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ABSTRACT 
Background: Tiotropium bromide is a new inhaled 

anticholinergic agent approved for once-daily, long-term 
maintenance treatment of bronchospasm associated 
with chronic obstructive pulmonary disease (COPD). 

Objective: This article reviews the pharmacology, 
pharmacokinetic and pharmacodynamic properties, 
clinical efficacy, tolerability, and cost of tiotropium 
therapy in patients with COPD. 

Methods: The MEDLINE (1966-October 2004), 
Iowa Drug Information Service (1966-October 2004), 
and International Pharmaceutical Abstracts (1970- 
November 2004) databases were searched for origi- 
nal research and review articles published in English. 
The search terms were tiotropium, Ba 679 BR, and 
HandiHaler. Reference lists from these articles were 
also consulted, as was selected information provided by 
the manufacturer of tiotropium. All relevant identified 
studies were included in the review, with preference 
given to Phase II/III trials. Pharmacoeconomic studies 
were limited to those conducted in the United States. 

Results: Tiotropium is a nonselective anticholiner- 
gic agent that exhibits kinetic receptor selectivity for 
the muscarinic M 1 and M 3 receptors. After inhalation, 
tiotropium has an onset of action within 30 minutes, 
a peak effect within 3 to 4 hours, and a >__24-hour 
duration of action that allows once-daily dosing. In 
clinical trials, patients receiving tiotropium 18 lag QD 
had significant improvements in trough, peak, and 
mean forced expiratory volume in 1 second (FEVI) , 
dyspnea, and health-related quality of life, as well 
as fewer COPD exacerbations and hospitalizations, 
compared with patients receiving placebo and ipra- 
tropium (all, P < 0.05). Improvement in FEV 1 was also 
significantly greater in patients who received tiotro- 

pium compared with those who received salmeterol 
(P < 0.05), although the number of exacerbations and 
extent of health resource use were comparable be- 
tween groups. Dry mouth was the most commonly 
reported adverse effect. One analysis found tiotropi- 
um to be cost-effective compared with ipratropium. 

Conclusions: Tiotropium offers several advantages 
over ipratropium in the management of COPD. Long- 
term (>1 year) studies are necessary to determine the 
impact of tiotropium on disease progression and life 
expectancy. (Clin Tber. 2005;27:377-392) Copyright © 
2005 Excerpta Medica, Inc. 

Key words: tiotropium, chronic obstructive pulmo- 
nary disease. 

INTRODUCTION 
Chronic obstructive pulmonary disease (COPD) is a 
debilitating respiratory illness currently ranked as the 
fourth leading cause of mortality worldwide and pro- 
jected to be the third leading cause of death and the 
fifth leading cause of disability by the year 2020. j In 
2000, 119,054 deaths were attributed to COPD in the 
United States, a 67% increase from 1980. 2 Further- 
more, COPD contributed to -8 million physician office 
and hospital outpatient visits, 1,549,000 emergency 
department visits, and 726,000 hospitalizations in 
2000. 2 In the United States in 2002, the total econom- 
ic burden of COPD was documented at $32 billion, 
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$18 billion in direct costs and $14 billion in indirect 
costs. 3 Despite these large amounts, the morbidity, 
mortality, and costs associated with COPD may still 
be underestimated, as the disease is not usually diag- 
nosed until clinically apparent and moderately 
advanced, and is more likely to be cited as a con- 
tributory factor rather than an underlying cause of 
death. 4 

COPD is characterized by airflow limitation that is 
not fully reversible and that is usually both progres- 
sive and associated with an abnormal inflammatory 
response of the lungs to noxious particles or gases. 4 
Slow pathologic changes in the central and peripheral 
airways, lung parenchyma, and pulmonary vascula- 
ture eventually lead to mucus hypersecretion, ciliary 
dysfunction, airflow limitation, pulmonary hyper- 
inflation, gas exchange abnormalities, pulmonary 
hypertension, and cor pulmonale. 4,s Smoking is the 
most significant risk factor for the development of 
COPD. Other risk factors include hereditary defi- 
ciency of oq antitrypsin, asthma and airway hyper- 
responsiveness, heavy exposure to occupational dusts 
and chemicals, exposure to environmental pollution, a 

history of chronic respiratory infections in childhood, 
and lower socioeconomic status. 4,5 

Although symptoms of chronic cough, sputum pro- 
duction, dyspnea, and a history of exposure to risk 
factors are key indicators of COPD, definitive diagno- 
sis requires an objective determination of the degree of 
airflow obstruction by spirometry. 4 The presence of 
airflow obstruction is confirmed by a forced expirato- 
ry volume in 1 second (FEV1) <80% of the predicted 
value after bronchodilator use and a ratio of FEV 1 to 
forced vital capacity (FVC) of <70%. 4 There are cur- 
rently no universally applicable reference values for 
FEV 1 and FVC, nor are there validated tools for 
assessing severity that incorporate multiple prognostic 
factors, such as airflow obstruction, body mass index, 
and dyspnea. 4-6 Thus, the staging of disease sever- 
ity varies depending on which guidelines are used. 
The classification system developed by the Global 
Initiative for Chronic Obstructive Lung Disease in- 
cludes 4 stages of disease severity and is based on 
symptoms and lung function (Table I). 4 

The goals of COPD therapy are to relieve symp- 
toms, improve exercise tolerance, prevent and treat 

Table I. Classification of disease severity ~ according to Global Initiative for Chronic Obstructive Lung Disease 
guidelines, a 

Stage 0. At risk 
Normal spirometry 
Chronic symptoms of  cough and sputum production 

Stage I. Mild COPD 
FEVJFVC <70% 
FEV~ ___80% o f  predicted value 
With or wi thout chronic symptoms of  cough and sputum production 

Stage II. Moderate COPD 
FEVJFVC <70% 
FEV 1 from ->50% to <80% of  predicted value 
With or wi thout chronic symptoms of  cough and sputum production 

Stage III. Severe COPD 
FEVJFVC <70% 
FEV 1 From >30% to <50% of  predicted value 
With or wi thout chronic symptoms of  cough and sputum production 

Stage IV. Very severe COPD 
FEV1/FVC <70% 
FEV 1 <30% o f  predicted value or FEV 1 <50% o f  predicted value and chronic respiratory Failure 

COPD = chronic obstructive pulmonary disease; FEV 1 = Forced expiratory volume in 1 second; FVC = Forced vital capacity. 
~Based on FEV I after bronchodilator use. 
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exacerbations and complications, decrease hospitaliza- 
tions, improve health-related quality of life (HRQoL), 
prevent disease progression, and increase life ex- 
pectancy. 4 The single most effective and cost-effective 
intervention in reducing the risk for COPD and pre- 
venting its progression is smoking cessation. 1 Pharma- 
cologic therapy is necessary for the management 
of symptoms; however, no drug has been shown to 
modify the long-term decline in lung function. 1,4 
Nevertheless, bronchodilators have long been the 
mainstay of symptomatic treatment. In addition to 
short- and long-acting [~z-agonists and methylxan- 
thines, anticholinergic agents play a central role in the 
management of COPD, because the impairment of 
lung function in COPD is in part a result of altered 
cholinergic vagal bronchoconstrictive tone. 7 

Until recently, the only inhaled anticholinergic 
agent available in the United States was ipratropium 
bromide,': a relatively short-acting product requiring 
frequent daily dosing. 8 In January 2004, the US Food 
and Drug Administration approved tiotropium bromidet 

*Trademark: Atrovent ® (Boehringer Ingelheim Pharmaceuticals, 
Inc., Ridgefield, Connecticut). 

tl-rademark: Spiriva ® HandiHaler ® (Boehringer Ingelheim Phar- 
maceuticals, Inc.). 

for once-daily, long-term maintenance treatment of 
bronchospasm associated with COPD. This article 
reviews the pharmacology, pharmacokinetic and 
pharmacodynamic properties, clinical efficacy, tolera- 
bility, and cost of tiotropium therapy in patients with 
COPD. 

M E T H O D S  
The MEDLINE (1966-October 2004), Iowa Drug 
Information Service (1966-October 2004), and 
International Pharmaceutical Abstracts (1970- 
November 2004) databases were searched for original 
research and review articles published in English. 
The search terms were tiotropium, Ba 679 BR, and 
HandiHaler. The reference lists of identified articles 
were also consulted, as was selected information pro- 
vided by the manufacturer of tiotropium (eg, pharma- 
cokinetic and stability data). All relevant identified 
studies were included in the review, with preference 
given to Phase II/III trials. Pharmacoeconomic studies 
were limited to those conducted in the United States. 

CLIN ICAL  P H A R M A C O L O G Y  
Tiotropium is a synthetic, nonchiral quaternary 
ammonium compound structurally related to ipra- 
tropium (Figure). 9<1 The quaternary ammonium in 
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Figure. Molecular structures oftiotropium and ipratropium. Reproduced with permission. 11 
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both of these agents prevents penetration of the 
blood-brain barrier and results in poor and unreliable 
absorption after oral administration. 1° The major 
structural difference between tiotropium and ipra- 
tropium lies in the presence of thiophene rings in 
tiotropium) 2 Tiotropium is chemically described as a 
( 1 ix,213,4 [3,5 o~, 7 [3)- 7- [(Hydroxydi -2 -thienylacetyl) oxy]- 
9,9-dimethyl-3-oxa-9-azoniatricyclo[3.3.1.02,4] nonane 
bromide monohydrate. 9 It has a molecular mass of 
490.4 and the molecular formula C19822NO4S2Br-H20. 
It is sparingly soluble in water (25 mg/mL at room tem- 
perature, independent of pH) and soluble in methanol. 9 

Mechanism of  Action 
Of the 5 muscarinic-receptor subtypes that have 

been identified, 3 subtypes, each with differing func- 
tions, are found in human airways. M s receptors are 
located on parasympathetic ganglia and aid in cholin- 
ergic neurotransmission, thereby enhancing bron- 
choconstriction. Bronchoconstriction and mucus 
secretion are largely mediated by M 3 receptors, which 
are localized on airway smooth muscle and mucosal 
glands. M 2 receptors are found at postganglionic 
cholinergic nerves and serve as autoreceptors, provid- 
ing negative feedback modulation of acetylcholine 
release) s,s3 The ideal muscarinic-receptor antagonist 
(anticholinergic) for the treatment of COPD would be 
one that selectively inhibits M 1 and M 3 receptors, as 
inhibition of M 2 receptors results in increased acetyl- 
choline release in human lungs and subsequent bron- 
choconstriction, which may overcome the broncho- 
dilatory effects resulting from M 1- and M3-receptor 
blockade.Sla 3 

Tiotropium is a potent reversible, nonselective 
inhibitor of muscarinic receptors. 1>s4 Binding studies 
in human lung membranes have shown tiotropium 
to have 6- to 20-fold greater affinity for muscarin- 
ic receptors compared with ipratropium, s5 In early 
kinetic studies using Chinese hamster ovarian cells 
that expressed the genes for human muscarinic recep- 
tors, tiotropium exhibited prolonged dissociation 
from muscarinic receptors. 12,s4 Tiotropium's dissoci- 
ation time was >100 times slower than that of ipra- 
tropium from M 1 receptors (0.11 h vs 14.6 h, respec- 
tively), M 2 receptors (0.035 h vs 3.6 h), and M 3 
receptors (0.26 h vs 34.7 h). s2,s4 Although tiotropium 
is a nonselective inhibitor of muscarinic receptors, 
binding studies12, s4 and functional in vitro data s6 sug- 
gest that it has kinetic receptor selectivity for M 1 and 

M 3 receptors. This is because its dissociation from 
M 1 and M 3 receptors is a respective 3.5 and 8 times 
slower than its dissociation from M 2 receptors) 2 
Thus, the bronchoconstrictive effect resulting from 
inhibition of M 2 receptors and subsequent acetyl- 
choline release is decreased relative to the prolonged 
bronchodilatory effect resulting from M s and M 3 
blockade, s2a4 This prolonged dissociation from the 
drug-receptor complex, particularly at M 3 receptors, 
is thought to be the reason for tiotropium's 24-hour 
duration of action in vivo. 12 

Pharmacokinetics 
Because of the presence of a quaternary ammoni- 

um, the bioavailability of tiotropium after oral ad- 
ministration is low (2%-3%). 9 After inhalation, the 
absolute bioavailability of tiotropium is 19.5% in 
healthy volunteers. 9 The peak plasma concentration 
(6 pg/mL) after a single inhaled 10-pg dose is achieved 
after 5 minutes, with a rapid decline (in <1 hour) to 
levels of -2 pg/mL. 9,11,s4 Tiotropium has a volume of 
distribution of 32 L/kg, suggesting extensive binding 
to tissues. Seventy-two percent of the drug is bound to 
plasma proteins. 9 The extent to which tiotropium 
undergoes metabolism appears to be minimal, as 74% 
of an intravenous dose is excreted unchanged by the 
kidneys in young healthy volunteers. 9 It is unclear 
how the remainder of the drug is metabolized; a por- 
tion is nonenzymatically cleaved in plasma to 2 inactive 
metabolites, alcohol N-methylscopine and dithienyl- 
glycolic acid. In vitro data using human liver micro- 
somes and hepatocytes suggest that a fraction of the 
dose is also metabolized by the cytochrome P450 
(CYP) 2D6 and 3A4 isozymes, with subsequent gluta- 
thione conjugation into a variety of phase II metab- 
olites. 9 Tiotropium has no inhibitory effect on CYP 
isozymes, and no clinically significant drug interac- 
tions have been reported. 9 

A search of the literature yielded no studies evalu- 
ating the effect of hepatic impairment on the phar- 
macokinetic profile of tiotropium. However, given 
the apparent minimal involvement of the liver in the 
biotransformation of tiotropium, hepatic impair- 
ment is not thought to greatly affect its pharmacoki- 
netics. 9 After inhalation, 14% of the dose is excreted 
unchanged in urine, and the remainder is excreted in 
feces. 9 Furthermore, the terminal elimination half-life 
of tiotropium is between 5 and 6 days. 9,sL14 In sub- 
jects with normal renal function (creatinine clearance 



[CrC1] >80 mL/min), renal clearance exceeds CrCl 
(435 vs 108 mL/min, respectively), indicating that tio- 
tropium undergoes active tubular secretion in urine. 9,17 

Turck et a117 conducted an open-label, nonrandom- 
ized study assessing the effects of varying degrees of 
renal impairment on the pharmacokinetics of tiotropi- 
um in 24 otherwise healthy white patients (21 men, 3 
women; mean age, 52.6 years; age range, 36-64 years). 
Six subjects with normal renal function (CrC1 
>80 mL/min), 5 with mild renal impairment (CrC1 >50- 
80 mL/min), 7 with moderate impairment (CrCI 30- 
50 mL/min), and 6 with severe impairment (CrCI 
<30 mL/min) received a single intravenous dose of 
tiotropium 4.8 lag infused over 15 minutes. Patients 
with mild, moderate, and severe renal impairment had 
a statistically significant increase in mean tiotropium 
plasma concentrations compared with subjects with 
normal renal function (AUC04 , 77.1, 101.0, 108.0, and 
55.5 pg.h/mL, respectively; all groups, P < 0.01). The 
percentage of the tiotropium dose excreted unchanged 
in urine significantly declined from 60.1% in subjects 
with normal renal function to 37.4% in patients with 
severe renal impairment (n = 3) (P < 0.05). No adverse 
events were noted in patients with renal impairment. 
A 50% reduction in urinary excretion of tiotropium 
has also been reported in patients with COPD aged 
>70 years, most likely as a result of diminished renal 
function. 9 

Pharmacokinetic steady state is achieved within 
-25 days of chronic once-daily inhalation. In a phar- 
macokinetic analysis in 119 patients with COPD 
(mean age, 64.1 years; mean FEV1, 39.2% predicted) 
who received inhaled tiotropium 18 lag QD as part of 
a Phase III study, there was no evidence of long-term 
accumulation of tiotropium after attainment of steady 
state. 18 This was demonstrated by nonsignificant dif- 
ferences in peak and trough plasma levels on day 50 
{16.2 and 4.2 pg/mL, respectively) and day 92 (19 and 
4.3 pg/mL) of treatment, and in 24-hour urinary excre- 
tion on days 50, 92, and 178 (1205.3, 1169.6, and 
1253.7 ng, respectively). 

A search of the literature identified no additional 
data on the pharmacokinetics of tiotropium in the el- 
derly (age >65 years) or in the pediatric population 
(age <18 years). 

Pharmacodynamics 
Tiotropium has an onset of action within 30 min- 

utes after administration, and its peak effect is 

achieved within 3 to 4 hours. 19 With ipratropium, in 
comparison, bronchodilating effects begin within 15 
minutes of inhalation and peak within I to 2 hours. 8,19 
The duration of action of tiotropium has been report- 
ed to extend up to 32 hours after single inhaled doses 
of 20, 40, and 80 lag,20 supporting preclinical data that 
suggested longqasting effects. 12 Similarly, after 1 week 
of treatment with tiotropium 18 lag QD or ipratropi- 
um 40 lag QID, significant improvement from baseline 
in FEV 1 was sustained for ~24 hours after administra- 
tion of tiotropium (P < 0.01), whereas there was no 
marked improvement in FEV 1 at the end of the dosing 
interval with ipratropium. 19 FEV 1 reaches steady state 
within 48 hours after administration of tiotropium, 
whereas lung volume (FVC) may be expected to con- 
tinue to improve beyond 1 week of therapy. 19 

The acute bronchodilator efficacy of single doses of 
formoterol 12 lag, tiotropium 18 lag, and their com- 
bination was evaluated in a double-blind, double- 
dummy, crossover pilot study in 20 patients with 
COPD (15 men, 5 women; mean [SD] age, 70.7 [1.9] 
years; mean FEV1, 0.87 L). 21 Compared with the 
group randomized to receive tiotropium, the onset of 
bronchodilatory action was significantly faster in 
those receiving formoterol alone (P = 0.018) and those 
receiving formoterol in combination with tiotropium 
(P = 0.016). The peak increase in FEVI, which was 
not significantly different between groups, occurred 
2 hours after receipt of formoterol, 3 hours after 
receipt of tiotropium, and 3 hours after receipt of the 
combination. Mean FEV 1 values after 24 hours were 
significantly greater than predose values in the 
tiotropium group (P = 0.003) and the combination 
group (P = 0.045), but not in the formoterol group. 
The results of this study suggest that there may be 
some advantages to combination therapy, although 
large-scale studies are necessary. 

There is evidence that tiotropium improves, but 
does not abolish, the decline in FEV 1 that is often 
seen during the night in patients with COPD. 22 The 
degree of improvement in mean nocturnal FEV 1 
(measured at 3 and 6 AM) and mean FEV 1 over the 
entire 24-hour dosing interval was not affected sig- 
nificantly by morning (9 AM) or evening (9 PM) admin- 
istration of tiotropium. 22 Tiotropium has also been 
reported to improve oxygen saturation during rapid- 
eye-movement sleep and total sleep, regardless of 
the timing of administration (morning or evening). 23 
Finally, unlike atropine and other older anticholiner- 



gic agents and similar to ipratropium and oxitropium, 
tiotropium has not been shown to adversely affect the 
clearance of mucus from the lungs. 24 

CLINICAL TRIALS 
Clinical Trials in Chronic Obstructive 
Pulmonary Disease 

Littner et al 2s conducted the first evaluation of the 
efficacy and tolerability of multiple dosing of tiotropi- 
um in 169 patients with COPD (96 men, 73 women; 
mean [SD] age, 65.8 [8.1] years; mean FEV1, 1.08 L 
[42% predicted]). During this 29-day, double-blind, 
dose-finding study, patients received inhaled tiotro- 
pium 4.5 lag (n = 34), 9 lag (n = 33), 18 lag (n = 33), or 
36 lag (n = 34), or placebo (n = 35) once daily. Par- 
ticipants were permitted to use short-acting beta- 
agonists on an as-needed basis; they could also use 
theophylline and inhaled corticosteroids, as long as 
the dose had been stable for _>6 weeks before random- 
ization and remained stable throughout the study 
period. Use of oral beta-agonists, oral corticosteroids, 
cromolyn sodium, and long-acting inhaled bron- 
chodilators (salmeterol) was not allowed. 

Patients receiving any dose of tiotropium had sig- 
nificantly greater improvement from baseline in 
trough, peak, and mean FEV 1 and FVC, and in peak 
expiratory flow rate (PEFR) compared with those 
receiving placebo (all, P < 0.05), with no significant 
differences between tiotropium groups. 2s Overall, the 
adverse-event profile for the 4 doses of tiotropium 
was comparable to that for placebo (P not specified). 
The largest proportion of patients with any adverse 
event (50% of patients) was seen in the group ran- 
domized to receive tiotropium 36 lag/& The most 
common adverse event was dry mouth, reported by 
2 patients in the tiotropium 4.5- and 9-lag groups and 
3 in the 36-lag group. The investigators therefore con- 
cluded that the 18-lag dose was best for use in long- 
term studies. 2s The clinical efficacy and tolerability of 
tiotropium were subsequently examined in several 
trials comparing the 18-lag dose of tiotropium with 
placebo, 26-28 ipratropium, 29,3° and salmeterol. 31,32 

Placebo-Controlled Studies 
In a 13-week multicenter, double-blind trial, 

Casaburi et a126 evaluated the efficacy and tolerability 
of tiotropium in 470 patients with COPD (65% male; 
mean [SD] age, 65.2 [8.8] years; mean FEVI, 1.02 L 
[38.6% predicted]). After a 2-week baseline period, 

patients were randomly assigned to receive either 
inhaled tiotropium 18 lag QD (n = 279) or matching 
placebo (n = 191) delivered via the HandiHaler dry 
powder inhalation device. Concomitant use of as- 
needed inhaled albnterol, inhaled corticosteroids, sta- 
ble doses of theophylline, or the equivalent of oral 
prednisone <10 mg/d was permitted; use of all other 
inhaled or oral bronchodilators was not allowed. 

The primary bronchodilator efficacy end point was 
the trough FEV 1 response on day 92 of treatment, 
defined as the change from baseline in trough FEV 1 
(the mean of 2 FEV 1 readings taken at the end of the 
dosing interval). 26 Other end points were the peak and 
mean FEV~ response during the first 3 hours after 
administration of study drug and the corresponding 
FVC measurements; mean weekly PEFR; COPD symp- 
tom scores for wheezing, shortness of breath, cough- 
ing, and chest tighmess; the physician's global evalua- 
tion of overall health; and the use of rescue albuterol. 

By day 92, patients receiving tiotropium had -11% 
improvement from baseline in trough FEV1, com- 
pared with a decline in placebo recipients (mean 
[SEM] response, 0.11 [0.01] L vs -0.04 [0.01] L, 
respectively; P < 0.001). 26 On all assessment days, the 
improvement in peak FEV 1 (range, 0.24-0.28 L) and 
mean FEV l (range, 0.16-0.21 L) was significantly 
greater in the tiotropium group compared with the 
placebo group (P < 0.001). The results for FVC were 
comparable. The improvement in bronchodilation 
was supported by a greater morning PEFR in tiotro- 
plum recipients compared with placebo recipients 
(range of mean difference between groups, 10-20 L/min; 
P < 0.05 at 10 of 13 weeks) and significantly greater 
evening PEFRs throughout the study (range, 16- 
24 L/min; P < 0.01). Physician's global evaluation 
scores were significantly improved in patients receiv- 
ing tiotropium compared with those receiving placebo 
(P < 0.01), as were symptom scores for wheezing 
and shortness of breath (P < 0.01) but not cough and 
chest tightness. Use of albuterol decreased from 3.7 to 
2.6 doses per day in the tiotropium group by the end 
of week 1 and remained significantly lower than in 
the placebo group throughout the study (P < 0.001). 
COPD exacerbations, which were detected based 
on adverse-event reports, occurred less often in the 
tiotropium group compared with the placebo group 
(16.0% vs 21.5%; P = NS). Tiotropium had an 
adverse-event profile comparable to that of placebo, 
with the exception of dry mouth, which occurred 



more frequently in the tiotropium group compared 
with the placebo group (9.3% vs 1.6%; P < 0.05). 

The long-term efficacy and safety of tiotropium was 
evaluated in 2 identical 1-year multicenter, double- 
blind trials involving a total of 921 patients with sta- 
ble COPD (65% male; mean [SD] age, 65.2 [8.7] 
years). One of the trials was an extension of the previ- 
ously described study, and both employed a protocol 
similar to that in Casaburi et al. 26 The results of these 
2 trials were pooled and described in a single report. 27 
The study investigators also assessed dyspnea using 
the baseline and transition dyspnea indexes (BDI/TDI). 
These validated instruments examine functional im- 
pairment (the impact of breathlessness on the abil- 
ity to carry out activities), magnitude of task (the type 
of task that causes breathlessness), and magnitude of 
effort (the level of effort that results in breathless- 
heSS). 33,34 BDI scores for each domain are combined 
into a focal score (range, 0-12). The TDI measures 
changes in impairment from baseline; scores for each 
domain range from -3 (major deterioration) to +3 
(major improvement) and are combined into a focal 
score that ranges from -9 to +9. A 1-unit change in 
TDI focal score is considered to represent a clinically 
important difference. HRQoL was evaluated using 2 
health surveys: the Medical Outcomes Survey 36-Item 
Short Form (SF-36), 3s a generic tool that includes 
physical (physical function, role-physical, bodily pain, 
and general health) and mental components (men- 
tal health, role-emotional, social function, and vital- 
ity); and the St. George's Respiratory Questionnaire 
(SGRQ), 36 a disease-specific instrument that evaluates 
symptoms (frequency and severity), activity (activities 
caused or limited by breathlessness), and impacts (on 
social functioning and psychological disturbances 
resulting from airway disease). Higher SGRQ total 
scores (range, 0-100) indicate poor health, and a 
4-unit change in total score represents a clinically 
meaningful response. 

The trial was completed by 81% of the 550 tiotropi- 
um recipients (mean FEV1, 1.04 L [39.1% predicted]), 
compared with 72% of the 371 placebo recipients 
(mean FEV1, 1.00 L [38.1% predicted]) (P < 0.05). 27 
Based on the intent-to-treat analysis, patients who 
received tiotropium 18 ~g QD experienced greater 
bronchodilation compared with those who received 
placebo. On the various assessment days, patients in 
the tiotropium group had an 11% to 13% improve- 
ment over baseline in trough FEV1, exceeding the re- 

sponse in the placebo group by 120 to 150 mL (P < 
0.01). Similarly, tiotropium recipients had a 19% to 
22% increase from baseline in mean FEV1, surpassing 
the response in the placebo group by 140 to 220 mL 
(P < 0.001). Weekly morning and evening PEFRs were 
also significantly greater in the tiotropium group than 
in the placebo group at all weeks (P < 0.05). The 
tiotropium group also had greater improvement in dysp- 
nea. Throughout the study, differences in TDI focal 
scores between the tiotropium and placebo groups 
ranged from a mean (SEM) of 0.8 (0.2) to 1.1 (0.2) (P < 
0.001). The proportion of patients achieving a >_A-unit 
change in TDI focal score was significantly greater in 
the tiotropium group than in the placebo group on all 
assessment days (42%-47% vs 29%-34%, respectively; 
P < 0.01). 

With respect to health outcomes, patients receiving 
tiotropium experienced fewer exacerbations compared 
with those receiving placebo (0.76 vs 0.95 events/ 
patient-year, respectively; P = 0.045) and 47% fewer 
associated hospitalizations (P = 0.019). 27 Improve- 
ments from baseline in each SGRQ domain and SGRQ 
total score were significantly greater in the tiotropium 
group compared with the placebo group, as were SF-36 
physical health summary scores and scores on individ- 
ual SF-36 physical domains (all, P < 0.05). Forty-nine 
percent of tiotropium recipients had a >_4-unit improve- 
ment in SGRQ total score, compared with 30% of 
placebo recipients (P < 0.05). Patients receiving 
tiotropium used fewer as-needed doses of albuterol 
during the last week of the trial (1 dose = 1-2 puffs) 
compared with placebo (mean [SD], 3.2 [0.11] vs 4.1 
[0.13] doses/d, respectively; P < 0.01) and had greater 
improvement in physician's global evaluation scores 
throughout the study (P < 0.01). Tiotropium was well 
tolerated overall, although more patients reported 
drug-related adverse events with tiotropium than with 
placebo (18.9% vs 9.2%; P < 0.05). There were no sig- 
nificant differences between groups in the proportion 
of patients experiencing adverse events leading to study 
discontinuation (9.6% vs 13.7%). 

A retrospective analysis of data from these 2 studies 
was conducted to determine whether the short-term 
bronchodilator response to tiotropium (which was 
not an inclusion criterion) was predictive of long- 
term functional and symptomatic benefits. 37 Positive 
responders were defined as those achieving a >_12% 
(and >200-mL) improvement in FEV l from baseline 
within 180 minutes after administration of the initial 
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dose of tiotropium on the first day of the study. By the 
end of the year, both the patients who were tiotropium 
responsive (TIO-R; n = 263) and those who responded 
poorly to tiotropium (TIO-PR; n = 255) had signifi- 
cantly greater improvements in trough and peak FEV 1 
values and FVC compared with patients receiving 
placebo (n = 328) (P < 0.001). The magnitude of 
improvement in FEV 1 and FVC was greater in the 
TIO-R group compared with the TIO-PR group (P < 
0.001). Investigators noted a significant correlation 
between the first-dose short-term FEV 1 response and 
the end-of-trial trough response (r = 0.43). Compared 
with placebo, both groups also experienced signifi- 
cantly greater improvement in TDI focal scores (P < 
0.001) and SGRQ total scores (P < 0.05), and both 
groups used significantly fewer doses of albuterol (P < 
0.001). There was a weak correlation between the 
short-term bronchodilator response and the end-of- 
trial TDI focal score (r = 0.17) and SGRQ total score 
(r = -0.12). The investigators concluded that the short- 
term bronchodilator response was not indicative of 
long-term response to tiotropium and therefore should 
not be used as a definitive criterion for prescribing. 

FEV 1 is poorly correlated with dyspnea and exer- 
cise tolerance. Changes in inspiratory capacity (IC), 
however, seem to have a better correlation with dysp- 
nea than changes in other measurements of lung vol- 
ume. B8 A 4-week placebo-controlled trial reported 
improvements in IC and reductions in thoracic gas 
volume with tiotropium. 38 This study, however, did 
not assess the effects of tiotropium on dyspnea and 
exercise tolerance. 

To determine the effects of tiotropium on lung 
hyperinflation, exercise endurance, and exertional 
dyspnea, O'Donnell et a128 conducted a 6-week ran- 
domized, double-blind, parallel-group comparison of 
inhaled tiotropium 18 big/d and placebo in 187 pa- 
tients (74% male; age range, 40-70 years; mean [SD] 
FEV1, 44% [13] predicted; functional residual capac- 
ity [FRC], >120% predicted). Use of the following 
agents was permitted, with the exception of oral and 
long-acting beta2-agonists and anticholinergics: oral 
and inhaled corticosteroids, oral theophylline, 
mucolytic agents not containing bronchodilators, and 
rescue albuterol. Spirometry, plethysmographic lung 
volumes at rest and during exercise, cycle exercise 
endurance time (ET), exertional dyspnea intensity as 
measured on the modified Borg scale, and TDI values 
were compared between groups. 

Compared with those randomized to receive place- 
bo, patients who received tiotropium had significant 
improvements in trough and peak FEV 1 and FVC val- 
ues (P < 0.05), in addition to significant reductions in 
trough and peak FRC and residual volume (P < 
0.05). 28 Improvements in trough and peak IC on day 
42 were a respective 0.10 and 0.24 L greater com- 
pared with the placebo group (both, P < 0.05). After 
the first dose on days 0, 21, and 42, exercise ET in the 
tiotropium group improved a respective 31%, 36%, 
and 49% from baseline (day -5) (all, P < 0.001). A 
significant difference in ET was seen with tiotropium 
compared with placebo on day 21 (13.6% [65 sec]; 
P = 0.039) and day 42 (21.4% [105 sec]; P < 0.009). 
At a standardized time during exercise, increases in 
IC, tidal volume, and minute ventilation were signifi- 
cantly greater after administration of tiotropium com- 
pared with placebo (all, P < 0.05). 

Exercise-related dyspnea was also improved with 
tiotropium. 28 Tiotropium recipients had a significant 
improvement from baseline in dyspnea intensity (P < 
0.001), which exceeded the response in placebo recipi- 
ents by a mean (SD) of 0.5 (0.2), 0.7 (0.3), and 0.9 (0.3) 
Borg scale units on days 0, 21, and 42, respectively (P < 
0.05, all test days). After 42 days of therapy, TDI focal 
scores were significantly greater in the tiotropium group 
compared with the placebo group (mean, 2.1 [3.0] vs 
0.5 [2.5], respectively; P < 0.001). The overall incidence 
of total and serious adverse events was 36.7% and 
3.1%, respectively, in the tiotropium group and 41.0% 
and 3.0% in the placebo group (P not specified). No 
exercise-related serious adverse events were reported. 
The investigators noted a correlation between improved 
IC, reduced exertional dypsnea, and improvement in 
exercise ET. Thus, use of tiotropium in this study result- 
ed in a sustained reduction in lung volume and signifi- 
cant improvements in dyspnea and exercise endurance 
persisting over a 42-day period. 

The sustained improvement in objective measures 
of airflow, in addition to improvements in the fre- 
quency of COPD exacerbations and overall health 
status, in patients who received tiotropium in the fore- 
going placebo-controlled studies indicate that tiotro- 
pium is an effective once-daily bronchodilator in the 
treatment of COPD. 

Ipratropium-Controlled Studies 
In a double-blind, parallel-group study, van Noord et 

a129 compared the efficacy and tolerability of 13 weeks 
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of therapy with tiotropium or ipratropium in 288 
patients with COPD (83% male; mean [SD] age, 65 
[8] years; mean FEVI, 41% [12] predicted). Patients 
were randomized to receive either inhaled tiotropium 
18 lag QD administered via the HandiHaler device plus 
ipratropium-matched placebo administered QID via 
metered-dose inhaler (MDI) (n = 191), or ipratropium 
40 lag (two 20-lag puffs) QID administered via MDI 
plus tiotropium-matched placebo QD administered via 
HandiHaler (n = 97). Patients were allowed to contin- 
ue use of methylxanthines, inhaled and oral cortico- 
steroids, mucolytics, and rescue albuterol. Use of long- 
acting inhaled 132-agonists, oral [32-agonists , and 
cromolyn sodium was not permitted. The primary effi- 
cacy end point was improvement from baseline in 
trough FEV 1 (response), defined as the mean of 2 FEV 1 
readings taken at the end of the dosing interval for 
tiotropium (after I dose for tiotropium; after the 
fourth dose for ipratropium). Also evaluated were the 
peak and mean FEV 1 responses during the 6-hour 
observation period on each test day and the analogous 
FVC parameters. Self-recorded PEFR and concomitant 
albuterol use were also assessed. 

The proportion of withdrawals from the trial was 
similar between treatment groups (9.9% tiotropium; 
11.3% ipratropium). 29 On all test days, tiotropium 
recipients had a significantly greater trough FEV 1 
response compared with the ipratropium group 
(range, 0.15-0.16 L vs 0.01-0.03 L, respectively; P < 
0.001) and mean FEV 1 response (range, 0.24-0.28 L 
vs 0.17-0.18 L; P < 0.05). The results were similar for 
the analogous FVC measurements. The difference in 
peak FEV 1 response between the 2 groups reached 
statistical significance only on test days 8 (mean [SE], 
0.06 [0.03] L; P = 0.03) and 50 (0.09 [0.03] L; P = 
0.01), whereas there was no significant difference in 
the peak FVC response on any test day. Overall, PEFR 
was greater in the tiotropium group compared with 
the ipratropium group; however, morning PEFR was 
significantly different for tiotropium versus ipratropi- 
um only during weeks I to 10, and evening PEFR only 
during weeks 1 to 7 (both, P < 0.05). Patients in both 
treatment groups reported a reduction in the use of 
rescue albuterol, although the decrease was greater in 
patients receiving tiotropium (P < 0.05). There were 
no significant differences in adverse events between 
groups or in the proportion of patients withdrawing 
from the trial due to adverse events (7.3% tiotropium, 
9.3 % ipratropium). 

Patients in this 13-week study 29 continued into a year- 
long double-blind, parallel-group trial. The 1-year 
results were combined with data from an unpublished 
1-year study and presented as a single report by 
Vincken et al. 3° The 2 studies had identical designs 
and involved a total of 535 patients (85% male), 356 
of whom were randomized to receive tiotropium 
(mean [SD] age, 63.6 [8.2] years) and 179 of whom 
were randomized to receive ipratropium (mean age, 
64.5 [8.1] years). The studies had a similar protocol to 
the study by van Noord et al, 29 except that serial 
spirometric measurements were obtained up to 3 hours, 
rather than up to 6 hours, after administration of 
study drug on the various test days. The study also 
assessed the effects of tiotropium and ipratropium on 
dyspnea, HRQoL, COPD exacerbations, and hospi- 
talizations for COPD. 

Baseline FEV~ was comparable between treatment 
groups (tiotropium: mean [SD], 1.25 [0.43] L, 41.9% 
[12.7] of predicted; ipratropium: 1.18 ]0.37] L, 
39.4% [10.7] of predicted). 3° The proportion of pa- 
tients completing the study was similar in both 
groups (84.8% and 78.8%, respectively). After 1 week, 
trough FEV 1 had improved from baseline by 140 mL 
in the tiotropium group and by 20 mL in the ipra- 
tropium group. However, by the end of the year, pa- 
tients receiving tiotropiuln had a mean increase from 
baseline in trough FEVx of 120 mL, compared with a 
decrease of 30 mL in patients receiving ipratropium. 
A significant difference in trough FEV 1 between tio- 
tropium and ipratropium was maintained at all time 
points throughout the study (P < 0.00l). Compared 
with ipratropium, tiotropium recipients had greater 
improvements in morning and evening PEFR: tbe dif- 
ferences between groups ranged from 10 to 18 L/rain 
in the morning and from 9 to 18 L/min in the evening 
(all, P < 0.01). Patients in the tiotropium group used 
-4  fewer albuterol inhalations per week compared 
with patients in the ipratropium group (P < 0.05 for 
40 of 52 weeks). 

TDI focal scores and scores on all 3 TDI components 
were significantly improved on each test day in the 
tiotropium group compared with the ipratropium group 
(all, P < 0 . 0 5 ) .  30 A clinically meaningful improvement in 
TDI focal score (>_l-unit change) was noted in 31% of 
tiotropium recipients and 18% of ipratropium recipi- 
ents (P = 0.004). Significantly greater improvement in 
SGRQ total score was seen in the tiotropium group 
compared with the ipratropium group (-3.74 vs -0.44, 
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respectively; P = 0.004); a respective 52% and 35% of 
patients had a clinically meaningful improvement of 
4 units at I year (P = 0.00t). The SF-36 data were more 
variable: a significant difference in favor of tiotropium 
was seen only in the physical health summary score at 
1 year (P = 0.015). 

Thirty-five percent of tiotropium recipients and 
46% of ipratropium recipients had _>1 exacerbation of 
COPD in the course of the study (P = 0.014). 30 The 
overall number of exacerbations and the number of 
exacerbation days were also lower in the tiotropium 
group compared with the ipratropium group (0.73 vs 
0.96 exacerbations/patient-year, respectively [P = 0.006]; 
10.8 vs 17.7 exacerbation days/patient-year [P = 0.002]). 
Additionally, the time to the first COPD exacerbation 
and the time to the first hospitalization related to a 
COPD exacerbation were significantly longer in the 
tiotropium group compared with the ipratropium 
group (P < 0.05). There were, however, no significant 
between-group differences in the proportion of patients 
hospitalized for a COPD exacerbation (7.3% tiotro- 
plum; 11.7% ipratropium), the overall number of 
hospitalizations for a COPD exacerbation (0.10 and 
0.16 hospitalizations/patient-year, respectively), or the 
number of hospitalization days (1.42 and 2.13 hospi- 
talization days/patient-year). Adverse events accounted 
for 10.1% and 12.8 % of withdrawals from the tiotropi- 
um and ipratropium groups, respectively (P -- NS). 

The results of the foregoing ipratropium-controlled 
studies suggest that tiotropium is more efficacious 
than and as well tolerated as ipratropium. They sup- 
port consideration of the use of tiotropium as a first- 
line anticholinergic agent for the treatment of COPD. 

SalrneteroI-Controlled Studies 
Donohue et a131 conducted a 6-month, placebo- 

controlled, parallel-group study comparing the efficacy 
of tiotropium and salmeterol in patients with COPD. 
Patients were randomized to receive either tiotropi- 
um inhalation capsules 18 pg QD administered in the 
morning via the HandiHaler device plus placebo 
administered BID (q12h) via MDI (n = 209); salmet- 
erol 50 pg BID administered via MDI plus placebo 
inhalation capsules administered in the morning via 
HandiHaler (n = 213); or placebo inhalation capsules 
QD administered in the morning via HandiHaler plus 
placebo administered BID via MDI (n = 201). The 
patients were 75% male and had a mean (SD) age of 
65 (8) years and a baseline mean FEV 1 of 1.08 (0.37) L 

(40.2% [12.1%] predicted). Patients were required to 
discontinue use of all inhaled anticholinergics and long- 
acting beta2-agonist medications; use of inhaled and 
oral corticosteroids (up to the equivalent of predniso- 
lone 10 rag/d) and as-needed albuterol was permitted. 

The trial was completed by 88%, 83%, and 72% 
of patients in the tiotropium, salmeterol, and placebo 
groups, respectively. 31 Patients receiving both active 
treatments had significant improvements in trough, 
mean (0-12 hours), and peak FEV l compared with the 
placebo group (all, P < 0.001). At the end of 24 weeks, 
however, trough, mean, and peak FEV 1 were signifi- 
cantly more improved relative to placebo in the rio- 
tropium group than in the salmeterol group (mean 
[SEMI difference, 52 [20] mL, 77 [22] mL, and 83 
[23] mL, respectively; all, P < 0.05). A retrospective 
analysis of this study found that unlike tiotropium 
recipients, salmeterol recipients had a significantly 
greater decline in FEV 1 response from day 1 to day 
169 compared with placebo (P < 0 . 0 5 ) ,  39 thereby 
indicating development of tolerance to salmeterol's 
bronchodilating effects. Improvement in weekly mean 
evening PEFR was also greater in the tiotropium 
group compared with the salmeterol group (32.5 vs 
14.6 L/min, respectively; P < 0.05); a greater improve- 
ment in weekly mean morning PEFR with tiotropium 
compared with salmeterol did not reach statistical sig- 
nificance (27.3 vs 21.4 L/rain). 31 Patients randomized 
to receive tiotropium had greater improvement in TDI 
focal scores compared with those randomized to 
receive placebo (1.02-unit difference; P = 0.01) and 
those randomized to receive salmeterol (0.78-unit dif- 
ference; P < 0.05), whereas there was no significant 
difference between the salmeterol and placebo groups 
(0.78-unit difference). The proportions of patients 
achieving a 1-unit change in TDI focal score were 
42%, 35%, and 26% in the tiotropium, salmeterol, 
and placebo groups, respectively (P < 0.01, tiotropium 
vs placebo). 

The SGRQ total score improved by a mean of-5.14 
units in the tiotropium group (P < 0.05 vs placebo), 
-3.54 units in the salmeterol group (P = NS), and 
-2.43 units in the placebo group. 31 The difference 
between the tiotropium and salmeterol groups was not 
statistically significant. The proportion of patients 
achieving a clinically meaningful change in SGRQ 
total score was significantly greater in the tiotropium 
group compared with the salmeterol group (51% vs 
42%, respectively; P < 0.05) and the placebo group 



(51% vs 40%, respectively; P < 0.05). Treatment with 
either tiotropium or salmeterol resulted in a significant 
decline in the mean weekly requirement for albuterol 
(-1.45 and -1.44 puffs/d for the tiotropium and salmet- 
erol groups, respectively; P < 0.001, active treatment 
vs placebo). The proportion of patients discontinuing 
the trial because of adverse events was significantly 
lower in the tiotropium group compared with the 
salmeterol and placebo groups (5.7%, 13.6%, and 
19.4%, respectively; P < 0.001). Exacerbations or 
worsening dyspnea were largely responsible for these 
discontinuations. Overall, however, there was no sig- 
nificant difference in COPD exacerbations between 
groups (36.8%, 38.5%, and 45.8%). 

Brusasco et al 3z combined data from the 6-month 
study by Donohue et aP 1 and an unpublished 6-month 
study to compare COPD exacerbations and health 
resource use with tiotropium and salmeterol. The 
2 studies were conducted in an identical manner, except 
that the unpublished study involved serial spirometric 
testing for only 3 hours, rather than 12 hours, after 
dosing on test days. A combined total of 1207 pa- 
tients were randomized to receive tiotropium (n = 402; 
77% male; mean [SD] age, 63.8 [8.0] years; mean 
FEV1, 1.12 L [39.2% predicted]), salmeterol (n = 405; 
75% male; mean age, 64.1 [8.5] years; mean FEV1, 
1.07 L [37.7% predicted]), or placebo (n = 400; 76% 
male; mean age, 64.6 [8.6] years; mean FEVI, 1.09 L 
[38.7% predicted]) in a double-dummy fashion. The 
baseline demographic characteristics of the 3 groups 
were similar (P not specified). 

The time to the first COPD exacerbation was sig- 
nificantly delayed in the tiotropium group compared 
with the placebo group (P = 0.005); this was not the 
case in the salmeterol group. 32 However, a compara- 
ble proportion of patients experienced >1 exacerba- 
tion in the tiotropium, salmeterol, and placebo groups 
(32%, 35%, and 39%, respectively). Tiotropium re- 
cipients had 28% fewer exacerbations per patient- 
year compared with placebo recipients (1.07 vs 1.49, 
respectively; P = 0.025); the differences between sal- 
meterol and placebo (1.23 vs 1.49, respectively) and 
between salmeterol and tiotropium were not statisti- 
cally significant. The tiotropium group had 31% fewer 
exacerbation days per patient-year compared with the 
placebo group (17.2 vs 25.0, respectively; P = 0.025), 
but there was no significant difference between 
tiotropium and salmeterol (24.1). The time to the first 
hospital admission, the number of hospital admis- 

sions, the number of days spent in the hospital, and 
the number of unscheduled physician visits due to a 
COPD exacerbation did not differ significantly be- 
tween treatment arms. 

The rate of hospital admissions for any cause was 
lower in the tiotropium group than in the placebo 
group (0.43 vs 0.86 events/patient-year; P < 0.05); 
this was not the case for salmeterol compared with 
placebo (0.65 events/patient-year). 32 Both the tiotro- 
plum and salmeterol groups spent significantly fewer 
days in the hospital for any cause compared with the 
placebo group (2.38, 3.46, and 4.97, respectively; P < 
0.05). The mean (SE) number of days in which patients 
were unable to perform usual daily activities was low- 
est in the tiotropium group compared with both the 
salmeterol and placebo groups (8.3 [0.8], 11.1 [0.8], 
and 10.9 [0.8]; P < 0~05, tiotropium vs placebo); there 
was no significant difference between the salmeterol 
and placebo groups. The investigators did not provide 
statistical comparisons between the tiotropium and 
salmeterol groups with respect to all-cause hospital 
admissions, hospital days, or days of restricted activity. 

More patients in the tiotropium group reported 
improvement in HRQoL compared with the salmet- 
erol and placebo groups. 32 SGRQ total score improved 
by a mean of 4.2, 2.8, and 1.5 units in the tiotropium, 
salmeterol, and placebo groups, respectively (P < 0.01, 
tiotropium vs placebo). The proportion of patients 
achieving a 4-unit improvement in SGRQ total score 
was significantly greater in the tiotropium group com- 
pared with the placebo group (48.9% vs 39.3%, 
respectively; P < 0.05); this was not true for the salmet- 
erol group (43.2%). Patients in both active-treatment 
arms had similar improvements in TDI focal scores 
(mean, 1.1 units tiotropium; 0.7 unit salmeterol), both 
of which were significantly different from placebo 
(P < 0.05). The proportions of patients with a >_l-unit 
change in TDI focal score were 43.1%, 41.2%, and 
29.8% in the tiotropium, salmeterol, and placebo 
groups, respectively (P < 0.01, both active drugs vs 
placebo). There were greater improvements in trough, 
mean (0-3 hours), and peak FEV 1 with tiotropium 
compared with salmeterol (P < 0.05). 

Although the results of these trials suggest that 
tiotropium produces greater improvements in bron- 
chodilation than salmeterol, the data are not sufficient 
to establish its superiority or inferiority with respect 
to exacerbations and hospitalizations. This may be 
due in part to the short duration of the trials. Further 



comparisons are warranted, particularly involving 
combined use of the 2 agents. 

Clinical Trials in Asthma 
Early findings in 12 male atopic patients with mild 

asthma (baseline FEV 1 _>80% predicted) suggested that 
tiotropium produced significant (P < 0.05) and sustained 
(up to 24 hours) improvement in FEV1, in addition 
to dose-dependent protection against methacholine- 
induced bronchoconstriction. 4° In a larger multicen- 
ter, randomized, double-blind, placebo-controlled, 
parallel-group study, Noveck et al 4~ evaluated the effi- 
cacy and tolerability of 4 doses of tiotropium (4.5, 9, 
18, and 36 pg) in 204 patients with moderate to 
severe asthma (FEV 1 not specified). Two hours after 
the first dose, the absolute increase in FEV 1 (after 
correction for placebo response) in the respective 
tiotropium groups was 254, 300, 350, and 296 mL. 
All 4 groups had significant improvements in FEV 1 
compared with the placebo group (P < 0.05). Sig- 
nificant improvements in FEV l persisted for the dura- 
tion of the study (3 weeks). Significant increases in 
FVC and forced expiratory flow rate were also report- 
ed (P value not specified). Given the short duration of 
this study, the lack of other efficacy outcomes (eg, 
asthma exacerbations), and the fact that the study was 
reported only in abstract form, the role of tiotro- 
pium in the treatment of asthma has yet to be clarified. 

ADVERSE EVENTS 
Tiotropium has been well tolerated in clinical studies, 
primarily because its pharmacologic effects are con- 
fined largely to the mouth and airways. Dry mouth 
was the most commonly reported adverse event in 
clinical studies involving a total of 1308 tiotropium 
recipients. 27,3°,32 A greater proportion of patients 
receiving tiotropium reported dry mouth compared 
with those receiving ipratropium (12.1% vs 6.1%, 
respectively; P = 0.03), 3° salmeterol (8.2% vs 1.7%, 
respectively; P < 0.05), 32 and placebo (16.0% vs 
2.7%, respectively; P < 0.05). ~7 Dry mouth developed 
at -3 to 4 weeks into therapy and was generally of 
mild intensity. 26,27,29,3° Less than 1% of patients in 
placebo-controlled studies 27 and only 1 patient in 
comparative studies with salmeteroP 2 discontinued 
tiotropium therapy because of dry mouth. No other 
adverse event occurred with a significantly greater 
incidence in tiotropium recipients than in those receiv- 
ing comparators. 26,27,29-32 

Table II lists adverse events occurring in >3% of 
the tiotropium group and exceeding the incidence 
in the placebo group by ___1% in 1-year, placebo- 
controlled trials; it also compares the frequency of 
these events in 1-year, ipratropium-controlled studies. 
In placebo-controlled studies, the incidence of dry 
mouth, constipation, and urinary tract infection was 
higher in patients aged >65 years. 9 

DRUG INTERACTIONS 
The manufacturer of tiotropium has reported no drug 
interactions for this agent, as would be expected with 
its minimal systemic absorption. 9 A review of the lit- 
erature found no reported drug interactions. The in- 
cidence of adverse events was not increased when 
tiotropium was used concurrently with sympatho- 
mimetic bronchodilators, methylxanthines, or oral and 
inhaled corticosteroids in clinical trials. Concurrent 
use with other anticholinergic agents (eg, ipratropium) 
has not been evaluated in formal studies and therefore 
is not recommended. 9 

CONTRAINDICATIONS, PRECAUTIONS, 
AND WARNINGS 
Tiotropium is contraindicated in patients with a histo- 
ry of hypersensitivity to atropine or its derivatives, 
including ipratropium. Immediate hypersensitivity 
reactions, including angioedema, may occur after 
administration. Angioedema has been reported in 
<1% of patients in clinical trials. Tiotropium has a 
delayed onset of action and therefore should not be 
used for the treatment of acute bronchospasm. 
Furthermore, as with other inhaled medications, there 
is a possibility of paradoxical bronchospasm. 9 Sys- 
temic anticholinergic agents may cause elevated 
intraocular pressure in patients with narrow-angle 
glaucoma, in addition to decreased tone and am- 
plitude of contraction of the ureter and bladder. 1° 
Therefore, despite its minimal systemic effects, tiotro- 
pinm should be prescribed with caution in patients 
with narrow-angle glaucoma, prostatic hyperplasia, 
or bladder-neck obstruction. 9 

No dose adjustment is necessary in the elderly (age 
>65 years) or in those with hepatic or renal impair- 
ment. 9 However, patients with renal impairment 
(CrC1 -<50 mL/min) should be closely monitored for 
increased adverse events, as elevated plasma concen- 
trations have been reported.9,17 There have been no 
adequate and weU-controlled studies in pregnant 



Table II. Incidence of adverse events (no. [%] of patients) during treatment with tiotropium in 1-year studies. 

Adverse Event 

Placebo-Controlled Trials Ipratropium-Controlled Trials 

Tiotropium Tiotropium Ipratropium 
18 lag QD Placebo 18 lag QD 40 lag QID 
(n = 5,50) (n = 371) (n = 356) (n = 179) 

Upper respiratory tract infection 41 37 43 35 
Dry mouth 16* 3 12t 6 
Accident 13 11 5 8 
Sinusitis 11 9 3 2 
Pharyngitis 9 7 7 3 
Chest pain (nonspecific) 7 5 5 2 
Urinary tract infection 7 5 4 2 
Dyspepsia 6 5 1 1 
Rhinitis 6 5 3 2 
Edema, dependent 5 4 3 5 
Abdominal pain 5 3 6 6 
Constipation 4 2 1 1 
Epistaxis 4 2 I I 
Infection 4 3 I 3 
Moniliasis 4 2 3 2 
Myalgia 4 3 4 3 
Rash 4 2 2 2 
Vomiting 4 2 I 2 

*P < 0.05 versus placebo. 
)P = 0.03 versus placebo. 
Adapted from package insert. 9 

women, but studies in animals have shown adverse 
fetal effects. Consequently, tiotropium is designated 
pregnancy category C and should be used during 
pregnancy only when the benefits of therapy outweigh 
the potential risk to the fetus. Caution should also be 
exercised when administering tiotropium to nursing 
mothers and in the pediatric population, in whom 
safety and efficacy have not been established. 9 

DOSAGE A N D  A D M I N I S T R A T I O N  
The recommended dose of tiotropium is 18 pg QD 
administered via the HandiHaler dry powder inhala- 
tion device. Tiotropium is available in blister cards 
of 6 inhalation capsules and is packaged with the 
HandiHaler. If exposed to air, tiotropium capsules 
may absorb moisture, possibly resulting in retention 
of the active ingredient within the capsule and subse- 
quent insufficient dose delivery (written communica- 
tion, J.M. Carabino, PharmD, Medical Information 

Manager, Boehringer Ingelheim Pharmaceuticals, 
Inc., Ridgefield, Connecticut; December 1, 2004). 
Therefore, only I capsule at a time should be removed 
from the package immediately before use. 9 

The patient places a capsule in the chamber of the 
HandiHaler, punctures the capsule by pressing a pierc- 
ing button, and inhales the contents. Adequate patient 
counseling is necessary to ensure proper use of the de- 
vice and to avoid accidental oral administration of the 
inhalation capsules or accidental exposure of the eyes 
to the drug powder. A 4-week single-blind study found 
that patients' ability to use the device correctly after re- 
ceiving brief instruction and a demonstration was com- 
parable to their ability to use an MDI. 42 The propor- 
tion of patients with >1 error was 46.0% with the 
HandiHaler and 56.8% with the MDI (P = NS). Fifty 
percent of the study population had an equal number of 
errors with both devices; 35.3% had fewer errors with 
the HandiHaler, compared with 15.1% with the MDI. 
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PHARMACOECONOMIC CONSIDERATIONS 
A post hoc cost analysis of two 1-year, placebo- 
controlled trials comparing tiotropium and usual care 
with usual care alone 27 evaluated the direct costs of 
exacerbations and associated resource utilization in 
patients with COPD. 43 The mean (SE) total health 
care cost per patient for i year of treatment (excluding 
the price of medication [tiotropium]) was not signifi- 
cantly different between the tiotropium and usual-care 
groups ($3926 [$282] and $4970 [$480], respective- 
ly). Hospital costs, which accounted for 48% of total 
direct medical costs, were significantly lower in the 
tiotropium group compared with the usual-care 
group (difference,-$1056; 95% CI,-$2078 to-$34) .  
Although the findings of this analysis indicated a 
potential for cost savings with tiotropium, definitive 
conclusions cannot be drawn based on these findings, 
as tiotropium was not available in the United States 
at the time of the analysis and acquisition costs 
could not be incorporated into the results. In addition, 
usual care in the 2 trials analyzed did not include 
use of other inhaled anticholinergics or long-acting 
beta2-agonists and so did not reflect current medical 
practice. 

Based on the average wholesale price, the cost of a 
30-day supply of tiotropium is $115.20. In contrast, 
based on the contents of 1 MDI and a usual dose of 
8 inhalations/d, the cost of a 25-day supply of ipra- 
tropium is $60.07. 44 A review of the literature identi- 
fied no published studies comparing the costs of ther- 
apy with these 2 agents. However, the results of a 
retrospective pharmacoeconomic analysis 45 of 1-year 
studies comparing tiotropium with ipratropium 3° have 
been presented at a national meeting. In this analysis, 
tiotropium was cost-effective in the management of 
COPD compared with ipratropium as a result of a 
reduced frequency of exacerbations and hospitaliza- 
tions. The total treatment costs in this study were 
based on the wholesale acquisition cost of drug thera- 
py ($96/mo for tiotropium, $63/mo for ipratropium) 
and on the costs of exacerbations ($550/event) and 
hospitalizations ($5750/admission). The total treat- 
ment costs for tiotropium were $1764 per patient, 
compared with $1682 per patient for ipratropium. The 
incremental cost of tiotropium was $82.50 per patient 
per year for an additional 11.0% reduction in exacer- 
bations (35% tiotropium, 46% ipratropium; P = 
0.014) and 4.4% reduction in hospitalizations (7.3% 
and 11.7%, respectively; P = NS). Thus, the higher 

acquisition cost of tiotropium was offset by improved 
health outcomes. 

CONCLUSIONS 
As the incidence of COPD increases, the need for 
drugs that can help reduce the morbidity and mortal- 
ity associated with this condition continues to grow. 
Tiotropium has several advantages over ipratropium, 
including convenient once-daily administration, 
decreased exacerbations, reduced hospitalizations, 
improved HRQoL, and potential cost-effectiveness. 
Unlike ipratropium, tiotropium has produced sus- 
tained improvements in lung function in clinical trials. 
Long-term studies are necessary to evaluate this 
apparent improvement in lung function as it affects 
disease progression and life expectancy. Studies exam- 
ining the combined use of tiotropium and long-acting 
beta2-agonists are also warranted. 
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