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ABSTRACT Patients with uncontrolled asthma report ongoing symptoms, poor quality-of-life and
extensive healthcare use (HCU) and might benefit from management by a specialised severe asthma team. It
is unknown whether a one-time evaluation by asthma experts, without long-term supervision by a specialised
team, provides favourable outcomes. We evaluated asthma control (Asthma Control Questionnaire; ACQ),
quality-of-life (Asthma-related Quality of Life Questionnaire; AQLQ) and HCU before and 1 year after a
1-day visit programme in a severe asthma centre, including a multidisciplinary assessment resulting in a
personalised management plan to be implemented by patients own pulmonologists.

40 uncontrolled asthma patients completed questionnaires (ACQ, AQLQ, HCU) at baseline, and 6 and
12 months follow-up.

ACQ improved from 2.6 (interquartile range 1.7–3.2) to 1.8 (1.2–3.2) (p=0.003) and AQLQ from 4.8
(4.0–5.2) to 5.3 (4.4–6.0) (p<0.001). We found a reduction in patients with ⩾2 exacerbations (95% versus
17%; p<0.001), ⩾1 emergency room visit (78% versus 37%; p<0.001) and ⩾1 hospitalisation (47% versus
10%; p=0.001).

Evaluation of uncontrolled asthma patients in a 1-day visit programme in a severe asthma centre
resulted in significant improvements in asthma control, quality-of-life and healthcare use after 1 year. This
1-day visit approach seems beneficial for uncontrolled asthma patients and might reduce their dependence
on expensive treatment modalities and long-term management in specialised centres.
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Introduction
The majority of asthma patients can be adequately treated with inhaled corticosteroids (ICS) and
bronchodilators. However, a significant subset of patients remains difficult to treat [1]. These patients
report ongoing asthma symptoms, poor quality of life and extensive healthcare use (HCU) despite
maximal treatment. This subgroup of patients is responsible for high direct and indirect healthcare costs
and poses a major healthcare problem [2].

Poor control in these patients might be due to several factors, including incorrect diagnosis, poor adherence,
undertreated asthma triggers and co-morbidities and psychosocial problems [3]. Only patients who, after an
extensive assessment addressing these issues, still need high-intensity inhaled treatment or systemic
corticosteroids to prevent their asthma from becoming uncontrolled or who remain uncontrolled despite this
therapy should be labelled as “severe refractory” asthma patients, and are candidate for novel therapeutic
approaches [3, 4]. Therefore, in patients presenting with chronic severe asthma symptoms, a systematic
approach, preferably multidisciplinary [5], is recommended by all international severe asthma guidelines [6–8].

Previous studies have shown that a standardised evaluation protocol helped to identify [9] and treat
comorbidities and triggering factors in patients with uncontrolled asthma and that, following such a
systematic assessment, more than 50% were no longer difficult to treat [10, 11]. Recently, prospective data
from a UK registry showed that management of patients with difficult asthma at dedicated severe asthma
centres resulted in improvement in quality of life (QoL) and HCU [12]. So far, it is not known whether it
is possible to achieve favourable results with a single extensive assessment in a specialised severe asthma
centre and subsequent referral of patients to their own general pulmonologists.

In the present study, we evaluated asthma control, QoL and HCU in patients with uncontrolled asthma before
and 1 year after a 1-day visit programme in a specialised severe asthma centre, which included a systematic
multidisciplinary assessment resulting in a personalised management plan to be implemented by patients’
own pulmonologists. In addition, we analysed whether specific characteristics could predict a better outcome.

Methods
In 2013, in our specialised severe asthma centre, a 1-day visit programme was initiated for the evaluation of
patients with uncontrolled asthma by a multidisciplinary team, including pulmonologists, physiotherapists,
clinical psychologist and specialised asthma nurses. Patients were systematically evaluated with particular
attention to the confirmation of asthma diagnosis and the presence of contributing factors and
comorbidities. Based on clinical and inflammatory parameters, an initial determination of asthma phenotype
was made. Findings were discussed in the multidisciplinary team and a personalised management plan
aiming to improve asthma outcomes was provided to the patient and referring pulmonologist. All patients
were referred back to their own pulmonologist, sometimes after an optimisation period of up to 6 months.
Only the small subset of patients who were eligible for treatment which was not available in their own
hospital remained for follow up in our centre. Detailed information on the 1-day-visit programme as well as
our report back to the referring pulmonologist (assessment and stepwise management plan) is described in
the online supplementary material.

In this prospective observational cohort study, we included adult non-smoking patients with uncontrolled
asthma referred by pulmonologists from several hospitals in the Netherlands between June 2013 and June
2014. Six and 12 months after the assessment patients were asked to complete questionnaires on asthma
control, QoL, prednisolone use and HCU. The study was approved by the hospital medical ethics committee,
and all patients gave their written informed consent. The cohort was registered in The Netherlands trial
register: NTR5522.

All patients underwent an extensive clinical, functional and laboratory assessment [3]. Data on
demographics, medical history, smoking history, body mass index, comorbidities, psychological
functioning and potential contributing factors, as well as medication use (adherence and inhalation
technique) were collected. Peripheral blood cell counts were measured and expressed as absolute numbers.
Atopic status was assessed by total and specific IgE to a panel of common aeroallergens. Lung function
testing included spirometry before and after 400 µg inhaled salbutamol [13]. High-resolution computed
tomography of the thorax, computed tomography of the sinuses and ear, nose and throat evaluation data
from referring pulmonologist were used in the assessment and whenever indicated performed (again).
6-min walking distance (6MWD) [14, 15] was assessed according to American Thoracic Society criteria
[16]. Airway inflammation was assessed by the level of exhaled nitric oxide (FeNO) [17] and cell
differentials in induced sputum [18].

Patients completed the Asthma Quality of Life Questionnaire (AQLQ) [19], the Asthma Control
Questionnaire (ACQ) [20] and a questionnaire on HCU [21] at baseline as well as at 6 and 12 months
afterwards.
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Patients were considered adherent if the Medication Adherence Report Scale (MARS) score was ⩾4.0 [22]
and ICS prescription filling was ⩾80% [23]. Prescription refill rates were calculated from prescription
records for a 12-month time period. Exacerbations were defined as episodes with worsening of asthma
symptoms, requiring prednisolone bursts or doubling oral corticosteroids (OCS) maintenance dose.
Patients were phenotypically divided into non-eosinophilic, early onset atopic or late-onset eosinophilic
subtypes. We labelled patients as non-eosinophilic if they had blood eosinophils <0.3×109 cells·L−1 and
FeNO <25 ppb and, if available, sputum eosinophils <3% both at baseline assessment as well as in all
measurements in the previous year. If they had blood eosinophils ⩾0.3×109 cells·L−1 or FeNO ⩾50 ppb or
sputum eosinophils ⩾3% they were considered eosinophilic subtypes [24]. Early onset was defined as start
of asthma at age <18 years and late onset at ⩾18 years. Positive atopic status was defined as a score of
>0.35 kU·L−1 for at least one of the specific IgE tested.

Statistical analysis
Baseline measurements were compared with follow-up measurements using Wilcoxon matched pairs
testing or Chi-squared analyses, whenever appropriate. Spearman rank correlation coefficients were used to
analyse the relationship between outcome variables and baseline variables. All analyses were performed
using SPSS software, version 20 (IBM, Armonk, NY, USA).

Results
In the first year of this 1-day visit programme, 47 patients with uncontrolled asthma completed the
systematic assessment in which 51% classified as severe asthma and 40% as difficult-to-treat asthma [4]. In
9%, the diagnosis of asthma could not be confirmed. 40 (85%) patients had 6 and 12 months’ follow up data
available and were eligible for entry in this study. Based on the previously described phenotype criteria, 35%
of these patients were considered as early onset atopic asthma, 45% as late-onset eosinophilic asthma, 15% as
non-eosinophilic asthma and 5% could not be classified. 15 patients were considered eligible for omalizumab
treatment, 10 as first step therapy, five as second step to start when still uncontrolled after optimisation of
contributing factors. Three of these first 10 patients already had been treated with omalizumab by their own
pulmonologist, but had discontinued it due to adverse events or lack of efficacy. After the assessment, 83% of
the patients returned to their own pulmonologist provided with a personalised management plan and only
seven patients remained for follow up in our centre (five anti-interleukin 5 trial, two anti-immunoglobulin E
treatment).

Baseline characteristics
Patients were aged between 22 and 72 years and showed a female predominance with 52% of them being
non-atopic and 63% reporting an adult onset of their asthma (table 1). Patients used high doses of inhaled
steroids (ICS) and 28% of the patients were on daily OCS. Prescription filling analysis showed that 58.6%
of the patients were adherent to their high-dose ICS with a prescription filling rate of ⩾80%. An additional
diagnosis potentially contributing to poor asthma control was found in the majority of patients, with
chronic rhinosinusitis and dysfunctional breathing being the most prevalent. Adequate sputum samples
were obtained in 58% of the patients, of which 74% showed elevated sputum eosinophils (⩾3%) despite
high-dose treatment.

Effects on asthma control, QoL, OCS dose and HCU
Asthma control as assessed by ACQ score improved from 2.6 (interquartile range 1.7–3.2) at baseline to
1.9 (1.0–2.9) at 6 months and 1.8 (1.2–3.2) at 1 year. (p=0.003) (figure 1). 53% of patients had a clinical
relevant improvement of ACQ of >0.5 point at 1 year. In addition, the Juniper AQLQ total score improved
from 4.8 (4.0–5.2) at baseline to 5.4 (4.8–5.9) at 6 months and 5.3 (4.4–6.0) at 1 year. (p<0.001) (figure 2).

Though there were obvious changes in individual prednisolone dose (figure 3), for the total group, we
found no differences in the dose taken at follow up compared with baseline (0 mg (0–5) versus 0 mg (0–5);
p=0.7), or in the proportion of patients dependent on daily OCS (28% versus 35%; p=0.4). At 1 year follow-
up, 15% of patients were treated with omalizumab whereas 13% were participating in an anti-IL5 trial.

With respect to HCU, at 1 year follow up, the number of asthma-related visits and hospital admissions
was significantly reduced (table 2). There was a significant decrease in patients who reported frequent (⩾2)
exacerbations (95% versus 17%; p<0.001), ⩾1 emergency room visit (78% versus 37%; p<0.001), or ⩾1
hospital admission in the previous year (47% versus 10%; p=0.001) compared with baseline. These 40
patients together accounted for a total number of 197 asthma exacerbations, 165 emergency room visits
and 53 hospital admissions in the year preceding the 1-day visit, which had reduced to 39, 21 and 4,
respectively in the year following the assessment.
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Predictors of asthma outcomes
Asthma outcomes (improvement in ACQ or AQLQ, reduction in numbers of exacerbations, emergency
room visits or hospital admissions) were not dependent on sex, smoking history or whether patients were
referred back to their own pulmonologist or not. Patients labelled as early onset atopic asthma, late-onset
eosinophilic asthma and non-eosinophilic asthma all showed comparable beneficial effects after 1 year. A
larger improvement in ACQ was seen in patients with higher 6MWD (r=−0.40, p=0.01), lower body mass

FIGURE 1 Asthma Control
Questionnaire (ACQ) scores at
baseline assessment (0 months)
and 6 and 12 months follow-up in
40 patients with uncontrolled
asthma. Data are presented as
median (interquartile range). Δ0.5:
difference of ⩾0.5 indicating a
clinically significant improvement in
asthma control.
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TABLE 1 Baseline characteristics

Total group

Patients n 40
Male sex 14 (35)
Age years 51±13
BMI kg·m−2 29±7
Smoking history pack-years 1.0 (0–9.3)
OCS dependent 11 (28)
Fluticasone equivalent ICS dose μg 750 (500–1000)
Atopic status 19 (48)
Adult-onset asthma 25 (63)
ICS adherence % 82 (38–104)
Inhaler technique %
Poor 5
Moderate 27

Self-management %
Poor 5
Moderate 38

Potentially contributing diagnoses
Rhinosinusitis 24 (60)
Gastro-oesophageal reflux 13 (33)
OSAS 9 (23)
Obesity 12 (30)
Dysfunctional breathing 19 (48)
Psychological dysfunction 12 (30)

Post-bronchodilator FEV1 % pred 80±20
6MWD m 488±108
6MWD % pred 84±19
FeNO ppb 38 (17–68)
Blood eosinophils ×109 cells·L−1 0.2 (0.1–0.6)
Blood neutrophils ×109 cells·L−1 5.7 (3.9–6.8)
Total IgE kU·L−1 129 (46–395)
Sputum eosinophils % 16 (0.8–32)
Sputum neutrophils % 45 (23–64)

Data are presented as n (%), mean±SD or median (interquartile range), unless otherwise stated. BMI: body
mass index; OCS: oral corticosteroids; ICS: inhaled corticosteroids; OSAS: obstructive sleep apnoea
syndrome; FEV1: forced expiratory volume in 1 s; % pred: percentage of predicted value; 6MWD: 6 min
walking distance; FeNO: exhaled fraction of nitric oxide; ppb: parts per billion; Ig: immunoglobulin.
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index (r=0.34, p=0.03) and higher levels of sputum eosinophils (r=−0.41, p=0.05) at baseline. In addition,
the reduction in exacerbations was related to higher baseline levels of FeNO (r=−0.34, p=0.03) and
eosinophils in blood (r=−0.32, p=0.04) as well as in sputum (r=−0.43, p=0.04).

Discussion
In the present study, we show that patients with uncontrolled asthma benefit from a single extensive
assessment in a specialised severe asthma centre, with a significant and clinically relevant improvement in
asthma control, quality of life and HCU after 1 year. In the current 1-day visit programme, patients were
systematically evaluated by a multidisciplinary team, referred back to their own pulmonologists and
provided with a personalised management plan. Compared with the year preceding the assessment, the
number of exacerbations, emergency room visits and hospital admissions was reduced by 54%, 57% and
43%, respectively in the 12 months’ follow up. Asthma outcomes were not dependent on sex, smoking
history or phenotype. The greatest improvements in asthma control and exacerbation frequency were seen
in the patients with higher baseline sputum eosinophils. These results suggest that a single short-term
extensive characterisation in a specialised severe asthma centre is beneficial and might be cost effective for
a large group of patients with uncontrolled asthma.

In our study, we evaluated the effect of characterising patients with uncontrolled asthma by a dedicated
severe asthma team and observed rather impressive improvements in asthma outcomes that persisted long
after the patients were referred back to their own pulmonologists. A recent UK registry study [12] showed
that management of severe asthma patients in specialised severe asthma centres was associated with
improvement in asthma control, QoL and HCU, but data about how long patients visited these clinics and
were managed by a specialised team were not mentioned. The present study largely confirmed their results
with even more favourable effects on exacerbation and admission rates; although we found no change in
daily dose of prednisolone. Our results further highlight that all phenotypes appear to benefit, with the
most positive effects for patients with eosinophilic airway inflammation at baseline. The presented
standardised 1-day visit approach adds a new component that hopefully contributes to a wider application
of the comprehensive characterisation of patients with uncontrolled asthma by a specialised team.

The strength of this study lies in the extensive and validated description of all relevant patient
characteristics, including questionnaires, allergy testing, spirometry, induced sputum and blood cell counts,
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FIGURE 2 Asthma-related Quality of
Life Questionnaire (AQLQ) scores at
baseline assessment (0 months)
and 6 and 12 months follow-up in
40 patients with uncontrolled
asthma. Data are presented as
median (interquartile range).
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FIGURE 3 Changes in prednisolone
dose at baseline assessment and
12 months follow-up in 40 patients
with uncontrolled asthma.
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psychological evaluation and 6MWD. This comprehensive systematic characterisation by a dedicated team
using pre-established criteria and definitions reduces the risk of bias due to non-standardised approaches
and diverse interpretations by different healthcare professionals.

We acknowledge there are several limitations in our study. Firstly, the classification of patients as difficult-
to-treat or severe asthma. In our programme, we labelled 51% of the patients as severe asthma without
having a 3-month follow-up period in our specialised centre, as has been recommended in guidelines [4].
This period is mainly recommended to evaluate the patients regarding appropriate diagnosis and/or
treatment of confounders. In our setting, all patients were followed for several years by a pulmonologist
who had already performed this evaluation to a greater or lesser extent. After our 1-day-visit programme,
only the patients with confirmed asthma diagnosis, uncontrolled disease despite high doses of medication,
good adherence and inhalation technique, and optimised comorbid factors/confounders were considered as
severe asthma. All others were labeled as difficult asthma, for the time being, and treated for the observed
potentially contributing factors. After addressing these factors we still expect some of these patients to come
out as truly severe asthma patients. Secondly, the data on HCU are based on self-report, and may be
influenced by recall bias. Recall of HCU data in respiratory patients is fairly reliable for hospitalisations and
visits to pulmonologists [25], whereas for emergency room visits, a bias towards under-reporting has been
suggested, particular at higher numbers of visits [26]. Although depending on the objective of the analysis,
the chosen recall period may be more or less optimal [27], we expect a possible recall bias mainly to
underestimate the dimension of the problem and not to explain the large differences in HCU we observed
in the two periods. Thirdly, there are not currently widely accepted definitions of specific asthma
phenotypes. In the present study, we found no differences in asthma outcomes between the three
phenotypes we defined, but we cannot rule out that adjustment of the criteria for distinct phenotypes could
lead to different results. Finally, the absence of a control group is obvious. Improvements in quality of life
could be attributed to the fact that patients received more attention and additional tests from different
healthcare providers, but it is doubtful whether this may be responsible for the improvements after 1 year.
Though we strongly believe that the given insight into their thus far uncontrollable disease contributes to
patients’ well-being and might have improved their adherence to therapy, we don’t expect a placebo effect
to explain the beneficial effects measured long after the patients were discharged from our centre.

What other reasons might explain the significant improvements in asthma control, QoL and HCU? The
recommendations given in the personalised management plans encompassed various interventions, varying
from optimising triggering and comorbid factors [9, 10], improving inhalation technique and adherence [28],
increasing physical or psychological functioning to changes in asthma medication. Following our assessment,
seven patients started omalizumab treatment and five patients participated in a placebo-controlled trial with
mepolizumab, both drugs that are associated with reduction in exacerbation frequency and improvement in
QoL [29, 30]. For patients who were not eligible for these biologicals, beneficial effects might further be
attributed to the phenotype-specific approach, in which the presence or absence of eosinophilic inflammation
played a crucial role [31]. Without evidence for eosinophilic inflammation at time of assessment or in the
preceding years it was strongly advocated to taper the, in some cases very high, doses of oral and inhaled
corticosteroids. Alternatively, patients with eosinophilic inflammation despite extensive treatment were
encouraged to start or increase prednisolone as maintenance therapy, pending the availability of new
biologicals. This approach of “giving prednisolone to the right patients” as reflected in figure 3, might have
contributed to the better outcomes even though the mean prednisolone dose did not change. The finding that
exacerbation frequency was most reduced in patients with more active eosinophilic inflammation further
supports our phenotype-specific eosinophil-driven treatment.

The present findings are clinically relevant for the management of patients with uncontrolled asthma.
Anticipating several novel molecular therapies we face the challenge to limit the costs of uncontrolled

TABLE 2 Healthcare use before and after a 1-day visit programme in a specialised severe
asthma centre

During preceding year Baseline 1 year p-value

Asthma related GP visits 3 (2–7) 1 (0–3) 0.001
Pulmonologist visits 4 (3–8) 3 (2–4) 0.005
Exacerbations 4.5 (2–7) 1 (0–3) <0.001
Emergency room visits 3 (1–6) 0.5 (0–2) <0.001
Hospital admissions 0 (0–2) 0 (0–0) <0.001

Data are presented as median (interquartile range). GP: general practitioner.
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asthma treatment by making these expensive drugs available only for patients with truly severe asthma. We
show that a comprehensive characterisation of patients with uncontrolled asthma by a specialised team is
very successful in improving the condition of a majority of patients, thereby reducing the need for new
expensive therapies. More important, our study showed that these favourable results were achieved by a
single short-term assessment in a severe asthma centre, even though the implementation of the
recommended personalised management plan was not supervised by severe asthma specialists.
Assessments using a 1-day visit programme may facilitate the evaluation of uncontrolled patients by a
specialised team, both by reduction of travel distances for patients, as well as by limiting time investment
of severe asthma specialists. The costs of such a 1-day visit programme seem justified in view of the
anticipated reduced use of expensive asthma drugs and the observed benefits in terms of healthcare use,
asthma control and quality of life.

In conclusion, in the present prospective study patients with uncontrolled asthma who were systematically
evaluated by a 1-day visit programme in a specialised severe asthma centre showed a significant and
clinically relevant improvement in asthma control, QoL and HCU lasting up to 12 months. These results
suggest that a single visit with extensive characterisation in a dedicated severe asthma centre is beneficial and
sufficient for a large group of patients with uncontrolled asthma, thereby reducing the number of patients
that depend on expensive treatment modalities and continuous management in a specialised centre.
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