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ABSTRACT
Metered-dose inhalers (MDIs) allow patients who require therapy for various respiratory diseases to deliver these therapies

directly to the airways via inhalation. MDIs are designed to contain more propellant tlmn required for administration of the
labeled number of actuations; therefore, the amount of active medication/actuation remaining after administration of the labeled
number of actuations may result in a lower tlian therapeutic dose of active medication. An MDI with an integrated dose counter
provides the only reliable means by which a patient can track the amount of medication remaining in the MDI. This study
evaluated the functionality, reliability, accuracy, and patient satisfaction with albuterol sulfate hydrofluoroalkane (HFA) MDI
with a new integrated dose counter in the clinical setting. Patients aged >4 years with asthma, chronic obstructive pulmonary
disease, or both, participated in this phase 4, prospective, open-label study. Treatment was twice-daily dosing with albuterol
HFA MDI at 90 micrograms with dose counter for either 5 or 7 weeks. Concordance/agreement between daily patient
recordings of actuations and counter readings was assessed with five discrepancy types: fire not count (undercount; primary
end point), count not fire (overcount), fire count up within a dose (counter reading increased, instead of decreased, afier MDI
was actuated), count unknown fire (counter number at the beginning of a dosing session was less than counter number at the
end of the previous session), and count up unknown fire (counter number at the beginning of a dosing session was greater than
counter number at the end of the previous session). Responses to twelve questions designed to evaluate confidence, ease of use,
and patient satisfaction were also analyzed. Overall discrepancy rate was 1.87 per 200 actuations. Primary end point (fire not
count rate) was 0.30 per 200 actuations. Overall, -95-97% of patients were "very satisfied" or "somewhat satisfied" with the
albuterol HFA MDI with dose counter, its ease of use, and the ability to tell when it should be replaced. The albuterol HFA
MDI with new integrated dose counter functioned reliably and accurately in the clinical setting. Overall patient satisfaction
was high with the albuterol HFA MDI with new integrated dose counter and the device was shown to function reliably and
accurately. Clinicaltrials.gov identifier: NCT01302587.

(Allergy Asthma Proc 34:42-51, 2013; doi: 10.2500/aap.2012.33.3647)

Bronchodilator medications are central to symptom
management in patients with respiratory dis-

eases such as asthma, exercise-induced bronchocon-
striction, and chronic obstructive pulmonary disease
(COPD). When acute exacerbations of these diseases
occur, short-acting /32"3gonists are recommended to
help reverse the underlying bronchoconstriction.^'^
Metered-dose inhalers (MDIs) allow patients who re-
quire therapy for various respiratory diseases to de-
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üver these therapies directly to the airways via inhala-
tion. This route of administration is desirable because it
optimizes local effects while minimizing undesired
systemic effects."'

Albuterol administered via conventional "press-and-
breathe" MDIs is effective in the management of re-
versible bronchospasm.* MDIs are designed to contain
more propellant and formulation than required for
administration of the labeled number of actuations;
therefore, the amount of active medication/actuation
remaining after administration of the labeled number
of actuations can be variable and thus may result in a
lower than therapeutic dosage of active medication.^ A
survey of patients who used an MDI showed that
>50% of patients did not know the labeled number of
therapeutic doses contained in their inhalers. In the
same study, only 8% reported counting the number of
actuations used and replaced their inhalers at or before
the manufacturer's specified maximum number of ac-
tuations had been reached.^

In a study assessing patient satisfaction with their
current MDIs, 62% of patients reported feeling anxious
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Figtire 1. Study design. AE, adverse event; SV,

screening visit; TV, treatment visit; Tx, treatment.

about not knowing the quantity of medication remain-
ing in their inhalers. To assess remaining medication,
72% of patients reported shaking their inhalers. Almost
one-half (42%) waited unul they thought their MDI
was not working anymore before replacing it. It is
important to note that 24% of patients reported that
they could never tell when their MDI was running out
of medication.'' In an earlier study that evaluated how
patients determined that pressurized MDIs were
empty, 74% did not know how many actuations were
left in their canisters.''

A dose counter provides the only reliable means by
which a patient can track the amount of medication
remaining in an MDI. Without a dose counter, patients
may inadvertently continue to use their MDIs even
when no active medication remains.^^ As such, the
inclusion of a dose counter should remain a priority in
the development of MDIs.

Teva Branded Pharmaceutical Products R&D, Inc., has
developed an integrated dose counter for use with MDI
products, including ProAir hydrofluoroalkane (HFA; al-
buterol sulfate) inhalation aerosol MDI (Teva Respira-
tory, LLC, Frazer, PA).'' The current study was designed
to evaluate the functionality, reliability, accuracy, and
patient satisfaction with albuterol HFA MDI with a new
integrated dose counter during real-world use.

METHODS

Patients
Eligible patients included male or nonpregnant/non-

lactating female patients &4 years of age with a diag-
nosis of COPD and/or asthma requiring the use of
short-acting ß2-agonists three or more times per week
during the 2 weeks before the start of the study. Pa-
tients were stratified by disease, such that —50% of the
study population had a diagnosis of COPD and the rest
of the population had a diagnosis of asthma. Patients
with a diagnosis of asthma were further stratified by
age, such that 50% were 12-64 years old, 25% were
4-11 years old, and 25% were >65 years old. Patients

Completed Study
A. 5-week Tx, n = 45
B. 7-week Tx, n = 245

TV1
Day 1

TV2
Day 7

TV3
Day 14

TV4
Day 21

TV5
Day 35

TV6
Day 46

Reasons for withdrawal during the treatment period
• AEs (n = 5)
• Lost to follow-up (n = 3)
• Progressive disease (n = 3)
• Other reasons (n = 2)
• Concurrent illness/noncompliance (n = 1)
• Withdrew consent (n = 1)
• Protocol violation (n = 1)

were in general good health and free of any concomi-
tant conditions or treatments that could interfere with
study conduct, on a stable treatment regimen for >4
weeks before the start of the study, and able to show
proper MDI use and technique.

Exclusion criteria included a history of life-threaten-
ing COPD or asthma and culture-documented or sus-
pected infection of the upper or lower respiratory tract,
sinus, or middle ear that was not resolved within 2
weeks of the screening visit or that occurred between
the screening visit and enrollment visit. Patients were
not allowed to be receiving a long-acting ßj-agonist
alone or to be currently treated with Ventolin HFA
(albuterol sulfate) inhalation aerosol MDI (Glaxo-
SmithKline, Research Triangle Park, NC).^ Patients
with a history of COPD exacerbation requiring oral
corticosteroids within 1 month of the screening visit,
asthma exacerbation requiring oral corticosteroids
within 2 months of the start of the study, or hospital-
ization for COPD or asthma within 4 months of the
screening visit were excluded.

Study Design and Procedures
This was a phase 4, prospective, open-label study

conducted at 25 centers throughout the Urüted States.
The study consisted of two periods (Fig. 1). During the
7- to 14-day run-in period, diary and medication com-
pliance and MDI technique were assessed. Patients
qualified for enrollment in the open-label study if they
showed adequate MDI technique and were >90% com-
pliant with dosing and with completion of the diary on
the last 7 consecutive days of the run-in period. They
were enrolled in one of two treatment cohorts, which
consisted of six or seven study visits (depending on the
cohort). The first 45 patients enrolled in the study
(—15% of the total population) were assigned to the
5-week treatment cohort. After 5 weeks of twice-daily
(b.i.d.) treatment with the albuterol HFA MDI with
dose counter, devices were retrieved for pharmaceuti-
cal performance testing {i.e., inhalers that contained
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-20-25% of the initial 200 actuations). The remaining
patients who successfully completed the rim-in period
were dosed with the albuterol HFA MDI with dose
counter for ~7 weeks (main cohort).

During the treatment period, patients self-adminis-
tered 2 inhalations b.i.d. of the open-label albuterol
HFA (90 /i.g/actuation) MDI with dose counter. At
every study visit, patients were instructed in the cor-
rect use of the MDI using a primed placebo HFA MDI
with dose counter. Patients who were unable to cor-
rectly use the MDI as demonstrated during the run-in
visit were not eligible to participate in the study. The
use of spacers or holding chambers was not permitted
during MDI training or throughout the study. All pa-
tients provided age-appropriate written informed con-
sent or assent before study participation. The study
was reviewed and approved by Copernicus Group
Institutional Review Board (Research Triangle Park,
NC) and was conducted in accordance with the prin-
ciples of the revised version of the Declaration of Hel-
sinki.

Dose Counter Performance
To assess dose counter performance, patients re-

corded the number of doses dispensed and the dose
counter reading before and after each of the b.i.d. dos-
ing sessions. Patient-reported MDI dose counter read-
ings and patient-reported actuations recorded in the
diaries were compared, and discrepancies were classi-
fied into one of five categories:

• Fire (actuation) not count {i.e., undercount)—MDI
was actuated, but counter did not advance.

• Count not fire {i.e., overcount)—counter advanced,
but MDI was not actuated.

• Fire count up within a dose—counter reading in-
creased, instead of decreased, after MDI was actu-
ated (ending counter reading was greater than be-
ginning covinter reading within a dosing session).

• Count unknown fire—counter advanced, but MDI
was not knowingly actuated (counter number at the
beginning of a dosing session was less than counter
number at the end of the previous dosing session).

• Count up unknown fire—counter reading increased
{e.g., from 50 to 52), instead of decreased, but MDI
was not knowingly actuated (counter number at the
beginning of a dosing session was greater than
counter number at the end of the previous dosing
session).

Handling characteristics of albuterol HFA MDI with
dose counter were assessed by the patient's recording
in the diary of any mishandUng {e.g., dropping the
device). As a supplemental assessment of dosing accu-
racy and as an additional measure of compliance, can-
isters were weighed before and after treatment to de-

termine the change in canister weight from baseline.
Correlations were generated to compare the estimated
number of actuations used based on canister weight
with the number of actuations recorded in the diary
and the number of actuations indicated as used on the
MDI dose counter.

Patient Satisfaction
At the final treatment visit, patients completed a paper

quesfionnaire consisting of 12 questions evaluating "con-
fidence" with their previous inhaler, as well as "ease of
use" and "satisfaction" with the current study inhaler.
Three quesfions evaluated "confidence" with their previ-
ous inhaler, in which five possible responses/quesfions
ranged from "very certain" to "not certain at all." Six
questions evaluated "ease of use," in which five possible
responses/quesfions ranged from "very easy" to "not
easy at all" with the current study inhaler. Three ques-
fions evaluated "safisfacfion," in which five possible re-
sponses/quesfions ranged from "very satisfied" to "not
satisfied at all" with the current study inhaler.

Outcomes and Statistical Analysis
The main objective of the study was to evaluate rates

of discrepancy per 200 actuations between patient-re-
ported MDI counter readings and pafient-reported ac-
tuations recorded in the diaries. Therefore, no efficacy
outcomes for albuterol were collected. The primary
end point was the rate of discrepancy for "fire not
count." Secondary end points included rates of dis-
crepancy for "count not fire," "fire count up within a
dose," "count unknown fire," "count up unknown
fire," confidence with previously used inhalers, and
ease of use/safisfaction with the albuterol HFA MDI
with dose counter. A secondary objecfive was to eval-
uate the handling characterisfics {e.g., ruggedness) of
the albuterol HFA MDI with dose counter as assessed
by patient's recording of any mishandling of the in-
haler. Approximately 300 pafients were recruited to par-
ficipate to ensure that —200 pafients had used at least
90% of the required actuafions contained in the albuterol
HFA MDI with dose counter (excluding tlie actuations
used for the weekly cleaning of the inhaler). A main focus
of the study was to estimate discrepancy rates in the
populafion of device users using a statisfical model. The
sample size was chosen to provide reasonably narrow
confidence intervals around the point estimates.

The primary population for analysis of the primary
end point was the per-protocol (PP) population, which
included all pafients who completed >166 actuations
{i.e., >90% of the 184 actuafions as calculated based on
4 actuafions/day for 46 dosing days; does not include
doses used to clean or to prime the inhaler) of study
medication and who did not experience any major
protocol deviafions before completing 166 actuations
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of randomly assigned study medication. Patients as-
signed to the 5-week treatment group (n = 45) were not
included in the PP population. The PP population ex-
cluded data identified as likely due to patient error,
which were defined as follows: recorded number of
doses within a given session that differed by >4 from
the counter difference between the beginning and the
end of the session, beginning counter number recorded
as >204, ending counter number recorded as >204,
first counter reading for an inhaler recorded as <196,
or counter difference (beginning counter number mi-
nus ending number from previous session) between
succeeding dosing sessions of >4 if the sessions were
on the same day or >8 if the sessions were 1 day apart.

Although the PP population was the primary popu-
lation for dose counter performance and handling
characteristic analyses, primary and secondary end
point variables were also analyzed using the intent-to-
treat (ITT) population. The ITT population included all
patients who received >1 dose of albuterol from the
HFA MDl with dose counter and had >1 postbaseline
assessment. The safety population was the primary
population for safety analyses and included all patients
who received >1 dose of albuterol from the HFA MDl
with dose counter. Additional analyses were per-
formed for subgroups based on disease (asthma and
COPD) and, within the asthma subgroup, by age (4-11,
12-64, and >65 years old).

RESULTS

Enrollment, Retention, and Adherence
A total of 349 patients were screened for enrollment

and entered the run-in period of the study. Of the 306
patients who enrolled, 290 completed the study (45
patients in the 5-week treatment cohort and 245 pa-
tients in the 7-week treatment cohort; Fig. 1). Of the 16
patients who did not complete the study, the main
reasons for discontinuation included adverse events
(AEs) (n = 5), lost to follow-up (n = 3), and disease
progression (n = 3). Of the 306 patients enrolled in the
safety population, 293 (95.8%) were >90% compliant
with study medication during the treatment period;
eight patients (2.6%) were a 75% to <90% compliant,
three patients (1.0%) were <75°/o compliant, and two
patients (0.7%) had missing compliance data.

Patient demographics and baseline characteristics of
the safety and PP populations are presented in Table 1.
It was decided subsequent to the data review and
database lock to include one patient in the PP popula-
tion who had only 165 actuations and had been in-
cluded inadvertently in the PP population because of a
programming error. The PP population included 235
patients who completed >166 actuations {i.e., >90% of
the 184 actuations, as calculated based on 4 actuations/
day for 46 dosing days) and who did not experience

Table 1 Patient demographics and baseline
characteristics of the safety and PP populations

Demographics

Age, yr
Mean (SD)
Median
Minimum-maximum

Age range, yr, n (%)
4-11
12-64
>65

Gender, n (%)
Female
Male

Race, n (%)
White
Black or African

American
Asian
American Indian or

Alaskan Native
Other

Ethnicity, n (%)
Hispanic or Latino
Neither Hispanic nor

Latino
Primary diagnosis, n (%)

Asthma
COPD

COPD = chronic obstructive

Safety
(« = 306)

51.2 (21.8)
58.4
5-82

39 (12.7)
155 (50.7)
112 (36.6)

156 (51.0)
150 (49.0)

262 (85.6)
37(12.1)

3(1.0)
3 (1.0)

1 (0.3)

23 (7.5)
283 (92.5)

152 (49.7)
154 (50.3)

PP
(n = 235)

52.3 (21.4)
59.0
5-82

28 (11.9)
117 (49.8)
90 (38.3)

119(50.6)
116 (49.4)

204 (86.8)
25 (10.6)

3 (1.3)
2 (0.9)

1 (0.4)

16 (6.8)
219 (93.2)

112 (47.7)
123 (52.3)

pulmonary disease; PP = per
protocol; SD = standard deviation.

any major protocol violations before completing 166
actuations. The ITT population included 304 patients
who received >1 dose of albuterol from the HFA MDl
with dose counter and had >1 postbaseline assess-
ment. Two patients received >1 dose of albuterol from
the HFA MDl with dose counter but did not have >1
postbaseline assessment and were excluded from the
ITT population but were included in the safety popu-
lation (n = 306).

MDl with Integrated Dose Counter Performance

Discrepancy Number and Rates. For the PP population,
the total number of patient-reported actuations was
41,720. The total number of discrepancies of all types
was 391, with a calculated overall discrepancy rate of
1.87 discrepancies per 200 actuations. A total of 179
patients (76.2%) had two or fewer discrepancies (any
type) between patient-reported actuations recorded in
the diaries and patient-reported counter readings (Fig. 2).
Discrepancy rates for the five categories are reported in
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Figure 2. Number of patients with inhaler
discrepancies (per-protocol [PP] population,
n = 235).

Table 2 Discrepancy number and rate (per 200 actuations) by type of discrepancy (PP population, n = 235)

Discrepancy Type Total No. Rate* Estimated Mean Rate# 95% CI

Fire not count
Count not fire
Count unknown fire
Count up unknown fire
Fire count up within a dose
Total actuations

62
54

180
87

8
41,720

0.30
0.26
0.86
0.42
0.04
NA

0.29
0.22
0.93
0.41
0.03
NA

0.055
0.044
0.081
0.059
0.019
NA

0.18-0.40
0.13-0.31
0.77-1.09
0.30-0.53
0.00-0.07

N A

*Rate is calculated as the number of discrepancies divided by the total number of actuations (41,720) multiplied by 200.
#Zero-inflated Poisson regression model with age group and disease group covariates.
CI = confidence interval; NA = not available; PP = per protocol; SE = standard error.
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Figure 3. Number of patients with inhaler
discrepancies (intent-to-treat [ITT] popula-
tion, n = 304).

Table 2. For the primary end point, the discrepancy
rate of "fire not count" (primary end point) was 0.30
discrepancies per 200 actuations. The discrepancy rates
of "count not fire," "fire count up within a dose,"
"count unknown fire," and "count up unknown fire"
ranged from 0.04 to 0.86 discrepancies per 200 actua-
tions in the PP population. Similar results were seen in
the ITT population for all discrepancy types (Fig. 3).

"Fire not count" discrepancy rates for each disease
(asthma or COPD) and for each asthma age subgroup
(4-11,12-64, and >65 years old) were variable. For the
PP population, the discrepancy rate for the asthma
subgroup was slightly higher than for the COPD sub-
group (0.37 and 0.23, respectively). Discrepancy rates
of 1.02, 0.23, and 0.04 were observed for the age groups
4-11,12-64, and >65 years old, respectively. Results of
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Table 3 Overall discrepancy rate for fire not count (primary end point) within a dosing session by subgroup
and population

Populations Total No. of
Patient-Reported

Actuations

Total No. of Fire
Not Count

Discrepancies

Discrepancy Rate*
of Pire

Not Count

Overall population
PP population 235
ITT population 304

COPD subgroup
PP population 123
ITT population 152

Asthma subgroup
PP population 112
ITT population 152

Asthma (aged 4-11 yr)
PP population 28
ITT population 39

Asthma (aged 12-64 yr)
PP population 54
ITT population 74

Asthma (aged >65 yr)
PP population 30
ITT population 39

41,720
50,689

21,944
25,616

19,776
25,073

4913
6290

9511
12,251

5352
6532

62
72

25
28

37
44

25
29

11
13

1
2

0.30
0.28

0.23
0.22

0.37
0.35

1.02
0.92

0.23
0.21

0.04
0.06

The PP population was primary population for analysis. Fire not count = undercount.
*The average rate of discrepancy per 200 actuations. The rate is calculated as number of discrepancies divided by the total
number of actuations multiplied by 200.
COPD = chronic obstructive pulmonary disease; HT = intent to treat; PP = per protocol.

the subgroup analyses were similar between the PP
and ITT populations (Table 3).

Categorization of Total Discrepancy Size per
Inhaler

Total discrepancy size was calculated as (beginning
counter reading minus end counter reading) minus
(patient-recorded number of actuations) and adjusted
for gaps in the diary. For the PP population. 111 inhal-
ers had total discrepancy sizes of 0; 28 inhalers had an
undercount of 1 or 2, and 50 inhalers had an overcount
of 1 or 2. No inhaler had an undercount of >12 or an
overcount of >14 (Table 4). The estimated mean of the
absolute value of the total discrepancy size per 200
actuations for all groups combined was 1.84 actuations
(standard error [SE], 0.152; 95% confidence interval
[CI], 1.54, 2.14) for the PP population. For the ITT
population, the estimated mean of the absolute value
of the total discrepancy size ŵ as somewhat higher
(2.07 actuations [SE, 0.151; 95% CI, 1.77, 2.37]) than the
comparable value for the PP population, in which
likely patient errors were excluded. There are —20
actuations available beyond the 200 label claim for
albuterol HFA MDI with dose counter. The estimated
probability of exceeding a discrepancy size of 20 actu-

ations per 200 actuations was <1 in 1 million in the PP
population.

Dosing Accuracy. Correlations were made between
carüster weights and diary-recorded actuations, as well
as with dose counter readings, to further substantiate
dosing accuracy and as a measure of compliance. For
correlation with actuations, the coefficient of determi-
nation (r̂ ) was 0.82 (slope estimate of 0.03) in the ITT
population (Fig. 4). The r̂  was lower in the PP popu-
lation (0.12, with slope estimate of 0.03). However, this
result was likely related to the fact that the range of
doses available for evaluation in the PP population was
small (165-196) and constrained.

Device Ruggedness. In the PP population, 23 patients
(9.7%) reported mishandling errors. There were 19 pa-
tients (8.0%) who reported impact events (dropping
the device), one patient (0.4%) reported that the device
was exposed to moisture, and three patients (1.2%)
reported other mishandling errors. Similar results were
seen in the ITT population. Laboratory testing of the
clinical complaint samples did not identify any me-
chanical or physical problem with the dose counter or
the actuator.
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Table 4 Categorization of total discrepancy
inhaler (PP population, n — 235)

Category Size of Inhaler
Difference

Undercount Difference < —12
-12 < Difference < -10
-10 < Difference < - 8
- 8 < Difference < - 6
- 6 < Difference < - 4
—4 Ä Difference < — 2
- 2 < Difference <0

No discrepancies Difference = 0
Overcount 0 < Difference <2

2 < Difference <4
4 < Difference ^6
6 < Difference <8
8 < Difference <10
10 < Difference <12
12 < Difference <14
Difference >14

size per

No. of
Inhalers

0
1
3
1
7
9

28
111
50
18
4
1
1
0
1
0

Counter record actuations = (beginning — end counter
number) adjusting for days in ivhich readings were not
recorded. Total inhaler discrepancy size = (counter-recorded
actuations - patient-recorded actuations).
PP = per protocol.

Patient Satisfaction
Results of the paper questionnaire evaluating "con-

fidence" with patients' previous inhaler experience,
"ease of use," and "satisfaction" with the current study
device in the PP population are reported in Table 5.
More than one-half of aU patients (51.5%) responded
that they were "not very certain" or "not certain at all"
of how much medicafion remained in their previously
used inhaler. Similarly, more than one-half of all pa-
tients (52.3%) reported that they were "not very cer-
tain" or "not certain at all" that it was time to refill
medicafion or get a new inhaler. Almost one-half of all
pafients (48.5%) reported that they were "not very
certain" or "not certain at all" that their inhaler was
empty. In contrast, nearly all pafients (97.9 and 98.3%,
respecfively) reported that the albuterol HFA MDI
with dose counter was "very easy" or "somewhat
easy" to use generally or to use properly as directed.
Approximately the same percentages of patients re-
ported that it was "very easy" or "somewhat easy" to
tell how many doses remained and how many doses of
the albuterol HFA MDI with dose counter they had
used (95.7 and 97.0%, respecfively). Nearly all pafients
reported that it was "very easy" or "somewhat easy" to
avoid running out of medication with the albuterol
HFA MDI with dose counter and to tell when it should
be replaced (94.9 and 97.4%, respectively). Similarly,

pafients' "safisfacfion" with the MDI with dose counter
compared with other inhalers used in the past was
quite high. Overall "satisfaction" with the albuterol
HFA MDI with dose counter was high: 94.9% of pa-
tients responded that they were "very safisfied" or
"somewhat safisfied"; 1.3% of patients were "not sat-
isfied at all" or "not very safisfied." A majority of
pafients (96.6%) were "very safisfied" or "somewhat
safisfied" with ease of use of the albuterol HFA MDI
with dose counter. Similarly, a high number of patients
(97.0%) were "very satisfied" or "somewhat satisfied"
with being able to tell when the albuterol HFA MDI
with dose counter should be replaced.

Safety
Of 306 pafients included in the safety analyses, 81

patients (26.5%) experienced one or more treatment-
emergent AEs. The most frequently reported treat-
ment-emergent AEs were headache in nine patients
(2.9%) and upper respiratory tract infection in five
pafients (1.6%), followed by toothache, sinus headache,
sinusifis, and viral infection (each occurring in four
pafients [1.3%]). A total of five patients experienced the
following six AEs, which were considered possibly
fieatment related as assessed by the invesfigator: atrial
fibrillation, worsening hypertension, ear pain, oral can-
didiasis, ofitis media, and tinea versicolor. No treat-
ment-related AEs resulted in study discontinuation.
Two patients each experienced one serious AE (COPD
exacerbation; anaphylacfic reaction to pantoprazole)
that resulted in withdrawal from the study; both
events were considered unrelated to study treatment.
No deaths occurred. Three patients each experienced
one nonserious AE (pneumonia, insect bite, and back
sprain—all requiring treatment with disallowed med-
ications) that resulted in withdrawal from the study; aU
events were considered unrelated to study treatment.
Incidence of AEs by subgroup (disease and age sub-
groups) was generally similar to that reported for the
overall population.

DISCUSSION
The results of this study indicate that the albuterol

HFA MDI with a new integrated dose counter is robust
and functions reliably and accurately in the clinical
setting. The addition of a dose counter to albuterol
HFA MDI allows patients to track the number of actu-
ations left in their inhaler. The dose counter studied
here is designed to count downward from the labeled
number of actuations to zero, letting patients know
when a device is ready to be replaced. This feature
should prevent pafients from discarding a functional
inhaler prematurely and potentially from using the
inhaler beyond the label recommendations.
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Figure 4. Canister weight differences ver-
sus diary-recorded actuations for individual
patients (intent-to-treat [ITT] population,
n = 304).
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Albuterol HFA MDI with dose counter showed a
high degree of concordance between dose counter
readings and the number of actuations actually dis-
pensed, as recorded in the patient diary. The overall
calculated discrepancy rate was <2 (1.87) per 200 ac-
tuations. Although there were documented reports of
device mishandling, the low discrepancy rates ob-
served support the ruggedness of the device. Under-
counting is a less acceptable form of dose counter error
because of the potential for administration of a sub-
therapeutic dose.^ The discrepancy rate of undercount-
ing ("fire not count") was <1 occurrence per 200 actu-
ations (0.30) over all groups combined.

The overall discrepancy rate reported in the current
study (1.87 per 200 actuations or 0.94 per 100 actua-
tions) is comparable to what has been previously re-
ported in three other studies that have evaluated the
performance of MDI numeric dose counters. Sheth et al.
reported that the discrepancy rate with the fluticasone
propionate/salmeterol MDI was 0.94 per 100 actua-
tions,^" and the rate reported by Wasserman et al. with
another albuterol MDI was 0.76 per 100 actuations.^ In
the Weinstein et al. study evaluating the mometasone
furoate/formoterol MDI, a discrepancy rate of 1.06 per
100 actuations was reported." A study by Shah et al.
investigated the functionality of the budesonide/for-
moterol MDI with an indicator-type dose counter
rather than a direct numeric counter.^^ However, this
study did not report discrepancy rates as calculated in
the first three studies or in the current study, so a direct
comparison cannot be made.^^

Discrepancy rates between dose counter readings
and number of actuations actually dispensed using
albuterol HFA MDI with integrated dose counter were
variable in the disease subgroups (asthma and COPD)
and the asthma age subgroups (4-11, 12-64, and >65
years). Variable discrepancy rates also have been re-

ported in another albuterol HFA MDI study when
assessed for age and disease subgroups. In the Was-
serman study, the reported rate of discrepancy in the
asthma subgroup was higher than in the COPD sub-
group (0.86 and 0.60 per 100 actuafions, respectively).^
As seen in the current study, subgroup analyses in the
Wasserman study also revealed variability among age
groups,^ with both studies reporting the highest dis-
crepancy rates among 4- to 11-year-old patients. Com-
pared with the overall discrepancy rate of 0.76 per 100
actuafions, pafients s 65 years old reported a discrep-
ancy rate of 0.42 per 100 actuations, and patients 4-11
years old reported a discrepancy rate of 1.19 per 100
actuafions.^ In general, subgroup analyses by disease
or by age group, in both albuterol HFA MDI studies,
reveal low discrepancy rates.

In the current study, approximately one-half of all
patients (48.5-52.3%) reported that they were "not very
certain" or "not certain at all" of how much medication
remained in their current inhaler, when their current
inhaler was empty, or when their current inhaler
needed to be refilled or replaced. Similar results have
been reported in a previous study evaluating dose
counters in MDIs where 62% of patients reported feel-
ing anxious about not knowing the quantity of medi-
cation remaining in their inhalers.^ These findings fur-
ther highlight the need for dose counters in irihalers.

Difficulty in using an inhaler may reduce pafient
satisfacfion, resulting in inadequate dosing and nonvo-
litional nonadherence. Nearly all patients (97.9%) re-
ported that albuterol HFA MDI with new integrated
dose counter was "very easy" or "somewhat easy" to
use. Overall satisfaction with albuterol HFA MDI with
dose counter was high; 94.9% of patients reported that
they were "very satisfied" or "somewhat satisfied." It
is important to note that it may be difficult to differ-
entiate satisfaction with the dose counter in particular
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Table 5 Summary of patient responses to ease of use/satisfaction questionnaire with the albuterol HFA MDl
with integrated dose counter (PP population, n = 235)

Previous inhaler use:

Thinking about the rescue inhaler you were previously using (prior to the start of this study), . . .

"Not certain at all" or "Neither certain nor
"not very certain" uncertain"

"Somewhat certain" or
"very certain"

How certain were you of how much
medication remained in the
inhaler?

How certain were you that the
inhaler was empty?

How certain were you that it was
time to refill medication or get a
new inhaler?

51.5%

48.5%

52.3%

10.2%

8.5%

9.8%

38.3%

43.0%

37.9%

Study inhaler with

Thinking about the

dose counter:

albuterol HFA inhaler with integrated dose counter (study treatment

"Not easy at all" or
"not very easy"

"Neither easy nor
uneasy"

inhaler), . . .

"Somewhat easy" or
"very easy"

How easy is the inhaler to use?
How easy was it to tell how many

doses remained?
How easy was it to monitor how

many doses you used?
How easy was it to avoid running

out of medication?
How easy was it to tell when the

inhaler should be replaced?
How easy was it for you to

properly use the inhaler?

0.4%
1.3%

0.9%

4.3%

0.4%

0.4%

1.7%
3.0%

2.1%

0.9%

2.1%

1.3%

97.9%
95.7%

97.0%

94.9%

97.4%

98.3%

Satisfaction with the study device:

Compared with other rescue irihalers that you have used, . . .

"Not satisfied at
all" or "not very

satisfied"

"Neither
satisfied nor
unsatisfied"

"Somewhat
satisfied" or "very

satisfied"

How satisfied are you with the albuterol
HFA inhaler?

How satisfied are you with the albuterol
HFA inhaler, based on ease of use?

How satisfied are you that you will be
able to tell when the albuterol HFA
inhaler should be replaced?

1.3%

0.4%

1.3%

3.8%

3.0%

1.7%

94.9%

96.6%

97.0%

HFA = hydrofluoroalkane; MDl = metered-dose inhaler; PP = per protocol.

versus satisfaction with the MDl as a whole. This dif-
ficulty might potentially have been offset by the
study's exclusion of patients who were current users of
a short-acting ß-agonist with a dose counter (i.e., Ven-
tolin HFA inhalation aerosol MDl), thereby achieving a
population that could provide more accurate feedback

on comparison of devices with and without a counter
rather than a comparison of two different types of
counters. Three other studies specifically assessed pa-
tient preference or satisfaction with an inhaler with
dose counter or indicator compared with the patient's
previous inhaler without a dose counter. In a similar
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study with another albuterol HFA MDI, it was re-
ported that 80% of patients were more satisfied with an
MDI containing a dose counter compared with an MDI
without a dose counter.^ Similarly, compared with
MDIs without dose counters, high levels of satisfaction
also were reported with mometasone furoate/formot-
erol HFA MDI and fluticasone propionate/salmeterol
HFA MDI.^"'" The high levels of patient satisfaction
reported in the current study are similar to those re-
ported in previous studies with MDIs with dose coun-

A potential limitation of the study is the use of paper
questionnaires. After reviewing the available literature,
Tennen et al. proposed that paper diaries can be effec-
tive in situations where behaviors being studied are
discrete.^* Several electronic monitoring devices have
been developed^ '̂̂ ^ and used extensively to document
medicaüon adherence in clinical trials but are imprac-
tical for real-world use because of issues related to
accuracy and additional cost.

Overall, albuterol HFA MDI with integrated dose
counter was well tolerated. Furthermore, inclusion of
the integrated dose counter did not alter the safety
profile associated with the marketed product albuterol
HFA MDL"* In summary, the addition of a new inte-
grated dose counter with albuterol HFA MDI has been
shown to be functional and to provide patients with a
reliable indication of how many actuations remain,
allowing health care providers to be more confident
that patients are receiving therapeutic doses from their
MDI.
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