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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AIM
Two inhaler devices (Respimat® and HandiHaler®) are available for
tiotropium, a long acting anticholinergic agent. We aimed to analyze
drug utilization, off-label usage and generalizability of the TIOSPIR trial
results for both devices.

METHODS

Patients aged >18 years exhibiting at least one documented
prescription of tiotropium in the database of the Association of
Statutory Health Insurance Physicians, Bavaria, Germany, were
included (years 2004-2008). Annual period prevalence rates (PPRs)
were calculated stratified by age, gender and inhaler devices. Off-
label usage (patients lacking a chronic obstructive pulmonary
disease (COPD) diagnosis) and the proportion of patients meeting
the inclusion and exclusion criteria of the TIOSPIR trial were
analyzed.

RESULTS

Between 2004 and 2008, PPRs increased and varied between 49.2 and
74.5 per 10 000 persons for HandiHaler® and between 1.5 and 9.3 per
10 000 persons for Respimat®. Small differences regarding patient
characteristics existed between the two inhaler devices. Only about
30% (HandiHaler® 32.1%, Respimat® 30.0%) of the database
patients receiving tiotropium could be theoretically included in the
TIOSPIR trial.

© 2015 The British Pharmacological Society Br | Clin Pharmacol / 81:2 / 379-388 / 379



S. Schmiedl et al.
BJCP

WHAT THIS STUDY ADDS

CONCLUSIONS

Comparing the two tiotropium devices, no clinically relevant
differences regarding patient and prescribing characteristics were
revealed. Results of the TIOSPIR trial were generalizable only to a
minority of our study patients, underlining the need for real-life data.

Introduction

Tiotropium, a long acting anticholinergic compound, is
recommended as controller medication for patients
suffering from chronic obstructive pulmonary disease
(COPD) [1]. Two different tiotropium inhaler devices are
available on the market, dry powder inhalation (DPI,
HandiHaler®), which was authorized in the European
Union in 2002 and Soft Mist™ inhaler (SMI, Respimat®),
which was approved in 2007. The recommended daily
dose for Respimat® is 5 ug compared with 18 pg for
HandiHaler®, as the Respimat® aerosol contains a higher
fraction of fine particles leading to higher pulmonary drug
deposition. Comparing the systemic exposure in patients
receiving tiotropium by Respimat® or HandiHaler®,
pharmacokinetic data are somewhat conflicting [2-4]. In
addition, safety data comparing both inhaler devices are
also oppositional. In a cohort study, an increased risk of
all-cause mortality and cardiovascular/cerebrovascular
death was found for patients using Respimat® compared
with HandiHaler®, particularly in patients exhibiting
coexisting cardiovascular diseases [5]. Similarly, a meta-
analysis revealed an increased risk of overall death for
patients using Respimat® compared with HandiHaler®,
with more evident risk increases for cardiovascular death
in patients with severe COPD and at higher daily doses of
tiotropium [6].

In contrast, in a recently published randomized con-
trolled trial (RCT, i.e. TIOSPIR), two Respimat® dosages
(25 png or 5 ug once daily) were not inferior to
HandiHaler® (18 pg once daily) regarding the mortality
risk [7]. Nevertheless, an increased risk of adjudicated
myocardial infarctions was detected when both
Respimat® dosage groups were combined by conducting
a re-analysis of the TIOSPIR trial [8]. In addition, the
TIOSPIR trial's generalizability was critically discussed
owing to, for example, excluding patients with renal
impairment or cardiac comorbidities [9], but detailed
analyses focusing on real-life population coverage are
lacking [10].
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The objectives of our study were twofold, first, to assess
the real-life usage of both tiotropium devices and to
identify patients potentially having an increased risk of
safety issues by comparing patient characteristics of
Respimat® or HandiHaler® users with regard to age, gender,
indication (off-label use by indication), cardiovascular and
respiratory comorbidities, and co-medication in a large
German database and second, to assess the generalizability
of the TIOSPIR trial by quantifying the proportion of
database patients theoretically meeting the inclusion and
exclusion criteria of the TIOSPIR trial.

Methods

Study design and data source

A drug utilization study was conducted including the
years 2004-2008 in the database of the Association of
Statutory Health Insurance Physicians, Bavaria, Germany
('Kassendrztliche Vereinigung Bayerns’, KVB) [11]. This
population-based database was established in 2001 and
covers approximately 85% (i.e. 10.5 million people) of
the Bavarian population (excluding those with private
insurance). It contains all accounting information from
Bavarian physicians including outpatient data on diagno-
ses, medical services performed and drug utilization of
statutory health insurance patients. All diagnoses from
general practitioners and specialists are recorded quar-
terly (i.e. the quarter but not the precise date is docu-
mented for each diagnosis or prescription). A patient is
documented in the database only when consulting a
physician. Pharmaceuticals are recorded only if they
were prescribed and filled at the pharmacy. The German
modification of the International Statistical Classification
of Diseases and Related Health Problems (ICD-10-GM)
was used for coding diagnoses and the Anatomical
Therapeutic Chemical (ATC) classification system was
used for coding drugs. All analyses were performed
using anonymized data. Neither German law nor the
professional code of conduct for physicians requires



an ethical review for research with routinely collected
anonymized data.

Study population

Patients aged >18 years having at least one documented
prescription of tiotropium HandiHaler® (central pharma-
ceutical numbers (CPN) 02286532, 01686873, 02286549,
03649221) or tiotropium Respimat® (CPN 04913588,
04913594, 04913625) within the study period were in-
cluded in the analysis. The study entry date was defined
as the quarter of the first tiotropium prescription in the
study period.

Definition of off-label use, comorbidities and
co-medication

Patients exhibiting at least one documented COPD
diagnosis in the study period (irrespective of any other
additional respiratory diagnoses) were considered as
‘on-label’ patients. Taking into account the labelling
status of tiotropium during the study period, all other
patients were considered as off-label users. Patients
exhibiting a diagnosis coded with one-digit ICD-10-GM
code ‘I' in their medical history were considered as
patients suffering from cardiovascular comorbidity.
Additionally, patients with a documented diagnosis of
heart failure (ICD-10-GM code 150), chronic ischaemic
heart disease (125) and arrhythmias including atrial fibril-
lation and flutter (148), and other cardiac arrhythmias
(149) were defined as patients with a cardiovascular
comorbidity of particular interest. Cardiovascular drugs
(ATC one-digit: ‘C’) were analyzed stratified by therapeutic
groups (ATC three digits). Drug classes were consid-
ered for respiratory co-medication as follows: selective
B>-adrenoreceptor agonists (RO3AC), adrenergics and
other drugs for obstructive airway diseases (RO3AK), anti-
cholinergics (R03BB), systemic selective B,-adrenoreceptor
agonists (R03CC), xanthines (RO3DA), and xanthines and
adrenergics (RO3DB).

TIOSPIR trial

In the TIOSPIR trial, some seven inclusion and 29 exclusion
criteria were applied to define the study population [12]. In
total, 21 of these criteria were reproducible in our data-
base. Lung function parameters, for example, remained
undocumented in the Bavarian database, whereas other
criteria (e.g. comorbidities) were available in most cases
(e-Table 1). A sensitivity analysis was performed using ad-
ditional ICD-10-GM codes for the exclusion criteria ‘Myo-
cardial infarction within the last 6 months (125.21),
‘Hospitalization for cardiac failure (NYHA Class lll or IV) dur-
ing the last year’ (150.13) and ‘Known significant symptom-
atic prostatic hyperplasia or bladder-neck obstruction.
Subjects whose symptoms were controlled on treatment
may have been included’ (N40).
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Statistical analysis
All metric and normally distributed variables were reported
as mean = standard deviation (SD). Non-normally distributed
variables were presented as median (first quartile-third
quartile). Categorical variables were presented as frequency
and percentage. For the comparison of groups, the Mann-
Whitney U-test was used for metric variables and the chi-
square test or Fisher's exact test for categorical variables.
P values <0.05 were considered statistically significant.
Annual period prevalence rates (PPRs) were calcu-
lated using the number of patients with at least one
prescription of interest during the year of interest
(numerator) divided by the total number of compulsorily
insured Bavarians at midyear of the year of interest
(1 July; denominator). Annual PPRs per 10 000 persons
were calculated stratified by age (10 year age groups
[18-19 years, 20-29 years, 30-39 years [...], 290 years]),
gender and inhaler device. As Respimat® was launched
on the European market in 2007, analyses for this device
are restricted to the years 2007 and 2008, whereas the
HandiHaler® PPR-related analyses were conducted for
the whole study period (2004-2008). Detailed analyses
regarding for example comorbidities and co-medication
were conducted for the year 2008 only.

Results

Drug utilization

In 2008, some 69 812 patients (approximately 0.7% of all
insured people) were treated with tiotropium (Table 1).
Almost 89% of these patients used tiotropium via
HandiHaler®. Respimat® users were slightly younger
(67.9 £ 123 years) than patients using HandiHaler®
(69.5 + 12.2 years; P < 0.0001). The proportion of females
was higher in Respimat® compared with HandiHaler®
users (46.9% vs. 44.6%; P < 0.0001). The highest PPRs
were found in patients aged between 70 and 79 years
(2004-2006) and 80 and 89 years (2007-2008) for
HandiHaler® and between 80 and 89 years for Respimat®
(2007-2008; e-Table 2).

PPR increase was revealed for both inhaler devices
within the study period. The PPRs varied between 49.2
and 74.5 per 10 000 persons for HandiHaler® (2004-
2008) and between 1.5 and 9.3 per 10 000 persons for
Respimat® (2007-2008; e-Table 2). For both devices, PPRs
for males were higher than those for females (Figure 1).
Regarding age groups, the most prominent PPR increase
for HandiHaler® was found in patients aged at least
80 years (80-89 years: +97.7%; >90 years: +154.1%) com-
pared with Respimat® patients aged >90 years
(+1217.2%; e-Table 2).

Comorbidities and co-medications
In 2008, the proportion of patients with at least one car-
diovascular disease (ICD-10-GM code ‘I') in their medical
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Table 1

Baseline characteristics stratified for inhaler device (year 2008)

HandiHaler® Respimat®

Patient characteristics
Total (patients)
Proportion of females
(n [patients], %)
Age (years) (mean = SD)
Cardiovascular comorbidities
Patients with at least one
cardiovascular comorbidity
(n [patients], %)
Patients with at least one
cardiovascular comorbidity
of particular interest
(n [patients], %)
Five most frequent
cardiovascular comorbidities
(n [patients], %)

Cardiovascular co-medication
Patients with at least one
cardiovascular co-medication
(n [patients], %)
Cardiovascular co-medication
(n [patients], %)

Respiratory co-medication
Patients with at least one respiratory
co-medication (n [patients], %)
Respiratory co-medication
(n [patients], %)
[at least 1% in one group]

Cardiac therapy (CO1)

Antihypertensives (C02)
Diuretics (C03)

Peripheral vasodilators (C04)
Vasoprotectives (CO5)

B-adrenoceptor blocking
agents (C07)

Calcium channel blockers (C08)

Agents acting on the
renin-angiotensin system (C09)

Lipid modifying agents (C10)

Inhaled short acting Salbutamol

B,-adrenoceptor agonists

Fenoterol

Fenoterol and
cromoglicic acid

Inhaled short acting B,-adrenoceptor
agonist combinations
Reproterol and
cromoglicic acid

Oral short acting B,-adrenoceptor Clenbuterol and

agonist combinations ambroxol
Inhaled short acting anticholinergics Ipratropium
Inhaled long acting B,-adrenoceptor Salmeterol

agonists

62 036
27 641 (44.6%)

69.5+12.2

54 308 (87.5%)

32632 (52.6%)

Essential (primary) hypertension
(41 052 [75.6%])

Chronic ischaemic heart disease
(18 995 [35.0%])

Heart failure (17 731 [32.6 %))
Varicose veins of lower

extremities (10 209 [18.8%])

Atrial fibrillation and flutter
(9357 [17.2%])

47 095 (75.9%)

11376 (18.3%)

2611 (4.2%)
25612 (41.3%)
935 (1.5%)
1226 (2.0%)
17 368 (28.0%)

14 263 (23.0%)
31557 (50.9%)

15001 (24.2%)

46 339 (74.7%)

14384 (23.2%)

2736 (4.4%)

9551 (15.4%)

445 (0.7%)

1149 (1.9%)

3237 (5.2%)
832 (1.3%)

7776
3649 (46.9%)

679+12.3

6586 (84.7%)

3679 (47.3%)

Essential (primary)
hypertension
(4838 [73.5%])

Chronic ischaemic heart
disease (2108 [32.0%])

Heart failure (1862 [28.3%])

Varicose veins of
lower extremities
(1213 [18.4%])

Other cardiac arrhythmias
(1094 [16.6%])

5311 (68.3%)

1126 (14.5%)

247 (3.2%)
2485 (32.0%)
93 (1.2%)
135 (1.7%)
1858 (23.9%)

1497 (19.3%)
3413 (43.9%)

1517 (19.5%)

5541 (71.3%)

1889 (24.3%)

361 (4.6%)

1352 (17.4%)

78 (1.0%)

168 (2.2%)

490 (6.3%)
101 (1.3%)
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HandiHaler® Respimat®

Inhaled long acting B,-adrenoceptor
agonist combinations

Xanthines
Leukotriene receptor antagonists

Inhaled corticosteroids

Formoterol 12922 (20.8%)

10595 (17.1%)

1248 (16.0%)

Salmeterol and 1251 (16.1%)

fluticasone

Formoterol and 612 (7.9%)

beclometasone

2775 (4.5%)

Formoterol and 12 046 (19.4%) 1169 (15.0%)

budenoside

Theophylline 12 975 (20.9%) 1413 (18.2%)
Montelukast 1222 (2.0%) 195 (2.5%)
Beclomethasone 1807 (2.9%) 282 (3.6%)
Budesonide 7284 (11.7%) 783 (10.1%)

100

90

80 -

70

60

50

40

30

20

Period prevalence per 10,000 persons

04 /
2004 2007 2008

2005 2006

Figure 1

Period prevalence rates per 10 000 persons stratified by inhaler device
and gender. —— HandiHaler® males, = HandiHaler® females, ——,
Respimat® males, == Respimat® females

history was slightly higher in patients using HandiHaler®
(87.5%) compared with Respimat® (84.7%; P < 0.0001;
Table 1). Limiting the prevalence analysis to patients with
at least one cardiovascular comorbidity of particular in-
terest (heart failure, chronic ischaemic heart disease,
atrial fibrillation and flutter, and other cardiac arrhyth-
mias), the respective values were 52.6% (HandiHaler®)
and 47.3% (Respimat® P < 0.0001). For both patient

Table 2

groups, essential hypertension, chronic ischaemic heart
disease and heart failure were the most frequent cardio-
vascular diseases with higher prevalence rates in patients
using HandiHaler®,

The proportion of patients receiving at least one
cardiovascular co-medication was higher in HandiHaler®
patients (75.9%) than in Respimat® patients (68.3%;
P < 0.0001). For both devices, the most frequent cardio-
vascular compound was ‘agents acting on the renin-
angiotensin system’ (HandiHaler® n = 31 557 (50.9%);
Respimat® n = 3413 (43.9%)), whereas the most frequently
prescribed respiratory co-medications were salbutamol
(HandiHaler® n = 14 384 (23.2%); Respimat® n = 1889
(24.3%)) and theophylline (HandiHaler® n = 12 975 (20.9%);
Respimat® n = 1413 (18.2%); Table 1)).

Off-label use

The proportion of patients with off-label HandiHaler®
prescriptions was highest in 2004 (n = 5590 patients
(13.9%)) and lowest in 2006 (n = 6077 (10.9%); Table 2).
A small increase in the proportion of patients with
off-label prescriptions was revealed for Respimat® from
10.5% (n = 130) in 2007 to 14.0% (n = 1086) in 2008
(Table 2).

Regarding age groups, we found the highest propor-
tion of patients receiving off-label prescriptions for
HandiHaler® in the youngest age groups (18-19 years:
51.5-82.4%; 20-29 years: 46.6-53.0%), whereas the

Number and proportion of patients with on-label and off-label prescriptions stratified by inhaler device

HandiHaler® (n, %)

On-label

Off-label

Respimat® (n, %)

On-label Off-label

2004 34 631 (86.1%)
2005 46 606 (87.8%)
2006 49 903 (89.1%)
2007 55 064 (89.0%)
2008 54 880 (88.5%)

5590 (13.9%)
6466 (12.2%)
6077 (10.9%) = =
6788 (11.0%)
7156 (11.5%)

1109 (89.5%)
6690 (86.0%)

130 (10.5%)
1086 (14.0%)
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lowest proportion was found in patients aged between
60 and 69 years (8.5-11.6%, [percentage range between
2004 and 2008]). A similar age-related pattern was found
for Respimat® (data not shown).

More than one-third of the off-label patients had a
documented diagnosis of asthma (HandiHaler®
n = 2674 (37.4%); Respimat® n = 438 (40.3%)). Other
relevant off-label diagnoses were acute respiratory tract
infections (e-Table 3).

TIOSPIR trial

Only approximately 30% (HandiHaler® 32.1%; Respimat®
30.0%) of our study patients theoretically met all the
criteria for participating in the TIOSPIR trial. Between
the two devices, no relevant differences were detected
regarding exclusion criteria. Most patients were theoret-
ically excluded because of a (concurrent) diagnosis of
asthma (HandiHaler® n = 23 701 (56.2%); Respimat®
n =3140 (57.7%)); Table 3; multiple counting of exclusion
criteria). For both devices, patients potentially excluded/
not included in the TIOSPIR trial were slightly younger
than potentially included patients. There were no
gender-related differences between potentially included
or excluded patients for both inhaler devices (e-Table 4).
In a sensitivity analysis considering additional co-
morbidities as exclusion criteria (ICD-10-GM codes
125.21, 150.13, and N40), the proportion of patients ex-
cluded from the TIOSPIR trial increased to 73.0% for pa-
tients using HandiHaler® and to 74.3% for patients using
Respimat®.

Discussion

By analyzing a large population-based German claims
database, we found an increase in prescriptions for
HandiHaler® (years 2004-2008) and Respimat® devices
(2007-2008), particularly in elderly patients. There were
only minor differences regarding cardiovascular comor-
bidities and co-medications between patients receiving
HandiHaler® or Respimat®. For both devices, a similar
proportion of patients received tiotropium off-label with
the highest rates in the youngest patients suffering from
asthma. Of all patients documented in our database re-
ceiving tiotropium, only one-third theoretically met the
criteria for participating in the TIOSPIR trial, underlining
the highly selected patient samples of RCTs.

Drug utilization

In 2008, only 0.7% of all insured people received at least
one tiotropium prescription (combined analysis for both
devices). The prevalence of tiotropium estimated in our
study seems to be reliable for three reasons: (i) focusing
on the main indication, COPD, European prevalence esti-
mates range between 2.1% and 26.1% depending on, for
example, the country and included age groups [13], (ii)

Tiotropium Respimat® vs. HandiHaler®: real-life usage m

the results of the BOLD study showed for a German re-
gion that almost half of patients with COPD are grouped
into stage 2 or higher and (iii) the guidelines recommend
tiotropium for COPD stage 2-4 [1, 14]. Similar to other
studies focusing on COPD, we found the highest
tiotropium prevalence estimates in elderly men [14, 15].
Nevertheless, differences in the methods used for defin-
ing COPD cases (e.g. questionnaires, spirometry data)
limit the comparability of study results [13].

Currently, only limited device-related drug utiliza-
tion data are available. In a cross-sectional analysis
assessing patient preferences with inhaler technique
and incorrect use of inhaler devices in Portuguese
patients attending an outpatient clinic in 2013,
HandiHaler® was used by 17% of patients, whereas
Respimat® was used by only 4% of patients [16].
Similarly, in a multinational online survey conducted in
2010, most COPD patients were using HandiHaler® [17].
To sum up the available evidence, HandiHaler® is more
widely used than Respimat®.

Comorbidities and co-medications

In our study focusing on cardiovascular comorbidities,
we found that three-quarters of all patients receiving
tiotropium had a concomitant diagnosis of hypertension,
whereas one-third exhibited a diagnosis of chronic isch-
aemic heart disease or heart failure. Comparing patient
characteristics for both devices, patients using
Respimat® had slightly fewer cardiovascular comorbidi-
ties (all cardiovascular comorbidities and cardiovascular
comorbidities of particular interest) than patients using
HandiHaler®, a fact that might be related to a somewhat
lower age. In a recently published review analyzing the
burden of comorbidities in COPD patients, lower preva-
lence rates were reported for cardiovascular diseases
compared with our study [18]. These differences might
be related to including patients not receiving tiotropium
in most studies (stage 1 according to GOLD), resulting in
younger and healthier study populations compared with
our study. In addition, differences regarding age groups,
definitions of comorbidities or national regulations
concerning documentation modalities may also contrib-
ute to different results.

Focusing on respiratory co-medication, the short acting
B,-adrenoceptor agonist, salbutamol, and theophylline
were the most frequently prescribed compounds.
Whereas salbutamol is an effective bronchodilator and
recommended according to the guidelines, the high pro-
portion of patients receiving theophylline is a matter of
concern due to a narrow therapeutic range, but similar
drug utilization data for theophylline were also reported
in an ltalian study covering the years 2006-2008 [19].
Reflecting theophylline-related changes in COPD guide-
lines in recent years [1, 20], a 65% decrease in theophyl-
line defined daily doses was found between 2004 and
2012 for Germany according to national drug

Br) Clin Pharmacol / 81:2 / 385



S. Schmiedl et al.
BJCP

consumption data [21, 22]. From a general point of view,
by co-prescribing beta-2-agonists and/or theophylline to
patients receiving tiotropium, one cannot exclude an,
for example, increased risk for cardiovascular side effects
due to pharmacodynamic drug-drug interactions.

Off-label use

In our study, 10-14% of all patients received tiotropium
off-label without relevant clinical differences between the
two devices regarding off-label indications (e-Table 3).
In both patient groups, asthma was the most frequent
off-label indication. In recent years, evidence has accumu-
lated for using tiotropium in asthmatic patients [23]. In
particular, when tiotropium was added to inhaled
corticosteroids [ICS]/salmeterol, relevant clinical end-
points (e.g. asthma exacerbations) were reduced [24].
Recently, tiotropium Respimat® has been approved by
the European Medicines Agency (EMA) and the Federal
Drug Administration (FDA) for the treatment of asthma.
However, during the study period, using tiotropium in
patients with asthma not having a concomitant
diagnosis of COPD should be considered as off-label
treatment taking into account formerly effective
guidelines [25-271].

TIOSPIR trial

Of all patients receiving tiotropium, only approximately
30% were theoretically eligible for the TIOSPIR trial
considering inclusion and exclusion criteria. Thus, the
results of the TIOSPIR trial stating a similar mortality
risk comparing HandiHaler® and Respimat® are not
generalizable to two-thirds of patients receiving
tiotropium under real-life conditions. In a recently pub-
lished study, Scichilone et al. estimated the proportion
of patients not meeting the inclusion and exclusion
criteria of RCTs published up to the year 2012 based
on the clinical records of COPD outpatients at 83%
[10]. Similar to our results, concomitant lung diseases
other than COPD were the most common exclusion
criteria even in patients primarily diagnosed as COPD
patients. In contrast to our study using claims data,
Scichilone et al. were able to include additional
parameters (e.g. lung function), explaining the slightly
higher proportion of excluded patients compared with
our results [10]. Nevertheless, in the sensitivity analysis
using additional ICD codes to define a few exclusion
criteria, a slightly higher proportion of excluded pa-
tients was found.

From a medical and methodological point of view,
both inclusion and exclusion criteria limit the generaliz-
ability of RCTs regarding efficacy and safety [28, 29]. For
tiotropium, which is (i) primarily renally excreted after
pulmonary uptake and (ii) mainly used in elderly COPD
patients frequently suffering from cardiovascular co-
morbidities, the exclusion of patients with cardiovascu-
lar and renal comorbidities might be justified with
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regard to minimizing risks for the study participants.
Nevertheless, the external validity of such trials is mod-
erate taking into account the results from Scichilone
et al. and our own study [10]. By excluding ‘real-life’
patients, as mentioned above, important research ques-
tions addressing risk estimates for special populations
cannot be answered sufficiently, as shown by several re-
plies made to the TIOSPIR trial [8, 9, 30]. Furthermore,
absolute and relative contraindications covering, for ex-
ample, comorbidities are neglected by physicians to a
relevant extent under real-life conditions [31]. This fact
underlines the urgent need to conduct pragmatic trials
to get ‘the whole picture’ in terms of a realistic assess-
ment of benefits and risks for patients with a potentially
increased risk of adverse drug reactions [29].

Strengths and limitations

Lung function parameters were not documented in the
claims database used in this study. Hence, we were un-
able to re-check whether a documented diagnosis of
COPD was valid or whether a diagnosis of COPD was
present but not documented in the database. As
described previously, an accurate diagnosis of COPD is
a crucial but often unmet need in clinical practice even
if lung function parameters are available [32, 33]. Owing
to the lack of lung function parameters, we were not able
to stratify our analysis by the severity of COPD. For feasi-
bility and validity reasons, we abstained from using sur-
rogates (e.g. prescriptions of antibiotics) as estimates
for COPD exacerbation rates. Second, we cannot exclude
an underestimation of on-label usage in patients with a
documented COPD diagnosis before 2004 because of
the limited observation period of 5 years. Nevertheless,
by using a 5 year study period, it seems reasonable that
patients suffering from COPD were coded at least once
as COPD patients. Third, our off-label analyses were
focused on indication-related off-label usage, whereas
other aspects (e.g. dose or age) remained not covered
in this study. However, indication-related off-label usage
is the most relevant off-label use even in children with a
relevant age-related labelling [34, 35]. Fourth, several
inclusion and exclusion criteria were not sufficiently cov-
ered in our database and, by using surrogates, we cannot
completely exclude an under- or overestimation of the
proportion of patients not meeting the TIOSPIR criteria.
However surrogates were only used for a minority of
criteria and the major criteria were covered in our study
(e.g. respiratory diseases other than COPD). Underlining
this assumption, similar results were found in a sensitiv-
ity analysis using additional ICD codes for some exclu-
sion criteria. Fifth, a few time-dependent exclusion
criteria (e.g. acute respiratory infection/acute exacerba-
tion 4 weeks prior to randomization) were not applicable
in our study due to the quarterly documentation in our
database. Hence, we abstained from including these
criteria, leading to an underestimation of potentially



excluded patients. As a major strength, we used a large
German database (10.5 million people) covering 85%
of the Bavarian population, allowing a comprehensive
assessment of real-life prescribing for the two
tiotropium devices.

In conclusion, our study analyzing claims data from
10.5 million patients between 2004 and 2008, we found
an increase in prescriptions for two tiotropium devices
(HandiHaler®, Respimat®). Despite some published reser-
vations regarding the safety of the Respimat® device in
particular patient groups, we revealed only slight differ-
ences between the two devices with regard to age,
gender, cardiovascular and respiratory comorbidities,
co-medication and off-label use in clinical practice. Of
all patients receiving tiotropium, approximately 30%
would theoretically meeting the inclusion and exclusion
criteria of the TIOSPIR trial, limiting the generalizability
of this trial to a relevant extent. Hence, further studies
are urgently required to assess and compare the safety
of both tiotropium devices in vulnerable, real-life
patient populations.
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