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ABSTRACT

Objective: To evaluate the effectiveness of home visits in a group of children and
adolescents with severe asthma by using the inhalation technique score and adherence
rates to drug treatment. Method: A 12-month randomized controlled trial involving
patients aged between three and 17 years under regular follow-up treatment at a pediatric
pulmonology outpatient clinic of a university hospital in southeastern Brazil. A group
of patients received only outpatient consultations and the other group received home
visits from nurses in addition to outpatient consultations. The differences between groups
were analyzed through the outcomes of inhalation technique scores and treatment
adherence rate. Results: Participation of 29 patients. In the intervention group, there was
a statistically significant increase in inhalation technique scores (p<0.05) and elimination
of critical errors between the first and the second evaluation, and results were maintained
in the third evaluation. In the control group, there were no significant changes in
inhalation technique scores. Rates of adherence to drug treatment in both groups did not
rise. Conclusion: Home visits were effective for improving inhalation technique scores
in patients with severe asthma. Brazilian Registry of Clinical Trials: RBR-8GZWZP
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INTRODUCTION

Most children and adolescents with asthma use low or
moderate doses of inhaled corticosteroids (IC) to control it™®.
Approximately 5% of these patients have the severe form of
the disease and need high doses of IC in association with one
or more controllers. Severe asthma is rare, but these patients
are at risk of severe exacerbations, adverse drug reactions,
and account for almost 50% of all disease-related expenses,
which justifies efforts to address this population®.

Potentially removable factors that prevent the adequate
control of severe asthma should be addressed for the correct
assessment of patients, including the evaluation of medi-
cation adherence rates and the inhalation technique (IT)
used by patients®@.

'The inhalation technique is important for the proper
drug deposition in the lungs. However, errors in the steps of
correctly using I'T are frequent®. The evaluation of poten-
tially removable factors based on nurses’ home visits (HV)
were essential for their identification™. In a UK study, chil-
dren were referred to a specialist asthma control center and
visited by a nurse at their homes, and 80% of them had
potentially modifiable factors®. Poor adherence, uncon-
trolled environment or errors in inhalation technique were
among the causes of failure to control the disease®@.

Only one study that used home visits for I'T assessment
was found® and none used home visits to measure drug
treatment adherence.

'The aim of this study was to evaluate the impact of HV
on inhalation technique and drug treatment adherence rates
in children and adolescents with severe asthma.

METHOD

STUDY DESIGN

A randomized controlled trial involving children and
adolescents with severe or difficult to control asthma.

SCENARIO

The study was conducted from January to December 2016
at the Multidisciplinary Center for Patients with Difficult-
to-Control Asthma (Portuguese acronym: CEMAD),
Hospital das Clinicas of the Universidade Federal de Minas
Gerais, Belo Horizonte (BH), Minas Gerais. This center
serves children and adolescents from Belo Horizonte and
the inlands of the state of Minas Gerais who are referred by
specialists from secondary care services as a result of failure
to control asthma.

SELECTION CRITERIA

Out of 53 patients from CEMAD, 19 patients were
excluded, and 34 patients aged between three and 17 years
living in Belo Horizonte or metropolitan region remained as
participants of the study. Patients living in the inlands of the
state were excluded because they depended on transportation
provided by municipalities that has no guaranteed regularity,
which would impair the follow-up in the study. Patients with

other pathologies such as cystic fibrosis, ciliary dyskinesia,
tuberculosis, post-infectious bronchiolitis obliterans, inters-
titial lung diseases and congenital pulmonary malformations
were also excluded.

SAMPLE DEFINITION

Randomization was generated by computerized list and
17 patients were allocated in each group. In the intervention
group, one patient withdrew after the first home visit, two
refused to participate in the study and one was discharged
from the service before the first home visit was performed.
‘Therefore, 13 patients remained in the intervention group. In
the control group, one patient refused to participate, hence
16 patients remained.

DATA COLLECTION

'The primary outcome was the assessment of the inhala-
tion technique. The secondary outcome was the evaluation of
clinical asthma control and adherence to inhaled corticoste-
roid use. The intervention group received routine outpatient
care and the nurse’s home visit. The control group received
only outpatient care from the CEMAD team with evalua-
tion by a different professional than the one who evaluated
the intervention group. For the intervention group, three
home visits with a 30-day interval after the first visit and
60 days after the second visit were performed. In the con-
trol group, three consultations in the same periodicity were
performed. Data from the first consultation were considered
as baseline in the study. Home visits were scheduled accor-
ding to availability of parents or the guardian, always with
the patient’s presence. During home visits, the availability,
expiry date, conservation and accessibility of medication, the
medication adherence rate, as well as the appropriate use of
the asthma spacer were evaluated.

Issues related to environmental improvement, pathophy-
siology of asthma, the medications’ mechanism of action and
questions about the proposed treatment were also evaluated
and addressed with the family and patients. All orienta-
tions were made individually, according to the questions,
the environmental reality and the needs presented by the
patient/family. For data analysis, it was always considered
the information provided by the same person in order to
avoid bias in the research.

'The diagnosis and classification of asthma severity were
registered in the medical records, based on criteria proposed
by the American Thoracic Society (ATS)®.

To evaluate asthma control, the Childhood Asthma
Control Test (cACT)™ was used for children aged four to
11 years, and the Asthma Control Test (ACT)®, was used
for children over 12 years old. If the score was below 20
points, asthma was classified as uncontrolled”9.

To measure adherence both in the intervention and con-
trol groups, patients or guardians were instructed to write on
the medicine canister the starting use date of the IC and the
number of doses through the dose meter. During outpatient
consultations, a calculation was performed by subtracting the
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amount of doses used from the amount of doses prescribed
for the period®.

For assessment of the inhalation technique, patients or
their guardians were asked to demonstrate the usual form of
use of their Inhalation Devices (ID). Patients’own demons-
tration was considered for adolescents and children over
six years old who already used their medication without
direct help from adults. For children under six years old,
the parental or guardian demonstration was considered. For
assessment of the inhalation technique steps, a checklist
developed for the study was used, and a point was assigned
to each correct answer thereby generating a 1-8 score. Based
on the literature, seven different checklists were developed
for this study according to the type of inhalation device
used, as follows: Pressurized Inhaler (PI) alone?, PI with
spacer and mask®12 PI with spacer and mouthpiece (sim-
ple breathing technique)™, dry powder PI with extension
tube (Turbuhaler”)"?, capsule powder inhaler (Alenia”)®, PI
with spacer and mouthpiece (multiple breathing technique)
12, Some inhalation technique errors were considered more
serious because they directly affected the generation or lung
deposition of the aerosol. These were called critical errors.
'The inhalation technique was considered correct if no critical
errors were made in the demonstrationV.

'The assessment if the patient followed the required steps
for using the inhalation device was accomplished. When
these did not apply to the device used by the patient, no
error was computed. For example: the step of shaking the
inhalation device did not apply to patients using the pow-
der inhaler therefore, not following it was not considered
an error.

'The following items were included in the assessment of
the inhalation technique: shaking the device for 2-3 seconds;
exhaling air from the lungs before inhaling the medication
dose; maintaining effective inspiration of appropriate depth
and vigor according to the device; apnea for 10 seconds
or as long as possible after inhaling the medication dose;
moving the device away from the mouth by 3 cm; rinsing

the mouth after using the inhaler device with IC; assessing
the conditions of the inhaler device: if it was age-appro-
priate, in perfect use conditions, without missing parts, or
if there were any problems leading to loss of medication to
the environment.

After recording the observations, the necessary orien-
tations and corrections were provided. Control group
patients had their inhalation technique observed and recor-
ded by CEMAD staff members previously trained to use
the checklists.

ANALYSIS AND PROCESSING OF DATA

'The sample size was calculated, which allowed to detect
the mean one unit-difference between the first and the
second evaluation with a deviation of 0.9. For detecting this
difference between the two evaluations with 80% statistical
power and 95% confidence level, 26 patients would be neces-
sary, 13 cases and 13 controls. According to the frequency
distribution, means and/or medians were used. The Student’s
t-test, Fisher’s exact, Yates correction chi-square, McNemar’s
chi-square, paired Student’s t-test and Mann-Whitney tests
were used to evaluate primary outcomes, when indicated.

'The final significance level was p<0.05.

ETHICAL ASPECTS

'The study was conducted between January and December
2016 and approved by the Research Ethics Committee
(REC) of the Universidade Federal de Minas Gerais
under number 1.369.812 in 2015, according to precepts of
Resolution CNS 466/12 of the National Health Council on
research with human beings. Brazilian Registry of Clinical
Trials: RBR-8GZWZP. Children and adolescents and their

guardians signed the Informed Consent form.

RESULTS
Figure 1 shows the flowchart of the study development.

[ Patients involved ]

Assessed for
eligibility (n=53)

Y

Excluded (n=19)

Randomized (n=34)

Intervention group (n=17)

Control group (n=17)

e )
Y Visit 1 Y
Intervention group Visit 2 Control group
Visit 3
A J
Y p \ Y
Intervention group (n=13) Total Control group (n=16)

Figure 1 - Flowchart of the study development.
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'The baseline characteristics of the intervention and con-
trol groups are described in Table 1.

As shown in Table 1, randomization allowed good com-
parability between cases and controls, and no statistically
significant differences were found between the two groups,
except for the ACT score. The chi-square test was used for
categorical variables, the t-test was used for mean and stan-
dard deviation of continuous variables, and p<0.005 was
considered significant.

'The patients already had a long history of follow-up with
a pediatric pulmonologist in secondary care, with a mean of
4.5 years for the intervention group and four years for the
control group. The follow-up time at CEMAD was also

long; an average of 2.5 years for the intervention group and

2.3 years for the control group. In addition, both the inter-
vention group and the control group patients had already
been using inhaled corticosteroids for a mean time of seven
and 7.2 years, respectively.

In the analysis of adherence, there was no significant
difference in adherence rates between evaluations for each
group, as shown in Table 2.

Table 3 shows the scores of inhalation technique and
critical errors in each evaluation performed for the control
and intervention groups.

For the intervention group, the scores of inhalation
technique and critical error elimination improved between
evaluation 1 and 2. This result was maintained in the
third evaluation.

Table 1 - Baseline characteristics of intervention and control groups — Belo Horizonte, MG, Brazil, 2016.

Intervention (n=13)

Control (n=16)

Variable

n % Mean + SD* n %o Mean + SD* p-value
Male sex 7 53.8 7 43.7 0.58
Age 10.7 + 3.2 103 + 4.4 0.7
Uncontrolled environment 3 23.0 8 50.0 0.2
Atopic 12 92.3 12 75.0 0.2
ICU hospitalizationt 3 23.0 7 43.7 0.4
Emergency consultations in the 12 prior months 4 30.7 7 43.7 0.6
Critical error in IT# 4 30.7 5 31.2 1.0
Measured adherence 8 52.1+453 11 58.4 + 47.2 0.8
Reported adherence 13 74.8 +43.0 16 71.5+ 42.9 0.8
Inhalation technique 59+ 1.8 6.7 = 1.4 0.2
Time of use of inhaled corticosteroids 7.0+4.0 72+4.4 0.9
Secondary care follow-up (years) 45+ 3.2 4.0+ 3.2 0.6
Time of hospitalization at the service 25+ 13 23+ 1.6 0.7
Time between 1# and 2" evaluation (days) 35.8 +10.6 43.8 £31.2 0.3
Time between 2" e 3 evaluation (days) 63.7 £ 5.9 70.5 + 33.5 0.4
ACT § 23.1+25 18.5 + 5.1 0.005

*SD-standard deviation; tICU-intensive care unit; #IT-inhalation technique; SACT-Asthma Control Test

Table 2 — Reported and measured adherence rates to inhaled corticosteroids in children and adolescents with severe asthma in con-

trol and intervention groups — Belo Horizonte, MG, Brazil.

Intervention group

Control group

Evaluation Reported adherence Measured adherence Reported adherence Measured adherence
n Median p n Median p n Median p n Median p
1 13 100 0.4* 8 64.5 0.2* 16 93 0.3* 11 85.0 0.7*
2 13 86 0.9t 11 94.0 0.8t 16 96 0.9t 8 92.5 0.3t
3 13 92 10 96.5 16 97 9 98.0

*Comparison between evaluation 1 and 2; tComparison between evaluation 2 and 3

Table 3 — Score of inhalation technique and critical error in inhalation technique of children and adolescents with severe asthma in

intervention and control groups - Belo Horizonte, MG, Brazil.

Intervention group (n=13)

Control group (n=16)

Evaluation IT score* Critical error in IT* IT score* Critical error in IT*
Mean + SDt p n % p Mean + SD1 p n % p
Evaluation 1 59+1.8 0.007#% 4 30.7 6.7+ 1.4 0.3% 5 31.2 1.0+
Evaluation 2 7.6 +0.7 0.10§ 0 7.0+£1.3 0.13§ 4 25.0 1.08
Evaluation 3 7.9+0.3 0 7.4 +0.8 5 31.2

*|T-inhalation technique; +SD-standard deviation; #Evaluation 1 x evaluation 2; §Evaluation 2 x evaluation 3
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DISCUSSION

Nurses” home visits were effective in raising scores of
inhalation techniques and eliminating critical errors between
the first and second evaluations, and such results were main-
tained in the third evaluation. Regarding outcomes of clini-
cal control and adherence rates, there were no statistically
significant changes.

Teaching the inhalation technique is a basic component
of asthma management, because without the proper techni-
que, symptom control may not be achieved®. The incorrect
inhalation technique may reduce pulmonary deposition in
the distal airway®® and checking it at all times is a strategic
action to achieve the effective use of inhalation devices"?.
The aim of each step of the inhalation technique is the
improvement of lung deposition or reduction of medica-
tion impaction in the upper airway, and its importance is
described in the literature.

In our study, despite the long follow-up at the service,
about 30% of patients in both groups had critical errors
in inhalation technique. The most frequent critical error
was not moving the device away from the mouth by 2-3
cm before starting its use, found in 100% of evaluations.
However, this critical error applied to only 13.7% of patients
using the pressurized inhaler without the aid of a spacer or
extension. In 31.5% of patients, the error of not breathing
out before using the medication was found, followed by
errors in inspiration, such as inadequate speed or depth, pre-
sent in 27.5% of patients, and failure to perform apnea after
inhaling the medication, found in 11% of patients.

In a clinical trial, the effects of a program directed at chil-
dren with asthma were evaluated®. The intervention group
received quarterly consultations with the pediatric pulmono-
logist, education, and nurses’ home visits. The control group
received outpatient consultations at the same frequency
and maintained follow-up with a pediatrician of Primary
Health Care (PHC). Baseline data showed the presence of
incorrect inhalation technique in 66.7% of patients in the
intervention group and 53.3% in the control group. After
the intervention phase of the study, there was a significant
improvement (p=0.0005) in the inhalation technique of the
intervention group®.

In the present study, the baseline percentage of inhalation
technique errors was lower, perhaps because our patients had
already been in follow-up with the specialized service for a
long period. Since the control group received the same gui-
dance on inhalation technique in outpatient consultations, a
possible speculation is that these outcomes are a consequence
of the intervention performed. The third evaluation of the
inhalation technique occurred after 60 days, thereby showing
complete remission of critical errors in the control group.

In our study, the percentage of patients with incorrect
inhalation technique at the beginning of the study was
30.7% in the intervention group and 31.2% in the control
group. In the intervention group, there was a significant
improvement (p=0.007) in the inhalation technique, which
did not occur in the control group. The use of scores has been
discussed and a recent work highlighted that identifying

patients with correct or incorrect inhalation technique is
more useful than using scores alone?.

Scores have been used in studies involving adults and
based on the use of checklists that rate patients’ performance
of the inhalation technique™®. In our study, the mean base-
line score of inhalation technique was 5.9 for the interven-
tion group and 6.7 for the control group.

A clinical trial involving adolescents with asthma was
conducted with the aim to evaluate the effects of using an
interactive video intervention for teaching the inhalation tech-
nique™®. The control group received education on inhalation
technique from written material. That study did not provide
information on treatment time and used an eight-step che-
cklist for assessment of the inhalation technique. One point
was computed for each correct answer, and no cutoff point
was established to determine the correct or incorrect inha-
lation technique. The results showed that 20% of patients
had never received guidance on the inhalation technique, and
59% of participants received this orientation in less than three
occasions. The treatment time was not informed. The baseline
score of inhalation technique was 3.08 in the intervention
group and 4.05 in the control group. There was a statistically
significant improvement (p<0.001) in the score of inhalation
technique in the group receiving education by video.

The baseline scores of our study were higher, perhaps
because patients already had a long follow-up time when
they were admitted. As the assessment of inhalation tech-
nique is a basic component of asthma treatment, unlike
patients in the other study!'?, our patients had more prior
opportunities of learning it.

A cutoff point was not adopted for the assessment of
inhalation technique as appropriate or inappropriate. As
seven different checklists were used and they covered the
various possible forms of using inhalation devices, it would be
difficult to establish a global score with clinical applicability.

Surprisingly, in our study, the improvement in inhalation
technique was not accompanied by clinical improvement
measured by the ACT. The inflammatory process may affect
even the distal areas, which could hinder the penetration
of the drug. Thus, despite the correct inhalation techni-
que, some patients would not have clinical improvement
only with the appropriate use of IC. In addition, clinical
control was measured only by the ACT and, according to
AT'S recommendations®, it involves other variables, such
as airflow limitation shown by forced expiratory volume in
the first second (FEV1) below 80% of the total predicted,
a variable which was not measured in this study. Although
the ACT is a validated instrument® and performs well in
the absence of FEV1, the best measure for severe asthma
would be a combination of both®.

For the measures of adherence to the use of IC, none
of the groups showed improvement. Adherence is multi-
factorial and directly impacted by several factors that were
not the target of this study, such as patients’ beliefs about
their health, fear of side effects and relationship with the
team®'?. The recommended adherence measurement stra-
tegy is a multi-method approach combining patients’reports
and objective measurements®. These recommendations are

www.scielo.br/reeusp
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adopted in CEMAD and were followed in the design of
this study. Although there were no significant changes in
adherence rates, they were already high for our patients.
In the intervention group, the baseline adherence rate was
64.5% (median of eight out of 13 patients), which may have
influenced the outcome. In the second evaluation of this
same group, when adherence was measured in 11 patients,
the adherence rate increased to 94%. Asthma studies have
documented adherence rates of 30 to 70%®. These data
reinforce the high adherence rates obtained in our study.

Adherence rates above 80% are associated with better
asthma control® and in Brazil, adherence rates of con-
trolled and uncontrolled asthmatic children were 85.5 and
33.8%, respectively®.

In the present study, the high adherence rates were not
related to improvement in clinical control evaluated by the
ACT. However, critically ill patients may have different
asthma phenotypes and need other controllers than only
IC associated with long-acting bronchodilator®.

A limitation of this work was the sample size. Severe
asthma is a rare condition and our patients, selected from a
referral outpatient clinic, reflect the population of children
referred to tertiary care by secondary care because of failure
to control asthma. They already have a long treatment time,
are diagnosed as severe asthma, and some are considered
refractory to treatment. Multicenter prospective studies
could contribute to further evaluations, including pharma-
cological, possibly in partnerships with funding institutions
and industries.

Home visits are a resource often used in primary care
services, but given the results and potential benefits, they
should be recommended in tertiary care for selected patients.

CONCLUSION

Home visits were effective in raising inhalation tech-
nique scores and eliminating critical errors in children and
adolescents with severe asthma. In tertiary care, this should
be considered for selected patients.

RESUMO

Objetivo: Avaliar a eficdcia da visita domiciliar, em um grupo de criangas e adolescentes com asma grave, utilizando o escore da técnica
inalatéria e as taxas de adesdo ao tratamento medicamentoso. Método: Estudo experimental randomizado controlado, com duragio
de 12 meses, envolvendo pacientes, com idades entre trés e 17 anos, acompanhados regularmente em um ambulatério de pneumologia
pediatrica de um hospital universitirio da regido Sudeste do Brasil. Um grupo de pacientes recebeu apenas consultas ambulatoriais e
o outro grupo, além das consultas ambulatoriais, recebeu visitas da enfermeira no domicilio. Foram analisadas as diferencas entre os
grupos nos desfechos: escores da técnica inalatéria e taxa de adesdo ao tratamento. Resultados: Participaram 29 pacientes. No grupo-
intervengio, houve aumento estatisticamente significante dos escores da técnica inalatéria (p<0,05) e eliminagio de erros criticos da
primeira para a segunda avaliagdo, resultados que foram mantidos na terceira. Ndo houve altera¢des significativas na técnica inalatéria do
grupo-controle. As taxas de adesdo ao tratamento medicamentoso em ambos os grupos nio se elevaram. Conclusio: A visita domiciliar
foi eficaz em melhorar os escores de técnica inalatéria em pacientes com asma grave. Registro Brasileiro de Ensaios Clinicos: RBR-

8GZWZP

DESCRITORES
Asma; Visita Domiciliar; Crianga; Adolescente; Adesio 2 Medicagio; Inalagdo.

RESUMEN

Objetivo: Evaluar la efectividad de la visita domiciliaria en un grupo de nifios y adolescentes con asma severa, utilizando el score de
la técnica inhalatoria y las tasas de adhesién al tratamiento medicamentoso. Método: Estudio experimental randomizado controlado,
con duracién de 12 meses, que incluy6 a pacientes con edades entre tres y 17 afios, acompafiados regularmente en un ambulatorio
de neumologia pedidtrica de un hospital universitario de la regién Sureste de Brasil. Un grupo de pacientes recibi6é solo consultas
ambulatorias y el otro grupo, ademds de las consultas ambulatorias, recibié visitas de la enfermera en el hogar. Fueron analizadas las
diferencias entre los grupos en los resultados: scores de la técnica inhalatoria y tasa de adhesion al tratamiento. Resultados: Participaron
29 pacientes. En el grupo intervencién, hubo aumento estadisticamente significativo de los scores de la técnica inhalatoria (p<0,05) y
eliminacién de errores criticos de la primera a la segunda evaluacién, resultados que se mantuvieron en la tercera. No hubo modificaciones
significativas en la técnica inhalatoria del grupo de control. Las tasas de adhesién al tratamiento medicamentoso en ambos grupos no
se elevaron. Conclusién: La visita domiciliaria fue eficaz en mejorar los scores de técnica inhalatoria en pacientes con asma severa.
Registro Brasilefio de Ensayos Clinicos: RBR-8GZWZP

DESCRIPTORES
Asma; Visita Domiciliaria; Nifio; Adolescente; Cumplimiento de la Medicacién; Inhalacién.
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