was to perform a systematic review of instruments
aimed at evaluating pressurized metered-dose inhaler (pMDI) administration technique in children
and evaluating the measurement properties of these instruments. Methods. A systematic search of the
literature was performed in order to identify studies in which an instrument (scale, checklist, or ques-
tionnaire) for evaluating pMDI administration technique in children was described. Instruments were
evaluated based on their reliability, validity, utility, endorsement frequency, restrictions in range, com-
prehension, lack of ambiguity, and lack of value-laden or offensive content. Results. A total of 24 instru-
ments were identified. The age of the children ranged from 1 month to 18 years, the number of steps or
items included in the instruments ranged from 3 to 21, and nearly half of the instruments distinguished
between essential and non-essential steps or items. In only 7 of the 24 instruments was there a report of
their measurement properties, mainly reliability and utility. Taking into consideration the information
contained in the instruments, as well as their measurement properties, we determined four instru-
ments to be the best of the available ones. Conclusions. Among the 24 instruments for the assessment
of pMDI administration technique in children that were identified and systematically examined, four
were considered to be the best ones available. However, additional evaluation of their measurement
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properties should be done before using them in clinical practice and for research purposes.

Introduction

Asthma and other obstructive airway diseases have been
widely recognized as the most common chronic diseases
of childhood and as major public health problems in many
countries around the world [1]. Inhalation has become
the preferred route of administration of medications in
the management of asthma and other obstructive air-
way diseases, mainly because of its direct delivery to the
airways, thus producing a more rapid onset of action
and fewer systemic side effects, with smaller doses than
would be required with other routes of administration [2].
Among the different types of inhalation devices, pressur-
ized metered-dose inhalers (pMDIs) are the most com-
monly recommended and most widely used devices for
pediatric patients because of their efficacy, portability, and
general acceptance by asthmatic children and their care-
givers [3].

However, an appropriate technique for the adminis-
tration of an inhaler is critical to achieve an optimal

therapeutic effect. There is compelling evidence showing
that an inadequate inhaler technique is associated with
decreased lung deposition, suboptimal therapeutic effect,
and an increase in the side effects of inhaled medications.
Specifically, it has been reported that misuse of pMDIs
decreases the lung deposition of bronchodilators from
20% to 7% [4], produces a significant loss of potential effi-
cacy of bronchodilators due to decreased bronchodilata-
tion (30%) [5], and is associated with poorer asthma con-
trol in inhaled corticosteroid-treated asthmatics [6].

The use of pMDIs in conjunction with valved hold-
ing chambers or spacers with an appropriate mouth-
piece or a well-fitted face mask is strongly recommended
for reducing problems associated with the coordination
and inhalation of medications in pediatric patients [3].
Depending on the child’s cognitive ability, a number of
skills are considered critical for an effective delivery of
inhaled medications to the conducting airways. These
skills usually comprise shaking of the canister prior to
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actuation; the correct assembly of the spacer device and
the pMDIs; the form, mechanism, and actuation moment
of the canister; holding the breath during a phase of the
breathing cycle (inhalation/exhalation) or before, during,
or after canister actuation (when using chamber with
mouthpiece); and the closing of the mouth around the
mouthpiece or good face-mask fitting [7-9].

The majority of these skills have been grouped in a
number of instruments (scales, checklists, or question-
naires) that have been used mainly for research purposes.
However, to the best of our knowledge, no previous stud-
ies have performed a systematic review of all available
instruments intended to evaluate pMDI administration
technique among children with asthma and other RADs,
and no studies have evaluated the measurement proper-
ties of these instruments. This systematic review is impor-
tant because choosing the most effective instruments for
the evaluation of pMDI administration technique is crit-
ical, not only for research, but also for clinical purposes.
Identifying the most appropriate instrument for evaluat-
ing pMDI administration for a specific patient may per-
sonalize teaching based on individual skills. This tailored
intervention may notably improve pMDI technique and
ultimately have a great impact on clinically important out-
comes such as asthma control.

The overall goal of the present study was to perform
a systematic review of instruments aimed at evaluating
pMDI administration technique among children with
asthma and other obstructive airway diseases and eval-
uating the individual measurement properties of all the
available instruments.

Methods

Search strategy

A systematic search of the literature was performed by
two independent reviewers of the electronic databases
PubMed and Embase from the inception of the database
to December 2015 in order to identify studies in which
an instrument (scale, checklist, or questionnaire) was
described for evaluating pMDI administration technique
among children with asthma and other obstructive airway
diseases.

For this search strategy, the following mesh terms and
free text words were used to search the PubMed database:
(inhal* OR spacer* OR inhal* device OR metered-dose
inhaler) AND (skill* OR inhal* skill OR utilization OR
technique OR use OR evaluation OR administration tech-
nique OR application OR inhal* technique OR inhal*
treatment) AND (scale OR instrument OR checklist)
AND (childhood asthma OR asthma outcome OR asthma

education OR control of asthma OR asthma control). For
the purpose of including additional studies, we examined
the references of the identified articles, and we contacted
experts in the field. Any disagreements were resolved by
discussion, and if necessary a third reviewer was involved.
We considered studies published in any language.

Inclusion and exclusion criteria

Studies of instruments were included if they evaluated
inhaler administration technique among children with
asthma and other obstructive airway disesases, whether
or not they assessed the measurement properties of
the instruments. Articles reporting on instruments that
exclusively evaluated dry powder inhaler administration
technique were not included.

Data extraction

From the included studies, we extracted descriptive data
(author, year, setting, age range of the children, and
disease characteristics) and the key features and mea-
surement properties of the selected instruments (source
of instrument, construct, number of items/domains,
response options, interpretation, validity, and reliability).

Assessment of the measurement properties of the
selected instruments

For the purpose of evaluating the measurement properties
of identified and selected instruments, we used the check-
list for assessing the usefulness of rating scales proposed
by Streiner [10]. This checklist consists of 5 domains, each
dealing with one of the following measurement proper-
ties: where the instrument’s items originated (previous
scales, clinical observation, expert opinion, patients
reports, research findings, or theory); assessment of the
instrument’s items for endorsement frequency (percent-
age of participants who selected each of the response
options), restrictions in range, and comprehension; reli-
ability (internal consistency, test-retest reliability, and
inter-rater agreement); validity (face validity, content
validity, criterion validity, and construct validity, this lat-
ter understood as the degree to which the measurement
corresponds to other variables and measures that are not
identical to the construct of an appropriate technique for
the administration of an inhaler, but to which the con-
struct of an appropriate technique for the administration
of an inhaler should be related); and utility (completion
time, training time, and scoring). Each domain of this
checklist contains 3 to 6 items on relevant aspects of
domain appraisals (Table 1). Studies were not rejected
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on the basis of these measurement properties; rather, the
results were synthesized in order to facilitate the selec-
tion of the best available instrument. All measurement
properties were scored independently by two researchers
(CERM, GN) before reaching a consensus.

Selection of the best available instruments

When deciding on the best available instruments we con-
sidered the following criteria: First, we took into account
that the choice of devices for children is critically affected
by the child’s cognitive ability: it is recommended that
children up to 3 years of age be treated with pMDIs
with a valved holding chamber and a facemask. How-
ever, as soon as the child is able to use a mouthpiece (at
about three to four years of age), this should be encour-
aged, since mouthpiece breathing increases lung deposi-
tion compared with facemask breathing [3].

Furthermore, the recommended technique when
inhaling from a pMDI and a spacer with mask in young
children is through a normal, quiet breathing. However,
it is recommended that children > 6 years of age use
a “single-breath” technique, because this technique is
associated with greater lung deposition compared to
the normal, quiet breathing technique [3]. Second, we
considered the form of scoring for the instrument. Ide-
ally the instrument should yield a number that can be
manipulated statistically and that is based on a functional
analysis of each of the skills contributing to drug delivery
(assigning different weights to different items and giving
higher value to items considered critical for effective
delivery of medication to the conducting airways) [10].
Finally, we took into account the individual measurement
properties of all the available instruments.

Results

Results of the search

The study selection process is shown in Figure 1. The sys-
tematic search of databases retrieved 91 studies. Among
those, 81 were excluded. Eighteen additional potentially
relevant studies were identified from reference lists, of
which 14 finally met the inclusion criteria. Finally, 24
studies using these same instruments for assessing pMDI
administration technique among children with asthma
and other obstructive airway diseases were included in the
review.

Content and properties of the instruments

Table 1 describes characteristics of each of the 24
included studies. Out of the total of 24 instruments

Electronic databases
search
n=91

.

Documents excluded as not relevant because
they do not include any instrument aimed at
evaluating metered-dose inhaler administration
technique
n=81

'

Potentially relevant documents for further
evaluation

n=10

¢ Documents excluded
n=4

Additional potentially relevant studies identified
from reference lists
n=18

Study performed with adults (n=1)

Study not using an instrument for assessing the
pMDI administration technique (n=1)

Review article (n=2)

Studies that met the inclusion criteria and that
were finally included in the review
n=24

Figure 1. Study flow diagram for studies reporting instruments
aimed at evaluating pMDI administration technique among chil-
dren with asthma and other reactive airway diseases. *pMDI:
pressurized metered-dose inhaler.

included, 20 (83.3%) were designed for assessing pMDI
administration technique among asthmatic children and
the remaining 4 (16.7%) for assessing pMDI admin-
istration technique among children with other types
of obstructive airway diseases, not necessarily asthma
[12,23,26,28]. The sample size of the studies that included
the instruments ranged from 36 to 270 children. Although
most of the instruments assessed the administration
of pMDI with a spacer (with facemask and/or mouth-
piece), a few assessed the administration of pMDI alone
[27,32].

The age of the children ranged from 1 month to
18 years, with some instruments not distinguishing
between the use of a mouthpiece and the use of a spacer
with a facemask for assessing the administration of pMDI
in patients within a wide range of age. The number of
steps or items included in the instruments ranged from
3 to 21, with nearly half of the instruments distinguish-
ing between essential and non-essential steps or items.
With respect to the scoring of the instruments, the major-
ity of instruments rated each step or item as success-
fully demonstrated or incorrect, instead of giving a scor-
ing based on a functional analysis of each of the skills
contributing to drug delivery. Most instruments con-
tained steps or items that were derived from previous
scales, a review of the literature, clinical experience, and
recommendations given by biomedical research agencies
such as the National Institutes of Health. However, in 8



instruments (33.3%), it was not stated where the steps or
items originated [14,18,24,26,27,29,34,35].

Measurement properties of the instruments

In only a minority of the instruments (8/24) was there a
report of their measurement properties [7,8,11-16]. The
two measurement properties most frequently assessed
and reported were reliability and utility. With respect to
the former, the measurement properties most often used
as a measure of reliability were internal consistency and
inter-rater agreement. In three of the instruments, inter-
rater agreement was determined using the kappa statistic,
with levels of agreement ranging from moderate to almost
perfect [8,11,12]. In two of the instruments, internal con-
sistency was determined using Cronbach’s alpha coefhi-
cient, with levels of internal consistency ranging from
acceptable to excellent [8,13].

With respect to utility, 5 of the studies reported
the methodology or the time necessary for training
researchers in the use the instruments [7,8,11,14,15].
Regarding validity, only two of the studies reported data
on the validity of the instruments, with one of them
reporting on construct validity [16] and the other report-
ing on content validity [13]. No instrument reported
information regarding endorsement frequency, restric-
tions in range, or comprehension of the items or steps
contained in the instruments.

Results of the selection of the best available
instruments

When considering what the instruments measures and
how well they have been validated, we determined that
the best available instruments are those used by Boccuti
[8], Sleath [11], Welch [12], and Kamps [15], because
these instruments met a greater number of the above-
mentioned criteria.

Discussion

The present study shows that a total of 24 instruments
devoted to the evaluation of pMDI administration tech-
nique among children with asthma and other RADs have
been reported in the literature. The majority of these
instruments were designed for assessing the technique of
the administration of the pMDI with a spacer among asth-
matic children within a wide range of age, rating each step
or item as successfully demonstrated or incorrect. They
contained steps or items that came from previous scales,
a review of the literature, clinical experience, and recom-
mendations given by biomedical research agencies. How-
ever, in only a minority of the instruments was there a
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specific report on their measurement properties, includ-
ing reliability, utility, and validity.

As far as we know, no previous studies have systemat-
ically evaluated the measurement properties of all avail-
able instruments intended to assess pMDI administration
among children with asthma and other obstructive airway
diseases. Deciding which is the best available instrument
for daily clinical practice and for research purposes is
essential, not only for ensuring valid information, but also
for taking appropriate corrective actions in case of the
detection of an inadequate inhaler technique. In addition,
through the identification of pitfalls in all the available
instruments for the evaluation of pMDI administration
among children with asthma and other obstructive air-
way diseases, the present study could provide critical new
information that will be helpful in the design of future
instruments intended for evaluating this technique of
administration.

We found that age range was a feature consistently
reported in the tools used to assess pMDI technique
in children. Some instruments are aimed toward age-
specific ranges, while others are designed to be used
more broadly. As mentioned above, we determined that
the best available instruments are those used by Boccuti
[8], Sleath [11], Welch [12], and Kamps [15]. However,
none of these instruments is perfect. For example, the
instrument used by Boccuti [8] assessed the technique
of pMDI administration using a mouthpiece and per-
forming a “single-breath technique” (which is correct
for the age group evaluated), weighted items differently
according to their contribution to the total score, and
assessed some aspects of reliability and utility, but failed
to assess validity, other aspects of reliability (test-retest
reliability), and other aspects of utility (completion time
and scoring), as well as additional aspects (endorsement
frequency, restrictions in range, and comprehension).
Additionally, this instrument is not intended for use in
children less than seven years of age.

Likewise, the instrument used by Welch [12] assessed
the technique of administration of pMDI in a correct
manner according to the age group, weighted items dif-
ferently according to their contribution to the total score,
and calculated and reported the inter-rater agreement.
However, it only assessed children aged 1 to 6 years old,
and it failed to assess validity, utility, other aspects of
reliability (internal consistency and test-retest reliability),
and the additional aspects mentioned above. Similarly, the
instrument used by Kamps [15] evaluated children within
a wider age range (1-14 years) and assessed some aspects
of utility but did not report other measurement proper-
ties, and the scoring system consisted of rating each essen-
tial step as successfully demonstrated or incorrect. Other
non-selected instruments included children within a wide
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range of age, assessed the technique of administration of
pMDI in a correct manner according to the age group, and
discriminated between essential and non-essential steps
but did not report any measurement property [17, 18].

Our results are in overall agreement with previous
studies that have performed systematic reviews of instru-
ments aimed at evaluating a wide range of health care
topics in children, including physical activity [19], devel-
opmental co-ordination disorder [20], and cerebral palsy
[21]. All of these reviews concluded that current studies
do not provide enough information regarding the psycho-
metric properties of available instruments, and that future
studies should include additional psychometric proper-
ties in order to ensure valid and reliable measures.

We are aware that our research may have three limita-
tions. First, the methodology used to evaluate the avail-
able instruments is more appropriate for evaluating scales
than checklists [10]. However, scales, checklists, question-
naires, and other instruments have in common that they
are attempting to quantify the amount of some attribute.
Accordingly, a systematic evaluation of these instruments
needs to ensure the quality and validity of the informa-
tion obtained and that they measure the attribute with
minimal error [10]. Second, the Consensus-based Stan-
dards for the selection of health Measurement INstru-
ments (COSMIN) initiative developed a checklist aimed
at evaluating the methodological quality of studies on
measurement properties, and it has been widely used for
this purpose [22].

However, our main objective was to identify all avail-
able instruments that evaluate pMDI administration tech-
nique among children with asthma and other obstructive
airway diseases, rather than performing a systematic
review of the measurement properties of these instru-
ments. For this reason, and because we anticipated a sig-
nificant number of studies not primarily aimed at exam-
ining the measurement properties of the instruments and
because we lacked information on the majority of these
measurement properties, we decided not to use the COS-
MIN checklist in our study. Finally, the literature search
may have been incomplete because we did not include
grey literature, unpublished work, and dissertations.

Conclusions/Key findings

For the assessment of pMDI administration technique
among children with asthma and other obstructive
airway diseases, 24 instruments were identified and
systematically examined. However, only 7 out of the 24
measurement instruments included a report of their
measurement properties, including reliability, utility, and
validity. Selecting an instrument intended to evaluate
pMDI administration technique among children with

asthma and other obstructive airway diseases requires
taking into consideration what the instrument measures
and how well it has been validated. Based on these cri-
teria, we selected four instruments as the best of the
available ones. Nonetheless, none of the four instruments
is perfect, and before making a decision regarding the
adoption of any of these instruments in clinical practice
or for research purposes, additional evaluation of their
individual measurement properties should be done in
order to ensure appropriate validity and reliability within
the specific context in which the instrument will be used.
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