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Purpose of review

Although the use of inhaled anticholinergics in obstructive airway disease has been established for several
years, the clinical experience using these medications in treating patients with asthma is limited. Only few
studies so far have included pediatric patients with asthma, but these studies demonstrate relevant
therapeutic effects. This review will explore the pharmacological effects of inhaled anticholinergics, provide
an overview about current adult and pediatric asthma studies using tiotropium, and describe future research
needs.

Recent findings

In a phase II study with tiotropium as add-on to maintenance treatment to inhaled corticosteroids (ICSs) in
moderate persistent adolescent with asthma, significant improvement of peak and trough forced expiratory
volume in 1 s (FEV1) with a good safety profile could be demonstrated. A pediatric phase II study in
symptomatic patients with asthma aged 6–11with comparable study design also demonstrated significant
improvement of peak FEV1 with no serious adverse events. However, both studies could not document a
significant clinical improvement analyzed by standardized scores.

Summary

Tiotropium might become an add-on treatment option in symptomatic pediatric and adolescent patients with
asthma despite adequate therapy with ICS and long-acting b2-agonist (LABA) or as an alternative to LABA
in patients with safety concerns related to LABA. For a better assessment of the clinical effect, long-term
studies are needed.
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INTRODUCTION

The effect of add-on inhaled anticholinergic medi-
cations to standard inhaled b2-agonists in adult and
pediatric patients with asthma has been evaluated in
several studies within the past 25 years [1–4] and
its use in the treatment of acute asthma has sys-
tematically been reviewed by Rodrigo and Castro-
Rodriguez [5]. All of these 16 studies included in this
meta-analysis were performed with ipratropium
bromide, and were able to demonstrate a dose-
dependent effect on hospital admission rate and
pulmonary function parameters. Other effects in
some of the pediatric studies within the review
concerned improvement of clinical scores. Based
on these data, the combination of inhaled anticho-
linergics and b2-agonist for treatment of acute
asthma attacks is now part of current asthma treat-
ment guidelines [6].

The predominant clinical experience with tio-
tropium, a long-acting anticholinergic, results from
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its use in chronic obstructive pulmonary disease
(COPD) [7]. However, based on the pathophysiolog-
ical changes because of cholinergic effects within
the lung in patients with asthma, the pharmaco-
logical properties of tiotropium reveal a substantial
rationale for its use in asthma including children
[8–14,15

&&

,16]. Only recently, the first studies exam-
ining the effects of tiotropium as add-on therapy in
adult and pediatric asthma were published.
Health, Inc. All rights reserved.

Volume 22 � Number 1 � January 2016

mailto:christian.vogelberg@uniklinikum-dresden.de


KEY POINTS

� Release of acetylcholine results in multiple effects within
the airways including contraction and proliferation of
airway smooth muscles, mucus production, increase of
ciliary beat frequency and release of pro-inflammatory
mediators by airway epithelial cells, proliferation of
fibroblasts, and vasodilation.

� Inhaled long-acting anticholinergics have been
successfully used in chronic obstructive airway disease
for many years.

� Few clinical studies in adults with uncontrolled asthma
demonstrated beneficial effects of inhaled long-acting
anticholinergics as add-on therapy to inhaled
corticosteroids comparable to long-acting b2-agonists.

� Recent initial studies in pediatric or adolescent patients
with moderate persistent asthma who are not controlled
by inhaled corticosteroids alone suggest substantial
beneficial effects and a good safety profile of add-on
treatment with tiotropium.

� Future studies are needed to further characterize the
patients who are likely to have a beneficial response to
additional treatment with long-acting anticholinergics
and investigate the effects of these medications on the
course of the disease.
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Effect of anticholinergic drugs on the lung

Within the human lung, the dominant innervation
is provided by cholinergic parasympathetic nerves,
which release acetylcholine as messenger. These
parasympathetic nerves are carried by the vagus
nerve into the thorax and to the ganglia near the
airways [17]. The highest density of postganglionic
nerves is located along the bronchi proximal to the
terminal bronchioles [18]. Release of acetylcholine
results in multiple effects within the airways includ-
ing contraction and proliferation of airway smooth
muscles, mucus production and electrolyte release
by goblet cells and submucosal glands, increase of
ciliary beat frequency and release of pro-inflamma-
tory mediators by airway epithelial cells, prolifer-
ation of fibroblasts, and vasodilation [19,20]. The
predominant types of receptors for acetylcholine are
the nicotinic and the muscarinic receptors. Five
subtypes of the muscarinic receptor (M1–M5) have
so far been identified, although only three (M1–M3)
receptor types are present within the lung [21]. M1
receptors are predominantly located in the peri-
pheral airways in peribronchial ganglia, whereas
M2 and M3 receptors are mainly expressed in the
large airways on airway smooth muscle cells [22].
Although M1 and M3 receptors regulate smooth
muscle contraction, M2 receptors function as
 Copyright © 2015 Wolters Kluwe
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autoreceptors with inhibitory effect on the release
of acetylcholine from cholinergic nerves.

Tiotropium is the only long-acting muscarinic
receptor antagonist (LAMA), which has been
approved for asthma therapy in some countries.
Although it also binds to all three muscarinic recep-
tors, it dissociates faster from M2 than from M1 or
M3 [23]. With a maximum effect occurring at 30–60
min, its duration of blocking cholinergic trans-
mission is around 35 h and therefore a once-daily
admission is feasible.
Long-acting inhaled anticholinergics in adults
with asthma

The first double-blind, triple-dummy study in adults
with uncontrolled asthma compared the add-on
effect of tiotropium bromide with the add-on effect
of 160 mg salmeterol or doubling of the steroid doses
over 14 weeks [24]. With change of the morning
peak expiratory flow (PEF) as primary outcome
parameter, tiotropium was superior to doubling
the inhaled corticosteroid (ICS) dose and noninfe-
rior to salmeterol.

The efficacy and safety of two different doses of
tiotropium (5 and 10 mg) were investigated in
uncontrolled patients with severe asthma [25]. Peak
and trough FEV1 and daily PEF measured at home
were significantly higher in both tiotropium doses
compared with placebo.

Another study with adult patients with asthma
who have a B16-Arg/Arg genotype compared the
effects of tiotropium administered with 5 mg via
Respimat daily with 50 mg salmeterol twice daily
or placebo [26]. Tiotropium was noninferior to sal-
meterol and both superior to placebo with regard to
weekly PEF changes.

The effect of a long-term treatment with 5 mg
tiotropium administered with Respimat inhaler over
48 weeks was reported by Kerstjens et al. [27]. Peak
FEV1 and predose FEV1 improved significantly com-
pared to placebo as did the rate of severe asthma
exacerbations and the time to the first severe
asthma exacerbation.

Within a large group of patients with moderate
symptomatic asthma, two doses of tiotropium (2.5
and 5 mg) were compared with salmeterol 100 mg
and placebo over a period of 24 weeks [28]. Again
peak and trough FEV1 were significantly improved
within both tiotropium groups compared to placebo
and noninferior to salmeterol.

A recently published trial demonstrated no
differences between a once daily administration of
5 mg tiotropium compared with 2.5 mg twice daily on
peak or trough FEV1 or PEF [29]. However, a dose-
dependent response to add-on tiotropium could be
r Health, Inc. All rights reserved.
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demonstrated in patients with moderate sympto-
matic asthma treated with stable medium-dose
ICS [30]. A similar result was reported by Ohta
et al. [31] who published results of a long-term trial
in patients with symptomatic asthma despite treat-
ment with ICS�LABA. The safety profile was com-
parable to placebo in both tiotropium doses.

Based on the above data in adults, the 2015
revision of the Global Initiative for Asthma 2015
strategy document the inclusion of tiotropium as a
therapeutic option in addition to ICS and LABA in
adult patients [6].
Long-acting anticholinergics in pediatric
asthmatics

In pediatric patients, current treatment guidelines
recommend the use of ICS as preferred treatment
with the option to add a leukotriene receptor
antagonist (LTRA) and/or a LABA in patients with
moderate–severe disease [6].

The first study to investigate the use of tio-
tropium in adolescents with asthma was performed
in 105 patients with a mean age of 14 years with
moderate persistent asthma on medium-dose ICS
with or without LTRA [32

&

]. Safety and efficacy of a
4-week add-on treatment with different doses (1.25,
2.5, and 5 mg) of tiotropium delivered by Respimat
Soft Mist Inhaler was tested. As the phase II study
was conducted with an incomplete crossover design
over a 12-week treatment period, every participant
received three different doses or placebo without
washout within between (Fig. 1). Lung function was
measured before and at the end of each treatment
 Copyright © 2015 Wolters Kluwer 
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FIGURE 1. Study design [33]. FEV1, forced expiratory volume in
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period and PEF and FEV1 measurements were per-
formed at home with an electronic device and
logged in an electronic diary. Peak FEV1 response
within the first 3 h after inhalation (FEV1(0–3h)) from
baseline as primary end point was significantly
higher with 5 mg tiotropium compared to placebo
and highest 1 h after inhalation. Both other doses
(1.25 and 2.5 mg) resulted in a nonsignificant
increase of FEV1(0–3h) compared to placebo. Trough
FEV1 was also statistically higher with 5 mg tio-
tropium compared to placebo, but the magnitude
of improvement was less with the other doses.
Morning PEF response was significantly higher in
all doses compared to placebo, whereas evening PEF
response was only significantly elevated in the 5 and
2.5 mg groups. Clinical symptoms defined by a seven
question Asthma Control questionnaire (ACQ-7)
[33] improved in all groups without significant
differences. The number of adverse events (AEs)
did not differ significantly and no drug related
severe AEs were documented.

The same study design was used in 101 children
aged 6–11 years, who were symptomatic at screen-
ing and randomization despite a medium-dose ICS
maintenance therapy (200–400 mg budesonide or
equivalent) [34

&

]. Symptoms were defined by
ACQ-7, and greater than 12% increase of FEV1 after
200 mg salbutamol was part of the inclusion criteria.
Prebronchodilator FEV1 variability between screen-
ing and randomization had to be �30%. Whereas
LABA therapy had to be interrupted during the
study, LTRA was permitted as add-on therapy. The
primary and secondary endpoints included the
parameters of the adolescent study with maximum
Health, Inc. All rights reserved.
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Table 1. Future research needs in the pediatric population

Long-term safety data

Identification of phenotypes responding better to LAMA

Synergistic effects with ICS

Anti-inflammatory effects of LAMA

Interaction with ICS

Studies comparing the superiority/inferiority to other therapies such
as LABA or LTRA

ICS, inhaled corticosteroid; LABA, long-acting b2-agonist; LAMA, long-acting
muscarinic receptor antagonist.
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mid-expiratory flow (MEF25–75%) and Standardised
Paediatric Asthma Quality of Life Questionnaire
(PAQLQ[S]) [35] as additional endpoints. For
FEV1(0–3h) as primary endpoint, all three doses of
tiotropium were significantly superior to placebo
without a dose-dependent response. The same was
observed for trough FEV1 response, for FEV1 area
under the curve within 3 h postdosing (AUC(0–3h)),
MEF25–75% and morning PEF response again without
a dose-dependent effect. Peak forced vital capacity
response within the first 3 h after inhalation (FVC(0–

3h)), trough forced vital capacity (FVC) and FVC
AUC(0–3h) responses improved in all dose groups
but significantly versus placebo only for FVC
AUC(0–3h) within the 2.5 mg group. Evening PEF
response improved significantly versus placebo in
the 5 mg group. Asthma symptoms and quality of life
improved nonsignificantly in all dosage groups. The
incidence of AEs did not differ between the groups
and placebo, and no severe AE was reported.

All pediatric asthma studies were performed
with the Respimat Soft Mist Inhaler. This hand-held
device generates an aerosol with a high, fine-particle
fraction, supporting an efficient lung deposition.
Both, lung deposition and handling studies were
recently published demonstrating the suitability
of the inhalation device even in children younger
than 5 years of age [36,37]. On the basis of these
data, even children less than 2 years may be able to
successfully inhale with the device, although the use
of a valved holding chamber is still recommended
below the age of 5 years.
Long-acting anticholinergics in other
pediatric lung diseases

The first placebo-controlled trial that examined the
use of tiotropium in pediatric patients was per-
formed in children suffering from postinfectious
bronchiolitis obliterans [38]. Different spirometry
parameters including plethysmography were ana-
lyzed during the first 24 h after inhalation of
18 mg tiotropium compared to placebo. Significant
differences were reported for relevant parameters
reflecting bronchial obstruction.

A trial in cystic fibrosis patients revealed a
benefit of a 12-week treatment with either 2.5 or
5 mg tiotropium delivered by Respimat Soft Mist
Inhaler [39]. FEV1 within the first 4 h after inhala-
tion improved significantly in both dosage groups,
whereas trough FEV1 improved only with 5 mg.
These effects were predominantly observed in chil-
dren less than 12 years of age. Pooled phase II/III and
phase III data of randomized trials in pediatric and
adult cystic fibrosis patients could not confirm these
results [40]. Comparable to pediatric asthma studies,
 Copyright © 2015 Wolters Kluwe
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with tiotropium is good and tiotropium peak plasma
concentration similar to that seen in healthy volun-
teers or patients with COPD [41].
Future needs

Although the pediatric studies on tiotropium pub-
lished so far indicate relevant clinical effects, further
questions need to be answered (Table 1). All studies
consistently document a good safety profile of tio-
tropium, both in adults and in children. However,
there is a lack of long-term safety data which needs
to be resolved in future studies. In addition, there is
a lack of data concerning the individual response to
inhaled anticholinergic bronchodilators compared
with long-acting b2-agonists. Although Peters et al.
identified an acute response to salbutamol and a
higher cholinergic tone as predictor for a positive
response to tiotropium in adult patients, no features
are so far reported in pediatric patients [42

&&

] and
therefore this will need to be investigated. Several
studies comparing the effect of add on LABA or
tiotropium to different dosage of ICS reveal com-
parable heterogeneous responses in both groups
[24,26,28]. Also, studies in asthmatic children com-
paring the effect of LAMA versus LABA such as
performed in adults or LAMA versus LTRA are lack-
ing and need to be initiated. In addition, possible
synergistic effects between LAMA and ICS compar-
able to LABA and ICS need to be investigated [43].
Although certain immunological effects mediated
by muscarinic receptors are described, possible anti-
inflammatory effects of LAMA in the context of
asthmatic disease are insufficiently investigated
and therefore need to be studied in the future
[22]. In addition, possible pharmacological inter-
actions with ICS need to be identified.
CONCLUSION

Although inhaled tiotropium was recently included
in the most recent GINA document as an add-on
r Health, Inc. All rights reserved.
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therapy in adults with severe asthma, only few
studies have so far demonstrated its efficacy and
safety in the pediatric population. Most relevant
changes are reported in lung function parameters
and more frequently with the use of 5 mg dose
compared to the lower doses, whereas clinical effects
measured by standardized scores reveal only non-
significant improvement. One reason might be the
relatively short duration of these studies, which
might not allow estimating the maximum clinical
effect of an add-on therapy.

Although all studies documented a very good
safety profile of tiotropium in adults and children,
long-term safety data are important aspects for fur-
ther studies and the identification of predictors for
response to tiotropium. Nevertheless, as a step fur-
ther to a more individualized medicine, the add-on
therapy with tiotropium might be an option in the
future in those pediatric asthmatics not responding
adequately to an additional LABA therapy or in
those with safety concerns about the use of LABA
therapy.
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