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Background: Asthma is a major cause of morbidity in children, despite the availability of various 

treatments. In adults, tiotropium—a long-acting muscarinic antagonist (LAMA)—as add-on 

therapy to an inhaled corticosteroid (ICS) with or without a long-acting β2-agonist provides 

clinical benefit with a safety profile similar to placebo. Objective: To review published evidence 

on the efficacy and safety of tiotropium as add-on LAMA therapy in children and adolescents 

with asthma that is uncontrolled despite use of an ICS with or without additional controller 

medication(s). 

 

Methods: We searched PubMed from inception until June 12, 2018, for randomized controlled 

trials (RCTs) involving children and adolescents aged 1 to 17 years treated with tiotropium 

Respimat® and reporting a primary outcome of any pulmonary function test and a secondary 

outcome of adverse events (AEs). 

 

Results: Overall, 7 RCTs involving 1902 preschool children (aged 1-5 years; n = 102), school-age 

children (aged 6-11 years; n = 905), and adolescents (aged 12-17 years; n = 895) with 

moderate�to�severe asthma were included in the analysis. Once-daily tiotropium (5, 2.5, 1.25 

µg) improved lung function parameters, including peak and trough forced expiratory volume in 

1 second, versus placebo. Commonly reported AEs across treatment groups included asthma 

worsening or exacerbations, decreased peak expiratory flow rate, nasopharyngitis, viral 

respiratory tract infection, and respiratory tract infection. 

 

Conclusion: Once-daily tiotropium as add-on therapy is efficacious and safe in adolescents and 

children with moderate-to-severe asthma. These results support the expanded indication by 

regulatory authorities for add-on tiotropium in patients aged ≥6 years. 
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INTRODUCTION  1 

Asthma, which is one of the most common pediatric chronic diseases, is a serious health 2 

concern that poses a substantial socioeconomic burden.1,2 In the United States (US), 3 

approximately 1 in 10 adolescents (aged 12-17 years) and children (aged 5-11 years) had 4 

asthma in 2016.3 An analysis of data from the 2001-2016 National Health Interview Survey 5 

showed that children aged 0 to 4 years had a lower prevalence of asthma but a higher 6 

prevalence of asthma attacks, emergency department or urgent care center visits, and 7 

hospitalization compared with those aged 12 to 17 years.4 Further, uncontrolled asthma 8 

significantly affects asthma-specific health-related quality of life, school attendance and 9 

productivity of children, and work productivity of their caregivers compared with controlled 10 

asthma.5-8 An analysis of data from Asthma Call-back Survey showed that more children with 11 

uncontrolled asthma, compared with those with well-controlled asthma, had activity 12 

limitation (78.5% versus 51.8%) and emergency department visits (27.1% versus 10.0%) 13 

because of asthma.9 Further, annual all-cause expenditures in children with asthma having 14 

indicators of poor control were significantly higher than in children having no indicators of 15 

poor asthma control.10 16 

 17 

Goals of asthma management in children include achieving good symptom control, 18 

maintaining normal activity levels, and reducing the risk of impaired lung developmental 19 

growth, exacerbations, and side effects of medication.11 Despite availability of various 20 

treatment options, namely, inhaled corticosteroids (ICSs) and short-acting β2-agonists, 21 

recurrent days with breathlessness, wheeze, or cough is a major cause of morbidity in 22 

children aged 1 to 5 years.12 New, safe treatment options for asthma are thus needed in this 23 

age group, especially for children whose symptoms remain uncontrolled on ICSs.13,14 24 

Importantly, infants have airway inflammation features more commonly seen in adolescents 25 
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and adults with asthma15 but children aged 0 to 17 years have a higher rate of visiting the 26 

physician office or hospital outpatient department and emergency department, than adults.16 
27 

Therefore, not only asthma needs to be managed differently in pediatric and adult patients, 28 

but patient and disease characteristics specific to each pediatric age group (adolescents [aged 29 

12-18 years], school-age children [aged 6-11 years], and preschool children [aged ≤5 years]) 30 

also need to be considered. 31 

 32 

The Global Initiative for Asthma (GINA) recommends a step-wise approach to asthma 33 

treatment not only for adults but for children and adolescents too.11 For patients (aged ≥12 34 

years) with a history of exacerbations, add-on tiotropium (as an optional controller in GINA 35 

step 4 and as a preferred controller in GINA step 5) is recommended. Of note, tiotropium is 36 

indicated for patients aged ≥6 years in the US and elsewhere.11,17,18 In addition to GINA, use 37 

of the Pediatric Asthma Yardstick provides guidance on when and how to step-up therapy for 38 

adolescents, school-age children, and preschool children with not well-controlled or poorly 39 

controlled asthma.19 40 

Long-acting muscarinic antagonists (LAMAs), such as tiotropium, are anticholinergic 41 

compounds that block muscarinic receptors on airway smooth muscles, glands, and nerves, 42 

resulting in muscle relaxation, inhibition of gland secretion, and increased neurotransmitter 43 

release.20 Tiotropium was approved by the US Food and Drug Administration in 2015 at a 44 

once-daily dose of 2.5 µg for the long-term maintenance treatment of asthma in patients aged 45 

≥12 years,21 based on results of 7 phase III randomized controlled trials (RCTs).22-26 The 46 

indication was extended in February 2017 to include patients aged 6 years and older,17 based 47 

on findings from additional RCTs involving children aged 6 to 11 years.27,28 Results of a 48 

systematic review of 5 RCTs of adults with uncontrolled, moderate-to-severe, persistent 49 

asthma (N = 1635)22,29-32 showed that tiotropium as add-on therapy to ICS or ICS/long acting 50 
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β2-agonist (LABA) maintained lung function, even when ICSs were tapered or LABA was 51 

discontinued.33 Tiotropium is delivered using the Respimat® slow/soft-mist inhaler, a non–52 

breath-actuated, propellant-free inhaler.34 Unlike dry-powder inhalers, which depend on the 53 

patient’s peak inspiratory flow for optimal medication delivery,35 the slow/soft-mist inhaler 54 

delivers the medication dose to the airways independent of the patient’s variable inspiratory 55 

flow.34 Further, unlike pressurized metered-dose inhalers, a spacer is not needed to prevent 56 

oropharyngeal medication impaction. 57 

 58 

By systematically reviewing RCTs of tiotropium Respimat® as add-on therapy to ICS in 59 

children and adolescents (aged 1-17 years) with asthma, we sought to answer the following 60 

question: what efficacy and safety evidence exists for tiotropium as add-on LAMA therapy in 61 

children and adolescents with asthma that is uncontrolled despite use of an ICS with or 62 

without additional controller medications?  63 

 64 

METHODS 65 

This systematic review was conducted in accordance with the Preferred Reporting Items for 66 

Systematic Reviews and Meta-Analyses (PRISMA) statement.36 67 

Search strategy 68 

We searched PubMed from inception until June 12, 2018, for relevant RCTs using the 69 

following terms: tiotropium AND ((child OR children) OR infan* OR adolescen* OR 70 

pediatr* OR paediatr*) AND asthma. Literature search results were limited to articles 71 

reported in English.  72 

Trial selection 73 

Trial inclusion criteria were RCTs involving children and adolescents aged 1 to 17 years 74 

treated with tiotropium Respimat®, where any pulmonary function test was used as the 75 
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primary outcome and adverse events (AEs) were included as a secondary outcome. Trial 76 

inclusion criteria was based on expert consensus. Outcomes for lung function assessment 77 

included peak forced expiratory volume in 1 second (FEV1) from 0 to 3 h (FEV1(0-3h)), trough 78 

FEV1, FEV1 area under the curve from 0 to 3 h (AUC(0-3h)), peak forced vital capacity (FVC), 79 

trough FVC, FVC AUC(0-3h), morning peak expiratory flow (PEF), and evening PEF. Articles 80 

retrieved from PubMed were imported into an EndNote library. Titles and abstracts were 81 

screened by S.N-S. and M.B., and independently verified by the authors. 82 

Narrative and systematic review articles, retrospective chart reviews, case series, preclinical 83 

or observational studies, letters, editorials, errata, and reports of pooled data were excluded. 84 

A review and analysis of full-text articles of the RCTs were conducted to assess relevant 85 

articles based on patient population, intervention, study design, and outcomes. Articles 86 

meeting the inclusion criteria were selected for analysis. Discrepancies about inclusion of 87 

individual articles were resolved by consensus. Although the study by Vrijlandt et al, 88 

2018 did not strictly meet the inclusion criteria, this study was included as it was the only 89 

published study on preschool children aged 1 to 5 years.37 Relevant data were extracted from 90 

the articles. If data were not available, clinical trial reports were requested from the sponsor 91 

for additional data. Included articles and relevant data extraction was performed by S.N-S. 92 

and M.B. and were independently reviewed by the authors.  93 

Assessment of risk of bias 94 

Risk of bias in the included studies was assessed based on the Cochrane Collaboration’s 95 

tool.38,39 For each study, risk of bias was assessed based on selection bias (random sequence 96 

generation and allocation concealment), performance bias (blinding of participants and 97 

personnel), detection bias (blinding of outcome assessment), attrition bias (incomplete 98 

outcome data), selective outcome reporting, and other bias not reported elsewhere. Study 99 

protocols were requested from the sponsor to determine bias in selective reporting. Each 100 
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potential source of bias was graded as high, low, or unclear along with an explanation in the 101 

“Risk of bias” table (eTable 1; online only). Risk of bias was assessed by S.N-S. and M.B. 102 

and was independently reviewed by the authors. Discrepancies were resolved by consensus. 103 

 104 

RESULTS 105 

Trial selection 106 

PubMed search yielded 56 articles, but only 7 met the prespecified inclusion criteria (Figure 107 

1). After title and abstract review, 44 articles were excluded because they either were 108 

duplicates or did not meet the inclusion criteria (34 [77%]) were review articles). The 109 

remaining articles and those that did not have abstracts available were considered for full-text 110 

review. Of 12 articles considered for full-text review, 5 were excluded because they did not 111 

meet the inclusion criteria (national guideline for asthma, n = 1; only adults were included in 112 

the studies, n = 3; and HandiHaler®, a dry-powder inhaler [approved only for the treatment of 113 

bronchospasm associated with chronic obstructive pulmonary disease in the US]40 was used 114 

to deliver tiotropium, n = 1).  115 

 116 

Trial and patient characteristics 117 

In total, 7 RCTs involving 1902 children and adolescents with moderate-to-severe asthma 118 

were selected for analysis (Table 1). Of the 7 trials, 3 included adolescents aged 12 to 17 119 

years (n = 895),25,26,41 3 included school-age children aged 6 to 11 years (n = 905),27,28,42 and 120 

1 included preschool children aged 1 to 5 years (n = 102).37 Five of the 7 RCTs were phase 121 

III (1 phase II/III) trials with a parallel-group design, and 2 were phase II trials with an 122 

incomplete-crossover design. Two trials included patients with mild-moderate asthma;28,37 3, 123 

moderate symptomatic asthma;25,41,42 and 2, severe asthma.26,27 In all trials, male participants 124 

outnumbered female participants (male: 60%-70%). Patients received once-daily tiotropium 125 
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at a dose of 5, 2.5, or 1.25 µg using the Respimat® inhaler for 12 or 48 weeks and were 126 

compared with those receiving placebo via Respimat®.25-28,37,41-40 127 

 128 

Risk of bias within trials 129 

Risk of bias was deemed low for selection, performance, and attrition bias for all included 130 

trials (Figure 2). Risk of detection bias was unclear in 1 trial, and selective outcome reporting 131 

was low in 3 trials and unclear in 4 trials (eTable 1; online only). No other risks of bias were 132 

identified.  133 

 134 

Efficacy and safety data 135 

Initial phase II RCTs of tiotropium Respimat® in adolescents and school-age children with 136 

moderate symptomatic asthma yielded encouraging results (Table 1).28,41 In the first 137 

incomplete crossover trial, which involved adolescents with moderate symptomatic asthma, 138 

once-daily tiotropium Respimat® (5 µg, n = 80; 2.5 µg, n = 75; or 1.25 µg, n = 75), Vogelberg 139 

et al. 2014, found that add-on to medium-dose ICS with or without a leukotriene receptor 140 

antagonist (LTRA) improved lung function compared with placebo (n = 75).41 Compared 141 

with placebo, tiotropium 5 µg provided the greatest improvements in peak FEV1, trough 142 

FEV1, and FEV1 AUC(0-3h). All 3 doses of tiotropium significantly improved morning PEF 143 

compared with placebo; however, only the 5 and 2.5 µg doses yielded significant changes in 144 

evening PEF versus placebo. The rate of AEs was slightly higher in the tiotropium 5-µg 145 

group than in the tiotropium 2.5-µg, tiotropium 1.25-µg, or placebo group (Table 2). 146 

Similarly, in an RCT involving school-age children with moderate symptomatic asthma, 147 

Vogelberg et al. 2015, found that treatment with tiotropium Respimat® (5 µg, n = 76; 2.5 µg, 148 

n = 74; or 1.25 µg, n = 75), significant improved FEV1 and morning and evening PEF (only 149 
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5-µg dose) versus placebo (n = 76). The incidence of AEs was comparable across all 150 

treatment groups (Table 2).28 151 

Results from 4 phase III RCTs of tiotropium Respimat®, 2 each involving 152 

adolescents25,26 and school-age children,27,42 confirmed previous findings. In a 48-week RCT 153 

(RubaTinA®-asthma), Hamelmann et al. 2016, found that once-daily tiotropium Respimat® 154 

(5 µg, n = 135; 2.5 µg, n = 125) add-on therapy to ICS maintenance treatment with or without 155 

an LTRA significantly improved lung function in adolescents with moderate asthma 156 

compared with placebo (n = 138).25 Treatment with both tiotropium doses resulted in 157 

significant improvement in peak FEV1(0-3h) after 24 weeks; however, only the 5-µg dose 158 

significantly improved trough FEV1 at week 24. Asthma control (assessed by the Asthma 159 

Control Questionnaire [ACQ]-6 and ACQ-7) improved over the 48-week treatment period 160 

with both doses of tiotropium, and the 2.5-µg dose significantly reduced rescue medication 161 

use. The incidence of AEs was comparable across the treatment groups. In a 12-week study 162 

(PensieTinA®-asthma) involving adolescents with severe symptomatic asthma, Hamelmann 163 

et al. 2017, found that once-daily tiotropium Respimat® (5 µg, n = 130; 2.5 µg; n = 127) 164 

add-on to ICS plus other controller therapies resulted in numerical improvements in lung 165 

function and asthma control compared with placebo (n = 135).26 Significant improvements in 166 

peak FEV1(0-3h) and pre-dose morning and evening PEF were observed with tiotropium 2.5 µg 167 

and 5 µg, respectively. Numerical improvements in peak FEV1(0-3h) were observed with 168 

tiotropium 5 µg. Both tiotropium doses produced numerical improvements in trough FEV1 169 

and asthma control. The safety and tolerability profiles of tiotropium were comparable with 170 

those of placebo. Further, Szefler et al. 2017, found that only tiotropium Respimat® 5 µg (n = 171 

130) added to ICS maintenance treatment with ≥1 controller medication significantly 172 

improved peak FEV1(0-3h) and trough FEV1, and resulted in numerical improvements in peak 173 

FVC(0-3h) and trough FVC, compared with placebo in a 12-week trial (VivaTinA®-asthma) of 174 
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school-age children with severe symptomatic asthma.27 In this trial, tiotropium 5 µg and 2.5 175 

µg (n = 136) produced numerical decreases in daytime rescue medication use, and tiotropium 176 

5 µg produced a decrease in Interviewer-Administered ACQ (ACQ-IA) scores. The incidence 177 

of AEs was lower in the tiotropium groups than in the placebo group, and most AEs were 178 

mild or moderate in severity. Finally, in a 48-week study (CanoTinA®-asthma), Vogelberg et 179 

al. 2018, found that tiotropium 5 µg (n = 135) and 2.5 µg (n = 135) significantly improved 180 

peak FEV1(0-3h) and trough FEV1 at weeks 24 and 48, and peak FVC at week 24, compared 181 

with placebo in children with moderate symptomatic asthma.42 Additionally, ACQ-IA scores 182 

improved with tiotropium. The incidence of AEs was lower in patients receiving tiotropium 183 

than those receiving placebo; most AEs were mild or moderate in intensity.  184 

In addition to adolescents and school-age children, the efficacy and safety of 185 

tiotropium in preschool children aged 1 to 5 years with persistent asthmatic symptoms were 186 

evaluated in a small phase II/III RCT (NinoTinA®-asthma).37 Vrijlandt et al. 2018, showed 187 

that although the change in mean daytime asthma symptom scores from baseline to week 12 188 

did not significantly differ across treatment groups, more children in the placebo group 189 

(10/34 [29%]) than in the tiotropium groups (2.5 µg, 5/36 [14%]; 5 µg, 2/31 [6%]) had 190 

asthma exacerbations reported as AEs. Otherwise, and consistent with prior findings in 191 

patients aged ≥6 years, the safety profile of tiotropium was similar to that of placebo. 192 

Overall, the most commonly reported AEs—based on mostly short-term safety data— 193 

in the tiotropium Respimat® groups across trials included asthma worsening or exacerbations, 194 

decreased PEF rate, nasopharyngitis, viral respiratory tract infection, and respiratory tract 195 

infection (Table 2). Within each age group (i.e adolescents or school age children), the 196 

percentage of asthma worsening or exacerbations, decreased PEF, and nasopharyngitis, was 197 

lower in patients with severe asthma than those with moderate asthma. 198 

 199 
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DISCUSSION 200 

According to GINA recommendations, add-on tiotropium can be considered as an “other 201 

controller option” at step 4 and “preferred add-on treatment” at step 5 for adolescents and 202 

adults (aged ≥12 years) with a history of exacerbations.11 However, based on recent clinical 203 

trial evidence, including trials described herein, the US FDA and the European Medicines 204 

Agency (EMA) expanded the indication for tiotropium as add-on maintenance treatment to 205 

patients aged ≥6 years (approved dose: US, 2.5 µg; EU, 5 µg).17,18 Findings from this 206 

systematic review show that add-on tiotropium (5 and 2.5 µg) improved lung function and 207 

was safe (based on mostly short-term safety data) in adolescents and children . Similar 208 

frequencies of exacerbations reported as AEs were observed with tiotropium and placebo in 209 

studies of adolescents and school-age children in general, but the frequency with tiotropium 210 

was lower than that with placebo in preschool children. Patients with severe asthma had 211 

lower asthma worsening or exacerbations and other AEs possibly because they received 212 

higher doses of ICS/LABA leading to greater stability or due to undefined demographics. 213 

However, further studies with larger patient populations enabling statistical versus descriptive 214 

analyses are needed.37 215 

Traditionally, drug development in children is predicated by the efficacy and safety of 216 

medications in adults.43 In adults, tiotropium Respimat® as add-on therapy to ICS with or 217 

without a LABA provided clinical benefit, with a safety profile comparable with that of 218 

placebo, in 5 phase III RCTs.22-24 In 2 replicate trials involving adults with severe asthma 219 

despite receiving ICS and LABAs (PrimoTinA®-asthma), once-daily tiotropium (5 µg) 220 

significantly improved peak and trough FEV1 and increased the time to the first severe 221 

exacerbation compared with placebo.22 Similarly, in 2 other replicate trials including adults 222 

with moderate symptomatic asthma (MezzoTinA®-asthma), once-daily tiotropium (5 or 223 

2.5 µg) add-on to medium-dose ICS significantly improved peak and trough FEV1, FVC, 224 
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morning and evening PEF, and ACQ-7 responder rate compared with placebo.23 Moreover, 225 

tiotropium was as efficacious as twice-daily salmeterol (50 µg) in the MezzoTinA®-asthma 226 

trials.23 In the fifth trial (GraziaTinA®-asthma), which involved adults with symptomatic 227 

asthma receiving low- to medium-dose ICS, once-daily tiotropium (5 or 2.5 µg) significantly 228 

improved peak FEV1(0-3h), trough FEV1, FEV1 AUC(0-3h), and morning and evening PEF.24 229 

Findings from the present systematic review, like those from systematic reviews of the adult 230 

tiotropium trials, reinforce the efficacy and safety of tiotropium in adolescents and 231 

children(link to video).33,44,45 232 

Further, by being able to evaluate all 7 phase II/III RCTs of tiotropium as add-on 233 

LAMA therapy conducted in children and adolescents with asthma that is uncontrolled 234 

despite ICS use, our findings confirm and expand upon previously published systematic 235 

reviews.46,47 In one systematic review and meta-analysis of the 3 RCTs involving 236 

approximately 1000 adolescents (mean age, 14 years) with moderate-to-severe asthma, 237 

tiotropium was deemed well tolerated and efficacious as add-on to maintenance ICS 238 

treatment or ICS plus a LABA.46 Further, in another systematic review of 3 RCTs involving 239 

approximately 900 school-age children, tiotropium significantly improved lung function and 240 

decreased the number of patients with at least 1 exacerbation compared with placebo.45 241 

Finally, consistent with our findings, a pooled analysis of safety data from trials in 242 

adolescents and children with symptomatic moderate asthma showed that the most commonly 243 

reported AEs with tiotropium treatment included asthma worsening, exacerbations, decreased 244 

PEF, nasopharyngitis, viral respiratory tract infection, and respiratory tract infection (link to 245 

video).48,49 246 

Limitations to our findings include inadequate data regarding the efficacy and safety 247 

of tiotropium in preschool children. Results of only 1 RCT have been reported; robust data 248 

from additional trials are warranted. Moreover, statistical analysis (i.e., meta-analysis) of the 249 
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efficacy data was not feasible because of inclusion of children from different age groups and 250 

with a range of asthma severities. Other challenges encountered with trials in children include 251 

poor adherence and short study durations, which may affect the overall study results.49 The 252 

inclusion of only English language studies could also contribute to reporting bias.50  253 

Despite these limitations, the strength of the evidence is compelling, especially when the 254 

burden of disease and unmet needs in current asthma care are taken into consideration.51 255 

 256 

Results of this systematic review demonstrate that once-daily tiotropium (5 and 2.5 µg) as 257 

add-on LAMA therapy is efficacious and safe in adolescents and children with moderate-to-258 

severe asthma and support the expanded indication by the FDA, EMA, and GINA for add-on 259 

tiotropium in patients aged ≥6 years. Results in the pediatric population are in line with those 260 

reported in adults. Tiotropium is currently considered as add-on treatment in GINA steps 4 261 

and 5. Current scientific results will be additionally strengthened by real-world studies of 262 

tiotropium in the treatment of children and adolescents with asthma.  263 
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FIGURE LEGENDS 1 
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FIGURE 1. Flow chart showing selection of studies  3 
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FIGURE 2. Assessment of risk bias 5 

The studies included in this systematic review are shown on the Y-axis and parameters for 6 

assessing risk of bias are shown on the X-axis. The studies were categorized as possessing 7 

unclear, low, or high risk of bias for each parameter assessed.  8 


