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BACKGROUND: Tiotropium is used in maintenance treatment of chronic obstructive pulmonary
disease (COPD), but there are no guidelines on when to start tiotropium following an exacerbation.
OBJECTIVE: To determine whether the addition of tiotropium to a respiratory-therapist-directed
bronchodilator protocol affects bronchodilator costs for patients hospitalized for COPD exacerba-
tion. METHODS: We retrospectively analyzed data on the number and type of bronchodilator
treatments administered to all patients admitted for COPD exacerbation during the 3-month period
(January through March 2006) after tiotropium was added to our bronchodilator protocol, and
compared that data to a historical control period (January through March 2004) before tiotropium
was available in our hospital. We compared the costs of bronchodilator treatments, baseline patient
characteristics, comorbidities, concomitant medications, length of stay, adverse events, and in-
hospital deaths. RESULTS: Baseline characteristics, comorbidities, and concomitant medications
were similar in the 2004 control group (» = 181) and the 2006 intervention group (n = 174). The
mean = SD number of bronchodilator treatments per admission was significantly higher in the
control period (13.6 = 15.6) than in the intervention period (10.6 = 9.4). That difference correlated
to a reduction in combination therapy (short-acting inhaled 3, agonist plus ipratropium), which
decreased from a per-admission average of 6.7 = 14.2 in the control period to 1.9 = 5.1 in the
intervention period. Calculated bronchodilator costs were significantly lower in the intervention
period than in the control period. Length of stay also significantly decreased, from 6.5 = 5.0 d to
5.5 = 4.0 d. There were no adverse events related to tiotropium. Pulmonary-related in-hospital
deaths were not significantly different between the 2 periods. CONCLUSIONS: Early addition of
maintenance-treatment tiotropium to a respiratory-therapist-directed bronchodilator protocol for
patients hospitalized for COPD exacerbation reduced costs and produced no safety concerns. Key
words: tiotropium bromide, chronic obstructive pulmonary disease, COPD exacerbation, respiratory
therapist-directed bronchodilator protocol, costs, 3, agonist, long-acting inhaled bronchodilator, anti-
cholinergic. [Respir Care 2008;53(12):1678—-1684. © 2008 Daedalus Enterprises]

Introduction

Chronic obstructive pulmonary disease (COPD) is a pro-
gressive disorder characterized by limitation of expiratory
airflow, cough, sputum production, and dyspnea.! The va-
gal pathway is one of the primary reversible causes of
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increased airway tone and bronchospasm in COPD. Con-
sequently, anticholinergic medicines have been widely used
to treat COPD, particularly since the introduction of spe-
cific muscarinic-receptor antagonists that have little sys-
temic absorption, such as ipratropium.?
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Tiotropium is a long-acting inhaled anticholinergic bron-
chodilator that is more effective than ipratropium?3 or
salmeterol*> in COPD symptom control. The Global Ini-
tiative for Chronic Obstructive Lung Disease guidelines
state that long-acting inhaled bronchodilators such as tiotro-
pium are more effective and convenient than short-acting
inhaled bronchodilators for the maintenance treatment of
COPD.! Regular use of tiotropium can also decrease the
use of health-care resources by reducing exacerbation fre-
quency and severity, hospitalizations, and hospital days.®
Tiotropium is approved for maintenance treatment of
COPD, but current guidelines do not provide recommen-
dations for when to start regular use of tiotropium follow-
ing the onset of a COPD exacerbation.

SEE THE RELATED EDITORIAL ON PAGE 1657

Previous work by our group found that incorporating a
long-acting inhaled 3, agonist into a respiratory therapist
(RT) directed protocol for administering bronchodilators
to hospitalized patients with asthma or COPD reduced
utilization of health-care resources.” In that study we used
formoterol as part of an early program of maintenance
treatment, not as a rescue agent. In the present study we
hypothesized that incorporating tiotropium into this pro-
tocol with patients hospitalized for COPD exacerbation
and as part of an early maintenance program would further
decrease costs.

Methods
Study Design

We retrospectively analyzed whether incorporating
tiotropium into a standardized RT-directed protocol for
administering bronchodilators would decrease treatment
costs. Our primary objectives were to determine whether
tiotropium reduced the number of bronchodilator treat-
ments or the average cost of bronchodilator administra-
tion. Secondary objectives were to determine whether
tiotropium impacted adverse events, stay, or pulmonary-
related in-hospital deaths. Data from the intervention pe-
riod (January through March 2006) were compared to a
historical control period (January through March 2004),
before tiotropium was available in our hospital.

Setting and Background

This study was conducted at the Washington Hospital
Center, a not-for-profit teaching hospital with 907 beds,
located in Washington DC. An RT-directed bronchodilator
protocol has been used since 1997, and was developed
through a consensus process that involved pulmonary/crit-
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ical care physicians, RTs, and nurses. The protocol and all
its revisions were approved by the institutional review
board of Washington Hospital Center.

All patients with orders to receive bronchodilators are
evaluated by an RT with standard criteria to determine
whether inhaled bronchodilators are indicated. These cri-
teria include previous or current diagnosis of pulmonary
disease (eg, asthma or COPD), suspected pulmonary dis-
ease, or home use of inhaled bronchodilator, as indicated
in the patient’s medical record or via patient interview.

The initial bronchodilator medication is determined via
diagnosis. Treatment frequency is determined via standard
dosing recommendations for long-acting inhaled broncho-
dilators and the patient’s response to short-acting agents.
The severity of the patient’s condition is established via
vital signs and clinical evaluation. Evaluations and treat-
ment plans are routinely reviewed by supervisors and the
medical director of pulmonary services to ensure consis-
tency and accuracy.” Treatment plans are modified follow-
ing any important change in patient status.

In 2004, non-intubated patients with COPD exacerba-
tion received formoterol regularly and ipratropium and/or
short-acting inhaled 3, agonist for persistent symptoms.
Tiotropium was added to Washington Hospital Center’s
formulary in 2005. That year we amended our protocol to
include tiotropium, obtained administrative approval for
the protocol change, and implemented an education pro-
gram to train RTs in the use of tiotropium under our re-
vised policy. In 2006 we implemented the revised protocol
as the initial regular treatment for all COPD patients, with
formoterol added if the patient did not show improvement.
Short-acting inhaled 3, agonists were administered when
necessary.

If the patient could not perform the dry powder in-
haler (DPI) maneuver (eg, because bronchoconstriction
prevented the necessary inspiratory flow rate), we ad-
ministered a nebulized short-acting (3, agonist and/or
anticholinergic until the patient was stable enough to
perform the DPI maneuver. The HandiHaler (tiotropium)
and Aerolizer (formoterol) DPIs are both designed to be
used with low inspiratory flow (40-60 L/min).® RTs
also evaluate patients’ DPI maneuvers, and then, with
product delivery information, determine whether the
medication was taken correctly. Patients do not self-
administer their medications.

All protocol evaluations and treatments by RTs were
documented in an electronic charting system (Clinivision,
Tyco, Carlsbad, California). Adverse events were moni-
tored during and immediately following treatment, accord-
ing to departmental policy. Possible bronchodilator-asso-
ciated adverse events were identified with product
information and posted in the electronic charting system
for easy RT access and classification.
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Subjects

All general-care patients admitted to the medical floors
with COPD exacerbation during the data-collection and
historical control periods were included in the sample.
Patients with stable COPD who were admitted for other
medical conditions were excluded. Patients who were in-
tubated or had a tracheostomy were also excluded, because
DPI medications cannot be administered to these patients.

We used a 3-step process to identify patients with COPD
exacerbations during the study periods. First, records of
patients who received bronchodilator treatments for a
COPD exacerbation on general medical units were ob-
tained from the RT electronic charting system. Second, the
discharge summaries of identified patients were reviewed
to ensure that they met the Global Initiative for Chronic
Obstructive Lung Disease criteria for a COPD exacerba-
tion. Third, we reviewed information from the Washington
Hospital Center clinical documentation database, includ-
ing ICD-9 (International Classification of Diseases, 9th
Revision, Clinical Modification) codes, medications, diag-
nostics, and RT notes, to further confirm the diagnosis of
COPD exacerbation.

We included only patients with a history compatible
with a COPD exacerbation, documented by a physician
and defined by increased cough, sputum production, and
dyspnea. We obtained data on the number and type of
bronchodilator treatments, inhaled corticosteroids, supple-
mental oxygen, and adverse events from the RT electronic
charting system. We obtained patient age, sex, length of
stay (LOS), in-hospital deaths, and use of concomitant
medications (eg, antibiotics, systemic corticosteroids, di-
uretics, 3 blockers, theophylline, and leukotriene inhibi-
tors) from the hospital clinical database.

We also reviewed the medical records of 120 patients
randomly selected (with a random numbers table) from
2004 and 2006, to collect information on comorbidities
and concomitant medication use. We used the Charleson
comorbidity index to obtain a standard measure of the
severity of patient illness. This index was originally de-
veloped to predict mortality in chronic disease, but is a
reliable and valid measure of multiple comorbidities.®

Statistical Analysis

We used the total number and type of bronchodilator
treatments per admission as the primary outcome variables
to assess health-care resource use. In addition, we com-
pared the per-day use of short-acting combination bron-
chodilators over the first 6 days of hospitalization. The
outcome variables we used to assess the safety of this
regimen were adverse events, LOS, and in-hospital deaths.
The variables we used to compare the baseline character-
istics of the groups were age, sex, supplemental oxygen,
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Table 1.  Costs: Medications, Equipment, and Labor
Unit Cost
(2006 U.S. dollars)
Medication
Albuterol

Nebulized (2.5 mg/3-mL unit dose) 0.40
MDI (90 ug per puff) 18.75 for 17 g
(0.09 per puff)
Levalbuterol (1.25 mg/3-mL unit dose) 2.70
Ipratropium
Nebulized (0.5 mg/2.5-mL unit dose) 0.62
MDI (18 ug per puff) 73.00 for 200 X 100 ug
(0.36 per puff)
Combivent (ipratropium bromide plus 79.90 for 14.7 g
albuterol sulfate) (0.40 per puff)
Formoterol (12 ug/inhalation, unit dose) 2.19
Tiotropium (18 ug/inhalation, unit dose)  4.35

Equipment
Spacer (AeroChamber) 9.50
Nebulizer kit (AeroEclipse) 5.00
Labor
Hourly wage for respiratory therapist 28.20

MDI = metered-dose inhaler

Charleson comorbidity index, and concomitant medica-
tions (antibiotics, systemic steroids, diuretics, inhaled cor-
ticosteroid, 3 blockers, theophylline, and leukotriene in-
hibitors). We made statistical comparisons with the chi-
square test and unpaired 7 test.

Costs are expressed per admission for bronchodilator
therapy. Included in the cost analysis were prices for med-
ication and equipment, relative value units for RT time in
delivering bronchodilator therapy, and the average RT wage
at Washington Hospital Center. Patients who receive neb-
ulizer therapy are issued a nebulizer kit, and those who
receive metered-dose-inhaler (MDI) therapy are issued a
spacer (AeroChamber, Monaghan Medical, Plattsburgh,
New York) that has a 1-way valve that prevents exhalation
into the device. In our “common-canister” program the
MDI (common canister) is shared among patients in the
unit until the canister is empty. The cost per MDI puff is
calculated on the price of the MDI and the total puffs
available from the canister.

Patients prescribed formoterol received the Aerolizer
DPI (Schering, Kenilworth, New Jersey), and those pre-
scribed tiotropium received the HandiHaler DPI (Boehr-
inger-Ingelheim, Ridgefield, Connecticut). The lowest av-
erage wholesale price of the medications and supplies were
obtained from the 2006 edition of the Thomson Physi-
cians’ Desk Reference, which provides national pricing
information (Table 1). Pricing information for the ipratro-
pium MDI was obtained from the 2004 edition of the
Thomson Physicians’ Desk Reference, because this form
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Table 2. Baseline Characteristics and Medications

Variable*

January Through March 2004

January Through March 2006

(n = 181) (n=174)
Age (mean * SD y) 69.8 +11.2 68.6 *11.7
Male (n, %) 88 (48) 87 (50)
Oxygen (n, %) 138 (76) 130 (75)
Inhaled corticosteroids (n, %) 71 (39) 45 (25)
Comorbidity and concomitant medications (n)* 60 60
Charleson comorbidity index (mean * SD) 27 £1.6 29 £19
Antibiotics (n, %) 48 (26) 38 (22)
Systemic corticosteroids (n, %) 49 (27) 33 (19)
Diuretics (n, %) 25 (14) 27 (15)
B blockers (n, %) 1< 2(<1)
Miscellaneous medications (n, %) 6(<1) 1(<1)

* Randomly chosen (with a random numbers table) from each study period.
1 Miscellaneous medication includes leukotriene inhibitors and theophylline.

of the drug was discontinued in 2006, although it was still
available through the Washington Hospital Center phar-
macy during the intervention period. Combination therapy
is given with unit doses of albuterol and ipratropium, both
of which cost approximately $1 per treatment. DuoNeb (a
combination of ipratropium bromide and albuterol sulfate)
is not on our hospital formulary.

Results
Subjects

The intervention group comprised 174 patients. The his-
torical control group comprised 181 patients. There were
no significant differences in baseline characteristics be-
tween the 2 groups (Table 2). The Charleson comorbidity
index was similar for the intervention group (2.9 *= 1.9)
and the control group (2.7 £ 1.6). There were no signif-
icant differences in use of supplemental oxygen or con-
comitant medications between the 2 groups.

Treatments/Medication Use

2,488 bronchodilator treatments were given during the
control period, and 1,731 bronchodilator treatments were
given during the intervention period, which was a decrease
of over 30% (Table 3). Bronchodilator treatments per ad-
mission was also significantly lower in the intervention
period (Table 4). There was also a significant decrease in
the use of combination therapy (ipratropium plus short-
acting inhaled 3, agonist): 6.7 = 14.2 treatments per ad-
mission in the control period versus 1.9 = 5.1 treatments
per admission in the intervention period (P < .05). When
analyzed on a per-day basis, significantly fewer combina-
tion-therapy treatments were administered over the first
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6 days of hospitalization in the intervention period than in
the control period (P < .05). There was also a significant
decrease (approximately $35/patient) in bronchodilator
treatment costs per patient (P < .05).

Stay

LOS was shorter during each individual month and over-
all for the 3-month periods: 6.5 *= 5.0 d in the control
period versus 5.5 = 4.0 d in the intervention period (Fig. 1).
The median stay was 6.0 d in the control period and 5.0 d
in the intervention period.

Adverse Events/Deaths

There were 3 adverse events associated with broncho-
dilator therapy in the intervention period and 7 in the
control period. In 2006, levalbuterol was related to 2 ad-
verse events (tachycardia and tachypnea), and formoterol
was related to one (anxiety). No adverse events were as-
sociated with tiotropium during the intervention period.
During the control period 3 adverse events were related to
combination therapy (hypoxia), 3 were related to ipratro-
pium (hypertension), and 1 was related to levalbuterol
(nervousness). The rate of adverse events was 4/100 ad-
missions (7/181) in patients who received bronchodilators
in the control period, versus 2/100 (3/174) in the interven-
tion period (P < .05). In the intervention-period group
there were 6 in-hospital deaths, 2 of which were related to
COPD. In the control-period group there were 5 in-hospi-
tal deaths, 3 of which were pulmonary-related.

Discussion

In this retrospective analysis the incorporation of tiotro-
pium into an RT-directed bronchodilator protocol as early
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Table 3.  Types and Frequency of Bronchodilator Treatments

January Through March 2004

January Through March 2006

Bronchodilator n (%) n (%)
Albuterol 84 (3) 71 (4)
MDI 52(2) 15(<1D)
Nebulizer 32(<1) 56 (3)
Levalbuterol 270 (11) 345 (20)
Formoterol 746 (30) 395 (23)
Ipratropium 146 (6) 25 (1)
MDI 71 (3) 5(<1)
Nebulizer 77 (3) 20 (1)
Combination ipratropium and short-acting inhaled (3, agonist 1,242 (50) 354 (20)
MDI 147 (6) 87 (5)
Nebulizer 1,095 (44) 267 (15)
Tiotropium NA 541 (31)
Total bronchodilator treatments 2,488 (100) 1,731 (100)

MDI = metered-dose inhaler
NA = not applicable because tiotropium was not available at our center at that time

Table 4. Health-Care Resource Use

January Through

January Through

March 2004 March 2006
Bronchodilator treatments per admission (mean = SD) 13.6 = 15.6 10.6 = 9.4%*
Formoterol per admission (mean * SD) 41*+52 34*43
Short-acting, inhaled 3, agonist treatments per 1.8 =39 23*44
admission (mean = SD)
Ipratropium treatments per admission (mean * SD) 0.8 £3.0 0.2 0.6
Combination short acting inhaled [3,-agonist plus 6.7 =142 1.9 = 5.1%*
ipratropium treatments per admission (mean * SD)
Tiotropium treatments per admission (mean * SD) NA 3.1 3.0
Bronchodilator cost per admission (mean $) 107.85 88.97*

* P < .05 for 2006 versus 2004.
NA = not applicable because tiotropium was not available at our center at that time

maintenance therapy for patients with a COPD exacerba-
tion was associated with significantly fewer bronchodila-
tor treatments, significantly lower overall cost of broncho-
dilator administration, and significantly shorter LOS. No
safety concerns were found with the use of tiotropium.
Previous work by our group found that the integration
of formoterol (a long-acting inhaled [, agonist) into an
RT-directed bronchodilator protocol lowered costs by de-
creasing the number of bronchodilator treatments and RT
time administering bronchodilators.” In the present analy-
sis we extended those findings by assessing the addition of
the long-acting inhaled anticholinergic tiotropium to the
bronchodilator regimen for patients with a COPD exacer-
bation. Tiotropium is approved for COPD maintenance
therapy, but not for rapid symptom relief, because it can
take up to 2 hours to achieve peak effect. However, tiotro-
pium can significantly improve lung function in COPD
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within the first day of administration.!®!! Tiotropium also
improves airflow within the first week of administration,
even in patients who have a poor FEV, response to the
initial dose.!2 Furthermore, the combination of formoterol
and tiotropium provides greater bronchodilation than ei-
ther individually.!3 Preliminary work indicated that the
combination of tiotropium and formoterol improves lung
function more than either drug alone in mild-to-moderate
COPD exacerbation.!'*

An important aspect of our protocol is that patients with
a COPD exacerbation receiving long-acting inhaled bron-
chodilators might also receive short-acting inhaled agents,
including ipratropium. There are several reasons for com-
bining ipratropium and tiotropium in a COPD exacerba-
tion. DiMarco and colleagues found that the bronchodila-
tion effects of tiotropium do not last as long in patients
with a COPD exacerbation as in patients with stable
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Fig. 1. Hospital stay of patients hospitalized for exacerbation of
chronic obstructive pulmonary disease, by month and cumulative
for January through March 2004 (n = 181) and January through
March 2006 (n = 174). * P < .05 for 2004 versus 2006.

COPD.* The dose-response curve of tiotropium suggests
the potential for greater bronchodilation with additional
doses, without substantial concern about adverse effects.?
A recent study found that patients with COPD obtained
significant additional bronchodilation when ipratropium
was added to tiotropium.'>

As expected, in the present study the addition of tiotro-
pium significantly decreased bronchodilator treatments per
admission, largely because of the decreased use of com-
bination therapy (short-acting inhaled (3, agonist plus ipra-
tropium). Although albuterol and ipratropium are both sub-
stantially less expensive than tiotropium, the reduction in
RT time and nebulizer supplies for administering short-
acting inhaled bronchodilators offset the higher cost of
tiotropium. The cost savings might have been greater if we
had been able to accurately calculate the time needed to
administer tiotropium. Our department allocates the same
amount of relative-value-unit time for administering a DPI
treatment as we do for giving bronchodilators via nebu-
lizer or MDI. Administering a DPI can take less than
several minutes, but administering a nebulizer treatment
can take 10-30 min, depending on the amount of medi-
cation in the reservoir cup. Anecdotally, our RTs reported
that patients were generally able to operate the tiotropium
DPI without difficulty.

Adverse events related to bronchodilator administration
are routinely monitored by RTs under our bronchodilator
protocol. Tiotropium is well tolerated and has a safety
profile similar to ipratropium.'® No adverse events were
associated with tiotropium use in the present retrospective
analysis. We previously found 3—-7 bronchodilator-associ-
ated adverse events reported for every 100 patients treated
with inhaled bronchodilator,” and in the present analysis
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we found a similar rate. Our earlier work found that in-
corporating formoterol into the RT-directed bronchodila-
tor protocol was associated with fewer adverse events,
probably by decreasing the number of short-acting inhaled
bronchodilators administered per admission. We found a
similar, but not significant, trend in the present study. In
the control period there were 4 adverse events per every
100 patients who received bronchodilators, but in the in-
tervention period there were only 2 adverse events per
every 100 patients. Presumably, if there were a safety
advantage with tiotropium use in the intervention period, it
was due to the decrease in per-admission bronchodilator
treatments.

COPD is a major cause of morbidity and mortality in
the United States and other developed countries, and has
an enormous economic impact. The direct costs of COPD,
including diagnosis and medical management, topped $18
billion in 2002;! up to 70% of that cost related to hospi-
talizations.!” Maintenance treatment with tiotropium re-
duces the frequency and severity of exacerbations'® and
reduces hospitalization days.!®-20 The results of the present
study add to the latter findings and suggest that tiotropium
might reduce LOS in patients hospitalized for a COPD
exacerbation. These results are encouraging but should be
viewed cautiously. Although our finding on LOS is similar
to average values reported by the Centers for Medicare
and Medicaid Services, multiple factors influence LOS in
a COPD exacerbation. However, if tiotropium reduces
LOS, there should be important economic benefits from
the early introduction of tiotropium during hospitalization
for COPD exacerbation.

Limitations

The treatment group was compared to a historical con-
trol group. However, the same RT-directed bronchodilator
protocol was used during both study periods, which en-
sured consistency in care through standardization of pa-
tient assessment, bronchodilator ordering practices, and
medication administration. Also, by comparing patients
admitted in January through March of 2004 and 2006 we
controlled for seasonal variations in hospital admissions
and infectious disease rates. The control and intervention
groups had similar sample sizes and baseline characteris-
tics. Most patients hospitalized for a COPD exacerbation
suffer from one or more comorbid conditions.?! The Char-
leson comorbidity index scores showed no difference in
illness severity between the 2 groups.

The use of antibiotics and systemic corticosteroids was
similar in the control and intervention periods, and sur-
prisingly less frequent than advocated by guidelines.??
Therefore, the reduction in bronchodilator treatments and
LOS cannot be attributed to more aggressive care in 2006.
Lindenauer and colleagues conducted a retrospective co-
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hort study of almost 70,000 patients hospitalized for COPD
exacerbation, to determine whether providers were follow-
ing peer-reviewed clinical guidelines,?® and, as in the
present study, there was widespread under-use of systemic
corticosteroids and antibiotics.

Objective data on changes in lung function during hos-
pitalization were not available and should be obtained in a
future randomized prospective study of early introduction
of tiotropium in COPD exacerbations. However, if use of
short-acting inhaled bronchodilators is accepted as a sur-
rogate marker of lung function, the decreased use of short-
acting inhaled bronchodilators in the intervention period
suggests more sustained bronchodilation with the regular
use of long-acting inhaled bronchodilators.

Conclusions

The addition of tiotropium as early maintenance treat-
ment in an RT-directed bronchodilator protocol is cost-
effective and safe in patients hospitalized for COPD
exacerbation. Tiotropium reduced bronchodilator admin-
istration costs by decreasing the need for short-acting in-
haled bronchodilators. No safety concerns were found with
tiotropium in this patient population. Our preliminary in-
formation also suggests that tiotropium may have contrib-
uted to shorter LOS, but this finding requires careful future
assessment.
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