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General introduction

General introduction

Asthma
Asthma is the most common chronic disease of childhood. Worldwide asthma affects 300
million individuals. Five to ten percent of all schoolchildren suffer from asthma and in
most countries the prevalence of asthma is still increasing.1 In the Netherlands there has
been a five-fold increase in incidence of childhood asthma from 1984 to 1997, followed by
a decrease from 1998 to 2006, with a stabilisation in the past few years.2
Asthma is characterized by chronic airway inflammation. The exact causes of asthma
remain uncertain but the aetiology is complex and multifactorial and involves the
interaction between genetic (history of asthma in the family, atopy) and environmental
stimuli (e.g. respiratory infections, exposure to air pollution and/or tobacco smoke, exercise
and stress).1 The underlying chronic airway inflammation, often characterised by eosinophilic
activity and allergic inflammation, leads to airway obstruction, bronchial hyperresponsiveness
to various specific and non-specific triggers, and mucus hypersecretion, potentially resulting
in irreversible structural histological changes also known as remodelling.1
Characteristic asthma symptoms are recurrent episodes of wheezing, breathlessness, chest
tightness and coughing during the day or night (nocturnal symptoms). These characteristic
respiratory symptoms, in combination with abnormalities of ventilatory function (variable
expiratory airflow limitation) are traditionally used to diagnose asthma and to monitor
asthma control.

Asthma management and monitoring
The primary goal of asthma management is to obtain and maintain optimal asthma
control, and thereby reduce future risks to the patient and optimise prognosis. Long-term
goals include reducing the risk of fixed airflow limitation, preventing asthma exacerbations,
hospital admissions, oral prednisone courses, side effects of treatment, and normal
participation in school, work and sports.
Currently international guidelines emphasize the importance of monitoring asthma,
although there is still no consensus on how to determine asthma control.1, 3, 4 Asthma
control reflects the level of disease stability and is described as minimizing asthma symptoms
and exacerbations, restrictions in daily activities and the use of rescue medication.
Asthma management should be adjusted in a continuous cycle with ongoing assessment
of disease deterioration to obtain and maintain asthma control and a life with no or very
minimal impairment.
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Due to the variability and fluctuations in asthma severity and objective findings throughout
childhood, and additionally the fact that monitoring strategies are influenced by several
factors (e.g.) comorbidities, age, socio economic status, psychosocial factors and
environmental exposures), the optimal strategy for asthma monitoring and its frequency
is still unknown. Ideally, monitoring asthma in children should take into account all these
aspects and should be adjusted to the patients’ needs and wishes. Personalised treatment
and monitoring should be the fundamental part of comprehensive asthma management
and the room for improvement of monitoring paediatric asthma is quite substantial. It is
important to develop more tools to monitor asthma, with the goal to provide a realistic
and complete view of the health status of each child with asthma.

Asthma control
Asthma control has been defined by The National Asthma Education and Prevention
Program (NAEPP) as: ‘the degree to which manifestations of asthma are minimized by
therapeutic intervention and the goals of therapy are met’.4 The global Initiative for
Asthma (GINA) distinguishes between well controlled, partly controlled and uncontrolled
asthma (table 1) and states that monitoring is essential to maintain asthma control at the
lowest step of treatment.1
Table 1 GINA assessment of asthma control in adults, adolescents and children 6-11 years
Asthma symptom control
In the past 4 weeks, has the patient had:

Well
controlled

Daytime asthma symptoms more
than twice/week?

Yes/No

Any night waking due to asthma

Yes/No

Reliever needed for symptoms more
than twice/week?

Yes/No

Any activity limitation due to asthma?

Yes/No

Partly
controlled

None of these 1-2 of these

Uncontrolled

3-4 of these

From the Global Strategy for Asthma Management and Prevention 2019, © Global Initiative for Asthma (GINA) all
right reserved. Available from http://www.ginasthma.org

The British Thoracic Society recommends the assessment of asthma control based on
clinical manifestations, (partly) assessed by objective questionnaires, and FEV1.3 To achieve
and maintain control, all these guidelines, including the Dutch guideline, propose a step
up-step down scheme to adjust therapy.
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Despite the existence of evidence-based guidelines and proper treatment, good asthma
control is not achieved in a substantial proportion of children with asthma.1, 4-6 Therefore,
monitoring asthma control is essential in order to assess disease deterioration and to
know if asthma control is achieved. There are several tools available to measure and
monitor asthma control; subjective parameters like daily and nocturnal symptoms (often
assessed with internationally validated questionnaires) and more objective measures (e.g.
spirometry, bronchoprovocation tests). Several internationally validated questionnaires
to assess the level of asthma control in children and adults are available.7-9 One of the
questionnaires to assess asthma control in children is the Asthma Control Test (ACT) or
the Children Asthma Control Test (C-ACT), both by Juniper.8
Currently, asthma control is mostly evaluated by the general practitioner or a paediatrician
during routine visits to the outpatient clinic at fixed intervals with an interval of at least
2 to 3 months between the visits, or personalized depending on to patients’ needs, and
disease severity and prior history.

eHealth
eHealth, or electronic health, is a widely used term for the use of information and
communication technology (ICT) in healthcare and has rapidly evolved. It raised great
expectation in monitoring different chronic diseases, such as diabetes, hypertension and
asthma. The introduction of eHealth undeniably offers new possibilities to change the
way healthcare is organised. It has been proposed as an appealing medium to improve
health outcomes and healthcare costs. However, solid high-quality evidence for the
effectiveness of eHealth on health improvement is still limited, inconsistent or measured
over short-term periods, as well as the evidence of (health-)economic benefits.10-12 In
paediatric asthma, studies are even scarcer and only assessed the value of eHealth
initiatives in addition to standard care, rather than replacing it.13-17 Many eHealth initiatives
evaluated in major studies do not reach the stage of sustainable implementation in daily
practice and policy. Therefore, the ERS statement from 2015 ‘Monitoring asthma in
children’ concluded that eHealth initiatives have no place (yet) in routine clinical care of
children with asthma.18
Several questions about the role of eHealth in paediatric asthma still remain. Is eHealth
just an eternal promise or does it already provided an opportunity to optimise asthma
management and improves asthma control? Can eHealth replace routine outpatient visits?
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Aims of the studies in this thesis
This thesis focuses on monitoring paediatric asthma using a virtual asthma clinic (VAC),
called ‘Luchtbrug’. We investigated whether it was possible to substitute 50% of the
outpatient clinical visits by monthly online monitoring of asthma control. We focussed on
the effects on quality of care, quality of life and costs. Additionally, we also investigated
barriers and facilitators for a sustainable implementation of the VAC in daily practice
and policy.
For this study, we developed a VAC for children and teenagers with asthma, which
consisted of a general information module and a private and secure section. The latest
included 1) a communication module, 2) an individual treatment plan and 3) a specific
module to monitor asthma control. First, with the communication module patients could
easily contact their asthma team for questions, receipts and other issues by sending a
message in a private and secure way. Second, their individual treatment plan was
personalised and based on the current guideline ‘Zorgstandaard Astma bij kinderen en
jongeren’. It provides a medication list, overview of the main (treatment)goals for the next
few months, an information part and an action plan. Third, monthly online monitoring of
asthma control was possible by sending an automatically generated internationally
validated questionnaire, ‘the (Children) Asthma Control Test ((C-)ACT).
The study about the efficacy of the VAC was a multicentre prospective, randomised
controlled trial in The Netherlands, with a follow up of sixteen months. Two-hundred-five
patients, aged 6-16 years, participated in four general hospitals and four tertiary referral
centres.
Another study included in this thesis assessed the barriers and facilitators for implementing
the VAC in daily practice and policy was conducted in 11 general hospitals and 3 tertiary
referral centres. For this study, we questioned healthcare providers with different functions
about the barriers and facilitators for using an eHealth innovation.

The main aims of this thesis are:
1.
2.

3.
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To provide an evaluation of monitoring strategies for childhood asthma.
To assess whether asthma control can be improved through a virtual asthma clinic
for children with asthma, while reducing the regular visits to the outpatient clinic
by 50%.
To assess whether asthma care provided through the virtual asthma clinic for children
leads to fewer exacerbations, hospital admissions, unscheduled visits, better adherence
to treatment, lower daily dose of inhaled corticosteroids, better quality of life, lung
function, asthma control score and lower FeNO as compared to usual care.

General introduction

4.
5.
6.

To assess whether asthma care through the virtual asthma clinic is cost-effective.
To assess barriers and facilitators for the implementation of the virtual asthma clinic in
daily practice.
To strive to sustainable implementation of the virtual asthma clinic in daily practice
and policy.

Outline of this thesis
Chapter 2 provides an evaluation of monitoring strategies for childhood asthma. In
chapter 3, we present the main results of our study. We investigated whether online
monitoring using the virtual asthma clinic could improve asthma control while reducing
50% of the outpatient visits. The study compared usual care (outpatient visit every four
months) with care using the VAC (outpatient visits every eight months and monthly
monitoring of asthma control). In chapter 4, the cost-effectiveness of the virtual asthma
clinic is described. This analysis was conducted alongside the randomised controlled trial.
In chapter 5, the effect of the virtual asthma clinic on quality of life and psychosocial
well-being is described. We investigated whether online care using the VAC would
improve quality of life and psychosocial well-being. In chapter 6, different barriers and
facilitators when implementing the virtual asthma clinic in daily practice were presented.
The main findings and future implications described in this thesis are discussed in the
general discussion in chapter 7, followed by a summary in chapter 8.
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Abstract
The goal of monitoring paediatric asthma is to obtain and maintain asthma control, which
is defined as minimizing asthma symptoms, restrictions to daily activities and the use of
rescue medication. Long-term goals include reducing the risk of fixed airflow limitation
and preventing asthma exacerbations and side effects of treatment. Several monitoring
tools are available, but no consensus exists on how to monitor patients in the most
optimal way.
In this review, we provide an overview of different tools and address general considerations
on monitoring childhood asthma. Asthma care should be tailored to the individual
patient. The health care professional should decide which monitoring strategy and
frequency is optimal for the individual patient.
Personalized medicine should be the key issue in monitoring asthma in children. It is
crucial to monitor disease activity and deterioration but there is no monitoring strategy
that is clearly superior compared to others: The optimal strategy and frequency will vary
between patients. Actually, both treatment and monitoring of paediatric asthma probably
benefit from a personalized approach.
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Monitoring paediatric asthma
As for every chronic disease that varies over time, monitoring asthma activity and
deterioration is an essential part of asthma management. The primary aim of asthma
management is to obtain and maintain asthma control, which is defined as minimizing
asthma symptoms, restrictions in daily activity and the use of rescue medication. Long
term goals include reducing the risk of fixed airflow limitation, preventing asthma
exacerbations, hospital admissions, oral prednisone courses and side effects of treatment.
Although several guidelines emphasize the importance on monitoring asthma, there is
still no consensus on how to determine asthma control.1, 2
In this review, we address the different monitoring tools (table 1) that can be used
and discuss general issues related to monitoring childhood asthma. This is a clinical review,
for each subject two authors searched PubMed using as keywords the monitoring tools and
using the limits: publication dates 5 years, English language and child. Results were assessed
by clinical relevance. Important references of these publications were also included.
Table 1 Tools and domains to monitor paediatric asthma
Objective

Patient Reported

Lung function tests:
Maximal Expiratory Flow Volume curves
Bronchodilator Response
Peak flow
Bronchial Responsiveness
Resistance measures

Side effects of asthma medication

Fractional concentration of Exhaled Nitric Oxide

Adherence

Scheduled follow-up visits

Patient reported outcome measures:
Asthma control
Quality of life

Home monitoring

Written action plan
eHealth

Lung function tests
Asthma is characterized by recurrent symptoms like wheezing, shortness of breath and
chest tightness and by variable expiratory airflow limitation.1 Usually it is associated with
airway hyperresponsiveness to allergic and non-allergic stimuli and by inflammation.
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In children of 5 years and older there are several methods to measure airflow limitation like
the Forced expiratory Volume in 1 second (FEV1), bronchodilator response and peak flow
measurements. Body plethysmography is available in many centres, but not used as a
monitoring tool. It can be useful in difficult or severe asthma and gives information about
resistance and air trapping. In younger preschool children the resistance of the respiratory
system measured using the interrupter technique Rint is sometimes available for routine
care. Infant lung function for asthma is only used for research purposes. The multiple
breath wash out techniques (Lung Clearance Index (LCI)) is available for younger children
in limited centres but is scarcely investigated in asthma.

Maximal expiratory flow volume curves (MEFV)
Of all different measurements MEFV curves are the most used tool in diagnosis, monitoring
and management of asthma. In general, from age 5 years on, children can perform
reproducible curves. For technical correct performance in young children, an enthusiastic,
trained lung function technician is necessary, and visual incentives may help obtaining
reliable test results. In children 7 years and older MEFV is routinely measured.
Guidelines recommend MEFV curves, and especially FEV1 with bronchodilator response,
in diagnosing and follow up of asthma periodically,1 though a specific frequency is not
mentioned. Because of the variability of airflow limitation in asthma, lung function is
usually in the normal range in asthmatic children during periods without symptoms.
Therefore, measurements during episodes of symptoms may be much more informative
for diagnosing asthma. Measurement of FEV1 is recommended annually or every 1-2
year,1,3 although randomized controlled trials comparing asthma management using
MEFV and that based on symptoms are lacking. There are several arguments to support
these recommendations. A decrease in FEV1 predicts exacerbations in the next year.4
Regular FEV1 measurements are used to identify children with progressive lung function
decline, who are at risk for fixed airflow limitation later in life.5 In ‘poor perceivers’, children
who do not recognize their symptoms well, FEV1 is a tool to detect a decrease in asthma
control. In these patients it may be useful to measure FEV1 during each visit, although clear
evidence for this is lacking. Unfortunately there is no strong correlation between FEV1 and
symptom scores, therefore both are important in monitoring asthma.6 Because FEV1 can
be normal in patients with asthma due to the variability in airflow obstruction, daily
monitoring of FEV1 could give more information, but in patients with mild to moderate
severe persistent asthma daily home monitoring did not correlate with asthma severity
scores and daily activity.7 Also in patients with severe asthma daily FEV1 monitoring did
not reduce exacerbations.8 An issue in these groups is the adherence to measure FEV1
every day. One could hypothesize that daily FEV1 measurements may be helpful in patients
who are poor perceivers, who do not recognize their symptoms, but RCTs addressing this
issue are lacking.
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Measurement of FEF75% and FEF25-75% is associated with peripheral airways but decrease
of these values is not specific for small airways disease in individual patients. (9)
Measurement of FEF25-75% seem to have no additional value compared to measuring
FEV1 in children with asthma.10

Bronchodilator Response (BDR)
Bronchodilator reversibility testing is the method used to measure the variability in airflow
limitation, one of the characteristics of asthma. In children a reproducible response of
≥ 12% of baseline FEV1 or of 9% of the predicted value is considered as a proof of
reversibility, although this is a highly arbitrary measure.9, 11, 12 BDR will be variable within
patients, and also a persisting BDR during several outpatient clinic visits of >5% of
predicted may indicate an increase of bronchomotor tone.
High BDR is associated with airway hyperresponsiveness, inflammation and good
response to corticosteroids.1 Children with persistent BDR needed more health care,
required more oral prednisolone, had increased disturbed nights due to their asthma and
missed more days at school.13 Patients with persistent BDR are at risk for fixed airflow
limitation, probably due to airway remodelling.14 So BDR seems useful in monitoring
children with asthma, however a randomized controlled trial using BDR as monitoring tool
is not available. BDR measurement is not feasible for home monitoring.

Peak flow
Measurement of peak flow has been widely used as home monitoring tool, because
inexpensive devices are widely available . Reference values have been published but are
of little practical value because the biological variability is large. It is therefore more useful
to assess the personal’s best value of the child, to which all future measurements can be
compared. The mean day-to-day variability of peak flow in healthy children is between
6.2% and 8.2%, with a 95th percentile of 12.3–31%. Variability in peak flow correlates with
BDR response and BHR, but not to asthma severity scores and quality of life scores.7
However, peak flow is not a sensitive measure of peripheral airway patency: FEV1 can be
quite decreased while peak flow is maintained (see figure 1). In addition, peak flow diaries
are notoriously unreliable in asthmatic children.15 Peak flow measurements have been
used in a few RCTs to compare peak flow guided asthma management with symptomsbased management. The results are conflicting. In summary, there are various valid
reasons why daily peak flow measurements are not recommended as a routine part of
asthma management.14

Bronchial Hyperresponsiveness (BHR)
Asthma is usually associated with airway hyperresponsiveness to direct or indirect stimuli,
and with chronic airway inflammation. This may exist even in periods with normal lung
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function and without symptoms.1 To measure airway hyperresponsiveness (AHR)
bronchial provocation tests to a variety of (indirect) stimuli are used, usually using exercise,
or inhalation of methacholine or histamine. Only in a research setting more stimuli are
available like adenosine-5’- monophosphate (AMP) and mannitol. The concentration or
dose of histamine or methacholine causing a 20% decrease of FEV1 is considered as
threshold for normal, mild or severe BHR. A reduction of 10% FEV1 is considered as signal
of exercise induced bronchoconstriction.14 Exercise test are more sensitive when using
cold air, they respond quickly on steroids (1 week),16 while response of provocation tests
with methacholine may take months. Measurement of BHR can add information when
diagnosis is difficult, especially in children with poor perception of symptoms. The value
of additional BHR measurements in asthma management is limited: Asthma treatment
guided by methacholine provocation tests in 210 children showed no benefits compared
to symptoms-based treatment with respect to the number of symptom free days.
It provided better FEV1 outcomes in children with fewer symptoms, despite AHR.17

Interrupter Resistance (Rint) and other resistance measures
Measurement of Rint is a relatively easy method to measure airway resistance and is not
demanding much cooperation of the patient. Therefore, it can be used in preschool
children. Rint can be especially be used to assess BDR but may not be sensitive enough to
assess AHR. Using Rint groups of healthy children can be distinguished from patients with
wheeze, asthma or CF. Unfortunately, cut-off values to detect significant differences in
measurements are variable.18 Asthma at the age of 8 years could not be predicted by Rint
measurement at the age of 4 years in symptomatic children.19 RCTs with Rint as monitoring
tool are not published yet. Other tools measuring airway resistance like FOT (Forced
Oscillation Technique) and iOS (impulse Oscillometry) are available for routine asthma
care in some centres. These have the advantage that these techniques are also non-invasive
and not effort-dependent, only passive collaboration is required. Using sound waves (2-35
Hz) and reflections of the wave’s airway changes are rapidly detected during tidal
breathing.20 Measurements using FOT or IOS have been shown to possibly correlate with
control, symptoms and exacerbations in young children and at school-age.21-23

Conclusion
Different lung function techniques are available, and useful in asthma management. FEV1
measurement and BDR are widely used en recommended. Lung function measurements
provide additional and functional information that does not always correlate with quality
of life or asthma control. Therefore, it is advisable to assess lung function periodically
because it yields different/ additional information. Although there is no solid evidence for
any added value for the patient or his long-term prognosis by using lung function tests in
paediatric asthma management, there is consensus to incorporate Lung function tests in
monitoring paediatric asthma.

26

Monitoring paediatric asthma

Airway inflammation
Introduction
Asthma is usually characterized by chronic airway inflammation. Non-invasive measurement of
inflammation in children is possible with FeNO, exhaled breath condensate and induced
sputum. Exhaled breath condensate and sputum eosinophils are mainly used for research
purposes. For routine clinical practice only FeNO is available for children.24

Fractional concentration of Exhaled Nitric Oxide (FeNO)
FeNO is considered as biomarker of eosinophilic inflammation. Standardized methods for
measurements are established.25 Normal values are determined in preschool and school
children.26,27 In healthy preschool children, using the off line tidal breathing method we
observed a geometric mean FeNO of 7.1 ppb with the upper limit of normal (P95) of 22.6
ppb.27 In older children FeNO50 (FeNO measured at an expiratory flow of 50 ml/s) below
20 ppb is used to indicate that eosinophilic inflammation and responsiveness to corticosteroids are unlikely. FeNO50 values between 20 and 35 ppb should be interpreted carefully
taking the clinical context into account. FeNO50 values greater than 35 ppb in children
indicate eosinophilic airways inflammation and responsiveness to inhaled corticosteroids
(ICS) in these children is likely.26
FeNO is elevated in schoolchildren with atopic asthma and in symptomatic pre-school children
who will have asthma at school age.25, 28 FeNO is influenced by many factors like allergic
rhinitis, respiratory infection, exercise and certain foods.25 FeNO was one of the predictors
for the best long-term outcomes with ICS treatment compared to montelukast
treatment in 191 children with asthma. Other predictive factors were a parental history
of asthma, low PC20 and a history of ICS use.29 In preschool wheezers FeNO did not
predict response to ICS.30 Increased FeNO can also predict asthma relapse in children.31
In asthmatic children FeNO decreases during treatment with inhaled corticosteroids.32
Therefore, it would seem reasonable to use FeNO in guiding asthma treatment.
FeNO guided asthma anti-inflammatory treatment in children was investigated in a small
number of trials with different results. No difference was found in symptom free days in
adolescents.33 Even with daily telemonitoring of FeNO and symptoms compared with
daily monitoring of symptoms alone, no added value of FeNO monitoring was observed.34
In one small study with 47 children FeNO based treatment was followed by fewer asthma
symptoms, improvement of spirometry and less bronchial hyperresponsiveness was
reported while this treatment lead to a higher dose of inhalation corticosteroids. However,
compared to a group with treatment decisions based on symptoms, incorporating FeNO
in the treatment decision leads to less bronchial hyperresponsiveness with the same daily
dose of ICS.35 A meta-analysis of these studies showed no difference between the FeNO
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– guided groups and the symptom guided groups regarding exacerbations.36 In a
randomized controlled trial two monitoring strategies to improve asthma outcomes were
compared to usual care: web-based monthly monitoring with the (Childhood) Asthma
Control Test (ACT or C-ACT) and 4-monthly monitoring of FeNO. There was no difference
in symptom free days between these monitoring strategies, though with web-based ACT
monitoring a lower daily dose of ICS was achieved.37 In QALYs and costs there was no
significant difference between these three monitoring strategies.38 Recently in a limited
group of children was demonstrated that adjusting FeNO cut-offs for atopy in FeNO
guided therapy lead to less severe exacerbations at the expense of an increased daily dose
of ICS.39 One possible explanation for these different results is that asthma control
measured with ACT is not necessarily concordant with FeNO (concordance implying a
good correlation between asthma control and FENO: e.g. low ACT associated with high
FeNO or high ACT associated with low FeNO), and also not stable in a period of 4 weeks in
about 1/3 of the patients.40 Another reason why these studies remain difficult to compare
is the different outcome measures used in these studies.
We conclude that currently there is no clear role or benefit for FeNO monitoring as a part
of standard paediatric asthma care in attempting to enhance asthma control. However
(personalized) FeNO monitoring can be useful in selected subgroups of children such as
those with difficult and/or uncontrolled asthma or adherence issues, or those who have
little or no perception of their symptoms.26

Side effects of asthma medication
One of the goals of asthma treatment is to minimize future risk of exacerbations, fixed
airflow limitation and side effects. Though inhalation therapy for asthma is safe and highly
effective, side effects do occur occasionally.1
Most side effects are rare or very rare, but because asthma medication is prescribed in
such large numbers, the average paediatric asthma care professional may encounter
common and rare side effects on a regular basis. Several side effects of asthma medication
have been described extensively but it is beyond the scope of this paper to list them here
completely. The reader is referred to the instructions for use that the manufacturers are
obliged to document and provide with the medication.
In daily practice, the assessment of symptom control, risk factors, patient preferences and
practical issues will determine the choice of medication, its dose and the necessary device.
When treatment is discussed, nowadays often in a shared decision model with the parents
and/or child, it is advisable to explain the risk of side effects in an open manner, because
the patients’ beliefs and concerns about asthma and its medication (real and perceived)
are important factors contributing to good adherence to treatment.1,41 Choices of asthma
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medication are based on the balance of efficacy and risk. Most people using asthma
medications do not experience any side effects.
The risk of side effects is dose-dependent, but it appears that some children are more
susceptible to particular side effects than others. Therefore, it is important when monitoring
the response to treatment to also assess whether relevant side effects occur. Not all
parents report side effects spontaneously. Less known and therefore unexpected, side
effects of ICS and Montelukast include changes of mood and behaviour, or trouble
sleeping, and disturbed sleep, including nightmares. These are relevant observations
because they affect the quality of life of those involved. It is the clinical experience of the
authors that switching to a different (generic) brand or lowering the dose may relieve
these side effects.
Well known side effects of inhaled short acting bronchodilators (SABA) are tachycardia,
trembling of the fingers/hands, nervous tension, more active behaviour, and sometimes
headache or muscle cramps. These are dose-dependent, not present in all children and
last only a few hours at the most. Over a period of weeks, these usually subside. Only in a
few children these side effects do not disappear and in those cases, it may be helpful to
switch to another brand or a lower dose. Long-acting bronchodilators have similar side
effects but less pronounced.
The most common side effects of ICS are local and include a hoarse voice, and sometimes
oral thrush, but using a spacer and/or washing the mouth and spitting out after taking
the medication can mostly avoid these.
Systemic side effects in children with severe asthma requiring high-dose ICS during
months are the same as when prescribing oral corticosteroids in a significant dose for a
longer time and include diminished growth velocity, easy bruising, a risk of osteoporosis,
cataracts and glaucoma, and adrenal suppression. However, this subgroup of children
with severe asthma is relatively small, and high doses of inhaled corticosteroids may be
potentially lifesaving and clearly outweigh the small risk of systemic side effects. Systemic
side effects are rare when normal-dose ICS are prescribed. Especially the effect of ICS
on growth of stature has been studied extensively. Growth retardation observed in
adolescents with asthma may be due to a delay in puberty but was not attributed to the
prescription of 0.6 mg of Budesonide daily.42 Also in a population of asthmatic children
with very good adherence to treatment with guideline-recommended ICS dosages, no
significant or relevant growth suppression was observed.43 Based on a large review it was
concluded that regular use of ICS at low or medium daily doses is associated with a mean
reduction of 0.48 cm/y in linear growth velocity during a one-year treatment period in
children with mild to moderate persistent asthma. This growth suppression seems
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maximal during the first year of therapy and less pronounced in subsequent years of
treatment. The effect size of ICS on linear growth velocity appears to be associated more
strongly with the ICS molecule than with the device or dose (in the low to medium dose
range).44 In school-aged children with mild to moderate persistent asthma, a small but
statistically significant group difference in growth velocity was seen, being slightly higher
in the group using higher dosages of ICS.45 Though these small effects have statistical
significance, it is highly unlikely that these are clinically relevant. Parents and patients
should be well informed that these risks and effects are minor and not relevant compared
to the potential benefits of ICS. Obviously, one always seeks the minimal dose of ICS to
reach treatment goals. There are no studies that suggest that final height is significantly
affected by normal dosages of ICS. Because some children are highly susceptible for
diminished growth velocity due to ICS treatment, it remains good common practice to
monitor growth adequately, especially when starting or increasing ICS treatment.
Montelukast can be administered orally, which can be an advantage when adequate
inhalation therapy is not feasible, and reduction of growth is not to be expected. However,
systemic effects of Montelukast do occur and include, among others, disturbed sleep,
nightmares, and changes of mood and behaviour. Parents may not always report these
symptoms spontaneously because they may not regard them being side effects of the
treatment.
Generally, inhaled medication is associated with fewer side effects than oral drugs.
Oral medication such as oral SABA and Theophylline, have high risks of systemic sideeffects but are not incorporated in most modern guidelines for that reason. Short courses
(e.g. < 1 week) of oral corticosteroids have no relevant effect on growth rate, when used
only occasionally.
Preventing any risk of local or systemic side effects of ICS can be achieved by:
- Lowering the doses of ICS
- Cleaning the skin on the nose and around the mouth shortly after inhalation if ICS is
delivered through a face-mask or nebulizer, to avoid local side-effects such as steroid
rash (reddening and atrophy)
- Reminding patients to rinse and spit out after using ICS, to minimize the risk of oral
candidiasis
- Using a spacer with metered dose inhaler instead of a metered dose inhaler alone or dry
powder inhaler, especially when higher doses of ICS are prescribed to minimize the oral
deposition of the drug
- Improving the inhaler technique (especially crucial with Dry powder inhalers)
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Recommendations
The GINA guidelines advice to monitor for side effects when children with asthma are
prescribed asthma medication, especially controller treatment, and those patients should
be counselled about potential side effects.1 Assessment at every visit should include
asthma symptom control, risk factors and side effects. We recommend measuring the
child’s height at least once every year, and more often, certainly when ICS dosages are
increased. Referral of patients to a health care provider with expertise in asthma
management may be helpful for investigation and treatment, and if symptom control
remains poor and/or flare-ups persist, or if side effects of treatment are observed or
suspected in spite of the preventive measures listed above.
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Adherence, also for the doctor...
Therapeutic adherence, as well as adherence to lifestyle advices, is suboptimal in many
children with asthma, it can lead to poor disease control and should therefore be
addressed when assessing asthma control.46 Adherence to controller medication,
measured by electronic logging devices, ranges from 30-70%.46, 47 The consequences of
poor controller medication adherence include an increased risk of severe exacerbations,
hospitalizations, emergency visits and use of oral corticosteroids.48 Patients are poor selfreporters, sometimes with a large discrepancy between reported and actual medication
use.49 There are several ways of assessing adherence: patient or parental self-report,
anonymous questionnaire or diary card, pharmacy refill rate, weighing used canisters or
collecting inhalers with dose counters, and electronic monitoring devices recording date
and time of each inhaler actuation.47 Clinicians, tend to overestimate their ability to
identify non-adherent patients.46 Research consistently shows that patient or parental
self-report, also when based on diary cards or anonymous questionnaires, is highly
unreliable in assessing adherence due to ‘social desirability bias’.46, 47, 50 Pharmacy refill
rates for prescriptions, weighing used canisters or collecting inhalers with dose counters
are similarly unreliable, because it does not show whether the medication has actually
been taken and not been dumped (emptying the device before returning it).51 Electronic
monitoring devices (EMDs), recording the exact time and date of inhaler use, is the only
accurate method to monitor adherence and are recommended both in clinical practice
and research.52 ‘True adherence’ to inhaled medication, however, not only involves release
of medication from the device, but also an adequate inhalation technique.53 Repeated
inhalation instructions and demonstration of the patient’s inhalation technique to a
healthcare professional are key factors to ascertain correct inhalation technique in children
with asthma.47, 54
Non-adherence can be categorized as either intentional or unintentional.55 Illness
perceptions and medication beliefs are strong determinants in intentional nonadherence.56-58 Decisions about taking controller medication made by patients and their
parents can differ considerably from the advice being offered by the medical team.
Therefore eliciting parents’ and patients’ assumptions and perspectives or beliefs on
asthma and asthma-medication is crucial in detecting non-adherence.47 Conversely,
unintentional non-adherence can result from many barriers like lack of routines, poor
inhalation technique, forgetfulness, competing interests, or financial problems and lack of
healthcare insurance.59, 60 Home visits can provide additional information in the
assessment of such barriers.61 Low-profile discussions with parents and patients in their
domestic environment combined with results of EMDs may provide valuable insight in
these barriers.62
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Good adherence to daily therapy however, can be achieved by comprehensive asthma
care,56 consisting of some key elements. Credible input from healthcare professionals was
found to be important in influencing caregivers’ beliefs about illness and treatment.63 As
recommended in asthma guidelines, a strong relationship between caregivers and
healthcare professionals appeared to have an important role in increasing adherence,
and also supports successful guided self-management.1, 63 Essential components in
guided self-management are: regular follow-up, developing a partnership, provision of
education, addressing patients’ and parents’ perspectives, fears and concerns about
asthma and medication believes, a joint setting of treatment goals and shared decisionmaking.1 ‘Concordance’ has more recently been coined as a term to express this
collaborative relationship between caretakers and care providers on the basis of equality.46
These prerequisites can be summarized as providing ‘patient centred care’,64 and suggest
that patient centred communication skills of health-care professionals are crucial.47
Training physicians to provide patient centred education and support will help children
and their families to improve asthma management and outcomes.65 The low adherence
rates found in many asthma studies suggest shortcomings in the provision of such patient
centred care. Potential interventions to improve this are discussed by Klok et al., and
include adherence by physicians to the diagnostic and prescribing recommendations of
the asthma guidelines, supporting physicians by allied health professionals in providing
comprehensive self-management education and structured follow-up, training physicians
in patient centred communication skills and aiming for shared-decision making.47
This requires an effort in training these patient-centred communication skills, both for
undergraduates and experienced attending physicians.47 These skills will also support a
non-confrontational discussion on advice about avoiding exposure to (second hand)
tobacco smoke, air pollutants or allergens, and socioeconomic circumstances and obesity
as factors that may aggravate asthma.66 Motivational interviewing outperformed
traditional advice given in 80% of studies.67

Scheduled follow-up visits
Regular, outpatient clinical follow-up visits are still considered a cornerstone of asthma
treatment strategies. As the clinical severity of asthma varies widely between and also
within patients, a ‘one-size-fits-all’ follow-up schedule for healthcare visits in asthmatic
patients cannot be proposed. Numerous factors have been identified that determine the
type and frequency of follow-up, among others, age of the child, frequency and severity
of exacerbations, medication need, psychosocial problems, co-morbidity (e.g. obesity and
allergic rhinitis), and local healthcare organization.68-70 As these factors may also change
over time, asthma follow-up should be viewed upon as a rather dynamic process.
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It is clear that the phase of treatment may warrant a different follow-up schedule, with
patients in a diagnostic phase having other needs than those with known asthma.
Younger children have different follow-up needs as the asthma diagnosis may be unclear
and clinical symptoms are variable and often non-specific.71 Experience with asthma,
asthma treatment, symptom recognition and adequate self-management allows for a
lower follow-up visit frequency. Current guidelines advice to schedule follow-up visits at
regular intervals in stable disease, within 3-months after significant changes in therapeutic
management and within 2-7 days after a clinical asthma exacerbation.1, 3, 24, 71 Expertopinion on ‘regular intervals’ varies between 3 and 6 months in children with stable
disease and shorter intervals with increasing disease severity. Conclusive evidence on an
optimal follow-up visit frequency is lacking, but it is generally accepted that frequency,
content and purpose of clinical follow-up visits should be tailored to the needs of the
patient and his/her parents.3, 24, 72 This will further support the doctor-patient partnership.
The organization of healthcare systems differs greatly between countries. This has
repercussions on types of asthma care delivery, the place of different healthcare providers,
available monitoring tools and accessibility and reimbursement of asthma care. Within
each national healthcare system, asthma care should be knowingly organized to achieve
the goal of obtaining and maintaining asthma control. There is evidence that a
comprehensive national asthma treatment plan, applicable for all allied health professionals
involved in asthma care, can improve asthma control and quality of life and reduce the
number of exacerbations and hospitalizations.73

Patient reported outcome measures
Patients’ subjective perception of disease impact has become increasingly important
in the management of chronic diseases.74 Disease-specific outcome measures have
been developed to reflect the patients’ perspective, aiming to understand symptom
experiences and the impact of illness on patients.75 Patient Reported Outcome Measures
(PROMs) are defined as ‘any report of the status of a patients’ health condition that comes
directly from the patient (or caregiver), without interpretation of the patient response by
a clinician.76, 77 Such outcomes include instruments that collect unique information about
symptoms, well-being, functional status, psychological and emotional functioning and
social functioning. PROMs are preferably short, self-completed questionnaires that screen
for problems and monitor progress over time.78 PROMs have only recently been
incorporated into clinical research and clinical practice and can be used to assess strengths
and weaknesses in care provided and patients’ adherence therein.75, 79
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PROMs systematically collect information on symptoms and daily functioning from the
patients’ perspective.80 Particularly in patients with chronic diseases like asthma, PROMs
can be very useful to achieve stability or manage deterioration. The need for monitoring
patient-related outcomes may be different, so the frequency of the assessment of
PROMs must be considered based on the wants and needs of the individual patient.
PROMs assessment can be linked to visits or reported otherwise in between visits.79
As technology is evolving rapidly, eHealth interventions will have important implications
for data collection of PROMs in the future, with feasible integration in electronic medical
records that provides healthcare teams the opportunity to set automated alerts for
problematic symptoms that patients may be experiencing.78
PROMs can contribute to improving the communication between healthcare professionals
and the patient: facilitating patient-centred care, which enables patients to participate
proactively in the management of their own healthcare and promotes shared-decision
making.80 It is shown that adherence is likely to increase, and transition to adult care
is facilitated more successful, when children and adolescents with chronic respiratory
diseases have been integrated earlier into their healthcare process.81 Besides better
communication between patient and professionals, PROMs facilitate interdisciplinary
objectification and understanding.80
The results of the PROMs can be used aggregating patients’ individual data over the time
and can be used comparing to a reference group. However, such approaches provide no
information about the clinical relevance of the score or importance to the patient.
So, it is important to distinguish between clinically relevant change and statistically
significant/detectable change.82 Substantially changes in current versus previous functioning
can be used as an important topic in the conversation with the patient.
PROMS are completed by the patient, but in some cases (e.g. young children) patients are
not capable of responding for themselves. In those circumstances, a caregiver or proxy may
complete the PROM on behalf of the patient.78

Asthma control
Self-monitoring is an important aspect of (paediatric) asthma management (GINA) and
several PROMs can be helpful. The most important are the (Children) Asthma Control Test
((C-)ACT) and Asthma Control Questionnaire (ACT), both questionnaires that assess asthma
control, being the primary goal of asthma management.83, 84 ACT can be used in patients
from 12 years of age and consist of 5 questions on symptoms, activity limitations, use of
rescue medication and a patient rating of asthma control. Total score ranges between 5
(poorest asthma control) and 25 (optimal asthma control), and a score less than 20 is
generally agreed to correspond with uncontrolled asthma.
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Table 2 HRQoL measures for children with asthma
Measure

Age range and respondent

About My Asthma (AMA)

6-12 years, child

Adolescent Asthma Quality of Life Questionnaire
(AAQOL)

12-17 years, child

Childhood asthma questionnaires (CAQ)
- CAQ-A
- CAQ-B
- CAQ-C

- 4-7 years, child
- 8-11 years, child
- 12-16 years, child

Children’s health Survey for Asthma (CHSA)
- Parent version
- Child version

- 5-7 years, parent
- 7-16 years, child

Paediatric Asthma Quality of Life Questionnaire
(PAQLQ)

7-17 years, child

Paediatric Asthma Caregiver’s Quality of Life
Questionnaire (PACQLC)

7-17 years, parent

Asthma-Related Quality of Life Scale (ARQOLS)

6-13 years, child

TACQOL-Asthma

8-16 years, child/parent

PedsQL-Asthma Module

5-18 years, child
2-18 years, parent

Life Activity Questionnaire for Childhood Asthma

5-17 years, child

How are you

8-12 years, child

Integrated Therapeutics Group Child Asthma Short Form 2-17 years, not parent only reported

C-ACT is a 7-item questionnaire validated in children between 4 and 11 years of age and is
divided in two parts. The first part is completed by the child, the second part by his/her
parents or caregivers. The C-ACT score ranges between 0 and 27 (optimal asthma control),
and a score less than 20 correspond with uncontrolled asthma. Both questionnaires have
a recall period of 4 weeks and a minimal important difference for clinical relevance of 2
(C-ACT) or 3 points (ACT).85
The ACQ has a recall period of one week and consists of 6 questions and 1 item
supplemented by the FEV1 as a percentage of predicted.84 The ACQ score ranges from 0
(well controlled) to 6 (extremely poorly controlled). ACQ ≤0.75 or lower indicates good
control. A value of 1.5 or more indicates uncontrolled asthma in most patients.
Although it is highly attractive a single numerical value expresses asthma control, these
PROMS (C-ACT, ACT and ACQ) may underestimate the level of asthma control as defined
by GINA as they do not include exacerbations and future risks.1, 24
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Health related quality of life (HRQoL)
Health-related quality of life is a broad multidimensional concept that usually includes
physical and mental health aspects. There is consensus that health-related (or diseasespecific) quality of life instruments in paediatric asthma provide independent additional
information on disease status, complementary to symptom scores and lung function,
and have been recommended as a useful additional outcome parameter to assess response
to longer-term treatment protocols.2, 87-89 In 2008, Quittner et al. reviewed the strengths
and limitations of 12 disease-specific HRQoL instruments who were designed especially
for children with asthma (74). The most widely used and best established is the Paediatric
Quality of Life Questionnaire (PAQLQ).87 It has good internal consistency, test-retest
reliability and responsiveness to treatment. It consists of 23 items divided over three
domains: activity limitations, symptoms and emotional functioning.2, 87-89 Despite the
validation of standardized and mini versions of the PAQLQ and recent reports on the
usefulness of caregivers QoL questionnaires,90, 91 there are still no studies showing the
benefits of adding sequential QoL measurements to routine clinical care while monitoring
asthma in children. In children with problematic severe asthma, who are monitored and
treated in an intensive interdisciplinary setting, there is a need to evaluate the effect of
their treatment program with pre-and post QoL- measurements. As mentioned in the
recent ERS Task Force Review about monitoring asthma in childhood, these instruments
are primarily developed and suitable for research purposes and should therefore not
replace the normal doctor-patient conversation. At present, routine monitoring of QoL in
children with asthma does not take place.88
In conclusion, PROMs can provide unique information about the impact of illness on the
patients in addition to physical outcome parameters. However, physicians rarely act on
information from one test alone and have to integrate PROM scores with other clinical
data to determine the course of action, also taking into account the patient’s opinion.

Written action plan
In the recent years, several studies confirm and other reports questions the benefits of the
use of written action plans for paediatric asthma management.92, 93 The latest Cochrane
Review on written individualized managements for asthma has been withdrawn since the
search was out of date and written action plans are no longer viewed as a stand-alone
intervention.94 Guidelines recommend them as an important part of an individual’s
healthcare plan (in addition to medication, inhaler technique, prevention of symptoms
and attacks, self-management, monitoring and regular face to face contact in outpatient
clinic). Recently, there was consensus from both patients and providers that mobile phone
applications could be helpful in the event of an asthma exacerbation.95
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Home monitoring
Self-management is based on symptom monitoring and most studies used daily diaries to
report asthma symptoms. However, evidence does not support the use of these diaries in
clinical practice.96 As asthma management should be tailored to the individual patient, it
cannot be excluded that some individuals might benefit from monitoring their symptoms
in daily diaries.24 As discussed before diaries may be unreliable and conclusive evidence
that home monitoring of peak-flow, FEV1 or exhaled nitric oxide fraction (FeNO) improve
asthma control is also still lacking.8, 15, 34, 97

eHealth
eHealth offers new possibilities for guided self-management. However, to date eHealth
initiatives have no place in routine clinical care of children with asthma.24 Recently, several
reviews concluded that web-based programs were comparable or at least non-inferior to
usual care, and some showed superiority with evidence of beneficial effects.98-100
However, the variety of methods, the difference in study design, the frequency of contacts
and the different types of interventions makes it difficult to draw meaningful conclusions.
Future research on eHealth should not only focus on its added value but also on its ability
to substitute routine clinical care, cost-effectiveness and the implementation in daily
practice.

Expert Commentary
Monitoring asthma is important to obtain and maintain asthma control in children. Several
different lung function techniques are available, and useful in asthma management. FEV1
measurement and BDR are widely used en recommended. Lung function measurements
provide additional and functional information that does not always correlate with
health-related quality of life or asthma control. Many monitoring tools are available, but
there is no consensus how to monitor in the most optimal way. Also, FeNO is widely
available, but currently there is no clear role or benefit for FeNO monitoring as a part of
standard paediatric asthma care in attempting to enhance asthma control.
Adherence to therapy is a challenge for patient and physician. Adherence improves when
the professional uses patient-centred-communication-skills. Training these skills can be
useful. PROM’s may help the patient or parents with self-monitoring of asthma and can
also be used in home monitoring and eHealth. Different tools are available, but not
extensively studied, yet.
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Summarizing, personalized medicine should also be the key issue in monitoring asthma in
children. It is crucial to monitor disease activity and deterioration but there is no monitoring
strategy that is clearly superior compared to others. Actually, both treatment and
monitoring of paediatric asthma probably benefit from a personalized approach.

Five-year view

2

We concluded that patients need a personalized approach, using different monitoring
tools. Different monitoring tools are needed to assess different outcomes, e.g. lung
function to prevent fixed air flow obstruction and PROM’s to prevent symptoms and
exacerbations. Studies combining different tools, for a longer period are needed to get
information about which tools are needed in different phenotypes. Currently it’s not
obvious how frequent follow-up visits in primary, secondary or tertiary care are needed
and effective. Another gap in knowledge is the best strategy for preschool children to
monitor asthma. Adding monitoring tools should be balanced in the light of the burden
on the patient and asthma team and the additional costs. Ideally, we will be able to
enhance or maintain a similar level of asthma monitoring while replacing conventional
tools with tools that are cost-effective and efficient. In the coming years publications
about the additional value of eHealth in asthma care and monitoring are expected.
Possibly this is a cost-effective tool to improve asthma care and monitoring in children.

Conclusion
The importance of monitoring asthma and adjusting treatment according to asthma
control is an essential part of asthma management. Several monitoring tools are available,
but it is still unknown which monitoring strategy is superior and what monitoring
frequency is optimal for children with asthma. Therefore, asthma care should be tailored
to the individual patient and personalized medicine should be the key issue in monitoring
asthma. There is no question that patients benefit from monitoring, but how, and with
what frequency, highly depends on numerous factors, such as the patient’s history,
disease severity, capabilities and characteristics of the patient, care takers and family. The
doctor, in collaboration with the patient and his/her parents, decides which monitoring
strategy and frequency are or seem best for the individual patient.

Key issues
• Monitoring asthma in childhood is essential to obtain and maintain asthma control
• Different monitoring tools are available
• There is no evidence that one monitoring strategy and frequency is superior to others
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• Monitoring asthma should be tailored to every individual patient
• The doctor, in collaboration with the patient and his/her parents, decides which
monitoring strategy is best for every specific patient
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Appendix 1 Monitoring asthma no matter how
Eur Respir J. 2016: Sep; 48(3): 614-16
The ultimate goal of asthma care is to obtain and maintain control and optimise prognosis
for patients.1 Monitoring and treatment adjustments tailored to patients’ needs and
wishes are essential to achieve controlled asthma and are therefore a fundamental part of
comprehensive asthma management. However, the best strategy for asthma monitoring
and its frequency are still unknown.2 In daily practice, healthcare professionals combine
scheduled routine clinical visits, lung function tests, repeated targeted education and
questionnaires to evaluate asthma control and/or quality of life. Furthermore, adherence
to treatment is strongly associated with asthma control.1-3 Although proper treatment of
asthma could prevent exacerbations, several studies have suggested that the majority of
patients do not have adequate control of their disease.4 For a large part, this may be
explained by suboptimal adherence; in patients with asthma adherence varies between
30 and 70%.5-7
For healthcare professionals it is often unclear whether the treatment is suboptimal or that
medication dosage is adequate, but the patient does not adhere to therapy. Reasons for
medication nonadherence are numerous and complex, but one of the most common
reasons for medication nonadherence is forgetfulness.8,9 Several studies have been
focusing on improving adherence to medication and remote monitoring of the use of
inhalation medication by electronic devices (e.g. text messages, automated phone calls
and audio-visual reminder devices). 10,11
The e-MATIC (e-Monitoring of Asthma Therapy to Improve Compliance in children) study
by VASBINDER et al.12 reported in this issue of the European Respiratory Journal is a
randomised controlled trial aimed at improving adherence to inhaled corticosteroid (ICS)
therapy using information technology. Real-time medication monitoring (RTMM) was
used to record the time and date of administered ICS doses. The hypothesis was that
RTMM would not only improve adherence, but also improve asthma control, asthma-related
quality of life and reduce the number asthma exacerbations. Children with asthma (n=209,
aged 4–11 years) were included and used RTMM. Participants were randomised to receive
or not to receive SMS reminders when the prescribed dose of ICSs was at risk of omission.
The primary outcome was timing adherence to ICS, defined as the proportion of all
prescribed doses that were inhaled within a 6-h time frame around the planned inhalation
(i.e. 3 h before to 3 h after), as recorded by the RTMM device. They found that children
receiving SMS reminders had better timing adherence to ICS than children with RTMM
alone but observed no difference in asthma outcomes.
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The important question is why, if adherence was better in the intervention group, was
there no difference between groups in terms of asthma control, frequency of asthma
exacerbations and asthma specific-quality of life? This may be due to several reasons.
First, measuring the time and date of administered ICS doses can only confirm that the
medication was fired, but not whether this medication was actually inhaled. As the authors
concluded, this may result in overestimation of actual adherence to ICS monitored by RTMM.
Secondly, patients in both groups may have been more adherent than they would have been
in daily practice, as they were aware that they were being observed. Thirdly, only selected
patients that were motivated to improve their adherence participated in the study.
In addition, registered doses may not have been administered adequately due to poor
inhalation technique, which is known to have a substantial effect on the efficacy of ICS. It
is also possible that the improvement in medication adherence was not large enough to
result in improved clinical asthma outcomes at an individual patient level. All patients
have their own threshold/balance between ICS dosage and asthma control. It is
conceivable that, although 50% of the medication was forgotten and SMS reminders were
received, patients balanced this out themselves. Another explanation for the fact that
improved adherence was not accompanied by lower asthma-related care utilisation could
be that the patients were already well-controlled at inclusion, leaving little room for
relevant improvement. The small number of events and the high childhood asthma
control test score at the start of the study probably reflect the fairly well-controlled asthma
of the participants, suggesting the need for a study in less well-controlled patients.
Nevertheless, the results of VASBINDER et al.12 are consistent with earlier published studies
focusing on reminder systems to improve adherence to asthma medication.10 None of
these studies were able to document a change in clinical asthma outcomes or asthmarelated quality of life.
But how could interventions such as RTMM plus SMS reminders be applied in such a way
that asthma control is improved? VASBINDER et al.12 only focused on adherence in young
children, aged 4–11 years. But poor adherence, and risk for severe asthma attacks, may be
a much greater issue in adolescents. Treating teenagers with asthma is a challenge
because of several factors such as poor adherence, denial of disease and underreporting
of symptoms.13
So, it could very well be that interventions such as RTMM plus SMS reminders may be
much more, or only, effective for selected patients (e.g. adolescents, patients with severe
asthma and poor perceivers) and future research should focus on the use of RTMM in
these subgroups.
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Another interesting question is how sustainability of the effect can be guaranteed. New
devices like RTMM are interesting, especially for children, but their interest in such devices
will diminish over time. Besides achieving an improvement in self-management, the
biggest challenge for healthcare professionals is to maintain the effectuated changes in
self-management. Regrettably, a solution to this challenge cannot be given yet, but we
are convinced that positive incentives will help in this group.
In an ideal world, monitoring asthma in children is tailored to every individual patient. This
so-called “personalised asthma care” uses specific monitoring tools for different patients,
preferably using different domains. As healthcare professionals we should stimulate
awareness and self-management, and through that enhance adherence to treatment.
Especially in adolescents we should emphasise shared decision making and find ways to
communicate effectively.
To date, monitoring asthma is essential and as a healthcare professional one might think
that it may not matter how you do this, as long as you do. We think that every monitoring
strategy may work as an intervention, which may already and finally lead to increased
awareness, better adherence and better asthma control.
The use of novel information technologies in monitoring asthma is inevitable and also
very attractive because eHealth interventions provide great opportunities to monitor
patients remotely and facilitate communication with the child or the parents. In subgroups
of patients, eHealth monitoring using monthly questionnaires may serve as a partial
replacement for face-to-face outpatient visits, thus facilitating a reduction in the number
of outpatient visits. Other children may be stimulated by personalised feedback on their
asthma scores or adherence and/or have access to online charts summarising remote
monitoring of their ICS use. Some patients will only require an alert when their device is
almost empty. The concept of a virtual asthma clinic, with an individualised monitoring
strategy is an attractive and very realistic option in current asthma management. Such a
clinic can be incorporated into electronic patient files and can be accessible for asthmatic
children, so they can communicate easily with their asthma team, find reliable information
about their disease and download their individual treatment plan or action plan in case of
an asthma exacerbation.
Introducing personalised eHealth as part of current asthma management will play a
valuable role in developing and reinforcing better adherence and asthma monitoring in
general. Developments such as RTMM with SMS notifications may not have added value
in all but may be exactly the thing needed in subgroups of (adolescent?) patients with
asthma. In the world of eHealth tools to enhance adherence and asthma control there is
probably no “one size fits all”. We all agree it is important that we monitor, but the how
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may be crucial. Similar to the way in which as asthma treatment should be personalised,
the chosen monitoring tools should also fit the patient.
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Abstract
eHealth is an appealing medium to improve healthcare and its value (in addition to
standard care) has been assessed in previous studies. We aimed to assess whether an
eHealth intervention could improve asthma control while reducing 50% of routine
outpatient visits.
In a randomised controlled multicentre trial with a 16 months follow-up, asthmatic
children (6-16 years) treated in 8 Dutch hospitals were randomised to usual care (UC,
4-monthly outpatient visits) and online care using a virtual asthma clinic (VAC, 8-monthly
outpatient visits with monthly web-based monitoring). Outcome measures were the
number of symptom-free days (SFDs) in the last 4 weeks of the study, asthma control,
FEV1, FeNO, asthma exacerbations, unscheduled outpatient visits, hospital admissions,
daily dose of inhaled corticosteroids and courses of systemic corticosteroids.
We included 210 children. After follow-up, SFDs differed statistically between the UC- and
VAC-group (difference of 1.23 days, CI 0.42-2.04, p=0.003) in favour of the VAC. In terms of
asthma control, C-ACT improved more in the VAC group (difference of 1.17 (95% CI 0.09 to
-2.25) points. No differences were found for other outcome measures.
Routine outpatient visits can partly be replaced by monitoring asthmatic children via
eHealth.
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Introduction
The introduction of eHealth in healthcare undeniably offers new possibilities to change
the way health care is organised. With respect to asthma, some individual studies in
adults have suggested that eHealth may reduce the number of acute asthma exacerbations,
emergency department visits, and hospital admissions.1-3 However, systematic reviews
focusing on the effectiveness of eHealth have shown that high quality evidence for
impact on clinical endpoints is still limited, inconsistent and often measured over
short-term periods.4-6 In paediatric asthma management, studies are even scarcer and
only assessed the value of eHealth interventions in addition to standard care, rather than
replacing it.7-12 Actually, implementation of eHealth in clinical practice is still limited, and
to date eHealth has no place yet in paediatric asthma management.13
Several questions about the role of eHealth in asthma care still remain. Is eHealth
just an eternal promise or does it already provide an opportunity to optimise asthma
management and improves asthma control? Can eHealth replace routine outpatient
visits? To answer these questions, we used a virtual asthma clinic (VAC) to assess whether
asthma control could be improved while substituting 50% of routine outpatient visits. We
hypothesised that online monitoring of asthma was superior to usual care.

Methods
Study design
This was a prospective, multicentre, randomised, unblinded controlled trial on the effects
of the VAC in asthmatic children, in comparison with Usual Care asthma management
(UC). This 16-months study was conducted in four general hospitals and four tertiary
referral centres in The Netherlands. Asthma management was based on Dutch guidelines
that resemble GINA guidelines closely14 but subtle differences between centres could
exist. To control for such differences, participants were randomised within each centre in
permuted blocks of four or six into one of the two monitoring strategies after stratification
for age (young children (6 - 12 years) or older children (12 -16 years)). Randomisation was
conducted centrally using a computer-generated randomisation schedule. This study was
approved by all local ethics committees. All parents and all children ≥12 years gave written
informed consent, and assent, respectively.

Participants
Eligible participants were children (6-16 years) with a doctor’s diagnosis of asthma based
on symptoms and a bronchodilator response of FEV1of >9% of predicted and/or airway
hyperresponsiveness and/or signs of eosinophilic airways inflammation (elevated FeNO >
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25 ppb). All had to have at least one allergy for airborne allergens confirmed by positive
skin prick tests and/or blood tests and a computer with internet access. Exclusion criteria
were a history of admission to the intensive care unit for asthma in the preceding five
years; difficult to treat asthma (defined as uncontrolled or poorly controlled asthma in
spite of maintenance treatment with inhaled corticosteroids with at least 800 micrograms
regular Beclomethasone or equivalent per day, long acting bronchodilators and/or
Montelukast, and/or oral corticosteroids); use of Omaluzimab; other chronic diseases; and
the inability of the parents or children to read and understand Dutch.

Patient involvement
Paediatric pulmonologists developed the research question taking into account patient’s
experiences with current care. Focus group interviews were held to explore participants’
wishes and possible objections against the VAC. Main preferences were used to develop
the VAC: a web-based portal with a chat and forum module for peers, an information
module to enhance knowledge about asthma, and a secure and private module in which
the child/parent can log in to consult (or download) an individual treatment plan and
communicate with the asthma management team Participation was accompanied with
several psychosocial and cost-specific questionnaires alongside the trial. However, both
children and parents disapproved the idea of daily questionnaires during the last month
of the study to assess the number of symptoms free days (SFDs), since this would not
reflect real-life use of the VAC in daily practice and would constitute too much of an
additional burden for them. Therefore, the number of SFDs was calculated based on two
questions from the (Children) Asthma Control Test ((C-) ACT) based on the last month of
the study instead of a diary (See Appendix 1).

Interventions
Prior to the study, each centre received information about the intervention and was
trained according to the study protocol. All children and their parents received standardised
instructions concerning inhalation technique, use of rescue medication, and cleaning and
coating of spacers if applicable. These instructions were given, and management plans
were made by their asthma team, according to current national guidelines.
Usual Care consisted of routine outpatient visits every four months. During these visits,
patients completed a digital version of the (C-) ACT to assess asthma control (result not
accessible to the treating physician). Participants in the UC-group did not receive feedback
on this score.
Asthma management using the VAC included outpatient visits every eight months.
In between these visits, asthma control was monitored online, filling in a (C-)ACT monthly
(Figure 1). If the (C-) ACT was 20 or more, automatic default messages were emailed with
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positive and encouraging content. If the (C-) ACT-score was lower than 20, feedback to the
participants included advice to check their medication use, an individual action plan and
to contact their asthma team when symptoms persisted. Also, feedback was sent to the
asthma team with the request to contact the participant within two workdays to address
the clinical condition of that moment. In case of a missing questionnaire, a reminder was
automatically sent to the patient to complete the (C-) ACT. This reminder was sent after
one and two weeks. No extra chasing up was done to receive missing questionnaire after
3 weeks.
In both groups, lung function (FEV1) and the fraction of nitric oxide in exhaled air (FeNO)
were measured at baseline and after 8 and 16 months. These results were accessible to the
treating physicians. In both groups, any intervention such as adjustment of treatment was
at the judgement of the treating physician.

Primary endpoint
The primary endpoint was the number of SFDs in the last 4 weeks of the study. SFDs were
defined as days without asthma symptoms. The number of SFDs was calculated based on
data obtained from the (C-) ACT (details on derivation can be found in Appendix 1).

Secondary endpoints
Secondary outcomes were documented using a case report form (CRF): asthma control,
FEV1), FeNO, asthma exacerbations treated with systemic corticosteroids, unscheduled
outpatient visits, hospital admissions and daily dose of inhaled corticosteroids (ICS).
Asthma control was measured by the Dutch validated web-based version of C-ACT for
young children or ACT for older children.15 An ACT score of ≤ 19 points was considered
reflecting poorly or uncontrolled asthma.16 The minimal important difference for clinical
relevance (MID) has defined as 2 C-ACT points and 3 ACT points.17
FEV1 and FeNO were both measured according to ATS/ERS standards.18 19 FEV1 was
obtained before and 20 minutes after maximal bronchodilation with 400 (6-12 years) or
800 (12-16 years) microgram Salbutamol through a spacer and was expressed using GLI
reference values.20 FeNO was assessed with the Niox Mino (Aerocrine, Sweden) prior to
spirometry and was expressed in parts per billion (ppb).

Statistical Analyses
The power calculation was based on data of SFDs in a similar population in which the
percentage of SFDs was 44% (SD 34, range 0-100) and 58% (SD 40, range 0-100) in a ‘usual
care’ and intervention group. 21 The current study was powered to detect such a 14%
difference in SFDs, considered to be a clinically relevant difference and corresponding to
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4 SFDs per month, with 80% probability, alpha =0.05 (one-sided) in 91 children per group.
A sample size of 105 participants was calculated, anticipating a dropout rate of 10%. Means
and standard deviations (SD) and medians and interquartile range were used to describe
normally distributed and skewed data, respectively. For the primary endpoints, the changes
from baseline in the number of SFDs at 8 and 16 months were analysed using linear mixed
models (LMM) and were corrected for baseline measurements and centre. Analyses on
the secondary outcomes ((C-) ACT, FEV1, and FeNO) were reported for two different age
groups (i.e. young children (6-11 years) and older children (12-16 years)). The changes from
baseline in these outcomes at 8 and 16 months were also analysed with LMM and were only
corrected for baseline, since there was no significant effect of centre as randomisation
stratification variable. Differences in unscheduled visits, admissions, asthma exacerbations
and courses of systemic corticosteroids were analysed using Mann Whitney U Tests. SPSS
V21.0 was used.

Results
Data on the number of SFDs ((C-) ACT), lung function, FeNO and ICS were available in 76%,
90%, 81% and 93%, respectively. All available data were used for the analyses.

Randomisation and baseline characteristics
Out of 343 invited children, 210 children (59.5% males) consented to participate in the
study, of whom 105 patients were allocated to UC and 105 to care using the VAC.
Baseline characteristics of the VAC-group were not significantly different from the
UC-group (Table 1).

Primary outcome
The number of SFDs is presented in Appendix 1.
For both groups, a statistically significant difference in the number of SFDs was
demonstrated after 16 months, in favour of the VAC as compared with UC (difference of
1.23 days, CI 0.42-2.04, p = 0.003) (Figure 1).

Secondary outcomes
The secondary endpoints after a 16-months follow-up are summarised in Table 2.

Asthma control
Figure 1 and 2 illustrate the difference in asthma control measured by C-ACT and ACT,
respectively. For C-ACT (Figure 2), a significant difference in mean outcome of 1.17 points
(95% CI 0.09-2.25, p = 0.03) in favour of VAC was demonstrated at 16 months as compared
with UC in children 6-11 years of age.
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Table 1 Baseline characteristics
Characteristics

UC
n = 105

VAC
n = 105

Age, years (SD)

11.3 (2.7)

11.3 (2.9)

Age group, n (%)
- 6-11 years
- 12-16 years
Male, n (%)
Initial ICS dose µgr*, mean (SD)
FEV1, % pred (SD)
FEV1, Z-score (SD)
FeNO, ppb (SD)
C-ACT score (IQR)
ACT score (IQR)
(C-)ACT < 20 (IQR)

63 (60)
42 (40)
61 (58.1)
461 (244)
93.6 (14.1)
-0.53 (1.2)
29.5 (26.3)
21.1 (4.0)
20.3 (4.2)
28 (26.7)

59 (56.2)
46 (43.8)
64 (61)
415 (205)
94.3 (14.1)
-0.48 (1.2)
27.1 (24.1)
22 (3.2)
20.9 (3.6)
30 (28.6)

Number of SFDs, mean (SD)

26.2 (4.9)

26.8 (4.1)

3

SD: Standard deviation. IQR: Inter Quartile Range, UC: usual care, VAC: virtual asthma clinic, FEV1: Forced expiratory
volume in 1 second, FeNO: fraction of nitric oxide in exhaled air, C-ACT: Children Asthma Control Test, ACT:
Asthma Control test, SFDs: Symptom free days
* Beclomethasone or equivalent dose

Figure 1 The number of symptom free days (SFDs). SFDs measured at baseline and after
8 and 16 months of follow-up.

Black line: virtual asthma clinic, grey line: usual care.
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Table 2 Outcome parameters in Usual Care (UC) and the Virtual Asthma Clinic (VAC)
16 months follow-up
Characteristics

UC

VAC

Difference (95% CI)

p-value

SFD

27.3 (3.6)

28.5 (1.7)

1.23 (0.42-2.04)

0.003

C-ACT score

22.3 (3.9)

23.7 (2.8)

1.17 (0.09-2.25)

0.03

ACT score

21.3 (3.3)

22.1 (2.9)

0.88 (-0.41-2.16)

0.18

FEV1 % pred

92.3 (14.7)

92.1 (13.5)

-1.01 (-3.60-1.57)

0.44

FEV1, Z-score

-0.68 (1.1)

0.52 (1.0)

-0.04 (-2.50-0.16)

0.70

FeNO, ppb

30.3 (24)

33.5 (31.5)

4.19 (-2.51-10.88)

0.22

Data shown are mean (SD)
SFD: Symptom Free Days, UC: usual care, VAC: virtual asthma clinic, FEV1: Forced expiratory volume in 1 second,
FeNO: fraction of nitric oxide in exhaled air, C-ACT: Children Asthma Control Test, ACT: Asthma Control test
P-values derived from Linear Mixed Model analysis

Figure 2 Changes in mean Children Asthma Control Test (C-ACT) score in children aged
6-11 years. C-ACT measured at 0, 8, and 16 months of follow-up.

Black line: virtual asthma clinic, grey line: usual care.
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In children 12-16 years of age (Figure 3), asthma control was similar after 16 months of
follow-up, as the ACT-score did not differ significantly between both groups (0.88 points
(95% CI -0.41-2.16), p = 0.18).

Lung function, FeNO and daily ICS doses.
Mean changes from baseline in FEV1 and FeNO did not differ between groups (Figure 4
and 5). After 16 months of follow-up, the mean value of FeNO was similar in both groups
(Table 2).
At baseline, the mean daily ICS dose did not differ between both groups, (table 1, p= 0.19),
and this did not differ after 16 months (data not presented).

Figure 3 Changes in mean Asthma Control Test (ACT) score in children aged 12-16 years.
ACT measured at 0, 8, and 16 months of follow-up.

Black line: virtual asthma clinic, grey line: usual care.
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Figure 4 Changes in mean FEV1 for all participants. FEV1, as measured at 0, 8 and 16 months
of follow-up and expressed as the percentage of predicted.

Black line: virtual asthma clinic, grey line: usual care.

Exacerbations, unscheduled outpatient visits and hospital admissions
The number of asthma exacerbations, telephone calls, unscheduled visits to the outpatient
clinic or emergency department, and hospital admissions were similar in both groups
(Table 3).
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Figure 5 Changes in mean FeNO for all participants. FeNO measured at 0, 8 and 16 months
and expressed in parts per billion (ppb).

3

Black line: virtual asthma clinic, grey line: usual care.

Subgroup analysis
Poorly or uncontrolled asthma
Almost 30% of the children had uncontrolled asthma ((C-)-ACT ≤19) at the start of the
study, and this was similar in both groups: 28 and 30 children in the UC and VAC-group,
respectively. After a 16 months follow up period the percentage of children with
uncontrolled asthma decreased with both monitoring strategies: from 29% to 11% in the
VAC-group and 27% to 11% in the UC-group. A post-hoc analysis demonstrated that the
improvement within the VAC-group and UC-group could be attributed to children with
uncontrolled asthma at baseline. In children 6-11 years of age with uncontrolled asthma
C-ACT increased 5.4 points during the study (p<0.01) in the VAC- group and C-ACT increased
4.3 points (p=0.01) in the UC group. In children 12-16 years of age with uncontrolled
asthma, a significant improvement of 3.7 ACT-points (p<0.01) after 16 months occur in the
VAC group, whereas this improvement was not statistically significant in the UC-group.
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Table 3 Unscheduled visits, hospital admissions, asthma exacerbations and courses of
systemic corticosteroids
Number
of patients
with AE
in UC
(n=105)

Number
RR
of patients
with AE
in VAC
(n = 105)

95% CI

18

16

0.89

0.48-1.65 38

23

0.85

Unscheduled
26
visits to the
outpatient clinic

35

1.35

0.88-2.07 47

54

0.24

Courses of
systemic
corticosteroids

13

11

0.85

0.40-1.80 22

12

0.83

Visits to
emergency
department

2

3

1.50

0.26-8.79 3

3

0.67

Hospital
admissions

2

1

0.50

0.05-5.43 2

1

0.56

Asthma
exacerbations

Number
Number
p-value
of observed of observed
AE in UC
AE in VAC

Data shown are exact numbers. AE: Adverse event, UC: usual care, VAC: virtual asthma clinic, RR: relative risk, CI:
confidence interval,
P-values derived from Mann-Whitney U test

Discussion
Principal findings
This study demonstrates that eHealth using the Virtual asthma clinic can substitute 50% of
routine outpatient visits in paediatric asthma care while the number of SFDs improved
significantly after a 16-months follow-up. Although this improvement was of no clinical
relevance based on the predicted improvement of 4 SFDs per month, this study provides
strong evidence that the eHealth intervention for online asthma monitoring as used in
this study can (partly) replace routine outpatient visits without deterioration of asthma
control.
FEV1, FeNO, mean daily doses of ICS, number of asthma exacerbations, additional
telephone calls, unscheduled visits to the outpatient clinic or emergency department,
hospital admissions and courses of systemic corticosteroids were similar in both groups
during 16 months.
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Daily doses of ICS did not decrease in both groups, contrary to a recent study in children
with asthma.8 A reduction of medication in that study was realised in both the standard
care and web-based care group, with a larger reduction in the web-group. An important
difference is that treating physicians were instructed to reduce treatment based on the
outcome of the various monitoring strategies, resulting in a decrease in daily dosages in
all treatment arms. In our study, physicians were free to adapt treatment at their own
decision in both treatment arms.
To our knowledge, this is the first study to demonstrate that an eHealth intervention
in daily practice can partly substitute routine outpatient visits. Earlier studies showed
comparable or improved outcomes after web-based monitoring of asthma compared
with usual care, with regard to lung function, adherence, quality of life, asthma control,
knowledge and additional visits.2 3 5 9 10 22-26 However, these studies mainly assessed
the additional value of eHealth compared to usual care and did not focus on its potential
role in replacing it.
Another strength of the study is its external validity. The results of the study are easy to
generalise to the general paediatric asthma population as four general hospitals and four
tertiary hospitals across the country (both rural and urban areas) participated in this study.
The results of this study are subject to several limitations. First, SFDs were not collected
by daily questionnaires but were extracted from (C-) ACT. This may have led to an
insufficient reflection of individual asthma symptoms. However, our target population
clearly indicated that they were not keen on filling in daily diaries because they considered
this as an unnecessary burden. In addition, it would not reflect daily practice and
anticipated use of the VAC. Furthermore, previous studies reported that daily diaries are
often falsified and unreliable.27 28
Second, despite the statistically significant improvement of 1.17 C-ACT points in young
children the minimally important difference of 2 C-ACT-points was not reached in this
study. The MID reflects a clinically meaningful change for the patients and has been
shown to be 2 C-ACT-points or 3 ACT-points. 17 29 An explanation for this small difference
might be that the majority of patients with well-controlled asthma at baseline had little
potential for improvement during follow up. Subgroup analysis confirmed that significant
improvement of (C-) ACT and ACT was only seen in children with uncontrolled asthma at
baseline, possibly also due to regression to the mean. In both groups, children with
uncontrolled asthma also had a better asthma control after follow-up. This may be due to
the fact that study participation increases the awareness of the disease, which could
improve adherence to medication, and therefore asthma control (both in the VAC and
UC-group). Additionally, eHealth interventions seem to be most successful in patients with
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more severe illness or uncontrolled disease who have most to gain.4 30 However, it is still
unclear which patients might benefit most. Future research should focus on this subject
and examine patient preferences to achieve personalised management.8 13 31
Third, one might argue that the outpatient visits in the UC-group, planned every four
months, might not have been necessary and fewer contacts would also be sufficient to
monitor asthma control. Although current international guidelines emphasise the importance
of monitoring asthma, they do not give clear recommendations on monitoring frequency
to obtain and maintain clinical control.14 19 32 33 Some form of asthma monitoring is
essential to reduce future risks for the patients. Nevertheless, it is still unknown which
monitoring strategy is superior and what monitoring frequency is optimal. Ideally, any
monitoring scheme should be tailored to the individual patient and follow-up should
intensify according to asthma severity.13 34 A less frequent follow-up in the UC-group,
could have resulted in a monitoring frequency too low to be acceptable.
Fourth, this study was limited by a potential selection bias despite well-defined inclusion
criteria. Main inclusion criteria were an asthma diagnosis based on clinical symptoms and
significant reversible airways obstruction, and/or AHR, and/or increased FeNO. All patients did
meet these criteria, but it is conceivable that selection bias occurred due to physicians
inviting specific participants; avoiding patients with impairment in social interactions in
the past (e.g. no show on clinical visits, problematic families). The use of the VAC might
also have caused a selection bias due to the required internet access, but not in this study
since over 96% of the Dutch households had access to the Internet in 2014. and this
percentage is still increasing while the increasing use of internet for management of
chronic illnesses seems a natural development.35
eHealth interventions for online asthma monitoring, like this virtual asthma clinic offer
new possibilities to transform the current supply-driven healthcare system to a more
patient-centred approach and provide continuity of care tailored to the individual patient.
This so-called ‘personalised eHealth’ is needed to support self-management and is
proposed as an appealing medium for health improvement as it can easily provide remote
online monitoring in a time where healthcare systems are already overburdened, and
more frequent routine visits are not desirable. Furthermore, the VAC may serve as an
example for other chronic diseases in which validated questionnaires play an important
role in monitoring disease activity and detecting deterioration.
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However, determination of the effect of eHealth solely in terms of clinical outcomes it is
not sufficient. Future research should focus on defining the cost-effectiveness of eHealth
interventions, like the virtual asthma clinic, the possibilities to implement eHealth in
routine clinical care and to assess drivers and barriers for further implementation in
paediatric asthma care.

Conclusion
While routine outpatient visits were reduced by 50%, the number of symptom free days
and the degree of asthma control improved in children who received care using the
virtual asthma clinic. Although these differences were statistically significant, we consider
these as not clinically relevant. Hence, routine outpatient visits can partly be replaced by
monitoring asthmatic children using eHealth.
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Appendix 1 Calculation of Number of Symptom Free Days (SFDs)
Mean number of SFDs derived from question 5 and 7 from the C-ACT for young children.
- During the last 4 weeks, how many days had your child have daytime asthma symptoms?
- During the last 4 weeks, how many days did your child wake up during the night
because of asthma?
Mean number of SFDs derived from question 2 and 3 from the ACT for older children.
- During the past 4 weeks, how often have you had shortness of breath?
- During the past 4 weeks, how often did your asthma symptoms wake you up at the night
or earlier than usual in the morning?
Young children (6 - 11 years)
C-ACT
score

Days with
asthma symptoms

Number
of SFDs

5

0

30

4

1-3

28

3

4-10

23

2

11-18

15.5

1

19-24

8.5

0

30

0

Older children (12 - 16 years)
C-ACT
score

Days with
asthma symptoms

Number
of SFDs

5

0

30

4

1-2

28.5

3

4

26

2

8-12

20

1

>16

<14
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Cost-effectiveness

eHealth interventions have been proposed as an appealing medium to improve health
outcomes and reduce healthcare costs.1-3 However, solid evidence for the effectiveness of
eHealth on health improvement is still limited.2-5 Furthermore, the development of an
eHealth intervention is associated with high costs and this investment needs to be out
weighted by clinical effectiveness and related cost savings. Evidence about cost-effectiveness
is also limited. This causes uncertainties about the effectiveness of eHealth and constitutes
a barrier for successful implementation in daily practice.6, 7 Thus, it is necessary to assess
both effectiveness and cost-effectiveness to convince colleagues and policymakers of
its added value.
We assessed the cost-effectiveness of online asthma care for children alongside a randomised
controlled trial (RCT) to evaluate the effectiveness of this eHealth intervention on health
improvement.8 In this RCT, 210 asthmatic children were randomly allocated into two types
of asthma management. Usual care (UC) consisted of 4-monthly routine outpatient visits
and at these visits, asthma control was assessed with a (Children’s) Asthma Control Test
((C-) ACT).9 In the Virtual Asthma Clinic (VAC) group, outpatient visits were reduced by 50%
and asthma control was monitored online with monthly web-based (C-)ACTs. In the VAC
group, children had more symptom free days per month and (C-)ACT improved more in
the VAC group. This RCT proved that routine outpatient visits can partly be replaced by
online asthma management using the VAC.
We carried out an a-priori defined cost-effectiveness analysis with the hypothesis that online
management via the VAC is cost-effective. Standard cost questionnaires were completed
by the parents every four months to assess costs from both healthcare and societal
perspective. Healthcare (or direct) costs included all costs related to medical conditions,
prescribed medication and intervention costs (development of the VAC and estimated
hosting and license costs). Societal (or indirect) costs consisted of the loss of productivity,
travel costs for any medical condition and parking expenses. The cost prices were based
on Dutch Guideline for Cost Analyses10 and if prices were not available, other sources were
used. Prices were converted to the 2014 level using the Dutch consumer price index.11
Mean incremental costs were weighted against the mean incremental effect in terms of
asthma-related quality of life (QoL) and asthma control. Ninety-five percent uncertainty
boundaries in the incremental cost-effectiveness ratio (ICER) were determined nonparametrically using bootstrap-analyses. In this bootstrap-simulation 1000 random samples
of costs-effect pairs were selected with replacement. Results of the simulation were
graphically presented in a scatter plot in which each dot signifies the ICER of one iteration
of the bootstrap-stimulation. Two validated questionnaires were used to assess QoL at 0,
8 and 16 months: The Paediatric Asthma Caregiver’s Quality of Life Questionnaire (PACQLQ)
to assess QoL in caregivers of young children (6-12 years) and The Paediatric Asthma
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Quality of Life Questionnaire (PAQLQ) for teenagers (12-16 years).12, 13 Asthma control was
measured by the (C-)ACT as described in the RCT. Differences in cost were assessed with a
non-parametric Mann Whitney U test. The changes from baseline in (C-)ACT and PA(C)QLQ
were analysed using linear mixed models.
After 16 months, asthma control in young children (C-ACT) was higher in the VAC-group
(mean (95%CI) difference: 1.17 (0.09-2.25) points, p = 0.03).8 In the group of teenagers, no
significant difference in ACT-score between treatment arms was observed (mean (95%CI)
difference: 0.88 (-0.41-2.16) points). In addition, a 50% reduction of outpatient visits did not
have any relevant influence on the PACQLQ and PAQLQ (data not presented; p=0.95 and
0.84 respectively).
Both direct and indirect costs per patient were significantly lower in the VAC group
compared with UC (respectively: median VAC €726.52, median UC €875.86, p=0.01 and
median VAC €102.79, median UC €124.56, p=0.02). Resulting in lower total cost from a
societal perspective (direct plus indirect costs) for VAC (median VAC €889.77, median UC
€1081.47, p=0.014). There were no significant differences in the following healthcare and
societal costs: GP consultations, paediatrician consultations, other specialists, physiotherapists, consultations by phone, ER visits, hospital admissions and loss of productivity (data
not presented). Online asthma management was associated with lower costs due to fewer
outpatient clinic visits (median VAC €237.09, median UC €385.15, p<0.000) and lower travel
expenses (median VAC €94.09, median UC €120.15, p= 0.003).
In young children, the VAC resulted in both improved health outcomes and cost-savings
in 99% of the 1000 bootstrapped replications with a mean cost-saving of €352 per patient
(95 percentiles €67; €652) (Figure 1a). In teenagers, considerable cost-savings were realised
in 90% of the bootstrapped replications with mean savings of €852.- per patient (95
percentiles €-294; €2584) (Figure 1b). Asthma control was similar in both groups and the
percentage of bootstrapped replications that resulted in both improved health outcomes
and cost-savings was 74% (Figure 1b). Similar results were found for the cost effectiveness
planes concerning QoL and costs (Figure 1c and 1d); QoL was maintained whereas cost
savings were realised for online care in both age-groups.
In summary, we demonstrated cost-effectiveness of online asthma management for
children with a 50% reduction of routine outpatient visits compared with usual care.
In young children, online care resulted in both improved health outcomes and substantial
cost savings. In teenagers, usual- and online care were equally effective with respect to
clinical outcome, but considerable cost-savings were realised with online care. This costeffectiveness analysis supports implementation of online asthma management from a
health economic perspective.
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Whereas evidence on the clinical effectiveness of eHealth is accumulating, the evidence
of its cost-effectiveness remains scarce.3, 14 Main limitations of economic evaluations of
eHealth are the lack of randomized controlled trials, and the absence of quality data and
appropriate measures.14, 15 Besides, most eHealth interventions in these studies were used
addition to standard care contrary to our study in which eHealth partly replaced usual
care. National implementation of the VAC has the potential to effectuate costs savings of
€10.7 million per year (both direct and indirect costs) based on ±30.000 children with
asthma in The Netherlands treated by paediatricians. Online paediatric asthma care in
other countries may result in substantial cost savings as well, especially when healthcare
costs are higher, or travel distances are larger. One could argue that the frequency of
routine visits in real life differs from the fixed protocol in the RCT and that some patient
should be seen less and others more frequently. A general approach to individual patients
is not desirable and the focus of healthcare is shifting from volumes of services delivered
to added patient’ value. It is important to tailor healthcare to individual patient’s wishes, in
agreement with the doctor’s needs. This is one of the strengths of the VAC: it reflects a
development towards ‘personalised eHealth’. Additionally, it is a nice example of valuebased healthcare: achieving high value for patients with care adapted to the individual,
while reducing costs by replacing infrequent traditional outpatient visits by more frequent
online monitoring, which is more efficient and patient friendly.
We conclude that the virtual asthma clinic for children is an effective and cost-effective
eHealth intervention to improve asthma care. Introducing this intervention as part of
current asthma management is an attractive and very realistic option to optimize
monitoring strategies in a more personalised way. The next step is implementation and
routine use of this intervention in daily practice.
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Figure 1 Cost-effectiveness planes: cost-effectiveness of a virtual asthma clinic compared
with usual care (showing the 1000 bootstrapped estimates).

1a

1b

1c

1d

Dots represent the societal costs (direct plus indirect costs), plotted against asthma control (Figure 1a en b) and
quality of life (Figure 1c and d). The south-east quadrants in Figure 1a-c indicate that the VAC dominates usual
care (i.e. effectiveness is higher, and costs are lower). The lower quadrants in Figure 1d indicates that the VAC
dominates usual care (i.e. the effectiveness is the same, but costs are lower).
1a In young children (6-11 years): costs versus asthma control measured by C-ACT.
1b In teenagers (12-16 years): costs versus asthma control measured by ACT.
1c In caregivers of young children: costs versus quality of life measured by PACQLQ.
1d In teenagers: costs versus quality of life measured by PAQLQ.
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Abstract
Background: As eHealth becomes more integrated in healthcare systems, availability
of validated electronic questionnaires would enable asthma related quality of life (QoL)
assessment and screening for psychosocial problems to become a routine part of patientcentred care.
Objectives: The aim of this study was to assess whether asthma related QoL and psychosocial
problems of children with asthma improve when routine outpatient clinic visits are partly
replaced by online asthma management.
Methods: In a randomized controlled multicentre trial with a 16 months follow-up, asthmatic
children (6-16 years) treated in 8 Dutch hospitals were randomized to usual care (UC,
4-monthly outpatient visits) and online care using a virtual asthma clinic (VAC, 8-monthly
outpatient visits with monthly fully-automated web-based monitoring). Outcome measures
were asthma related QoL (measured by the Paediatric Asthma Caregivers Quality of Life
Questionnaire (PACQLQ) and the Paediatric Asthma Quality of Life Questionnaire (PAQLQ))
and psychosocial problems (measured by the Strengths and Difficulties Questionnaire
(SDQ)).
Results: We included 210 children. At baseline, 38% of the young children (6-11 years) and
24% of the teenagers (12-16 years) had minor or major psychosocial problems. Caregivers
who reported more psychosocial problems in their young children reported lower asthma
related QoL (r = -0.9, p = 0.04). Self-reported psychosocial problems and asthma related
QoL were also negatively correlated in teenagers (r= 0.45, p = 0.00).
After follow-up, the overall PACQLQ score did not differ between the UC and VAC groups
(mean difference of 0.01 points (95% CI -0.20-0.21), p = 0.96). Similar results were seen in
the PAQLQ-score (mean difference of 0.02 points (95% CI -0.18-0.23), p=0.82). The mean
total score and several domain scores of the SDQ did not significantly differ between the UC
and VAC group).
Conclusion: In our population, psychosocial problems were about twice as prevalent in our
asthmatic population compared to the normal population and associated with decreased
asthma related QoL. Introduction of online asthma monitoring and management by
replacing 50% or routine visits did not contribute to a better quality of life or a better
psychosocial well-being in children and teenagers with asthma.
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Introduction
‘Quality of life’ (QoL) is defined as ‘the perception of individuals on their position of life in
context of the culture and systems of values in which they live and in relation to their
goals, expectations, standards, and concerns’.1 QoL can change according to environmental
and personal factors, as well as in response to certain diseases. 1 Therefore, it is important
to evaluate QoL in patients with chronic diseases, such as asthma.
Asthma is the leading chronic disease of childhood and adolescence and imposes a
substantial healthcare burden on children, their family and society2-4 and most guidelines
advise periodic assessment of the impact of asthma on Qol of the child5 and caregivers.6
Asthma related QoL is related to the degree in which the disease is controlled; when the
disease is not effectively controlled, children can have an impaired quality of life and are at
increased risk of developing a broad range of psychosocial problems, especially internal
behavioural problems. 7-10 Furthermore, considerable psychosocial problems may coexist
that are not adequately reflected by assessing asthma related QoL. Assessment of
asthma-related QoL is insufficient to provide a description of the overall health status of
children.11 Proper treatment, management and monitoring to optimize asthma control is
necessary as it may reduce the burden on asthmatic children and their family.5, 12-16
As eHealth becomes more and more integrated in healthcare systems, availability of
validated electronic questionnaires would enable asthma related QoL assessment and
screening for psychosocial problems to become a routine part of patient-centred care,
consistent with current guidelines.
In a recent randomized controlled multicentre trial we demonstrated that asthma control
in children monitored online using an eHealth intervention was maintained (and in
subgroups even improved), while regular visits to the outpatient clinic were reduced by
50%.17 Alongside this trial, participants (or their parents) completed validated questionnaires
focusing on asthma related QoL and psychosocial problems. Because both caregivers and
participating patients were highly satisfied with the concept, design, time-saving aspects
and function of this virtual asthma clinic (VAC)18, we hypothesized that asthma related QoL
and psychosocial measures would improve when children were monitored online while
outpatient visits were reduced by 50%. The aim of this study was to assess whether asthma
related QoL and psychosocial problems of children with asthma improve when routine
outpatient clinic visits are partly replaced by online asthma management.
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Methods
This study was part of a prospective multicentre, unblinded, randomized controlled trial
on the effects of a virtual asthma clinic (VAC) in asthmatic children compared with usual care
asthma management (UC) (trial registration number NL2298 (NTR2689)). The methodological
details of the trial are briefly summarized here, detailed information about the design and
methods is reported elsewhere.17 This study was approved by all local ethic committees.
All parents and all children ≥ 12 years gave written informed consent, and assent, respectively.

Design
Children were randomized for either usual care (UC) or online care using the virtual asthma
clinic (VAC) within each centre.17 UC included 4-monthly outpatient visits and assessment of
asthma control, asthma related QoL and psychosocial problems by validated questionnaires
at 0, 8 and 16 months. In the VAC group, outpatient visits were reduced by 50%, hence
children were only seen every 8 months but were monitored online with monthly webbased questionnaires to assess asthma control. Further, they completed questionnaires
about asthma related QoL and psychosocial problems at 0, 8 and 16 months. In case of a
missing questionnaire, reminders were automatically sent to the patient to complete this
questionnaire. Reminders were sent after one, two and three weeks. No extra chasing up
was done to receive missing questionnaires after 3 weeks.

Participants
Eligible participants were children (6-16 years) with a doctor’s diagnosis of asthma based
on symptoms and a bronchodilator response of FEV1 of >9% of predicted and/or airway
hyperresponsiveness and/or signs of eosinophilic airways inflammation (elevated FENO >
25 ppb). All had to have at least one allergy for airborne allergens confirmed by positive
skin prick tests and/or blood tests and a computer with internet access. Exclusion criteria
were a history of admission to the intensive care unit for asthma in the preceding five
years; difficult to treat asthma (defined as uncontrolled or poorly controlled asthma in
spite of maintenance treatment with inhaled corticosteroids with at least 800 micrograms
regular Beclomethasone or equivalent per day, long acting bronchodilators and/or
Montelukast, and/or oral corticosteroids); use of Omalizumab; other chronic diseases; and
the inability of the parents or children to read and understand Dutch. Participants were
recruited in all participating hospitals during a regular outpatient visit and received
standardized information about the use of the VAC. In this article, children aged 6-11 years
are referred to as young children and children aged 12-16 years as teenagers.

Intervention
The VAC, in Dutch also called ‘Luchtbrug’ (www.luchtbrug.nl), is a web-based portal with
a chat and forum module for peers, an information module to enhance knowledge about
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asthma, and a secure and private module in which the child/parent can log in to consult
(or download) an individual treatment plan, communicate with the asthma management
team and complete several questionnaires for online disease monitoring. The VAC is
developed by paediatric pulmonologists taking into account patient’s experiences and
wishes, which were explored by focus group interviews.
After informed consent, participants were added to the VAC which automatically send a
welcome mail to the participant, including a link to confirm participation. After this
confirmation, participant had access to the VAC (and could easily log in) with their personal
e-mail address and self-chosen password. For medicolegal reasons, participants received
an standard e-mail by the VAC with the request to complete a questionnaire but no
specific patient-related information was involved. After log-in to the private secure section
of the VAC, the participant could complete these questionnaires. During the RCT, no
feedback of the participants was obtained, but after follow-up feedback of the participants
was used to optimize the intervention.

Baseline characteristics
Parents of young children and teenagers themselves completed a general questionnaire
at the beginning of the study. This self-made questionnaire included items about family,
living situation, work or school, social economic status, highest level of education and
reasonable concerns about their current living condition.

Asthma control
Asthma control was assessed using two age-specific validated questionnaires: The Childhood
Asthma Control Test (C-ACT) for young children 6-11 years, and the Asthma Control Test
(ACT) for children older than 12 years.17, 19, 20

Asthma related quality of life
The Paediatric Asthma Quality of Life Questionnaire (PAQLQ) was used to assess asthma
related QoL in teenagers.21 Parents of young children completed the version for caregivers:
The Paediatric Asthma Caregivers Quality of Life Questionnaire (PACQLQ).6 The PAQLQ
and the PACQLQ are the most widely used validated instruments to assess asthma related
QoL in both patients and caregivers. In both groups, questionnaires were completed at 0,
8 and 16 months.
The PAQLQ is a questionnaire with a 1-week recall period consisting of 23 items in three
domains: symptoms, emotional functioning and activity. Each item was scored using a
7-point response-scale, with 7 being indicative for optimal asthma related QoL. Items were
all equally weighted and the overall PAQLQ score was measured by the mean of these
item-scores. There are no official cut-off points for the interpretation of PAQLQ. The minimal
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important difference (MID) for clinical relevance of the overall score is 0.5 points.21
The different domain scores were calculated as described by Juniper.21
The PACQLQ focuses on how caregivers are limited in their own QoL due to their child’s
asthma. The questionnaire consists of 13 items in two domains: emotional functioning
and activity. The same 7-item response scale was used and overall PACQLQ score was
measured identically. Also, no cut-off scores are described for the interpretation of PACQLQ
and the MID for clinical relevance of the overall score is 0.7 points.6 The different domain
scores were measured as described by Juniper.6

Psychosocial problems
To assess considerable psychosocial problems, which are not reflected by the asthma
related QoL, and to assess a potential correlation between psychosocial problems and
asthma related QoL, teenagers and the parents of young children also completed the
Dutch version of the Strengths and Difficulties Questionnaire (SDQ) at 0, 8 and 16 months.22
This 25-item questionnaire is validated to assess a wide range of psychosocial problems
including emotional symptoms, conduct symptoms, hyperactivity-inattention, peer
problems and prosocial behavior.23, 24 Scores range between 0 and 40 points, and the
normal range in the general population is 0-10 points for overall scores reported by
caregivers and 0-13 points for overall problems reported by adolescents. Reference data
and cut-off scores were based on a general population of 1288 Dutch adolescents (aged 11-16
years) and 285 caregivers. Psychosocial problems between the 80th and 90th percentiles
and above the 90th of the reference group were classified as minor and major psychosocial
problems, respectively.25

Statistical analysis
Mean and standard deviations (SD) and medians and interquartile range were used to
describe normally distributed and skewed data, respectively. Analyses of all questionnaires
were reported for two different groups (i.e. parents of young children and teenagers). The
changes from baseline in these outcomes at 16 months were analysed using linear mixed
models (LMM) and were only corrected for baseline measurements. Differences in scores
on the PAQOL- and SDQ-questionnaires between well-controlled and poorly or uncontrolled
children with asthma were analysed using Chi square tests. Spearman correlations were
used to assess the correlation between psychosocial problems and asthma related QoL.
SPSS version 25 was used for all analyses.
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Results
Data on PACQLQ, PAQLQ and SDQ were available in 89%, 73% and 82%, respectively. All
available data were used for the analyses.

Baseline characteristics
Informed consent was given for 210 out of 343 eligible children during the inclusion
period from October 2011 to November 2012. The majority of the children was male
(59.5%) and aged between 6 and 12 years (58.1%). Eighty-seven percent (87%) of the
caregivers were married or living together. Ten percent (10%) of the families reported to
have reasonable concerns about their current living condition (health concerns, financial
concerns, other). Nevertheless, the majority of the families (63%) experienced sufficient
support from their social network, mainly emotional support (70%). Baseline characteristics
were similar between the intervention and the control group (Table 1).

Quality of life
The asthma related QoL of caregivers of asthmatic young children and the asthma related
QoL in teenagers in this population approached maximal scores at the beginning of the
study in both the UC and VAC group (Table 1).
At the beginning of the study, almost 30% of the children and teenagers had poorly or
uncontrolled asthma ((C-)ACT ≤19).17 and a positive correlation was observed between
asthma control of the patients and the asthma related QoL as reported by caregivers
(r = 0.28, p = 0.00) and teenagers (r = 0.74, p = 0.00): a better asthma control (i.e. higher
ACT scores) was related to higher quality of life.
After 16 months of follow-up, the overall PACQLQ score did not differ between the UC and
VAC group (mean difference of 0.01 points (95% CI -0.20-0.21), p = 0.96) (Figure 1). Similar
results were seen in teenagers, as the mean overall PAQLQ score did not differ significantly
between both groups (mean difference of 0.02 points (95% CI -0.18-0.23), p=0.82) (Figure 2).
Also, there were no significant differences between both groups on the several mean domain
scores for both PACQLQ and PAQLQ after a follow-up of 16 months (Table 2).
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Table 1 Baseline characteristics
Characteristics

UC
n = 105

VAC
n = 105

Age (years)

11.3 (2.7)

11.3 (2.9)

Age group
6-12 yrs.
12-16 yrs.

63 (60)
42 (40)

59 (56.2)
46 (43.8)

Male (%)

61 (58.1)

64 (61)

C-ACT score

21.1 (4.0)

22 (3.2)

ACT score

20.3 (4.2)

20.9 (3.6)

(C-)ACT < 20

28 (26.7)

30 (28.6)

PACQLQ
-

Overall score
Emotional function
Activities

6.2 (0.9)
6.4 (0.9)
6.2 (0.9)

6.2 (0.8)
6.2 (0.9)
6.1 (0.8)

PAQLQ
-

Overall score
Emotional function
Activities
Symptoms

6.3 (0.7)
6.7 (0.5)
5.9 (1.1)
6.2 (0.9)

6.2 (0.6)
6.7 (0.4)
5.9 (0.8)
5.9 (0.9)

SDQ children
Total problems
Emotional symptoms
Conduct problem
Hyperactivity
Peer problems
Prosocial problems

9.2 (5.1)
2.3 (2.2)
1.8 (1.1)
3.4 (2.7)
1.1 (1.8)
7.2 (1.0)

10.1 (5.0)
2.4 (2.5)
2.1 (1.3)
4.3 (2.4)
1.3 (1.1)
6.8 (1.7)

SDQ teenagers
Total problems
Emotional symptoms
Conduct problems
Hyperactivity
Peer problems
Prosocial problems

9.2 (5.5)
2.2 (2.3)
2.4 (1.8)
3.8 (2.4)
0.8 (1.8)
6.9 (1.3)

11.2 (4.7)
2.9 (2.3)
2.2 (1.1)
5.1 (2.1)
1.1 (1.8)
6.9 (1.0)

Data shown are numbers of patients (%), mean (SD) or median (IQR)
SD: Standard deviation. IQR: Inter Quartile Range, UC: usual care, VAC: virtual asthma clinic, C-ACT: Children
Asthma Control Test, ACT: Asthma Control test, PACQLQ: Paediatric Asthma Caregivers Quality of Life
Questionnaire, PAQLQ: Paediatric Asthma Quality of Life Questionnaire, SDQ: Strengths and Difficulties
Questionnaire
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MeanPACQLQ
(caregivers of asthmatic children aged 6-11 years)

Figure 1 Changes in mean overall PACQLQ score of caregivers of asthmatic children at
0, 8 and 16 months of follow-up.
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Figure 2 Changes in mean overall PAQLQ score of teenagers at 0, 8 and 16 months of
follow-up.
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Table 2 Outcome parameters in Usual Care (UC) and the Virtual Asthma Clinic (VAC) of
the Paediatric (Caregivers) Quality of Life Questionnaire (PA(C)QLQ) and the Strength and
Difficulties Questionnaire (SDQ) for teenagers and caregivers.
16 months follow-up
Characteristics

UC

VAC

Difference (95% CI)

p-value

PACQLQ
Overall score
Emotional function
Activities

6.5 (0.7)
6.7 (0.8)
6.4 (0.8)

6.4 (0.6)
6.6 (0.6)
6.4 (0.7)

1.01 (-0.20 – 0.21)
0.04 (-0.23 – 0.31)
-0.02 (-0.22 – 0.18)

0.96
0.76
0.87

PAQLQ
Overall score
Emotional function
Activities
Symptoms

6.6 (0.5)
6.9 (0.1)
6.4 (0.7)
6.5 (0.7)

6.5 (0.5)
6.8 (0.4)
6.3 (0.8)
6.4 (0.7)

-0.02 (-0.23 – 0.18)
-0.05 (-0.15 – 0.06)
0.05 (-0.19 – 0.29)
-0.05 (-0.34 – 0.25)

0.82
0.40
0.69
0.76

SDQ Children
Total problems
Emotional problems
Conduct problems
Hyperactivity
Peer problems
Prosocial behaviour

9.1 (5.9)
1.9 (2.5
1.9 (1.1)
3.8 (2.2)
1.4 (1.7)
6.9 (1.0)

9.9 (4.5)
2.2 (2.1)
2.4 (1.2)
4.3 (2.2)
1.0 (1.4)
6.8 (1.3)

-0.12 (-1.27 – 1.04)
0.10 (0 -0.40 – 0.60)
0.02 (-0.36 – 0.31)
-0.01 (-0.56 – 0.54)
-0.01 (-0.36 – 0.34)
-0.25 (-0.57 – 0.08)

0.84
0.69
0.17
0.97
0.98
0.14

SDQ teenagers
Total problems
Emotional problems
Conduct problems
Hyperactivity
Peer problems
Prosocial behaviour

8.5 (5.7)
1.8 (2.1)
1.8 (1.3)
3.7 (2.4)
1.2 (1.7)
7.0 (1.2)

10.1 (4.6)
2.4 (2.1)
2.0 (1.2)
4.2 (2.5)
1.4 (1.3)
6.7 (1.4)

-0.30 (-1.91 – 1.31)
0.12 (-0.54 – 0.79)
0.38 (-0.13 – 0.89)
-0.74 (-1.48 – 0.01)
-0.01 (-0.59 – 0.58)
0.01 (-0.45 – 0.47)

0.71
0.71
0.14
0.06
0.99
0.97

Data shown are mean (SD)
UC: usual care, VAC: virtual asthma clinic, PACQLQ: Paediatric Asthma Caregivers Quality of Life Questionnaire,
PAQLQ: Paediatric Asthma Quality of Life Questionnaire. SDQ: Strengths and Difficulties Questionnaire
P-values derived from Linear Mixed Model analysis

Psychosocial problems
At the beginning of the study, 38% of the asthmatic young children (aged 6-11 years) had
minor (16%) or major (22%) psychosocial problems at baseline according to caregivers
(Table 3 and figure 3). In most domains these caregivers reported more overall psychosocial
problems compared to the reference group (normal population), except for peer problems
(Figure 3).
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Figure 3 Percentage of major psychosocial problems in two different age groups compared
to the reference population.
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Twenty-four percent of the asthmatic teenagers reported minor (13%) or major (11%)
psychosocial problems. Teenagers with asthma reported fewer problems with conduct -,
peer- and prosocial problems and reported higher scores on hyperactivity compared to
the reference group.
After 16 months of follow-up, the mean total score and several domain scores of the SDQ
did not significantly differ between the UC and VAC group (Table 2).

Correlation between psychosocial problems and asthma related QoL
At baseline, caregivers who reported more psychosocial problems in their young children
reported lower asthma related QoL (r = -0.19, p = 0.04) and had more limitations in their
own activities (r = -0.20, p = 0.03; Table 4). In teenagers, self-reported psychosocial problems
and asthma related quality of life were also negatively correlated (r = -0.45, p=0.00): more
psychosocial problems were related to lower related QoL (Table 5).
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Table 3 Percentages of minor and major psychosocial problems in both age groups
of young children and teenagers with asthma at baseline (usual care and virtual asthma
clinic groups together).
n

Minor psychosocial Major psychosocial
problems
problems

Caregiver-reported psychosocial problems (SDQ) of their child aged 6-11 years
Emotional problems

116

10%

16%

Conduct problems

116

18%

28%

Hyperactivity

116

12%

18%

Peer problems

116

8%

6%

Prosocial problems

116

17%

27%

Total problems

116

16%

22%

Self-reported psychosocial problems (SDQ) of children aged 12-16 years
Emotional problems

75

7%

11%

Conduct problems

75

9%

2%

Hyperactivity

75

18%

15%

Peer problems

75

2%

6%

Prosocial problems

75

6%

3%

Total problems

75

13%

11%

Table 4 Spearman correlations between asthma related quality of life of caregivers and
caregivers –rated psychosocial problems in their children with asthma (aged 6-11 years)
at the beginning of the study.
Asthma related QoL of caregivers (PACQLQ)
Overall

Emotions

Activities

Caregivers-reported psychosocial problems (SDQ) of their child
Total problems

-0.19*

-0.14

-0.20*

Emotional symptoms

-0.16

-0.08

-0.19*

Conduct problems

-0.12

-0.16

-0.14

Hyperactivity

-0.14

-0.15

-0.12

Peer problems

-0.09

-0.21

-0.12

Pro-social

0.65

0.13

0.03

* p<0.05
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Table 5 Spearman correlations between asthma related quality of life and self-related
psychosocial problems in teenagers (aged 12-16 years) at the beginning of the study.
Asthma related QoL of teenagers (PAQLQ)
Overall

Emotions

Activities

Symptoms

Self-reported psychosocial problems (SDQ)
Total problems

-0.45**

-0.40**

-0.41**

-0.41**

Emotional symptoms

-0.45**

-0.44**

-0.40**

-0.38**

Conduct problems

-0.24*

-0.28*

-0.15

-0.29*

Hyperactivity

-0.10

-0.04

-0.15

-0.08

Peer problems

-0.44**

-0.44**

-0.39**

-0.39**

Pro-social

-0.07

-0.02

-0.11

-0.02

* p<0.05 ** p<0.01

Discussion
Principal results
The general conclusion of our study is that online monitoring as a substitution of 50% of the
outpatient visits for children and teenagers with asthma does not contribute to a better
quality of life or a better psychosocial well-being, despite a very high degree of patient
and caregiver satisfaction with online asthma care, and fewer visits to outpatient clinics.
Several factors are important in this study.
First, high asthma related QoL scores in caregivers of young children and in teenagers
were found at baseline. Based on these high baseline scores, it is not surprisingly that
there was no significant difference between the PA(C)QLQ scores between UC and VAC
after a follow-up of 16 months since high scores at baseline imply little potential for
improvement in both groups. Thus, it is important to emphasize here that the asthma
related QoL did not decrease despite a substitution of 50% of the outpatient visits.
Second, in our total study population almost 15% of the children (according to their
parents) and 24% of the teenagers reported an increased QoL after a 16-months follow up.
However, no differences were seen when the total UC group was compared with the total
VAC group. One explanation might be that study participation on itself already increases
the awareness of the disease in all participants of a study (regardless in which group they
were randomized), resulting in a better asthma related QoL in both the UC and VAC group.
An alternative explanation might be that the high degree of satisfaction with online
asthma management in the VAC group was not reflected by a better QoL because patients
and caregivers were very quickly accustomed to using eHealth. Furthermore, there is a
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difference between asthma related QoL and general QoL and the PA(C)QLQ only provides
short-term information (about the past week). So, there is a possibility that the high degree
of satisfaction with the innovation was not reflected by the perception of the asthma
related QoL of the past week but might have resulted in a better overall general QoL over
a longer period.
Third, a positive correlation was observed between asthma control and quality of life in
children and teenagers: higher asthma control (i.e. higher (C-)ACT scores) was related to
higher quality of life.
Fourth, our results of the Strengths and Difficulties Questionnaire (SDQ) showed high
rates of psychosocial problems reported by caregivers of asthmatic young children: 38%
reported minor or major problems. These findings are in line with the results of a study by
Tibosch et al.11 They also found that 40% of the asthmatic children had major or minor
psychosocial problems as reported by caregivers. Psychosocial problems were about
twice as prevalent in our asthmatic population as in the normal population. Problems
were related to emotions, conduct, hyperactivity and prosocial behaviour. Teenagers with
asthma did not reported these problems and even reported fewer problems with conduct
and peers and more prosocial behaviour but reported higher scores on hyperactivity
compared to the reference group. The high prevalence of psychosocial problems in our
study population is remarkable since asthma related QoL seemed quite high on average
with little room for improvement. However, Tibosch et al. already described that the
assessment of asthma related QoL (based on the PA(C)QLQ) is insufficient to provide a
description of a child’s overall health status.11
Fifth, the mean total score and several domain scores of the SDQ did not significantly
differ between the UC and VAC group after 16 months of follow-up. Also, there was no
significant reduction in minor or major psychosocial problems of our total study
population after 16 months. However, this is not surprisingly since no treatment (or
intervention) was initiated on a deviant SDQ-score at baseline. Monitoring or screening
for psychosocial problems is one thing, but it is also important to consider what action
should follow. Nowadays, psychosocial problems are not regularly assessed in asthmatic
children despite the fact that we know that these problems might affect asthma control.
However, management of an asthmatic child requires a holistic approach of the patient,
including the assessment of a child’s overall health status. For clinical purposes, it is
important to assess psychosocial problems in a child so that therapy (and asthma care in
general) can be adjusted accordingly. Additionally, involving the family of the patient in
the management of the disease is also of great importance to maintain or even further
increase self-management of the patient. One of the strengths of our study is that we have
also assessed the asthma related QoL of caregivers of young children with asthma.
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Conclusion
Introduction of online asthma monitoring and management and replacing 50% of routine
visits did result in high acceptance and satisfaction of the users but did not contribute to
a better quality of life or a better psychosocial well-being in children and teenagers with
asthma. Psychosocial problems were about twice as prevalent in our asthmatic population
as in the normal population and associated with decreased asthma related QoL. Regular
monitoring of asthma control is essential for optimal paediatric asthma management and
the use of eHealth facilitates this.
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Abstract
Background: Despite their potential benefits many eHealth innovations studied in
major studies fail to integrate into organizational routines and implementation of these
innovations remains problematic.
Objective: The purpose of this study was to describe health care professionals’ selfidentified perceived barriers and facilitators for the implementation of a web-based
portal to monitor asthmatic children online as a substitution for routine outpatient care.
Also, we assessed patient (and/or their parents) satisfaction with this eHealth innovation.
Methods: Between April and November 2015, 76 healthcare professionals were recruited
to participate. During a period of six months, participants received three questionnaires
to identify factors that facilitate or impede the use of this eHealth innovation.
Questionnaires for patients (and/or parents) were sent once after a period of 6 months.
Results: Major perceived barriers included concerns about the lack of structural financial
reimbursement for online monitoring, lack of integration of this eHealth innovation with
electronic medical records, the burden of web-based portal use on clinician workload
and altered patient-professional relationship (due to fewer face-to-face contacts). Major
perceived facilitators included enthusiastic and active initiators, a positive attitude of
professionals towards eHealth, the possibility to tailor care to the individual patient
(so-called ‘personalized eHealth’) and to easily deliver care according to current guidelines
by using the VAC and long-term profit and efficiency.
Conclusions: Implementation of an eHealth innovation is complex, dynamic and influenced
by multiple factors at the levels of the innovation itself, individual professionals, patients,
social context, organizational context and economic and political context. Understanding
and defining the barriers and facilitators that influence the context appears to be important
for successful implementation and sustainability of eHealth innovations.
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Introduction
In the last decades, the use of information and communication technology (ICT) in health
care, also known as electronic health (eHealth), has rapidly evolved. It is widely used as a
tool for improving health care, it delivers health care to geographically remote areas, it has
the potential to reduce costs, and it improves health-related behaviour and long-term
management of chronic diseases.1-3 Despite their potential benefits, many eHealth
innovations evaluated in major studies do not reach the stage of structural implementation
in daily practice and policy.4,5 In the Netherlands, eHealth has no place yet in paediatric
disease management.6
The barriers and facilitators for successful implementation have been the topic of several
review papers7-10, and Granja et al.7 suggested to also consider the scientific assessment of
the quality of care and of the financial consequences of eHealth to optimize chances of
successful implementation. We studied the implementation of eHealth prospectively,
using our Web-based asthma management as an example.
In 2011, a Web-based portal to monitor asthmatic children was developed with the aim to
change current paediatric asthma care and to (partly) substitute routine outpatient visits
by Web-based monitoring. This Web-based portal, also called the virtual asthma clinic
(VAC) for children, consisted of an information module, a forum for peers, a communication
module, and an individual treatment plan for patients. Initially, we focused on providing
evidence for a positive impact of this eHealth innovation on clinical endpoints. After 16
months of follow-up, the number of symptom-free days and the degree of asthma control
improved in children who received care using the VAC, and we concluded that routine
outpatient visits could partly be replaced by monitoring asthmatic children using
eHealth.11 Furthermore, the outcome of the cost-effectiveness analysis was in favour of
using Web-based monitoring as a substitution for outpatient visits from a health economics
perspective.12 With this evidence of the impact of the VAC on clinical outcomes, the logical
next step in the organizational process was the effective implementation of the VAC in a
larger number of Dutch hospitals in order to become an integral part of current paediatric
asthma management.
The main factor that complicates implementation is either human or organizational.13-16
Often, the consequence is that eHealth is no longer supported when the funding
supporting the study ends.17 Additionally, future dissemination and implementation of
the innovation are almost always neglected during its developmental stage, resulting in
the poor sustainability of the innovation.17,18 Thus, it is important to acquire a good
understanding of the problem, the target group, its setting, the obstacles to change or
resolve, and to “start with the end in mind.” The first step in an implementation process
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should be to recognize, identify, and understand barriers and facilitators, crucial for
addressing blockages to implementation and inventing strategies to improve the effective
use and sustainability of eHealth in daily practice.19,20 To examine barriers and facilitators,
the model of Grol and Wensing can be used, proposing that barriers and facilitators can
be examined at 6 different levels: innovation, individual professional, patient, social
context, organizational context, and economic and political context (see appendix 1).20
Based on this model, we conducted a qualitative survey study with the aim to identify
barriers and facilitators experienced by Dutch health care professionals and patients (or
their parents) when implementing eHealth in routine paediatric asthma care. In addition,
we summarize our lessons learned in recommendations that we consider relevant for
successful implementation and sustainability of eHealth in general.

Methods
Study Design
This qualitative survey study utilized data collected from health care professionals including
paediatricians, paediatric pulmonologists, nurse practitioners, paediatric (respiratory) nurses,
and children or their parents.21 We conducted the study in 14 hospitals (11 general and
3 tertiary, both urban and rural) in The Netherlands between April and December 2015.

Participants
The 8 hospitals originally participating in the randomized controlled trial (RCT)11 were
approached to also collaborate in this study. Of these, 6 hospitals agreed to participate,
and 2 hospitals declined for logistic reasons. The other hospitals (8 in total) were contacted
by email. All hospitals agreed to start with the implementation of the VAC. Finally, a total
of 14 hospitals intended to participate in this study. In each hospital, several health care
professionals confirmed their willingness to participate including paediatric pulmonologists,
paediatricians, paediatric residents, nurse practitioners, or paediatric respiratory nurses.
The number of participating health care professionals differed between hospitals. Also,
patients (or their parents) were asked to complete a questionnaire about their satisfaction
with the VAC after 6 months; they only completed 1 questionnaire at the end of the
implementation (at 6 months).

Innovation
The VAC for children is a Web-based portal for children with asthma. It consists of a general
information module and a secure private section where children (or their parents) can log
in to communicate easily with their asthma team, download or consult their individual
treatment plan, and complete a validated questionnaire for Web-based monitoring of
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their asthma control. Appendix 2 shows different screenshots of the innovation (the
individual care plan of a dummy patient).
Implementation of the VAC in paediatric asthma care included the use of the VAC in daily
practice without a fixed protocol for the use of this innovation. Despite the existence of
a national guideline for paediatric asthma management in The Netherlands, subtle
differences between hospitals and health care professionals may exist (e.g. provided
information about asthma, the frequency of follow-up, preferences of prescribed
medication). In addition, use of the VAC was tailored to local (organizational) preferences,
for example, whether a nurse practitioner was involved in the use of the VAC or which
professional was primarily responsible for contact with the patient. No restrictions were
made about the frequency of outpatient visits or Web-based monitoring per patient.
Before implementation of the VAC, a 2-hour introductory visit was planned in each
hospital, accessible to all participating professionals. These introductory visits were given
by the same person (LvdW) and were aimed at adequately informing professionals about
the purpose and details of the study and practical use of the VAC. The information
provided was semi structured in each hospital. This visit included a real-time demonstration
of the VAC and the different functions within the innovation. Further, questions by
professionals were answered, and contact information and user manuals for patients and
professionals were provided. Patients (or their parents) were informed about the use of
the VAC by their asthma team and received a written instruction manual. During the
implementation process, all professionals could contact the help desk in case of existing
problems.
Successful implementation was defined as using the VAC on a regular basis in daily
paediatric asthma care, patients using the VAC regularly, and a positive attitude (of all
end-users) toward continuing the use of the VAC in the future.

Data Collection and Analysis
Information about barriers and facilitators for successful implementation were collected
by structured Web-based questionnaires (closed survey), which were completed by all
professionals at the start of implementation and after 3 and 6 months using the same
questionnaire at these different time points. Participation was voluntary, and health care
professionals and patients could withdraw from the study at any time for any reason. No
incentives were offered. Participants had 1 month to complete the questionnaire before
the survey was closed.
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Questionnaires were based on the model of Grol and Wensing, proposing that barriers
and facilitators could be examined at 6 different levels: innovation, individual professional,
patient, social context, organizational context, and economic and political context.20
Questionnaires consisted of both open and multiple-choice questions (see appendix 3).
Participants received an email with a link to the questionnaire (email survey). No pilottesting was done before distribution of these questionnaires, but the usability and
technical functionality of the electronic questionnaire had been tested by the research
team before fielding the questionnaire. All responses were automatically captured,
analysed, and anonymized.
In case of missing questionnaires, an automatically generated reminder was sent after
1 and 2 weeks. When a professional did not complete the questionnaire after 2 reminders,
the link to the questionnaire was closed, and the questionnaire was considered missing.
Only completed questionnaires were analysed (as it was not possible to close the survey
when items were missing).
Barriers and facilitators for implementation of the VAC in daily practice were identified
from the open-ended questions and assessed using qualitative analysis. Barriers and
facilitators were divided into different categories and organized into themes using
the adapted model for understanding change at different levels of health care [20].
Two authors (LvdW and WG) identified and categorized the facilitators and barriers
independently, based on the answers to the open-ended questions. In cases of disagreement,
identification and categorization were discussed to reach consensus. Descriptive statistics
were used to analyse the multiple-choice questions (Likert scale responses).
After 6 months, health care professionals were asked to send a questionnaire on patient
satisfaction to their patients (or parents) via the VAC. The researchers had no influence on
how many patients were reached because they had no access to local clinical data for
medicolegal reasons. Therefore, no information was provided about the severity of their
asthma and current medication or treatment regimes. Questions were addressed pertaining
to the different modules of the VAC (appendix 4), the innovation, the (Children) Asthma
Control Test questionnaire for Web-based monitoring disease deterioration, the communication
module, the individual treatment plan, privacy and security, and overall satisfaction.
Participants completed the questionnaire on a voluntary basis. Results of this questionnaire
were used in this study and to update and further develop the VAC according to users’
needs and wishes.

110

Implementation

Ethics
The study was approved by the local medical ethics committee (Commissie Mensgebonden
Onderzoek Nijmegen-Arnhem), which waived written informed consent.

Results
General Results
Health Care Professionals
The characteristics of all participating hospitals, including the number of participating
health care professionals and whether implementation was successful or not, can be
found in appendix 5.
Characteristics of the participating professionals, covering a wide range with respect to
age and experience, are shown in Table 1. Initially, a total of 75 professionals intended to
participate. The first questionnaire at the beginning of the study was completed by 68%
(51/75) professionals: paediatric pulmonologists (14/51, 27%), paediatricians (19/51, 37%),
nurse practitioners (7/51, 14%), and paediatric (respiratory) nurses (11/51, 22%). The response
rates of the professionals at the beginning of the implementation and after 3 and 6 months
were 67% (51/76), 63% (48/76), and 51% (39/76), respectively.
Table 1 Characteristics of participating health care professionals.
Characteristics

Paediatric
pulmonologist
(n=14)

Paediatrician
(n=19)

Nurse
practitioner
(n=7)

Paediatric
(respiratory)
nurse
(n=11)

Age (years), mean (SD)

47 (8.5)

46 (9.6)

50 (5.1)

48 (5.7)

Male (%)

7 (50)

9 (47)

0 (0)

0 (0)

Work experience (years),
mean (SD)

10 (6.5)

12 (8.0)

18 (9.1)

18 (6.0)

Present at introductory
visit (%)

9 (64)

13 (68)

5 (71)

8 (73)

SD: Standard deviation

The mean age of all professionals was 47 (SD 8) years, and the mean work experience was
14 (SD 8) years. The majority of the professionals (37/51, 73%) had no experience with
eHealth in daily practice at the start of the study.
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Almost 70% (35/51) of the professionals were present at the introductory visit and received
detailed information about the study and the use of the VAC. The other professionals were
informed about the VAC by colleagues. Only 2% (1/51) did not receive any information
before starting to use the VAC. All participants concluded that information provided at
the introductory visits and the instruction manual were clear. Only 18% (9/51) of the
professionals read the instruction manual thoroughly.
Implementation of the VAC was unsuccessful in 29% (4/14) hospitals. In 1 hospital, this was
due to insufficient staff; just 1 paediatric pulmonologist was available for the implementation
of the VAC, and for this physician, the time investment was too much in addition to his
regular work. No specific reasons for unsuccessful implementation in the other 3 hospitals
could be assessed due to missing questionnaires at follow-up. No further follow-up was
done with the hospital representatives who initially agreed to participate.

Characteristics of Patients and Their Parents
At the end of the study, 66 parents completed the voluntary questionnaire to provide
information about the VAC. Most of their children were male (51/66, 77%) with a mean age
of 10.1 (SD 2.5) years. On average, these parents used the VAC for 7.6 (SD 4.7) months.
There were 10 children with asthma who completed the questionnaire.
Barriers and Facilitators
Barriers and facilitators were divided into 6 categories and organized into themes using
the adapted model for understanding change at different levels of health care.20 Table 2
provides an overview of the framework with barriers and facilitators in each theme.
The themes and categories are summarized below.
Innovation
By innovation, we mean “the eHealth innovation (or the object) of the implementation
process,” in this study, the VAC. There were 4 categories related to this theme: (1) attractiveness;
(2) amount of information; (3) (dis)advantage; and (4) accessibility and usability.
Several professionals stated the attractiveness of the innovation as a facilitator, as the
innovation was clear, easy, and user-friendly. Also, the innovation provided bundled,
reliable, and age-adjusted information about asthma for children and their parents.
Professionals also mentioned the advantage of the VAC to substitute routine outpatient
visits as a major facilitator. However, other professionals defined restrictions in the use
of the innovation. For example, their assumption or cognition was that Web-based
monitoring only based on the asthma control test, which is sensitive to confounding
factors, is not an adequate substitution for these visits.
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Table 2 Themes, categories, and facilitators and barriers.
Themes

Category

Facilitators

Barriers

Innovation

Attractiveness

User-friendliness of
the program

Usage restriction of
the innovation

Amount of information

Bundled, reliable, and
Asthma control test is
age-adjusted information sensitive but not specific
about asthma
for poor asthma control
(e.g., a common cold
may falsely suggest poor
asthma control)

(Dis)advantage

Possibility of frequent
monitoring patients’
symptoms

Accessibility and usability Possibility to ask
questions (helpdesk)

Individual
professionals

Link with patients’
electronic health records
is missing
The (theoretical)
possibility that privacy
of patients’ data could
not be fully guaranteed

User manual with
instruction at start

Usability in case of ICTa
problems

Attitude of professionals

Attitude of the health care
professional (believe in
eHealth, convinced of the
value of the innovation in
daily practice)

Attitude of the health
care professional (not
convinced of the value
of the innovation in daily
practice)

Professional skills

Enrichment of work

No substitution for faceto-face contact

Knowledge and
awareness of eHealth

Expectation that parents
and children favour the
innovation

Risk of losing patients
out of sight

Accessible contact
Extra way of
and improvements in
communication
relationship with patients
More time for complex
patients

Adequate and timely
response to messages is
difficult to ensure

Customizing care to the
individual patient

Less patient contact can
have a negative effect
on the professional’s own
development

Possibility to gain
experience with eHealth

Difficulty to motivate
colleagues to use the
innovation
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Table 2 Continued.
Themes

Category

Facilitators

Barriers

Results of the randomized Lack of time to explore
controlled trial about
the innovation
effectiveness of the
innovation were positive
Experience with the use
of the innovation in an
earlier study

Management imposed
the innovation
Difficulty to recruit
patients
No routine use of the
innovation
Lack of knowledge or
(computer) skills

Patients

(Dis)advantage for the
patient

Fewer outpatient visits

Less contact with the
health care professional

Patient satisfaction and
compliance

Less absenteeism from
school

More (daily)
confrontation with the
diagnosis of asthma

Accessibility and usability Promoting patients’
compliance, selfmanagement, and
knowledge

The innovation is not
applicable for all patients

Patient satisfaction

Ensure continuous use
of the innovation by
patients

Less focus on illness of
the child

Lack of access to the
internet

Improvement of security
and privacy with the use
of the innovation

Different options in the
innovation
Patients were
inadequately instructed
about the innovation

Social context

(Lack of ) sufficient
interprofessional
collaboration

Better collaboration
between health care
professionals

Substitution of tasks
or care by health care
professionals

Substitution of care by
health care professionals

Care according to current Possibility to give care
guidelines
according to the most
recent guidelines
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Table 2 Continued.
Themes

Category

Facilitators

Barriers

Organizational
context

Organization of care or
care processes

Care logistics is better
organized nowadays

Implementation of
the innovation in daily
practice was unclear or
incomplete

Time

Fewer outpatient visits
resulting in more time

Link to patients’ electronic
health dossiers is missing

ICT infrastructure

Time saving and efficient Lack of involvement of
management during
implementation
Smaller workload for
personnel

Lack of promotional
material (i.e. leaflets)

Positive public relations
for department and
hospital

Extra workload, time, and
administration
Delay at start-up
ICT problems

Economic and Financial arrangements
political context

Complementary
to current asthma
management

Uncertainty of future of
paediatricians

Keep up with current
developments

Similar eHealth
innovations had no
added values

Improvement of care

Lack of reimbursement for
Web-based monitoring

aICT: information and communication technology.

They also stated that the missing integration between the VAC and electronic medical
records (EMRs) was a barrier for the use of the VAC in daily practice, as this resulted in an
extra workload to keep both systems up-to-date.
Interactive educational methods (i.e., demonstration and instruction of the VAC at the
beginning of the study), enthusiasm, and motivation of those responsible for the innovation
were considered important contributors to the accessibility of the innovation. The accessibility
of the innovation was also facilitated by the available user manual and (technical) support
service during the study. Both items were central facilitators in helping professionals to
use the eHealth innovation in daily practice. Other professionals had some concerns
about the privacy of patient data when using eHealth and concerns about the usability of
the innovation when ICT problems occurred.
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Individual Professionals
There were 3 categories defined: (1) knowledge and awareness of eHealth; (2) attitude of
health care professionals toward the innovation; and (3) professional skills.
At the start of the study, 20% (10/51) of the professionals concluded they had insufficient
knowledge about the VAC and for whom it was intended. Almost 40% (20/51) did not
know what was expected with regard to working with the VAC, and 8% (4/51) had doubts
about its use in daily practice.
The professionals’ commitment toward eHealth appeared to be of great importance for
the successful implementation of an eHealth innovation. A positive attitude toward the use
of eHealth seemed the most important facilitator for easy and quick implementation of
the VAC in daily practice. By using the VAC, professionals experienced eHealth as an
enrichment of their work. They were more able to customize care to the individual patient,
and this “personalized eHealth” matches the needs and wishes of both professionals and
patients. Besides this, the use of the VAC was reported to facilitate the provision of asthma
care according to current guidelines. Also, they emphasized the accessible contact, the
improvement of the patient-doctor relationship, and the fact that they had more time for
complex patients.
In contrast, when professionals were not convinced of the added value of the eHealth
innovation, successful implementation of the innovation was unlikely despite all efforts.
As reasons, professionals mentioned the risk of losing sight of patients and the fact that
Web-based monitoring could never substitute face-to-face contacts due to, for example,
the missing interpersonal relationship. Additionally, other professionals saw the VAC as a
possible barrier for professionals’ own development due to fewer patient contacts.
Nevertheless, most professionals had a positive attitude about eHealth overall (“it is part of
health care”). They stated that with the use of the VAC they had a great opportunity to start
using eHealth in daily practice in a structured, solid, and easy way.
Professional skills and the cognition of professionals toward these skills were also important.
Some professionals experienced a lack of (eHealth, ICT, or computer) knowledge or a lack
of (computer) skills. Further, they stated that there was no time to explore the VAC
adequately and improve their skills. The majority of the professionals mentioned that they
wanted to spend more time using the VAC to continue to improve these skills in order to
take full advantage of all the various features of the innovation. However, they lacked time
due to their work and the responsibilities of taking care of patients.
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Patient Level
At the level of the patient, professionals mentioned several facilitators and barriers for the
implementation of the VAC, which were divided into 3 categories: (1) (dis)advantage for
the patient; (2) patient satisfaction and compliance; and (3) accessibility and usability.
The main advantages reported by patients were fewer routine outpatient visits and, as a
result of this, less absence from school and work (parent-related). Professionals experienced
high patient satisfaction. Further, they stated that patients’ compliance, self-management,
and knowledge were promoted by the use of the VAC. With the use of the VAC, patients
can easily and proactively participate in the treatment of their own disease, and asthma
management is more based on shared decision making. Also, Web-based monitoring
resulted in less focus on the illness of the child.
Notably, for other professionals, this last argument was not a facilitator but a barrier. They
mentioned that Web-based monitoring emphasized the confrontation with asthma, as a
result of the monthly questionnaire. The fact that the VAC is not suitable for all patients
was found to be another barrier to implementation according to professionals. For
example, patients with poor perception of their asthma symptoms were not considered
suitable for Web-based monitoring as a substitution for routine outpatient visits. Therefore,
they emphasized that less contact with professionals is not always feasible or wise. A
potential risk of Web-based monitoring via the VAC is the patient compliance: how can
professionals ensure continuous use of the innovation by patients? Compliance may be
influenced by patients’ motivation, symptom burden, and cognitive abilities. With a
patient’s lack of motivation for completing the assessment tool, Web-based monitoring as
a substitution for outpatient visits is impossible and will not result in proper asthma care.
Another potential barrier mentioned by professionals was the concern about a lack of
access to the internet for some patients, resulting in selection bias and the innovation not
being accessible for all patients. However, in The Netherlands, over 96% of the Dutch
households had access to the internet in 2016.
The majority (56/60, 93.3%) of the parents concluded that the VAC had added value to
current daily paediatric asthma management. Parents were satisfied with the attractiveness,
usefulness, and user-friendliness of the innovation. Further, the C-ACT questionnaire was
found to be an adequate tool for Web-based monitoring of disease deterioration. Because
of the frequent follow-up by C-ACT, most parents were more aware of their child’s asthma
symptoms. They concluded that this eventually led to better asthma control. The
perceived threshold to communicate through the VAC was low, communication was easy,
and they concluded that the asthma team responded within the agreed timeframe (of 2
working days) most of the time. The majority of the parents experienced more control of
the asthma of their child, felt to be more independent, and experienced better cooperation

117

6

Chapter 6

with the physician by using the VAC. Security was no issue for 96% (58/60) of the patients
or parents, as they trusted that personal information on the VAC was safe. Only 10% (6/60)
of the parents missed out on the personal or face-to-face contact with professionals.
Overall, the majority of the parents (56/60, 93%) concluded that the VAC had additional
value to current daily paediatric asthma management and wanted to use the VAC in the
future. The VAC was scored an 8 or higher (based on a 10-point scale, with 10 corresponding
to maximum satisfaction) by 78% (47/60) of the parents. Similar scores were reported by
the children completing the questionnaire.

Social Context
There were 3 categories defined at the level of social context: (1) (lack of) sufficient interprofessional collaboration; (2) substitution of tasks or care by health care professionals;
and (3) care according to current guidelines.
First, regarding sufficient interprofessional collaboration, most professionals stated that the use
of an eHealth innovation like the VAC improved the collaboration between professionals.
However, this was only the case when all participating professionals adjusted their tasks
before starting to use the VAC. When the asthma team did not adjust or coordinate tasks
accordingly, professionals experienced a lack of sufficient interprofessional collaboration
resulting in inadequate use of the eHealth innovation.
Second, the use of the VAC facilitated substitution of tasks between professionals. For example,
nurse practitioners completed the individual care plan for all patients instead of the
paediatrician. The latter reported to spend more time on more complex patients.
Third, a major facilitator for the implementation of the VAC was the fact that this eHealth
innovation makes it possible for professionals to easily optimize and individualize care for
the patients to current guidelines. The layout of the individual care plan was based on the
content of the national paediatric asthma guideline, including treatment goals, medication,
information, and an action plan in case of an asthma exacerbation.

Organizational Context
There were 3 categories related to this theme: (1) organization of care processes or
organizational structure; (2) time; and (3) ICT infrastructure.
A better organization of care by the use of VAC was considered an important driving factor
for successful implementation. For example, the easy and accessible way of communicating
with patients via the VAC gave professionals the possibility to contact the patients at a
time during the day that was beneficial for them. Despite some professionals experiencing
lower workload through the use of the VAC, others emphasized the extra workload and
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time due to the extra administration for completing all information in the individual
treatment plans.
Contrastingly, the involvement of the medical management at an early stage of the
implementation made it easier for professionals to change work processes and, at the
beginning of the implementation, spend more time on the use of the eHealth innovation.
A major barrier was mentioned by almost all health care professionals, namely the lack of
interoperability (which is defined as the ability of a system to work with other systems
without special effort on the part of the customer) between the VAC and current EMRs.
For medicolegal reasons, professionals have to include all patients’ contacts in their
personal EMR. Due to the missing link between the VAC and current EMRs, professionals
had to complete both portals, which was time-consuming and not workable in daily
practice. A sustainable integration is necessary to keep both systems up-to-date easily.
Local ICT problems caused minor barriers, for example, firewall blocking the website.

Economic and Political Context
Only 1 category was defined in this theme: financial arrangements. The most important
barrier for successful implementation of the VAC was the lack of structural financial
reimbursement for Web-based monitoring. When Web-based monitoring substituted 50%
of the routine outpatient visits, professionals were only reimbursed for 50% of these visits.
However, they had to invest time in the use of the VAC (e.g. completing the individual
treatment plans, respond to messages etc) and were encouraged to reduce the number
of routine outpatient visits.

Discussion
Principal Findings
Major perceived barriers found in this study included concerns about lack of interoperability
of this innovation with other systems, the lack of structural financial reimbursement
for Web-based monitoring, the burden of eHealth use on professionals’ workload, and a
changing patient-professional relationship (due to less face-to-face contact).
Major perceived facilitators included training and support, a positive attitude of professionals
toward eHealth, the advantages for the patients, and the possibility to tailor care to the
individual patient (“personalised eHealth”), to substitute tasks between professionals,
and to easily deliver care according to current guidelines by using the VAC.
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We identified these barriers and facilitators for the implementation of a Web-based portal
to monitor asthmatic children as a substitution for routine outpatient visits among a
group of health care professionals, patients, and parents in 14 hospitals. These barriers and
facilitators were arranged in 6 themes as described by Grol and Wensing: the innovation
itself, individual professionals, patients, social context, organizational context, and political
and economic context.20 Although barriers and facilitators differ in scope, context, and
strength, most of them were shared by professionals from different hospitals and with
different functions. Findings of this study suggest and confirm that issues around
implementation are multilevel and complex, and it is important to mention that no single
factor was identified as a key barrier or facilitator.
The lack of interoperability is perhaps one of the greatest organizational obstacles to the
long-term integration of eHealth infrastructure in health care.16,22,23 As with most of the
existing eHealth networks, the VAC tends to rely on custom-built systems made for
specific users operating in specific settings, has a lack of open connectivity with other
systems (e.g., EMRs), and no information is exchanged automatically. This results in higher
than necessary workload for professionals since the EMR has to contain the latest and
relevant medical information due to medicolegal reasons. An adequate interface with
other ICT systems is essential for acceptance, use, successful implementation, and long-term
sustainability of the VAC.
The other significant obstacle for further diffusion of our eHealth innovation is the lack of
structural financial reimbursement of Web-based monitoring.14,24 To date, there is still a lack of
payment for electronically delivered care, and funding of the current health system is solely
based on reimbursement of face-to-face contacts. Using the VAC as a (partial) substitution
for outpatient visits lead to production loss for hospitals and less reimbursement of these
outpatient visits. Nevertheless, instead of seeing patients at the outpatient clinic, professionals
now have to invest time in using the VAC (e.g. completing the individual treatment plans,
respond to messages, etc) for the Web-based monitoring of patients. This type of care was
not yet reimbursed, and the incentive for professionals to use the VAC was solely based on
their goodwill and grants. Logically, this is not sustainable and adequate funding for
Web-based monitoring as a substitution for routine care, in combination with supportive
policy and political vision toward eHealth, is crucial to acheiving long-term goals.
eHealth innovations have to fit the workflow of professionals to minimize the burden of
eHealth use. Otherwise, they experience an extra workload and a time constraint, which
are major impediments to implementation.14,16,25,26 The reason for an extra workload with
the introduction of the VAC consisted mostly of a lack of time to learn how to use the VAC,
the work involved in transferring information between 2 systems, and an alteration in
established professional roles, responsibilities, and work styles. Providing a transition
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period in which users become familiar with and learn how to use the eHealth innovation
has been desirable to facilitate implementation.16,27

Limitations and Strengths
The main methodological limitation of this study is that the data were collected using 3
consecutive questionnaires over a period of 6 months. In-depth interviews to assess more
detailed information about the barriers and facilitators perceived by professionals were
not used. Further, we had developed a questionnaire based on the model of Grol and
Wensing, which was not validated and tested for reliability. However, no valid questionnaire
to assess barriers and facilitators for implementation has been published or validated. In
addition, we were not able to specify similarities and differences between respondents
and non-respondents as we did not have any data of the latter. Therefore, we cannot rule
out some bias. Nevertheless, we consider the response rate (51/76, 67%) as quite acceptable
and therefore assume that a bias may be minimal.
For the collection of parents’ and patients’ data, we were dependent on health care
professionals sending this questionnaire via the VAC because we were not allowed to
have access to patients’ data. This may have influenced the response rate of this
questionnaire, as it is possible that professionals did not send this questionnaire or sent it
too late. Also, it would be interesting to compare the responses of the health care
professionals and patients or parents in future research since their perceptions or
viewpoints may be different. Another limitation could be the fact that all 3 questionnaires
for professionals were sent in a time of 6 months after starting to use the VAC. This means
that patients monitored over the Web using the VAC were only seen once during this
period. This could make it difficult for professionals to develop an objectively based
opinion about the importance of the VAC for their daily practice. We could not objectively
assess possible changes in time, differences between hospitals, or type of professionals.
Also, it is possible that the time period of the study (6 months) was too short to identify all
key barriers and facilitators. Nevertheless, most findings were in line with earlier studies.
An overall strength of the VAC is the involvement of health care professionals and patients
from the beginning of the project. Participants’ wishes and possible objections against
the VAC were used for its development, and after the RCT their feedback was used to
update the VAC to optimize their use before wider implementation. Ongoing involvement
of key stakeholders (especially end-users) in the design and development of eHealth
technologies helps to ensure that systems are likely to be valued and used by professionals
(intrinsic motivation) and should be considered as a way of overcoming barriers and
facilitating implementation.16,28-31
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Another strength of this implementation study is that the questionnaires were based on
factors identified by qualitative research, the model of Grol and Wensing,20 and thereby
represent the complete spectrum of important factors related to acceptance and diffusion
of an eHealth innovation. Another strong point is the fact that we obtained a representative
sample of participants. Professionals from different hospitals, both secondary and tertiary
care, participated in the study. Hospitals were located in both rural and urban areas.
Further, professionals had different functions in the asthma team (e.g. paediatric pulmonologist, paediatricians, nurse practitioners, etc). This gives a good reflection of paediatric
asthma care.
Based on the barriers and facilitators found in this study, we propose a list of recommendations when implementing eHealth innovations (Textbox 1). These can be used to tailor
organizational improvements to the needs of individuals and organizations.
Therefore, the suitability of the innovation in its context is essential for an innovation to
become successful. Professionals can be seen and approached as key holders to achieve
change and successful implementation of the innovation.7 However, management
support is essential to encourage professionals to hold on to their innovative behaviour, to
embrace new strategies for improving health care, to ensure sustainable use of the
innovation, and to implement renewal. As mentioned, patients must also be involved in
the innovation as cocreators to make them develop feelings of ownership toward the
innovation and enhance positive perception of the innovation’s usefulness and userfriendliness. Only when a clear advantage or incentive is perceived by patients, are they
inclined to continue to adhere to and use eHealth and, thus, it may sustain. The lower
frequency of outpatient clinic visits is probably a major incentive in the case of the VAC.
Besides an organizational change within the hospital, other structural changes are also
necessary to achieve successful implementation of eHealth. Other stakeholders, such as
the Government, policy makers, and insurance companies, have a crucial role in the
implementation of eHealth, nowadays and in the future. Without adequate financial
reimbursement, the introduction of innovations in health care has been doomed to fail.
Sustainable solutions to finance new strategies are necessary to ensure large-scale
innovations to conquer a solid place within the current health care system. At an early
stage, all stakeholders together have to assess which innovations have the potential to
change health care positively, from the perspective of value-based health care, efficiency,
and cost savings.
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Textbox 1 Recommendations for successful implementation of an eHealth innovation.
• Quality of care (e.g., efficacy, superiority) is a major facilitator for the
implementation of an eHealth innovation and appears to be relevant for the
adoption of eHealth. Therefore, this should be assessed before implementation of
the innovation in daily practice.
• Besides health care professionals and patients, other stakeholders (e.g.
information and communication technology services, governments, insurance
providers) should be included as early as possible in different development and
implementation phases.
• Involve end-users in the design and development of an eHealth innovation to
make them develop feelings of ownership toward the innovation and to achieve a
positive perception of the innovation’s usefulness and user-friendliness. Use their
feedback to optimize the innovation.
• Maximize the use of and adherence to eHealth applications by developing and
modifying the eHealth app from the patient’s point of view: only when a clear
advantage or incentive is perceived, eHealth may sustain. The lower frequency
of outpatient clinic visits is probably a major incentive in the case of the virtual
asthma clinic.
• Provide adequate training and support (e.g. technical assistance, training on-thejob and user manuals) during and after the implementation process to optimize
use of the innovation.
• Aim for a transition period for users. This period can be used to become familiar
with and learn how to use the eHealth innovation and thereby facilitate the
implementation process.
• Even the best eHealth system will fail if users do not have the right knowledge and
skills to use it effectively.
• Standards for technology should be optimized before or during the
implementation process (interoperability, security, and privacy of hospital
information and communication technology systems).
• Sufficient financial reimbursement needs to be arranged to support sustainable
implementation. Chances of finding reimbursement increase with evidence of
efficacy, superiority, and cost-effectiveness.
• Guarantee the privacy and safety of patients’ data.
• Implementing eHealth and sustaining it are very different ventures. After
implementation, ongoing monitoring, evaluation, and adoption of the system are
needed to ensure intended goals are being met and to identify ongoing barriers.
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Conclusion
Implementation of an eHealth innovation is a complex, dynamic process influenced by
multiple factors at the levels of the innovation itself, individual professionals, patients, and
the social, organizational, and economic and political context. Understanding and
defining the barriers and facilitators that influence the context appears to be important
for the successful implementation and sustainability of an innovation.
Despite serious concerns about structural financial reimbursement and the lack of interoperability of the system, health care professionals, patients, and parents generally
expressed enthusiasm about the VAC in our study. In the majority of the participating
hospitals, this innovation became part of regular asthma care for children and is it used as
a (partial) substitution of traditional outpatient care for children with asthma.
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Appendix 1 Barriers and facilitators for change at different levels of health care
according to the Model of Grol and Wensing.
Level

Barriers/facilitators

Innovation

Advantages in practice, feasibility, credibility, accessibility,
attractiveness

Individual professional

Awareness, knowledge, attitude, motivation to change,
behavioural routines

Patient

Knowledge, skills, attitude, compliance

Social context

Opinion of colleagues, culture of the network, collaboration,
leadership

Organizational context

Organization of care processes, staff, capacities, resources,
structures

Economic and political context

Financial arrangements, regulations, policies
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Appendix 2 Screenshots of the innovation.
Communication module
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Appendix 2 Continued.
Individual treatment plan (goals)
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Appendix 2 Continued.
Individual treatment plan (overview of medication)
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Appendix 2 Continued.
Individual treatment plan (information)
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Appendix 2 Continued.
Individual treatment plan (action plan)
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Appendix 2 Continued.
Monitoring of the Asthma Control Test (ACT)
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Appendix 3 Questionnaire for health care professionals
The questionnaire consisted of both open and multiple-choice questions. For the multiplechoice questions, a 5-point Likert scale (strongly agree, agree, neither agree or disagree,
disagree and strongly disagree) was used to answer the questions.
General questions
1. What is your gender?
2. What is your age?
3. In which hospital are you working?
4. What is your function?
5. How many years are you working in this function?
6. How many years of experience paediatric care do you have?
7. Which functions exists in your asthma team?
8. How many people within this function are working in the asthma team?
9. Who is the first contact person for the patient and/or his/her parents?
10. Who determines the policy for the child?
11. How often does consultation take place between nurse and physician?
Questions about the introduction visit (including user instruction) and innovation itself
1. What is your role in the VAC?
2. Do you have any experience with working with an eHealth innovation?
3. Did you attend the instruction about the use of the VAC?
4. If no, in what way were you informed about the VAC?
5. Instruction about the use of the VAC was clear.
6. The length of time of this instruction was good.
7. The user manual was clearly described.
8. I have read the user manual thoroughly.
9. The distinction between the role of administrator and employee is clear to me.
10. The layout of the VAC makes it convenient for use.
11. I am sufficiently informed by my management/ department about the VAC.
12. Do you have any questions or comments about using the VAC?
Questions about perceived facilitators and barriers: individual factors
1. I have enough knowledge about the VAC and for who it is intended.
2. I know what they expect from me regarding to the use of the VAC.
3. I have my doubts about the VAC.
4. I am aware of the effectiveness of the VAC.
5. I have enough skills to work with the VAC.
6. I expect working with the VAC will cost me too much time.
7. I have my doubts about the information security.
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8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

The VAC is a good addition to the current daily paediatric asthma care.
I having trouble changing my (daily) routine.
My relationship with the patients (and/or their parents) will change due to the VAC.
I have my doubts about privacy regulations.
The VAC is user friendly.
What is your attitude towards the use of the VAC in current paediatric asthma care?
What does the VAC add to the treatment of the child with asthma?
What is your attitude towards the use of the VAC and the online monitoring of asthma
symptoms?
What is your opinion about the possibility for parents to communicate via the VAC?
How do you see the use of the VAC in addition to current electronic patients’ dossiers?
How do you think parents are opposed to the use of the VAC?
What are the most important reasons for your department to use the VAC?
Do you have any further questions or comments?

Questions about perceived facilitators and barriers: social factors
1. The use of the VAC has led to changes within the asthma team.
2. The management has paid sufficient attention to the changing work processes due
to the VAC.
3. In case of problems with the VAC I know where to go and ask my questions.
4. Parents using the VAC know who to contact in case of problems.
5. The VAC is difficult for patients with a different cultural background.
6. The VAC is difficult for patients with a lower socio-economic status.
7. Parents know how to use the VAC.
Questions about perceived facilitators and barriers: organizational factors
1. In advance, my department has set clear goals regarding the VAC.
2. The management provided adequate support for the use of the VAC.
3. The management has devoted sufficient attention to the preconditions
(e.g. ICT, sustenance).
4. Everyone in the asthma team knows what their responsibilities are regarding to
the use of the VAC.
5. My colleagues cooperate in using the VAC in daily practice.
6. Were there any problems at the start-up of the VAC?
7. Which problems did you experience?
8. How did you solve them?
9. Are there still any problems?
10. Which problems do you still experience?
11. How do you intend to solve these problems?
12. Have things gone differently than expected?
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Questions about the (dis)advantages of the VAC
1. Do you think that the VAC, or a similar eHealth innovation, will be part of your daily
practice?
2. What do you think are the advantages of the VAC for the child with asthma and/or
their parents?
3. What do you think are the disadvantages of the VAC for the child with asthma and/or
their parents?
4. What are the advantages of the VAC for you as a health care professional?
5. What are the disadvantages of the VAC for you as a health care professional?
6. What are the advantages of the VAC for the asthma team?
7. What are the disadvantages of the VAC for the asthma team?
8. What are the advantages of the VAC for your department?
9. What are the disadvantages of the VAC for your department?
10. Do you have any further questions or comments?
Questions about changes in the organizational processes over the last three months
1. Have there been changes over the last three months regarding to the size of the
asthma team?
2. Have there been changes over the last three months regarding to the formation of
the asthma team?
3. Have there been changes over the last three months regarding to the contact person
for patients and/or their parents?
4. Have there been changes over the last three months regarding to frequency of
consultation between nurse and physician?
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Appendix 4 Questionnaire for patients and/or their parents
The questionnaire consisted of both open and multiple-choice questions. For the multiple-choice questions, a 5-point Likert scale (strongly agree, agree, neither agree or
disagree, disagree and strongly disagree) was used to answer the questions.
General questions
12. What is your gender?
13. What is your age?
14. In which hospital do you go to?
Questions about the innovation
13. The VAC looks nice.
14. I could easily find my way in the VAC.
15. The information about asthma provided was easy to understand.
16. The VAC is innovative.
17. The VAC is a good addition in daily care for children with asthma.
Questions about the ACT
1. The ACT questionnaires were easy to understand.
2. Completing the ACT took a lot of time.
3. Frequent completion of the ACT makes me more aware of my asthma.
4. Frequent completion of the ACT results in a better asthma control.
5. What is your role in the VAC?
18. Do you have any experience with working with an eHealth innovation?
19. Did you attend the instruction about the use of the VAC?
20. If no, in what way were you informed about the VAC?
21. Instruction about the use of the VAC was clear.
22. The length of time of this instruction was good.
23. The user manual was clearly described.
24. I have read the user manual thoroughly.
25. The distinction between the role of administrator and employee is clear to me.
26. The layout of the VAC makes it convenient for use.
27. I am sufficiently informed by my management/ department about the VAC.
28. Do you have any questions or comments about using the VAC?

6

Questions about perceived facilitators and barriers: individual factors
21. I have enough knowledge about the VAC and for who it is intended.
22. I know what they expect from me regarding to the use of the VAC.
23. I have my doubts about the VAC.
24. I am aware of the effectiveness of the VAC.
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25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

I have enough skills to work with the VAC.
I expect working with the VAC will cost me too much time.
I have my doubts about the information security.
The VAC is a good addition to the current daily paediatric asthma care.
I having trouble changing my (daily) routine.
My relationship with the patients (and/or their parents) will change due to the VAC.
I have my doubts about privacy regulations.
The VAC is user friendly.
What is your attitude towards the use of the VAC in current paediatric asthma care?
What does the VAC add to the treatment of the child with asthma?
What is your attitude towards the use of the VAC and the online monitoring of asthma
symptoms?
What is your opinion about the possibility for parents to communicate via the VAC?
How do you see the use of the VAC in addition to current electronic patients’ dossiers?
How do you think parents are opposed to the use of the VAC?
What are the most important reasons for your department to use the VAC?
Do you have any further questions or comments?

Questions about perceived facilitators and barriers: social factors
8. The use of the VAC has led to changes within the asthma team.
9. The management has paid sufficient attention to the changing work processes due
to the VAC.
10. In case of problems with the VAC I know where to go and ask my questions.
11. Parents using the VAC know who to contact in case of problems.
12. The VAC is difficult for patients with a different cultural background.
13. The VAC is difficult for patients with a lower socio-economic status.
14. Parents know how to use the VAC.
Questions about perceived facilitators and barriers: organizational factors
13. In advance, my department has set clear goals regarding the VAC.
14. The management provided adequate support for the use of the VAC.
15. The management has devoted sufficient attention to the preconditions (e.g. ICT,
sustenance).
16. Everyone in the asthma team knows what their responsibilities are regarding to
the use of the VAC.
17. My colleagues cooperate in using the VAC in daily practice.
18. Were there any problems at the start-up of the VAC?
19. Which problems did you experience?
20. How did you solve them?
21. Are there still any problems?
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22. Which problems do you still experience?
23. How do you intend to solve these problems?
24. Have things gone differently than expected?
Questions about the (dis)advantages of the VAC
11. Do you think that the VAC, or a similar eHealth innovation, will be part of your
daily practice?
12. What do you think are the advantages of the VAC for the child with asthma
and/or their parents?
13. What do you think are the disadvantages of the VAC for the child with asthma
and/or their parents?
14. What are the advantages of the VAC for you as a health care professional?
15. What are the disadvantages of the VAC for you as a health care professional?
16. What are the advantages of the VAC for the asthma team?
17. What are the disadvantages of the VAC for the asthma team?
18. What are the advantages of the VAC for your department?
19. What are the disadvantages of the VAC for your department?
20. Do you have any further questions or comments?
Questions about changes in the organizational processes over the last three months
5. Have there been changes over the last three months regarding to the size of
the asthma team?
6. Have there been changes over the last three months regarding to the formation of
the asthma team?
7. Have there been changes over the last three months regarding to the contact
person for patients and/or their parents?
8. Have there been changes over the last three months regarding to frequency of
consultation between nurse and physician?
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Appendix 5 Characteristics of participating hospitals
Hospital

Area

Participating
health care professionals

Implementation

Academic

Urban

4

Successful

Academic

Urban

3

Unsuccessful

Academic

Urban

4

Unsuccessful

General

Urban

16

Successful

General

Urban

2

Successful

General

Urban/Rural

4

Successful

General

Urban

3

Successful

General

Urban

5

Unsuccessful

General

Urban

7

Successful

General

Rural

4

Successful

General

Urban

6

Successful

General

Rural

10

Successful

General

Rural

3

Unsuccessful

General

Urban

4

Successful
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General discussion

Monitoring is the keystone of optimal treatment for children with asthma. However, the
optimal monitoring strategy and its frequency has not been established yet.1 Personalised
treatment and tailored monitoring are recognised as fundamental parts of comprehensive
asthma management. It is important to take the needs and wishes of the patient and/or
their parents into account. Shared decision making is increasingly replacing the traditional
but obsolete one-way approach from the doctors’ point of view. Not only asthma
treatment should be personalised, but also the monitoring tools and strategy should fit
the patient, aiming to enhance quality of monitoring, self-management and adherence
(to therapy) which will ultimately result in optimal asthma control. The introduction of
eHealth provides a great opportunity to improve asthma management in children and
transform the current supply-driven healthcare system to a more patient centred approach.
To the best of our knowledge, all research conducted so far focused on the value of
eHealth as an addition to regular care. To date, in a time where healthcare systems are
already overburdened, (more) frequent routine visits are not desirable and using eHealth
additionally to standard care is time consuming and (mostly) not cost effective. Therefore,
in this thesis we explored whether it was feasible to (partly) substitute routine outpatient
visits by online monitoring using a virtual asthma clinic for asthmatic children while
improving or maintaining asthma control and yet saving costs.
Because of the general lack of evidence of the effectiveness and efficacy of current
eHealth innovations and also because it is known that robust and comprehensive
evidence-based evaluation could facilitate long-term implementation of innovations, we
focused on the value of the eHealth innovation in terms of health outcomes and healthcare
costs. We conducted a randomised controlled multicentre trial with a follow-up of 16
months to assess whether asthma control can be improved through a virtual asthma clinic
for children with asthma, while reducing the regular visits to the outpatient clinic by 50%
and to assess whether this monitoring tool was cost-effective. In chapter 3 and 5 we have
shown that routine clinical visits can partly be replaced by online asthma monitoring
using this eHealth innovation, while maintaining asthma control, quality of life and the
amount of healthcare consumption. Because of the reduction in outpatient visits without
any increase of other medical consumption, it was not surprising that using the virtual
asthma clinic resulted in significant cost-savings (chapter 4). Therefore, introducing the
virtual asthma clinic as part of current paediatric asthma management is an attractive,
cost-effective and very realistic option to optimize monitoring strategies in a more
personalised way (also called ‘personalised eHealth’). Furthermore, the virtual asthma
clinic is a good example of value-based healthcare: achieving high value for patients since
care is tailored to the individual, while costs are being reduced by substituting traditional
visits to more frequent online monitoring. Achieving high value for the patient must
become the overarching goal of healthcare delivery. This goal is what matters to the
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patients and unites the interests of all actors in the system.2 If value improves, patients,
payers, providers, and suppliers can all benefit while the economic sustainability of the
healthcare system increases.2 The benefits of the virtual asthma clinic for three important
stakeholders are:
Advantages for the patient (and/or caregivers)
• Enhancement of patient centred care, self-management and adherence to therapy
• Improvement asthma control by frequent online monitoring
• Less school- and work absenteeism
• Maintenance or even improvement of quality of life
Advantages for healthcare providers
• Substitution of traditional outpatient care by online monitoring
• Lowering the threshold to substitute tasks from paediatrician to nurse practitioner or
paediatric nurse
• More efficient outpatient care (and more time for complex patients)
• An easy way to provide the best care tailored to the individual patient
• Supporting asthma care according to current guidelines
Advantages for society
• Cost-savings
• Less school- and work absenteeism
Many eHealth innovations do not reach the stage of sustainable implementation after the
initial project period and it seems that the numerous efforts taken in eHealth research are
still quite disconnected, and thus unable to create a synergic effect on the uptake and
further development of eHealth.3 The scientific assessment of the quality of care and of
the financial consequences of our eHealth innovation did not automatically mean that the
innovation would be implemented in daily practice and policy and would become an
integral part of current paediatric asthma management. In the Netherlands, eHealth had
no place yet in paediatric asthma management.1, 4, 5 To facilitate implementation, we
conducted a qualitative survey study with the aim to identify barriers and facilitators
experienced by Dutch healthcare professionals and patients (or their parents) when
implementing eHealth in routine paediatric asthma care. Chapter 6 described the barriers
and facilitators found in that study, which generally were in line with other studies.6 The
overall conclusion is that implementation of an eHealth innovation in general is complex
and dynamic and influenced by multiple factors at the levels of the innovation itself,
individual professionals, patients, social context, organizational context and economic
and political context. Defining and understanding the barriers and facilitators that
influence the context has proven to be important for successful implementation and
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sustainability of eHealth innovations.6 With defining and understanding these factors, we
completed a solid base for sustainable implementation: we provided evidence on health
outcomes (quality of care and quality of life), cost-effectiveness and evidence and
guidance for implementation. However, real innovation only started then…

To become sustainable, radical change is required in every aspect of
the healthcare system
What do we want to reach in the future? What is the long-term goal for the virtual asthma
clinic? In the future, we want to set the new standard for paediatric asthma monitoring.
For this initiative to become sustainable this eHealth innovation must reach critical mass.
Besides research and providing scientific evidence for the efficacy of this innovation, we
have focused on brand awareness and professionalisation of the virtual asthma clinic in
the last few years.
To achieve critical mass, the added value of this eHealth innovation had to be explained
to professionals who were not involved in the research project but who deliver paediatric
asthma care on a daily basis. Fortunately, in the Netherlands a small but close network
of paediatric pulmonologists exists that embraced our innovation from the beginning.
But still, the eHealth innovation must find its way to the Dutch guidelines for professionals,
including general paediatricians who monitor a great extent of the asthmatic children in
general hospitals. So additionally, we have further invested in our relationship with local
professionals, who are the ones that also should be committed to a fundamental change in the
care we deliver. Due to local hospital regulations and agreements, national implementation
of an eHealth innovation requires leadership in every hospital, advocating for innovation and
persistent willingness to change and to adopt. To date, 18 hospitals in the Netherlands
are using the virtual asthma clinic as part of their standard care for children with asthma.
However, all these professionals accept the common current drawbacks of eHealth,
because they share the same long-term vision: healthcare change by eHealth is inevitable
and eventually will further improve paediatric asthma management. However, do not
underestimate the behavioural change required.
In addition to the close network and investment in peer relations, the strong collaboration
with the Lung foundation Netherlands also promotes brand awareness and thereby an
increase of critical mass. The largest patient organisation of the country was involved in
the development of the virtual asthma clinic from the beginning. First, by providing
patients for focus group interviews targeting the content of the innovation. Second, by
providing a grant to conduct the randomised controlled trial. And third, by intensifying
the collaboration by the shared development of an app for teenagers with asthma, called
‘Astmaatje’. This app is available for all teenagers with asthma and consist of a logbook (to
keep track of complaints), the Asthma Control Test (to give insight in current asthma
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control), Tips and Tricks and an action plan. However, children who also have an account
for the virtual asthma clinic can connect both innovations making it possible to have all
features of the virtual asthma clinic available on their smartphone: they can complete the
Asthma Control Test easier (and receive feedback and react accordingly), communicate
with their asthma team and check their individualised treatment plan and personalised
action plan at any time, wherever they are.
Other contributing factors for more national brand awareness, were the nominations for
several prizes for the results found in our studies. The prizes won have contributed to the
further development of the innovation. Continuous evaluation and optimisation of an
eHealth innovation is necessary, also after the implementation phase, to ensure that end
users actually continue to use the innovation. This requires input from users, but also
analysis of actual use (for example log data).
Increasing brand awareness also leads to more demand for daily use of the innovation.
Starting an innovation from a research perspective to improve healthcare, does not
automatically mean that the organisation build around the innovation is prepared for
increasing demands. Sustainable implementation of an eHealth innovation leads to new,
often more practical, questions: which organisational structure will be the best for further
professionalisation of the innovation? When grants from research projects end, how, and
by whom, is the use of the innovation paid for? Which specific legal issues are involved
when using an eHealth innovation as standard of care? Which patient will benefit most
by online monitoring? Is there a minimum of monitoring tools that should be included
in personalised eHealth to guarantee adequate follow up of patients?
For the next few years, two main barriers have to be broken, otherwise the introduction of this
innovation as regular care for children with asthma will not succeed. First, the lack of interoperability must be solved. A sustainable two-way integration of eHealth platforms and
hospital electronic medical records is necessary to keep both systems up to date easily
and comply with current (privacy) legislation. This is much easier said than done as policy
(and electronic medical records) makers must be convinced that the innovation has more
to offer than the current (already) integrated patient portals. Efforts to achieve this have to
be made in the short term. However, this does not alter the fact that it is very likely that in
the near future, patients will manage their own patient portal, independently and not
connected with one specific hospital, in which they determine themselves to whom they
allow access. Fortunately, progress is being made and interoperability is expected to be
realised in 2020 for the two main “electronic hospital record systems.
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Second, an adequately and sustainable solution to finance this eHealth innovation is
necessary to ensure the virtual asthma clinic to conquer a solid place in the current
healthcare system. On the one hand, this implies that for a sustainable position a specific
financial reimbursement must be established. However, this is quite difficult to arrange in
a small field such as paediatrics, with an even smaller field of paediatric asthma and
relatively small cost-savings at a hospital level. In the Netherlands 120.000 children suffer
from asthma. National implementation of the VAC has the potential to effectuate costs
savings of €10.7 million per year (both direct and indirect costs) based on ±30.000 children
with asthma in The Netherlands treated by paediatricians and who are eligible to monitor
online.7 If we specifically consider these numbers, the savings effectuated by this innovation
are small compared to the total healthcare costs. However, this eHealth innovation is a
solid healthcare concept with the potential to improve management of the most common
chronic disease among children. When this concept will be adopted for the management
of other chronic diseases, in which monitoring activity and detecting deterioration by
validated questionnaires or additional measurements play an important role (e.g. such as
diabetes and rheumatoid arthritis), the overall cost-savings will exponentially increase
due to an even greater expansion of the critical mass. Another financial consequence of
the current healthcare system is that all hospitals have to make their own financial
arrangements with different healthcare insurance companies and the number of paediatric
asthmatic children for each insurance company is very low. As a result, there is no sense of
urgency for finding structural financial reimbursement. The remaining question is who is
(or feels) responsible for a successful (financial) outcome? And what is the role for the
government and insurance companies in facilitating implementation of eHealth innovations
and/or making (general) financial reimbursements for eHealth?
On the other hand, the financial consequence of the substitution of routine outpatient
care by online monitoring can also mean that healthcare provides must accept loss of
production and ultimately a reduction in personnel. Vision and governance are essential
for enabling of eHealth, but eHealth is not on top of the list with main priorities of each
policymaker in a hospital. A more production-driven hospital (in Dutch called ‘zelfstandige
behandelcentra’) will be hesitant to embrace an innovation that substitutes outpatient
visits for online monitoring, as this will mean loss of productivity and therefore loss of
income. Implementation of an eHealth innovation aiming to substitute routine outpatient
visits by (nowadays still unpaid) online monitoring is hard as long as financing healthcare
is still based on a production-driven financial compensation instead of value-based
payments (wrong incentives). Redesign of the Dutch healthcare system focusing more
on value has started but we are still not there yet.
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The implementation of our innovation as an integral part of standard paediatric asthma
care also creates a number of complex challenges in medical ethics. In this regard, we
needed to carefully consider the broader implication of our eHealth innovation on key
medical principles such as informed consent, privacy and patient confidentiality. Also, in
the legal field, it is quite important to invest in committed professionals for whom national
implementation is also unknown territory. Also, for these medicolegal challenges, clear
policy and governance models will be critical to facilitating implementation of other
eHealth innovations. The ministry of health and several national institutions do not only
have a guiding role but should, in collaboration with professionals and patient
organisations, facilitate, stimulate, standardize and resolve the generic issues involved in
development and implementation of eHealth innovations that meet the criteria of quality,
added value and cost-effectiveness.

Lessons learned
Building a successful and efficient eHealth innovation comes down to a strategic planning,
the communication of a clear vision and the ability to mobilize and motivate professionals.
There is no specific path for the development and implementation of eHealth, but it is
too important to avoid repeating the mistakes from peers. Indeed, sharing lessons and
best practices between professionals of one hospital and between local or (inter)national
hospitals is of major value. In retrospect we can, from the perspective of healthcare
providers, summarise and emphasise the issues that we believe are crucial when developing
an eHealth innovation aimed to be sustainable and to become part of standard care:
• Aim for a lasting future-proof implementation from the start and anticipate on what is
needed to achieve that in a very pro-active manner.
• Involve patients and patients’ organisations early in the development of the innovation,
during the initial project(s) but also in the subsequent improvements and changes of
the innovation.
• Acknowledge that for the patient the benefits of the innovation have to be (very)
obvious and the burden of monitoring to be proportional; otherwise cooperation and
usage of the innovation and/or app will decline quickly, and the innovation will not
sustain.
• Invest in a team with a common ambition, with support from the Board of Directors,
and in funding for the transition period that follows if the initial project is successful.
• In an early stage, develop a local network of professionals who are willing to change
and who can optimize the chances of successful and sustainable implementation.
• In an early stage, involve experts who are active in specific domains (privacy officers,
lawyers, information officers, financial experts, technical experts) and make them part
of the team with specific tasks.
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• Provide convincing evidence that the innovation has added value for most or all
stakeholders. This can be related to variables such as the quality of care (outcomes),
quality of life, efficiency for professionals/patients/parents. This should be preferably
proven in a classical scientific method, including sufficient power and sound statistics,
with sufficient external validity of the relevant outcome measures. Sometimes
healthcare insurance companies can be convinced of the added value with a lower
grade of evidence.
• Provide evidence of cost savings when applicable and possible, using an accepted
scientific method based on standardized prospective data when implementing the
innovation. Too many (eHealth) innovations constitute an addition to the existing
system, instead of replacement. Replacement of usual care by eHealth with costs
savings but without loss or even improvement of quality of care is likely to be the only
way to achieve lasting implementation.
• Think big and think more economical than usual. With sufficient critical mass all eHealth
innovations will have a better chance of “survival”.
• Aim for generic solutions when addressing the barriers for implementation. This
enhances the platform and the awareness that is needed to come to local and national
breakthroughs, such as establishing the connectivity between eHealth platforms and
patient records.
• Connect with the national governmental institutions and bodies (in the Netherlands
such as ‘Zorginstituut Nederland’ and ‘Nederlandse Zorg Autoriteit’) that aim to enhance
and incorporate eHealth in the national healthcare system; explain them the issues and
confront them with their duties and intentions to achieve these common goals.
• Implementing eHealth and sustaining it are very different ventures. After implementation,
ongoing monitoring, evaluation, and adoption of the system are needed to ensure
intended goals are being met and to identify ongoing barriers.
• Expect that it will take some time.

7

Implications for future research
As mentioned in the introduction, paediatric asthma monitoring should be adjusted in a
continuous cycle based on objective measurements (e.g. lung function, FeNO), subjective
information and expectations, needs and wishes of patients and professionals. The same
applies for the further development of the virtual asthma clinic. The current version of the
virtual asthma clinic, based on online monitoring solely based on the assessment of
asthma control by the (Children’s) Asthma Control Test, is insufficient to provide a realistic
and complete view of the health status of each child with (also more severe) asthma. To
achieve this, new features such as home monitoring of the FEV1 and smart inhalers are
necessary tools to optimize monitoring in specific patient subgroups. Future research
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should focus on the value of these monitoring tools in the assessment of asthma control,
also taking into account fundamental differences in preferred functions between the
different end-users.8
Unfortunately, based on our results we are not able to answer the question ‘Which patient
will benefit most by online monitoring?‘ and provide a specific patient profile for online
monitoring. Earlier research has shown that eHealth innovations seem to be most
successful in patients with more severe illness or uncontrolled disease who have most
to gain.9, 10 However, our study did not focus on patients with more severe asthma.
Additionally, several studies revealed that also demographic factors such as race,
socioeconomic status and educational attainment significantly influence the use of
Internet-based monitoring tools.11 Further, it is known that some patients underestimate
their asthma severity or do not recognize the symptoms of disease deterioration.12 These
so-called ‘poor perceivers’ will not benefit from the advantages of an eHealth innovation
based on online monitoring solely by the Asthma Control Test. Also, a proportion of the
patient (and/or caregivers) does not believe in the use of eHealth for monitoring their
disease activity, they rather have more face-to-face contacts. Personalised care can also
mean that there will be no role for eHealth in monitoring these patient groups. Future
research should focus on the subject ‘Which patient will benefit most by online monitoring’
and examine patient preferences to achieve personalised management.1, 13, 14
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In this thesis, the potential of a virtual asthma clinic for online monitoring children with
asthma as a partly substitution for routine outpatient care is presented en discussed.
Chapter 1 is an introduction to paediatric asthma monitoring and management and
asthma control in general. Subsequently an outline of the content is given and the aims of
this thesis are described:
1. To provide an evaluation of monitoring strategies for childhood asthma
2. To assess whether asthma control can be improved through a virtual asthma clinic for
children with asthma, while reducing the regular visits to the outpatient clinic by
50%.
3. To assess whether asthma care provided through the virtual asthma clinic for children
leads to fewer exacerbations, hospital admissions, unscheduled visits, better
adherence to treatment, lower daily dose of inhaled corticosteroids, better quality of
life, lung function, asthma control score and lower FeNO as compared to usual care.
4. To assess whether asthma care through the virtual asthma clinic is cost-effective.
5. To assess barriers and facilitators for the implementation of the virtual asthma clinic in
daily practice.
6. To strive to sustainable implementation of the virtual asthma clinic in daily practice
and policy.
Chapter 2 provides an overview of current monitoring strategies for childhood asthma.
Monitoring asthma is crucial to assess disease activity and deterioration but there is no
superior monitoring strategy. The optimal strategy and frequency of monitoring paediatric
asthma will vary between patients and both treatment and monitoring are expected to
benefit from a personalised approach.
In Chapter 3 the results of the randomised multicentre trial focusing on the efficacy of the
virtual asthma clinic are presented. In this study, the aim was to assess whether the eHealth
innovation could improve asthma control while reducing 50% of routine outpatients’
visits. Two hundred ten children with asthma were randomised to usual care (UC:
4-monthly outpatient visits) or online care using the virtual asthma clinic (VAC, 8-monthly
outpatient visits with monthly online monitoring). The primary study outcome was
the number of symptom-free days (SFDs) in the last four weeks of the study. Secondary
outcomes were asthma control, FEV1, FeNO, asthma exacerbations, unscheduled
outpatient visits, hospital admissions, daily dose of inhaled corticosteroids and courses
of systemic corticosteroids. After a follow-up of 16 months, SFDs differed statistically
between UC and VAC, in favour of the latest. In terms of asthma control, the Children’s
Asthma Control Test improved more in the virtual asthma clinic group. No differences
were found for other outcome measures. This study has shown that routine outpatient
visits can be partly replaced by monitoring asthmatic children via eHealth.
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Chapter 4 describes an economic evaluation of the virtual asthma clinic based on data
from the randomised trial (chapter 3): the cost-effectiveness of online monitoring was
compared with usual care. Both direct and indirect costs per patient were significantly
lower in the virtual asthma clinic group compared to usual care. Online asthma
management was associated with lower costs due to fewer outpatient clinic visits, lower
travel expenses and loss of productivity. In young children (6-11 years of age), online care
resulted in both improved health outcomes and substantial cost savings. In teenagers,
usual- and online care were equally effective with respect to clinical outcome, but
considerable cost-savings were realised with online care. This cost-effectiveness analysis
supports implementation of online asthma management from a health economic
perspective.
Chapter 5 reports the results of the effects of online asthma management for children on
quality of life and psychosocial well-being (also based on data from the randomised trial
(chapter 3)). After 16 months of follow-up, the mean overall (and different domain) PACQLQ
score(s) did not differ between the UC and VAC group. At baseline, 38% of the asthmatic
young children (aged 6-11 years) had major (22%) or minor (16%) psychosocial problems
at baseline according to caregivers. In contrast, 24% of the asthmatic teenagers reported
major (11%) or minor (13%) psychosocial problems. After 16 months of follow-up, the
mean total score and several domain scores of the SDQ did not significantly differ between
the UC and VAC group. This study confirmed that the Quality of life and psychosocial
well-being in children with asthma is diminished compared to health peers and showed
that online monitoring of children and teenagers with asthma as a partial substitution of
outpatient visits did not contribute to a better quality of life or a better psychosocial
well-being.
Chapter 6 focusses on the barriers and facilitators when implementing an eHealth
innovation for online monitoring as a substitution for regular outpatient care in paediatric
asthma. This qualitative survey study revealed several important barriers and facilitators
for the implementation of the eHealth innovation, as perceived by healthcare providers.
Major barriers were the lack of structural financial reimbursement for online monitoring,
lack of interoperability with hospital medical records, the burden of web-based portal use
on clinician workload and altered patient-professional relationship. Major perceived
facilitators included enthusiastic and active initiators, a positive attitude of professionals
towards eHealth, the possibility to provided ‘personalised eHealth’ and to easily deliver
care according to current guidelines and long-term profit and efficiency. Implementation
of an eHealth innovation is complex, dynamic and influenced by multiple factors.
Understanding and defining the barriers and facilitators that influence the context appears
to be important for successful implementation and sustainability of an innovation.
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Finally, Chapter 7 provides a general discussion, in which the main findings of this thesis
are discussed, followed by implications and directions for further research. Also, an overview
and recommendations are given for sustainable implementation of online paediatric
asthma management.
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Nederlandse samenvatting
In dit proefschrift wordt de potentie van een virtuele astmakliniek voor online monitoring
van kinderen met astma als gedeeltelijke vervanging voor de reguliere poliklinische zorg
gepresenteerd en besproken.
Hoofdstuk 1 is een introductie in astmamonitoring en -management bij kinderen en
astmacontrole in het algemeen. Vervolgens wordt een overzicht van de inhoud van dit
proefschrift gegeven en worden de doelen beschreven:
1. Evalueren van verschillende monitoringsstrategieën voor kinderen met astma.
2. Vaststellen of astmacontrole verbeterd kan worden door online monitoring van
kinderen met astma middels een virtuele astmakliniek, terwijl 50% van de reguliere
poliklinische controles wordt gereduceerd.
3. Vaststellen of astmazorg via een virtuele astmakliniek voor kinderen leidt tot minder
astmaexacerbaties, ziekenhuisopnames, ongeplande polikliniekbezoeken, een lagere
dagelijkse dosering van inhalatiecorticosteroïden en betere therapietrouw, kwaliteit
van leven, longfunctie, astmacontrole en FeNO vergeleken met de reguliere astmazorg.
4. Vaststellen of astmazorg via een virtuele astmakliniek kosteneffectief is.
5. Vaststellen welke bevorderende en belemmerende factoren van belang zijn bij
implementatie van de virtuele astmakliniek in de dagelijkse praktijk.
6. Streven naar een duurzame implementatie van de virtuele astmakliniek in de dagelijkse
praktijk.
Hoofdstuk 2 geeft een overzicht van de huidige monitoringsstrategieën voor kinderen
met astma. Monitoring van astma is cruciaal om vroegtijdig ziekteactiviteit en -achteruitgang
vast te stellen, echter is er tot op heden geen superieure monitoringsstrategie. De optimale
strategie en de frequentie van monitoren van kinderen met astma varieert tussen patiënten
en zowel behandeling als monitoring hebben baat bij een individuele benadering.
In hoofdstuk 3 worden de resultaten van de gerandomiseerde studie naar de effectiviteit
van de virtuele astmakliniek gepresenteerd. Het doel van deze studie was vaststellen of
deze eHealth innovatie astmacontrole kon verbeteren, terwijl het aantal poliklinische
controles met 50% werd gereduceerd. 210 kinderen met astma werden gerandomiseerd
in twee groepen: reguliere zorg (elke 4 maanden een poliklinische controle) of online zorg
via de virtuele astmakliniek (elke 8 maanden een poliklinische controle met maandelijkse
online monitoring). De primaire uitkomstmaat was het aantal symptoomvrije dagen (SFDs)
in de laatste vier weken van de studie. Secundaire uitkomstsmaten waren astmacontrole,
FEV1, FeNO, astmaexacerbaties, ongeplande polikliniekbezoeken, ziekenhuisopnames,
dagelijkse dosis inhalatiecorticosteroïden en het aantal kuren systemische corticosteroïden.
Na een follow-up van 16 maanden, verschilden het aantal SFDs statistisch tussen de

163

9

Chapter 9

reguliere en online zorg, in het voordeel van online zorg. Astmacontrole verbeterde meer
in de groep die online zorg kreeg. Er werden geen verschillen gevonden in de andere
uitkomstmaten. Deze studie toont aan dat tot 50% van de reguliere poliklinische controles
vervangen kan worden door online monitoring van kinderen met astma via eHealth.
Hoofdstuk 4 beschrijft een economische evaluatie van de virtuele astmakliniek gebaseerd
op de data van de gerandomiseerde studie (hoofdstuk 3): de kosteneffectiviteit van online
monitoring werd vergeleken met reguliere zorg. Zowel directe als indirecte kosten per
patiënt waren significant lager in de virtuele astmakliniek groep vergeleken met reguliere
zorg. Online astmamanagement was geassocieerd met lagere kosten door minder poliklinische controles, lagere reiskosten, minder schoolverzuim en minder productiviteitsverlies. In de groep van jonge kinderen (6-11 jaar) resulteerde online zorg zowel in verbeterde
gezondheidsuitkomsten als in substantiële kostenbesparing. In de groep van pubers
(12-16 jaar)waren reguliere en online zorg waren beide even effectief met betrekking tot
klinische resultaten, maar met online zorg werd een aanzienlijke kostenbesparing gerealiseerd.
Deze kosteneffectiviteitsanalyse ondersteunt implementatie van online astmamanagement
vanuit een gezondheid-economisch perspectief.
Hoofdstuk 5 rapporteert de resultaten van het effect van online astmamanagement
voor kinderen op de kwaliteit van leven en het psychosociale welzijn (ook gebaseerd op
de data van de gerandomiseerde studie (hoofdstuk 3)). Na een follow-up van 16 maanden
verschilden de globale en afzonderlijke domeinscores van de PACQLQ niet tussen reguliere
en online zorg. Aan het begin van de studie had 38% van de astmatische jonge kinderen
(6-11 jaar) volgens hun ouders ernstige (22%) of matige (16%) psychosociale problemen.
Vierentwintig procent van de astmatische pubers rapporteerde ernstige (11%) of matige
(13%) psychosociale problemen. De gemiddelde totale score en de verschillende deelscores
van de SDQ verschilden niet significant tussen reguliere en online zorg na een follow-up
van 16 maanden. Deze studie bevestigt dat kwaliteit van leven en het psychosociale
welzijn in kinderen met astma verminderd is ten opzichte van gezonde kinderen en toont
aan dat online monitoring van astmatische kinderen als gedeeltelijke vervanging van
poliklinische controles niet leidt tot een betere kwaliteit van leven of een toename van
psychosociaal welzijn.
Hoofdstuk 6 richt zich op de bevorderende en belemmerende factoren bij implementatie
van een eHealth innovatie voor online monitoring als (gedeeltelijke) vervanging van
reguliere poliklinische controles bij kinderen met astma. Deze kwalitatieve surveystudie toonde verschillende belangrijke bevorderende en belemmerende factoren voor
implementatie van de eHealth innovatie, zoals waargenomen door zorgprofessionals.
Belangrijke belemmerende factoren waren het ontbreken van een structurele financiële
vergoeding van online monitoring, het ontbreken van integratie van de eHealth innovatie
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in de huidige elektronische patiëntendossiers, de invloed van eHealth op de dagelijkse
werkdruk van zorgprofessionals en de veranderde arts-patiëntrelatie. Belangrijke
bevorderende factoren waren enthousiaste en actieve initiatiefnemers, een positieve
attitude van de zorgverlener jegens eHealth, de mogelijkheid om ‘geïndividualiseerde
eHealth’ te bieden en de mogelijkheid om op een eenvoudige manier zorg te verlenen
die voldoet aan de huidige richtlijnen en de winst en efficiëntie op de lange termijn.
Implementatie van een eHealth innovatie is complex en dynamisch en wordt beïnvloed
door verschillende factoren. Het begrijpen en definiëren van de bevorderende en
belemmerende factoren die de context beïnvloeden, blijken belangrijk voor succesvolle
implementatie en duurzaamheid van een innovatie.
Tenslotte biedt hoofdstuk 7 een algemene discussie, waarin de belangrijkste bevindingen
van dit proefschrift worden bediscussieerd, gevolgd door suggesties voor vervolgonderzoek. Daarnaast wordt een overzicht en aanbevelingen gegeven voor duurzame
implementatie van online astmazorg voor kinderen.
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Asthma Control Test
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Electronic health
Electronic Medical Device
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Forced Expiratory Flow
Forced Expiratory Flow
Forced Expiratory Flow
Fraction of Exhaled Nitric Oxide
Fraction of Exhaled Nitric Oxide measured at an expiratory flow of 50 mL/s
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Global Initiative for Asthma
Health related quality of life
Inhaled corticosteroids
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Linear Mixed Models
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Patient-Reported Outcome Measures
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Real Time Medication Monitoring
Short acting bronchodilators
Standard deviation
Symptom free days
Usual care
Virtual Asthma Clinic

169

9

Addendum

Co-authors and affiliations
A.L.M. Boehmer
Maasstad hospital, department of paediatrics, Rotterdam
Spaarne hospital, department of paediatrics, Haarlem

M.L. Brouwer
Canisius Wilhelmina hospital, department of paediatrics, Nijmegen

C.A.C. Hugen
Radboud university medical centre, Amalia children’s hospital, department of paediatric pulmonology, Nijmegen

A.R.T. Donders
Radboud university medical centre, department for Health Evidence, Nijmegen

B.E. van Ewijk
Tergooi hospital, department of paediatrics, Blaricum/Hilversum

W.W. Geense
Radboud university medical centre, Radboud Institute of Health Sciences, IQ healthcare, Nijmegen

G.P.J.M. Gerrits
Canisius Wilhelmina hospital, department of paediatrics, Nijmegen

I. Groothuis
Haga Hospital, Juliana children’s hospital, department of paediatric pulmonology, The Hague

W. Kievit
Radboud Institute for Health Sciences, Radboud University Medical Centre, Nijmegen

M.J. Koenen - Jacobs
Maas hospital Pantein, department of paediatrics, Boxmeer

A.M. Landstra
Rijnstate hospital, department of paediatrics, Arnhem

L.E.M. Niers
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Maxima medical centre, department of paediatrics, Veldhoven
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P.J.F.M. Merkus
Radboud university medical centre, Amalia children’s hospital, department of paediatric pulmonology, Nijmegen

M.D. Ottink
Hospital Medical Spectrum Twente, department of paediatrics, Enschede

L. van Onzenoort - Bokken
Slingeland hospital, department of paediatrics, Doetinchem
Maxima medical centre, department of paediatrics, Veldhoven

M.W. Pijnenburg
Erasmus medical centre, Sophia children’s hospital, department of paediatric pulmonology, Rotterdam

A.J. Sprij
Haga Hospital, Juliana children’s hospital, department of paediatric pulmonology, The Hague

E.R.V.M. Rikkers-Mutsaerts
Leiden university medical centre, department of paediatric pulmonology, Leiden

J. Roukema
Radboud university medical centre, Amalia children’s hospital, department of paediatric pulmonology, Nijmegen

B.L. Rottier
University medical centre Groningen, Beatrix children’s hospital, department of paediatric pulmonology, Groningen

M.M. Tibosch
Radboud university medical centre, department of psychology, Nijmegen

A.A. Vaessen-Verberne
Amphia hospital, department of paediatrics, Breda

C.M. Verhaak
Radboud university medical centre, department of psychology, Nijmegen
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Overview Luchtbrug
Online asthma care for children and adolescents
Milestones
2010: Funding obtained for project: “Can the introduction of a virtual asthma clinic improve
the number of asthma free days in children with asthma while reducing visits to the
outpatient clinic by 50%?”, from the Dutch Lung Foundation (grant number 3.4.10.016) and
the Dutch Innovation Foundation Health insurance companies (grant number B 10-135).
2011-2015: Randomized controlled trial in 4 general and 4 university hospitals in the Netherlands
to answer the research question (efficacy), and to assess cost-effectiveness.
2015-2016: Funding obtained from ZonMw to conduct an implementation study in 14 Dutch
Hospitals aimed at assessing facilitators and barriers for implementation. Introduction
visits in 14 participating hospitals, questionnaires to stakeholder’s evaluation and publication.
2017-2019: Incorporation into Betaalbaar Beter (“Affordable better”), collaboration with Health
insurance company VGZ, to introduce Luchtbrug as a part of regular paediatric asthma
management in the Netherlands, with reimbursement. Financing national Luchtbrugcoordinator (L.S. van den Wijngaart).
2017-2018: Development of an app for mobile phones for teenagers (called ‘Astmaatje’), in
collaboration with Dutch Lung Foundation, suitable for linking to Luchtbrug.
2017- present: Collaboration with various parties to develop generic linkage between
Luchtbrug platform and EPIC and HiX, to enhance exchange of patient information to and
from the Luchtbrug platform.
2018: Funding from the Dutch Innovation Foundation Health insurance for 3 more projects:
1. Further development of a module in monitoring of adherence to respiratory medication;
2. Development of a wireless connection to handheld lung function equipment;
3. Rebuilding Luchtbrug to be suitable for to be used by children, adolescents and
adults with Cystic Fibrosis.
2019: Proposal for reimbursement of online asthma care for children, in cooperation with
Dutch Healthcare Authority (NZA). Reimbursement of online asthma care implies that for
hospitals it becomes more attractive to make use of Luchtbrug for each child with asthma,
while reducing the number of hospital visits.
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Presentations
2015
• ‘A virtual Asthma Clinic for Children: Luchtbrug’. Nominee for the Value based healthcare
price 2015. Presentatie Congres Value Based Health Care (apr 2015), Zeist
• ‘A virtual asthma clinic for children, First results of a randomised controlled trial’.
Presentatie Refereeruur Kindergeneeskunde Amalia Kinderziekenhuis, Radboudumc
(apr 2015), Nijmegen
• ‘Online astmazorg voor kinderen: eHealth kan poliklinische controles vervangen’.
Presentatie Longdagen 2015 (apr 2015), Utrecht
• ‘Luchtbrug, online astmazorg voor kinderen’. Presentatie Astmacentrum Heideheuvel,
(apr 2015), Hilversum
• ‘A Virtual Asthma Clinic for Children, first results of a randomised multicenter study’.
Presentatie Groningen Research Institute for Asthma and COPD (GRIAC), (mei 2015),
Groningen
• ‘Resultaten gerandomiseerde trial’. Presentatie Longfonds, (mei 2015), Amersfoort
• ‘A virtual Asthma Clinic for children: fewer hospital visits, same asthma control’.
Presentatie European Respiratory Society Congress (sept 2015), Amsterdam
• ‘Luchtbrug: Online astmazorg voor kinderen’. Presentatie onderdeel Great Achievements
op het congres van de Nederlandse Vereniging voor Kindergeneeskunde (NVK) (nov
2015), Veldhoven
• ‘Luchtbrug, online astmazorg voor kinderen.’ Presentatie voor de Health Impact Bonds,
bijeenkomst ministerie VWS, zorgverzekeraars en private investeerders (nov 2015),
Utrecht
• ‘Online astmazorg voor kinderen’. Congres Modernisering Medische Vervolgopleidingen
(MMV), sessie ICT in de zorg (dec 2015), Zeist
2016
• ‘A virtual asthma clinic: website use among patients and parents. Research Meeting
Amalia kinderziekenhuis Radboudumc (febr 2016), Nijmegen
• ‘A virtual asthma clinic for children. RadboudTalks: Pitch competition for scientists.
Finals, Radboud universiteit/Radboudumc (maart 2016), Nijmegen
• ‘A virtual asthma clinic for children: a cost-effectiveness analysis’. Presentation Congress
of International Paediatric Pulmonology (juni 2016), Napels
• ‘A virtual asthma clinic for Children: descriptives and analysis of website use’. Poster
presentation European Respiratory Society Congress (sept 2016), Londen
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2017
• ‘eHealth in de astmazorg’. Nascholing huisartsen Domus Medica (jan 2017), Utrecht
• ‘Luchtbrug: online astmazorg voor kinderen’. Presentatie Innovatiefestival Radboudumc
(jan 2017), Nijmegen
• ‘Luchtbrug’. Presentatie bij ministerie Volksgezondheid, welzijn en Sport (mrt 2017)
• ‘Innovatieve netwerken in de astmazorg voor kinderen’. Presentatie stafconvent
Radboudumc (mrt 2017), Nijmegen
• ‘Luchtbrug: Online astmazorg voor kinderen en jongeren’. Presentatie zorgverzekeraar
VGZ (april 2017), Arnhem
• ‘Luchtbrug: Online astmazorg voor kinderen’ Presentatie longdagen (april 2017), Utrecht
• ‘A virtual asthma clinic for children’. Pitch Value Based Healthcare Prize 2017 (mei 2017) ,
Nijkerk
• ‘Luchtbrug: Online astmazorg een nieuwe routine?’. Presentatie Raack symposium
‘Raack 10 jaar’ (mei 2017), Berg en Dal
• ‘Online astmazorg voor kinderen’, Long Alliantie Nederland (sept 2017), Amersfoort
• ‘Online astmazorg voor kinderen en jongeren’, kind en gezinsgerichte zorg (nov 2017),
Zwolle
2018
• ‘Astmazorg anno 2018’. Presentatie Periodieke Conferentie Kinderlongziekten, Radboudumc
(maart 2018), Nijmegen
• ‘Luchtbrug: Online asthma care for children’. Presentatie Experience day International
Health Innovation week 2018, Radboudumc (mei 2018), Nijmegen
• ‘Luchtbrug: barrières bij implementatie’, zeepkist strategiesessie Amalia kinderziekenhuis, Radboudumc (juli 2018), Nijmegen
• ‘Luchtbrug: Online astmazorg voor kinderen’. Presentatie VWS, Radboudumc (aug 2018),
Nijmegen
• ‘Barriers and facilitators when implementing online monitoring and management as a
substitution for traditional outpatient care in children with astma’. Poster presentatie
European Respiratory Society Congress (sept 2018), Parijs
• ‘Luchtbrug: a virtual asthma clinic for children’, bijeenkomst signing ceremony
Radboudumc-EIB (okt 2018), Nijmegen
• ‘Online astmazorg voor kinderen en jongeren’, bijeenkomst Medisch Specialistische
Alliantie VGZ (nov 2018), Houten
2019
• ‘Luchtbrug: online astmazorg voor kinderen’, pitch Citrienfonds (jan 2019), Den Haag
• ‘Een virtuele astmakliniek voor kinderen: minder artsen bezoek, zelfde mate van controle.
Longdagen (apr 2019), Houten
• ‘Luchtbrug: online astmazorg voor kinderen’, pitch Citrienfonds (aug 2019), Utrecht
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• ‘Luchtbrug: de juiste zorg op de juist plek - op het juiste moment’, presentatie NVK inspiratiesessie: innovaties binnen de kindergeneeskunde (nov 2019), Soesterberg

Publications in the lay press
• ‘Astma online: kids op consult in virtuele kliniek’ in Longwijzer nr. 5 2011
• ‘Luchtbrug: virtuele astmakliniek’ in ‘Jong en je wilt…’ Tijdschrift ter gelegenheid van de
‘Week Chronisch zieken’ 5-12 november 2011
• ‘Virtuele Astmakliniek alternatief voor polibezoek’ in MedNet 2012
• ‘EHealth in het Amalia Kinderziekenhuis: Online astmazorg voor kinderen’ in Nieuwsbrief
Amalia Kinderziekenhuis, Radboudumc (mei 2015)
• ‘Astmazorg leent zich uitstekend voor online zorg’ in Kinderarts & Samenleving (nov 2015)
• ‘EHealth heeft medici veel te bieden’ in De Medisch Specialist, Jaargang 1, Editie 4
(dec 2015)
• Artikel Gelderlander (april 2017): http://www.gelderlander.nl/nijmegen/meer-luchtvoor- astma-patieneuml-ntjes-eneacute-n-ziekenhuis-dankzij-app~a71a4088/
• ‘Kinderen met astma beter monitoren’ Website ZonMw 2017 https://publicaties.zonmw.
nl/ehealth/implementatie-van-ehealth-door-de-patientprofessional/
• ‘App geeft meer lucht aan Ties en het ziekenhuis’ VGZ Magazine (juli 2017)
• ‘EHealth toepassing voor jonge astmapatiënten heeft grote impact’, Interview Zorgverzekeraars Nederland (okt 2017)
• Commercial VGZ – Luchtbrug Radboudumc: https://www.youtube.com/watch?v=oQHqDTkRCQc en https://www.youtube.com/watch?v=GoTwfdIIrTI
• VGZ Zinnige Zorg filmpje: https://www.youtube.com/watch?v=GTErrNJ2Q8c
• ‘Luchtbrug ontpopt zich als duurzame eHealth voor kind met astma’ Topic, bijlage
Medisch Contact (juni 2018)
• ‘Astmaatje’ Nederlands tijdschrift voor Astma en Allergie (juli 2018)

Nominations / awards
• Nominatie voor de ‘Value Based Healthcare Price 2015 (mei 2015), Nijkerk
• Winnaar Achmea Quality Award 2015, Prijs voor best practices in de gezondheidzorg,
Achmea (okt 2015), Zeist
• Finalist Radboud Talks: pitch competition for scientists, Radboud Universiteit, Radboudumc
(mrt 2016), Nijmegen
• Nominatie beste drie abstracts Paediatric Science Day, Amalia Kinderziekenhuis,
afdeling Kindergeneeskunde, Radboudumc (juni 2016), Nijmegen
• Tweede prijs Radboud Institute for Health Science (RIHS) Societal Impact Award 2015,
Radboudumc (jun 2016), Nijmegen
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• Winnaar Poster Award 2016, Congress of International Paediatric Pulmonology (jun 2016),
Napels
• Tweede prijs OOR-ON Onderzoeksprijs 2016, prijs voor meest aansprekende, veelbelovende
en originele onderzoeksprestaties waarbij sprake is van samenwerking tussen twee of
meer OOR ON-instellingen en nadrukkelijke betrokkenheid van AIOS, Radboudumc
(dec 2016), Nijmegen
• Value Based Healthcare Cost-effectiveness Prize 2017 (mei 2017), Nijkerk
• Nominatie Zinnige Zorg Award 2017, VGZ, (jun 2017), Arnhem
• Radboudumc Innovatie prijs 2019, Radboudumc (jan 2020), Nijmegen

Collaboration Lung Foundation Netherlands
2016-2018, met Longfonds: ontwikkeling Luchtbrug app voor Kinderen en Jongeren,
“Astmaatje” (iOS, Android) .
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PhD Portfolio
Name PhD Candidate:
Department:
Graduate school:
Promotor:
Co-promotors:

L.S. van den Wijngaart
Amalia childrens hospital
Radboud Institute for Health Sciences
Prof. Dr. C. Noordam
Dr. P. J.F.M. Merkus, Dr. J. Roukema

Most relevant training activities
Courses and workshops

Year

ECTS

Introduction course for PhD Students

2014

1.75

PubMed for advanced users

2014

0.1

EndNote Workshop

2014

0.1

Biometrics

2014-2015 6.0

Research meeting Paediatrics

2014-2019 1.0

Academic scientific writing

2015

3.0

The Arts of presenting Science

2015

1.3

Time management

2015

0.3

Giving and receiving feedback

2015

0.2

Presentation skills (advanced)

2015

1.0

Scientific Integrity course

2016

0.4

Opfriscursus statistiek

2016

3.0

Basiscursus Regelgeving en Organisatie van Klinische Trials (BROK) 2016
e-learning course

1.5

Project management

2017

1.0

TIA Summer Academy

2017

1.0

Presentations, seminars and workshops*

Year

City, Country

Presentatie Nederlands astmacentrum Heideheuvel ‘Luchtbrug:
Online astmazorg voor kinderen’, Hilversum

2015

Hilversum,
The Netherlands

Presentatie Longfonds Nederland ‘Luchtbrug: online astmazorg
voor kinderen’

2015

Amersfoort,
The Netherlands

2015
Presentation European Respiratory Society (ERS) congress
A virtual asthma clinic for children: fewer visits, same asthma control’

Amsterdam,
The Netherlands

Presentations/pitch Achmea congress, Achmea Quality Award

2015

Zeist,
The Netherlands

Congress Dutch Paediatric Association, workshop/presentation
‘Pitstop eHealth’

2015

Veldhoven,
The Netherlands

* Also see overview Luchtbrug
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Congress Dutch Paediatric Association, presentation Great
Achievements ‘Luchtbrug, online astmazorg voor kinderen’

2015

Veldhoven,
The Netherlands

Congress Health Impact Bonds ‘Luchtbrug: online astmazorg voor 2015
kinderen

Utrecht,
The Netherlands

(Inter)national symposia & congresses*

Year

City, Country

Paediatric Science day

2014

Nijmegen,
The Netherlands

Congress Dutch Paediatric Association (NVK)

2014

Veldhoven,
The Netherlands

Congress European Respiratory Society (ERS)

2015

Amsterdam,
The Netherlands

Congress Dutch Paediatric Association (NVK)

2015

Veldhoven,
The Netherlands

Congress Modernisering Medische Vervolgopleidingen

2015

Egmond aan Zee,
The Netherlands

Congress International Paediatric Pulmonology (CIPP)

2016

Naples, Italy

Congress European Respiratory Society (ERS)

2016

Congress Dutch Paediatric Association (NVK)

2016

Veldhoven,
The Netherlands

Symposium 10 years RaacK

2017

Nijmegen,
The Netherlands

Congress International Paediatric Pulmonology (CIPP)

2017

Lisbon,
Portugal

Congress Dutch Paediatric Association (NVK)

2017

Arnhem,
The Netherlands

Teaching and other activities

Year

Lecture Research Meeting Amalia Children hospital

2015

Student Internship Coaching

2015

Introduction lecture participating hospitals Implementation project

2015

Lecture ‘ICT in healthcare’ at the Congress Modernisering Medische
Vervolgopleidingen (MMV)

2015

Lecture Research Meeting Amalia Children Hospitals

2016

Introduction lecture participating hospitals Implementation project

2016

* Also see overview Luchtbrug
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Curriculum vitae
Lara Stefanie van den Wijngaart werd op 18 december 1982 geboren in ’s-Hertogenbosch
en groeide op in Valkenswaard. Na het behalen van haar gymnasiumdiploma op Scholengemeenschap Were Di te Valkenswaard in 2001 werd zij uitgeloot voor de studie geneeskunde en besloot zij Gezondheidswetenschappen aan de universiteit van Maastricht te
gaan studeren. In 2005 behaalde zij, na een afstudeerstage van een halfjaar aan de
universiteit van Wollongong (Australië) onder supervisie van Prof. Dr. N.A.S Taylor en
Prof. H. Kuipers, haar Masterdiploma Bewegingswetenschappen. In 2006 startte Lara alsnog
met de verkorte opleiding geneeskunde aan de Radboud Universiteit te Nijmegen,
waar zij ongeveer vier jaar later haar artsexamen behaalde. In mei 2011 kreeg zij haar
eerste baan als ANIOS (arts-niet in opleiding tot specialist) kindergeneeskunde in het
Maxima Medisch Centrum in Veldhoven.
In januari 2012 startte Lara voltijd met haar opleiding tot kinderarts in het Canisius
Wilhelmina Ziekenhuis te Nijmegen bij toenmalig opleider Dr. B. A. Semmekrot. Vanaf juli 2013
vervolgde zij haar specialisatie in het Radboudumc Amalia kinderziekenhuis te Nijmegen
met opleider Dr. J.M.T. Draaisma als eerste opleider (later Dr. A.A.E.M. van der Velden).
Begin 2014 startte zij tevens met haar promotieonderzoek ‘Luchtbrug: online astmazorg
voor kinderen en jongeren’ bij de afdeling kinderpulmonologie onder dagelijkse supervisie
van Dr. P. J.F.M. Merkus en Dr. J. Roukema. Vanaf dat moment werd haar opleiding parttime
voortgezet, zodat zij één dag per week aan haar promotieonderzoek kon besteden.
Daarnaast maakte zij de keuze haar opleiding met periodes te onderbreken om zich met
volle overgave op haar promotieonderzoek en Luchtbrug te kunnen richten. Naast de
opleiding tot kinderarts heeft Lara zich gedurende haar opleidingstijd tevens ingezet
voor meer individualisatie van de opleiding. Zij rondde met succes het profiel ‘Medisch
leiderschap’ af en ontwikkelde zij met vijf collega’s een jaarlijkse leergang voor AIOS (’Arts
van de toekomst’) gericht op management, organisatie en persoonlijke ontwikkeling.
Eind 2018 rondde Lara haar specialisatie tot kinderarts af en werkte zij begin 2019 een
halfjaar als waarnemend kinderarts in het Rijnstate ziekenhuis te Arnhem. Gelijktijdig
startte zij per januari 2019 met de subspecialisatie kinderpulmonologie in het Radboudumc
Amalia kinderziekenhuis te Nijmegen. Tevens is zij als projectleider actief betrokken bij
Luchtbrug, waar zij zich de laatste jaren heeft ingezet voor een duurzame en succesvolle
implementatie van Luchtbrug. Deze innovatie wordt momenteel in 18 ziekenhuizen in
Nederland gebruikt in de dagelijkse zorg voor kinderen met astma.
Lara woont samen met Wim en hun kinderen Raúl (2017) en Alessa (2019) in Nijmegen.
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Dankwoord
Wat een bijzonder moment is dit: het schrijven van het dankwoord, meestal de best
gelezen pagina’s van een proefschrift. De afgelopen jaren hebben, naast mijn specialisatie
tot kinderarts, in het teken gestaan van dit promotieonderzoek. Met het afronden van
dit proefschrift kijk ik terug op een bijzondere, mooie en dynamische periode waarin
ik veel geleerd heb. Toen ik in 2013 door Peter Merkus werd gevraagd te participeren in
het project ‘Luchtbrug: online astmazorg voor kinderen en jongeren’ wist ik van te voren
misschien niet eens waar ik precies aan begon. Ik had jaren geroepen ‘Ik ga nooit
promoveren, nee echt niet!’ en toch overwoog ik vrijwel direct om ja te zeggen. Ik was,
en ben nog steeds, van mening dat dit project precies aansluit bij mijn ambitie om naast
een goede kinderarts ook van betekenis te kunnen zijn in het verbeteren van de zorg.
Online monitoring van kinderen met astma als gedeeltelijke vervanging van reguliere
poliklinische zorg. Dit klonk veelbelovend maar voordat een innovatie daadwerkelijk
wordt omarmd en geïmplementeerd, is een eerste vereiste een wetenschappelijke onderbouwing. Dit proefschrift is dan ook de basis voor het huidige succes van Luchtbrug.
Voor mijzelf is dit proefschrift het resultaat van een intensieve en mooie samenwerking
met velen, waar ik erg dankbaar voor ben.
Allereerst wil ik alle gebruikers van Luchtbrug, de patiënten, hun ouders en alle zorgprofessionals, bedanken. Dank aan de kinderen met astma die hebben meegedacht over de
ontwikkeling van Luchtbrug en in een later stadium voor de feedback die gebruikt is om
Luchtbrug verder te optimaliseren. Dank aan de kinderen die hebben deelgenomen aan
de gerandomiseerde trial (RCT) voor het consequent invullen van alle vragenlijsten.
Dank aan alle toegewijde kinder(long)artsen, verpleegkundig specialisten en kinder(long)
verpleegkundigen voor deelname aan de RCT en het implementatie project en dank voor
het online monitoren van jullie patiënten in de dagelijkse praktijk. Dank aan alle managers,
bestuurders en overige medewerkers van de deelnemende ziekenhuizen voor jullie positieve
attitude tegenover eHealth in het algemeen en Luchtbrug in het bijzonder. Zonder jullie
allen was Luchtbrug nooit zo’n succes geworden!
Bijzonder veel dank aan mijn co-promotoren, Dr. P.J.F.M. Merkus en Dr. J. Roukema.
Beste Peter en Jolt, dank voor jullie onvoorwaardelijke vertrouwen vanaf moment één.
Jullie kritische revisies op de door mij aangeleverde manuscripten, onze goede discussies
en jullie enthousiasme voor Luchtbrug motiveerden me de afgelopen jaren om telkens
het beste uit mezelf te halen. Dank dat ik onderdeel mag zijn van zo’n mooi team. Ik ben
ongelofelijk trots op wat we samen hebben bereikt en ik ben erg benieuwd naar wat de
komende jaren ons zullen brengen!
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Beste Peter, ik besef me nu dat ik eigenlijk nooit precies gevraagd heb wat jij, als initiator
van Luchtbrug, precies voor ogen had toen je in 2010 de subsidieaanvraag voor Luchtbrug
indiende. Maar misschien wist jij, nu terugkijkend, van te voren ook niet precies waar
je aan begon en dat de impact van het project zo groot zou zijn. Ik wil je bedanken voor
de ruimte die je mij hebt gegeven om als promovenda, en later ook als projectleider,
Luchtbrug voor een groot deel vorm te geven. Jouw kennis en kunde is enorm en ik heb
bewondering voor je hoe je deze inzet om de kinderlongziekten te verbeteren, mooie
subsidies binnen te halen en studenten, arts-assistenten en fellows op te leiden. Fijn dat
je me de ruimte hebt gegeven om zelf in te zien wat voor mooi specialisme de kinderpulmonologie is, ook al was het voor jou al snel duidelijk dat je het wel zag zitten om mij
als fellow op te leiden. Dank dat het je gelukt is dit fellowship daadwerkelijk te regelen en
dank voor je vertrouwen in mij als toekomstig kinderlongarts.
Beste Jolt, ook jou bewonder ik om je veelzijdigheid. Jouw focus en enthousiasme ten
aanzien van de patiëntenzorg werkt inspirerend, evenals je visie hoe deze vorm te geven.
Dagelijkse begeleiding ten tijde van mijn onderzoeksperioden was ook daadwerkelijk
dagelijks, aangezien je mij een bureau liet toe-eigenen op jouw kamer. Hierdoor kon ik, al
dan niet ongevraagd, altijd met je overleggen of brainstormen. Dank voor je relativeringsvermogen, je rust en kalmte op momenten dat de situatie, of ik, daarom vroeg. En dank
voor al onze goede gesprekken in de auto op weg naar één van de deelnemende
ziekenhuizen. Ik hoop nog heel lang met je te mogen samenwerken.
Veel dank aan Coosje Sintnicolaas, verpleegkundig specialist van de kinderlongziekten.
Coosje, jouw rol in ons team is ongekend. Voor mij ben je de spil in onze patiëntenzorg en
de patiënt staat bij jou ook daadwerkelijk altijd centraal. Je bent een mooi en fijn mens.
Dank voor al je input maar vooral voor je luisterend oor en de goede gesprekken tussen
alle werkzaamheden door.
Dank ook aan alle andere collega’s van het Regionaal Astma en Allergie centrum voor
Kinderen (RAAcK): Marianne Brouwer, Peter Gerrits, Ellen Croonen, Milanthy Pourier, Petra
Stevens, Cindy Hugen, Jolanda Scholten, Marian Bobbert, Marijke Tibosch, Heleen van
Engelen, Imke van Esschoten en Sonja Roelofs-Willems. Het werk kan inhoudelijk nog
zo leuk zijn, ik ben er van overtuigd dat je werkvreugde sterk bepaald wordt door je
collega’s en vanaf het moment dat ik betrokken raakte bij Luchtbrug, voel ik me volwaardig
lid van jullie team. Dank voor al jullie (wetenschappelijke) input en goede ideeën.
Prof. Dr. C. Noordam, beste Kees, dank dat je mijn promotor bent, weliswaar op afstand
maar je enthousiasme over mijn proefschrift en Luchtbrug heb ik zeker gewaardeerd.
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De leden van de manuscriptcommissie. Prof. J.A.M. Kremer. Beste Jan, jouw missie om op
een verantwoorde wijze de zorg meer vanuit het perspectief van de patiënt in te richten
is bewonderenswaardig. Dank voor die momenten dat we al van gedachten hebben
gewisseld over Luchtbrug en eHealth in het algemeen. Jouw leerstoel sluit in mijn ogen
perfect aan bij dit proefschrift en ik ben dan ook vereerd dat je als voorzitter van de manuscriptcommissie betrokken bent. Prof. Dr. E. Dompeling en Dr. M.H.E. Reijers. Dank voor
het kritisch lezen en beoordelen van mijn manuscript en het deelnemen aan de oppositie.
Ik hoop dat we in de toekomst, binnen de landelijke kinderpulmonologie en de lokale
zorg voor patiënten met cystic fibrosis, nauw met elkaar mogen samenwerken.
Beste leden van de oppositie, al bij voorbaat dank om naar Nijmegen af te reizen.
We maken er een inspirerende discussie van! Dr. J.M.T. Draaisma. Beste Jos, ongelofelijk
veel dank voor de kansen die jij, als opleider kindergeneeskunde, mij hebt geboden
om mezelf te ontwikkelen zowel op professioneel als persoonlijk vlak. Naast het feit dat
je me de ruimte hebt gegeven om mijn specialisatie meerdere malen te onderbreken
om me volledig op mijn promotieonderzoek te richten, heb je me gestimuleerd om me
te profileren op het gebied van medisch leiderschap, management en organisatie.
We hebben in de afgelopen jaren regelmatig van gedachten gewisseld over de kindergeneeskunde in het algemeen, de opleiding en mijn eigen ontwikkeling. Het is fijn te
weten dat ik altijd bij je binnen kan lopen om even te sparren. Ik weet dat je altijd een
eerlijke, al dan niet kritische, mening zult geven en dit waardeer ik enorm. Ik ben vereerd
dat ik ook over het wetenschappelijke deel van Luchtbrug met je mag sparren tijdens
de verdediging van mijn proefschrift. Dank dat je deel wilt uitmaken van de oppositie.
Er zijn een aantal mensen die hebben bijgedragen aan de totstandkoming van de
verschillende wetenschappelijke artikelen in dit proefschrift. Wietske Kievit, dank voor je
hulp bij de kosteneffectiviteitsanalyse, voor mij een compleet onbekend terrein. Fijn dat je
me daar iets wegwijs in hebt gemaakt. Dank ook aan Wytske Geense voor je hulp bij het
implementatieproject. Leuk om zo nu en dan mensen te treffen die een soortgelijk
enthousiasme hebben voor hetgeen ze mee bezig zijn, jij bent er daar zeker een van.
Rogier Donders, dank voor je hulp bij de statistische analyses. Veel dank ook aan alle
coauteurs voor het kritisch beoordelen van mijn manuscripten. Door jullie kritische revisies
zijn de artikelen significant in kwaliteit verbeterd.
Dank aan al die mensen die ons geholpen hebben bij de ontwikkeling, opschaling en
professionalisering van Luchtbrug. Speciale dank aan Wouter Tuil voor de (door)ontwikkeling
van Luchtbrug. Als softwareleverancier ben je een onmisbare schakel in ons project!
Dank aan het Innovatiefonds, Longfonds en ZonMw voor het subsidiëren van de verschillende
projecten. Dank Michael Rutgers, Magda Barnhoorn en Valeska Klaassen van het Longfonds
voor de prettige samenwerking de afgelopen jaren en de gezamenlijke ontwikkeling van
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‘Astmaatje’. Dank aan de Raad van Bestuur van het Radboudumc voor het geloof in
Luchtbrug. Dank aan Michèl Willemsen en Erwin Sponselee, vakgroepvoorzitter en
bedrijfleider kindergeneeskunde, voor het omarmen van ons project. Verder dank aan
Gerda Dokter, projectleider Betaalbaar beter; Jacqueline Batenburg van VGZ; Leanne
van Almen, Monique Boon en Hannes Seesink van iLab; Susanne Hoogendam-van Asselt,
Nathalie Zonneveld en Lisanne Brouwer van juridische zaken; Pascal van Nispen en
Jolanda van Liessum van Informatie management; Tjeerd van den Broek, Stefan Steens en
Geert Keser van Concernstaf Strategie; Rian Karageorgos van Communicatie; en Joram
Sjoerts, Martijn Bakker, Andrea Kroon en Louise Hoppel van Valorisatie.
En natuurlijk veel dank aan iedereen die betrokken was bij mijn opleiding tot kinderarts.
Dr. B.A. Semmekrot. Beste Ben, dank voor jouw aandeel in mijn opleiding tot kinderarts in
het Canisius Wilhelmina ziekenhuis. Dr. A.A.E.M. van der Velden. Beste Janiëlle, dank dat je
me hebt begeleid in de laatste fase van mijn opleiding. Sandra Scherpenborg, dank voor
het soepel laten verlopen van mijn opleiding en het creatief oplossen van de roosterproblemen ten gevolge van mijn, soms onverwachte, onderzoeksmaanden. Ik dank ook alle
(oud)arts-assistenten kindergeneeskunde voor de fijne opleidingstijd. Mooi om te ervaren
wat er kan gebeuren als iedereen elkaar stimuleert om het beste uit jezelf, maar ook uit de
groep te halen. Dank ook voor de gezelligheid buiten het werk, wat hebben we veel
gelachen! Dank aan alle kinderartsen van het Amalia kinderziekenhuis voor jullie onuitputtelijke energie en enthousiasme om arts-assistenten op te leiden. En dank aan het
secretariaat, in het bijzonder Jolanda Scholten en Jolanda Teunissen, voor de dagelijkse,
praktische en logistieke ondersteuning.
Dank aan mijn paranimfen, Christiaan Mooij en Paul de Laat. Lieve Christiaan, we zijn
(bijna) gelijktijdig met de opleiding tot kinderarts in het CWZ begonnen. Wat een feest
om daar dagelijks met jou te mogen samenwerken. In mijn ogen hebben we elkaar naar
een hoger niveau getild en daardoor het optimale uit onze opleiding gehaald. Maar als
ik alleen onze band als collega’s zou benadrukken, zou ik onze vriendschap te kort doen.
In al die jaren hebben we ondertussen veel mooie, soms moeilijke maar vooral veel
memorabele momenten meegemaakt. Dank dat je er altijd voor me bent. Zoals jij zelf
twee jaar geleden tegen mij zei: het voelt goed en vertrouwd dat je naast me staat tijdens
mijn promotie! Lieve Paul, we hebben samen het lustrum van het Amalia kinderziekenhuis
georganiseerd. Sindsdien hebben we samen veel mooie dingen gedaan als collega’s maar
zijn we ondertussen ook goede vrienden geworden. Dank voor je werklust, je onuitputtelijke
energie en enthousiasme. Jouw manier van multi-tasken is jaloersmakend. En dank voor je
volharding om me te bellen, ook al krijg je regelmatig geen gehoor.
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Natuurlijk veel dank aan mijn vrienden. Stefanie, Juul en Rick, Margit en Laurens, Danielle
en Sander, Jakob en Elise, Tom en Rian. Dank voor alle gezellige momenten, de goede
gesprekken, jullie onuitputtelijke steun en de afleiding van al het harde werken anderszins.
Sabine, wat begonnen is als vriendschap tijdens de studie geneeskunde is inmiddels
uitgegroeid tot een hechte band. Dank voor je steun op werkelijk alle fronten. Je bent een
fijn mens! Coby, het is al lang geleden dat we samen Bewegingswetenschappen studeerde
in Maastricht. Ik ben blij dat we na al die jaren nog steeds contact hebben en elkaar op de
hoogte houden van wat er speelt. Maarten en Martine, Ronald, Kim en Niels. Dank voor
onze mooie en bijzondere vriendschap, die al meer dan 20 jaar bestaat. We accepteren
van elkaar dat we elkaar niet wekelijks of maandelijks zien en dat vind ik fijn. Als we samen
zijn, is het als vanouds en voelt het alsof we elkaar gisteren nog gezien hebben. De
gedachte dat jullie er altijd voor me zijn, is bijzonder.
Enorm veel dank gaat uit naar mijn familie.
Lieve Jill, als kleine zus heb ik altijd tegen je op gekeken en je hebt meer invloed gehad op
wie ik ben geworden dan dat je zelf vermoedelijk denkt. Ik ben enorm trots op alles wat je
hebt bereikt en ik heb ongelofelijk veel bewondering voor hoe jij met volle overgave en
enorm veel energie met je vak bezig bent. Daarnaast ben je een fantastische moeder,
dank voor alle (opvoedkundige) adviezen de afgelopen tijd. Woonden we maar wat
dichter bij elkaar in de buurt! Lieve Antwan, dank voor jouw interesse en nieuwsgierigheid
in mij en mijn werk. Ik zie je nog aan de voordeur staan om Jill op te halen. Sindsdien is er
veel veranderd. De manier waarop jij je de afgelopen jaren zowel persoonlijk als
professioneel hebt ontwikkeld, is bewonderenswaardig. Lieve Chiara en Ferran, wat zijn
jullie lieve kinderen! Jullie komst heeft er voor gezorgd dat we een nog hechtere familie
zijn geworden. Bijzonder te zien dat jullie een soort grote zus en broer zijn voor mijn
kleintjes. Jullie zijn als mijn eigen kinderen. Ik hou van jullie!
Lieve Mike, jouw positivisme is onuitputtelijk, evenals je enthousiasme en passie voor
het surfen. Ik bewonder je om wie je bent en hoe jij in het leven staat. Samen in een
studentenhuis wonen, heeft er toe geleid dat we veel hilarische momenten hebben
beleefd en alles van elkaar wisten. Bij menig broer en zus zou dit fout zijn gegaan, bij ons
niet, het heeft juist onze band alleen maar versterkt. Dank voor je relativeringsvermogen
en de continue rust die je uitstraalt. Amsterdam is te ver voor een dagelijkse kop koffie en
daar baal ik regelmatig van. Kom dus maar gewoon weer terug naar Nijmegen!
Lieve pap en mam, de allermeeste dank gaat uit naar jullie, vandaar dat ik dit proefschrift
aan jullie heb opgedragen. Het feit dat ik zover ben gekomen, komt voort uit jullie
opvoeding, onvoorwaardelijke steun en liefde. De warmte en trots die daar aan ten
grondslag ligt, voel ik iedere dag. Jullie hebben me geleerd het beste uit mezelf te halen!
Lieve Pap, dank dat je me de kunst van het kijken heb geleerd. Juist in zo’n rationeel en
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concreet vakgebied als de geneeskunde is het fijn om met een geoefend oog situaties
abstract te kunnen benaderen. Ik heb hierdoor symptomen beter leren zien en begrijpen,
wat me zeer zeker heeft gevormd tot de dokter die ik nu ben. Ik bewonder je passie voor
kunst en de manier waarop je dit jarenlang aan je vele leerlingen hebt weten door te geven.
Dank voor je creativiteit waarmee je de geboortekaartjes van de kinderen en nu ook de
cover van mijn proefschrift hebt ontworpen. Voor mij is het bijzonder dat jouw schilderij,
mijn geboortekaartje, nu de basis is voor de omslag van mijn proefschrift. Lieve mam,
waar zal ik beginnen? Ik heb veel bewondering voor hoe enthousiast en positief jij in
het leven staat. Jouw manier van omdenken zorgt vaak voor een frisse kijk op dingen.
Dank voor alles wat je doet voor mij en mijn gezin. Jij bent in detail op de hoogte van alles
wat er speelt in mijn leven en we hebben hierdoor vaak aan een half woord genoeg.
Eigenlijk is de band die wij samen hebben niet in woorden uit te drukken. ‘By conveying a
thing through the medium of language, you change it. You construct qualities that can be said,
and leave out the ones that can’t be said but are always the most important’ (Gerhard Richter).
Dank dat ik daadwerkelijk voor alles bij je terecht kan!
En dan het beste voor het laatst bewaard. Mijn steun en toeverlaat, Wim. Lieverd, mijn leven
is alleen maar mooier geworden sinds ik jou ken en jou ontmoeten is het beste wat me is
overkomen. Iedere dag opnieuw geef je me een speciaal gevoel en samenleven met jou
is verre van saai. Ik bewonder je om wie je bent en hoe dat mij maakt. Dank voor je rust en
stabiliteit, je dagelijkse dosis humor en vrolijkheid en de ruimte die je me geeft mijn eigen
ding te doen. Jij bent mijn thuis, ik hou van je! Lieve Raúl, wat heb je een boel liefde en
levendigheid in ons leven gebracht. Jouw vrolijkheid, nieuwsgierigheid, (eigen)wijsheid,
doorzettingsvermogen en onbevangenheid zijn heerlijk om te zien. Ik geniet iedere dag
van je. Wat ben je toch een schat! Lieve Alessa, al ben je nog een klein meisje, de liefde die
me geeft, is nu al onmisbaar. Jouw prachtige glimlach doet me dagelijks beseffen waar
het echt om draait in het leven.
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