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Chapter 13:    Summary, conclusions and 
     suggestions for further 
     research. 
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The care of children with asthma is multifaceted; this thesis deals with some of the many aspects of this 

care. In chapter 1 we formulated the aims of this thesis. The issues we wanted to study were:

1  What is the prevalence of allergic diseases such as paediatric asthma, allergic rhinitis, and 

 eczema, based on pharmacoepidemiologic data?

2  How is the adherence to paediatric asthma guidelines and can pharmacists help to improve 

 this adherence?

3  What side effects are reported during the use of inhaled corticosteroids and are these side 

 effects real?

4  Do bacteria grow in spacers, used for the administration for inhaled medication?

5  Are the pressurised metered dose inhalers consistent in their deliverance of small sized 

 particles?

6  which fears, questions, and worries do children with asthma have?

In chapter 2 we presented the results of an epidemiological study on the prevalence of allergic 

diseases such as asthma, allergic rhinitis, and eczema. This was done by studying the number of 

prescriptions for medications used for these diseases. It appeared that in 2006 one in five individuals 

aged 0 – 19 years received at least one prescription for an anti-allergic or anti-asthma medication and 

one in ten received at least two of such prescriptions in 2006. Compared with the numbers in 1997 

there is a small but statistically significant decrease. The number of prescriptions for the individual 

steroid medications did not change over the years; the decrease is mainly caused by a lower number 

of prescriptions for systemic anti-allergic drugs.

The prevalences of eczema, allergic rhinitis, and asthma were studied by looking at the number of 

prescriptions. Because we were interested in the more severe forms, we included children who had 

more than two prescriptions of a topical steroid medication in a year. The mean prevalence of eczema 

we found in this way was 3.0%; of allergic rhinitis 0.7%, and of asthma 2.0%. These prevalences are lo-

wer than found in epidemiological studies. Partially, the difference can be explained by means of the 

different study method used. Questionnaire based studies give insight into epidemiological trends 

and relationships, but do not reflect the number of children who have to use preventive medication 

such as steroids chronically. The advantage of studying the prevalences and using the cut off level of 

having received at least two prescriptions, is that this gives a more realistic insight into the number 

of children who suffer from more serious forms of the diseases. The lives of these children are more 

affected by the diseases and certainly they will more often ask for medical care. Moreover, because 
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of more chronic use of the medications, they are at a potentially greater risk of adverse effects to the 

medications. This is certainly true when they use more formulations of various topical steroids. 

Another aspect we found was that the number of children who are concomitantly treated for asthma 

and allergic rhinitis is far lower than expected. This could mean that the combination of symptoms is 

not recognised, and therefore some children are not treated optimally and will continue to have signs 

and symptoms of one or both disorders.

Chapters 3 and 4 deal with the physicians’ adherence to guidelines. National and international guide-

lines have been published and are widely available. They are easily accessible for general physicians 

and paediatricians; numerous publications, symposia and congresses dealt with these guidelines. 

Based on these guidelines several statements can be extracted, such as: how many children with 

asthma use inhaled medication? Does every child with preventive asthma medication, e.g. inhaled 

corticosteroids (ICS), also have a short acting bronchodilator? Do young children use a pressurised 

metered dose inhaler with valved holding chamber? Do children older than the age of 8 years use a 

dry powder inhaler? Do children who use long acting betamimetics also use ICS? Do children with 

asthma use one type of inhaler? Furthermore, the prescribed starting doses of ICS can be compared 

with the guidelines, and the duration of therapy, i.e. the use of ICS can be established.

We found that in 2002 more than 98% of the children used inhaled medication. Of all children who 

had a prescription for any asthma medication, mostly ICS, 15.5% had had no prescription for a relie-

ver. Of the children with long acting betamimetics, 8.8% did not have ICS, whilst it has been demon-

strated that the combination with a long acting betamimetic is far more superior. Also, 12% of the 

children used more than one inhaler device while the use of several types of inhalers is confusing and 

leads to an increased risk of incorrect inhalation. 

Studying the first prescriptions for ICS revealed that 43% of the children who started with an ICS re-

ceive half of the advised starting dose or even less. This was most evident in the younger age groups. 

Eight percent of the children started with a dose more than double the maximum advised dose, this 

occurred mostly at older ages. Although asthma is a chronic disorder, only 8% of the children who 

started with ICS received enough refills to cover the whole year. 

Apparently, there is a wide gap between the evidence-based medicine and daily practice in the ma-

nagement of paediatric asthma guidelines.

Several strategies have been developed to bridge this gap and improve guideline adherence. In chap-
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ter 5 we report on an experiment we did. We studied whether a minimal intervention strategy would 

help to improve this guideline adherence. Therefore, a sample of pharmacies, connected to IADB was 

invited to co-operate. The pharmacists were trained in appliance of the guidelines and in recognition 

of deviations. They were asked to discuss the guidelines and possibilities to improve adherence with 

the general practitioners they worked with. They were therefore encouraged to organise peer-revie-

wed meetings between physicians and pharmacists. A paediatrician attended some of these mee-

tings.

After these meetings were held, we compared the adherence to the guidelines in the group of child-

ren, registered to the intervention pharmacies with the children who were registered to pharmacies 

that did not join. We found that the number of children treated correctly rose significantly in com-

parison with the earlier study and also in comparison with the control group of children. Although 

it is not certain whether this minimal intervention results in a sustained improvement, it certainly is 

a useful tool in optimising asthma treatment. By doing this we also demonstrated that prescription 

data can give insight into guideline adherence in paediatric asthma and the results of interventions 

can by monitored and evaluated adequately.

Inhaled corticosteroids are potent and effective drugs they are the mainstay in the treatment of pae-

diatric asthma. As is the case with every medication, they may have adverse effects. These are mostly 

seen at higher doses and include hoarseness, oral thrush, growth retardation and subclinical adrenal 

insufficiency. We studied the reports of suspected adverse drug reactions (sADRs) in the Dutch phar-

macovigilance database of Lareb. In chapter 6 these are presented. To make sure that the reaction is 

really drug related, several mathematical methods exist. The Naranjo Score is a method for estimating 

the risk on an individual basis and the Reported Odds Ratio compares the frequency of reports with 

reports on other drugs. By doing so, the occurrence of behavioural problems, hirsutism, and alopecia 

were established as possible real adverse effects. 

In addition, we studied the reports on hirsutism in more depth and included the results of the WHO-

pharmacovigilance database. Based on this, we concluded that in susceptible children, hirsutism is a 

real side effect of ICS.

Twenty percent of the sADRs concerned behavioural changes in the children and this prompted 

us to study the behaviour of young children on ICS. This was done by comparing the behaviour of 

children on ICS with children without ICS who were not under medical care, and with children under 

the care of an otolaryngologist. This control group was taken because we hypothesised that children 
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with otolaryngeal problems, such as obstructive sleep apnoea caused by enlarged tonsils, could have 

more sleeping problems and it is known that sleeping problems can influence behaviour. Children 

with asthma on ICS had higher total ADHD and CBCL scores, and scored higher on the items hyperac-

tivity of the ADHD list and on affective disorders, anxiety, depression, somatic complaints, and ‘other 

problems’ in the CBLC list than children not on ICS and not under medical treatment. However, there 

were no differences between the children on ICS and the children under the care of the otolaryn-

gologist. We concluded that at group level, ICS do not cause behavioural disturbances, possibly the 

fact of having a disorder leads to disturbances in behaviour. However, we cannot exclude that some 

individual children are susceptible for behavioural disturbances after ICS.

Chapters 9 and 10 deal with hygienic aspects of spacer devices. Many nebulisers, used by children 

with Cystic Fibrosis, are contaminated with Pseudomonas species for example. Recurrent inhalation 

of pathogens could cause pulmonary infections. Therefore it is important to know whether valved 

holding chambers are contaminated with pulmonary pathogens and whether these micro organisms 

can survive in these spacers. Firstly, we studied the colonisation of spacer devices, used by children 

with asthma who were referred to our outpatient clinic. Most spacers were not colonised, and the 

spacers that were colonised had mostly harmless Bacillus species. Whether the spacers were coloni-

sed or not did not depend on the frequency of cleansing, or the method used. Elsewhere, however, 

a large percentage of spacers used proved to be contaminated with potential pulmonary pathogens 

such as Pseudomonas auruginosa, Klebsiella pneumoniae, and Staphylococcus aureus. This prompted 

us to study the survival of potential pulmonary pathogens and Candida in vitro. 

The laboratory study revealed that in Staphylococcus, Pseudomonas, and Candida species can survive 

in spacers and that ICS do not influence survival. No microorganism survived on a metal spacer. Be-

cause Staphylococcus and Pseudomonas survive best in a moist environment, it seems sound to wash 

and drip-dry a spacer after use and let it dry thoroughly. That bacillus species that contaminate the 

spacer are of no clinical relevance, because these bacillus species do not cause pulmonary infections. 

Although pharyngeal overgrowth of Candida and clinical thrush can be a result of individual and local 

susceptibility, it seems wise to clean the spacer more regularly or to use a metal spacer.

In young children ICS are inhaled by the use of a pressurised metered dose inhaler in combination 

with a valved holding chamber. When using this combination it is important to be sure that the out-

put of small particles is constant and not influenced by circumstances. Although it is useful to study 
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the combination, we first studied the pMDI’s alone, because when the output of these is influenced 

by one factor this inevitably will influence the output of the combination. We compared the output of 

small particles of 4 pMDI’s by laser diffraction analysis. This is described in chapter 10. 

To our surprise we found that the output of the pMDI with fluticasone 125 µg/dose decreased signi-

ficantly during it’s lifespan. There was a significant mouthpiece retention found in the pMDI’s of HFA 

beclomethasone 100 µg/dose and ciclesonide 160 µg/dose. Cutting the mouth piece and increa-

sing the suction flow could decrease this mouthpiece retention. The output of small particles (1 – 3 

µm) was not influenced by lifespan, suction flow, or humidity. The output in small particles was the 

highest in the pMDI in HFA beclomethasone and ciclesonide. 

Finally, we asked children about their fears and worries with respect to asthma. It is important to have 

an open and intensive relationship with children with asthma to improve their understanding of the 

disease and the compliance with therapy. Therefore we offer children with asthma an asthma course 

led by an asthma nurse, as developed by the Dutch Asthma Foundation. During one of the seven ses-

sions, the children can ask the paediatrician anything they want to ask. In chapter 11 we summarise 

the questions asked by these children. We were surprised by the kind of questions they asked. These 

included questions about epidemiology, the long term effectiveness of medications, the chance to 

outgrow the signs and symptoms and to our surprise they also wanted to know whether their own 

children would have more risk of developing asthma. It is important to ask children which fears and 

worries they have and to discuss these matters in an open fashion.

Altogether, the care of children with asthma has many aspects. This thesis deals with prevalences, 

concomitant diseases, guidelines adherence and possible methods of improvement of this adheren-

ce, side effects of inhaled corticosteroids, hygienic and technical aspects of inhalation of medication, 

and with the questions children with asthma have. Some answers could be given in this study, but 

many questions still remain. Further studies and research should aim at several items:

1.  It is important to know how many children suffer from allergic diseases, whether there are 

 differences between countries, whether there are trends in time, and which factors are of 

 influence. Epidemiological studies can give insight into these factors. Because asthma, 

 allergic rhinitis, and eczema have a wide spectrum of severity, it is essential to know how 

 many children have more severe signs and symptoms. Therefore epidemiological studies 

 should try to estimate the severity of these diseases. One method is to combine several 

 methods of epidemiological studies, e.g. by combining questionnaire based studies and 
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 pharmacoepidemiologic data in the same population. 

2.  Not only individual diseases should be studied, but also the occurrence of combinations, as 

 well as the frequency and timing of combinations. Especially, children who use several 

 formulations of different topical steroids should be studied for side effects, such as the 

 influence on the hypophyseal-adrenal axis and growth.

3.  Children with asthma should be treated as correctly and adequately as possible according 

 to recent evidence-based guidelines. Effective strategies to assure that these guidelines and 

 knowledge will spread to general practitioners and paediatricians should be developed. 

 Pharmacists should be involved in this process and the effect of their involvement should 

 be explored further.

4.  In the process of considering treatment with ICS, the benefits and the disadvantages of 

 these medications have to be weighed against each other. Therefore more precise 

 information about the frequency of side effects is needed. In the future it would be helpful 

 if in randomised controlled trials the kind and numbers of side effects are reported in a 

 standardised manner. 

5. The effects on the child’s behaviour should be explored more in depth. Before, during and 

 after exposure to ICS in randomised controlled trials the behaviour should be studied, e.g. 

 by the Child Behaviour Check List. Methods to identify children who are more susceptible 

 for side effects should be developed.

6. The reliability of inhalation devices for asthma medication should be explored further. There 

 are many factors which influence the success of asthma treatment. These, do not only 

 include compliance and inhalation technique, but also the efficacy of pMDI’s and physical 

 factors of the spacers used. These should be studied thoroughly and inhalers should be 

 manufactured to be as reliable as possible. In long term clinical trials, researchers should 

 guarantee that the devices they use for medication are used according to the study designs, 

 and that the devices are reliable. 

7.  Finally, it is essential to develop a good relationship with children with asthma. 

 It is therefore necessary to know the fears, questions, and worries they have. An intensive 

 cooperation with children with asthma and adults who have had asthma themselves should 

 be established to disclose their fears and needs in depth, so that these can be taken into 

 account when dealing with patients, and by so doing the future care for the children with 

 asthma can improve.
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