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Abstract
Introduction: Improper inhaler technique is a common problem

affecting asthma control and healthcare costs. Telephonic asthma

management can increase access to care while reducing costs and

hospitalizations. However, no reliable method has been established

for telephonically evaluating and correcting inhaler technique.

Objective: The purpose of this study was to pilot test a method for

assessing and correcting patient inhaler technique via telephone.

Methods: Participants (n = 30) were adults with asthma using

metered-dose inhalers (MDIs) and diskus inhalers. A pharmacist

was located in one room and communicated via telephone with

a participant in another room. The pharmacist telephonically

assessed and taught inhaler technique. Participants were video-

recorded, and videos were later examined by a second pharmacist

to visually evaluate inhaler technique. Participants were assigned

pre- and posteducation inhaler technique scores for the telephonic

and video assessments. Scores were based on summated scales for

MDI (0–9) and diskus (0–11) inhalers. Paired samples t-tests were

used to compare telephone and video assessments. Results: Find-

ings indicated a significant difference between the telephone and

video assessments of MDI technique (p < 0.05); however, no dif-

ference was found for the diskus inhaler. Comparing pre- and

posteducation inhaler technique for MDI and diskus, mean scores

significantly improved from 5.7 to 7.8 (p < 0.05) and from 8.5 to

10.4 (p < 0.05), respectively. Conclusions: The telephonic method

was able to improve and detect some deficiencies in patients’ in-

haler technique. However, modifications and further investigation

will more clearly determine the role and value of such a telephonic

intervention.
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Introduction

E
stimations from 2008 indicate that over 38 million Ameri-

cans have been diagnosed with asthma in their lifetime. The

estimated annual economic cost associated with asthma care

in the United States is $20.7 billion, with prescription

medications being the largest direct medical expenditure, account-

ing for $5.9 billion.1 However, incorrect inhaler technique occurs in

up to 90% of patients using either a metered-dose inhaler (MDI) or a

dry powder inhaler (DPI).2,3 This is of major concern, since improper

inhaler technique adversely affects asthma control and contributes

to greater healthcare costs.4–6 Consequently, current asthma

guidelines emphasize the importance of regularly assessing inhaler

technique.7

Methods used to assess and teach inhaler technique include

physical demonstration done either in-person, in a group, or through

video instruction.8–11 Both in-person and video instruction improve

proper technique more than providing written instruction alone.8–9

Patients physically demonstrating inhaler use and providers repeat-

edly teaching inhaler technique are associated with higher rates of

correct inhaler use.2,12 In addition, repeated instruction of proper

technique increases adherence to inhalation therapies.13

Access to in-person inhaler technique monitoring and optimiza-

tion is inadequate for some asthma patients, especially for those with

limited access to healthcare.14 Live remote video as a means to assess

and teach inhaler technique among rural asthma patients was eval-

uated in a randomized controlled trial.15 Inhaler technique demon-

stration using live video by a remote pharmacist was compared to

written instructions alone. The live video intervention group had the

greatest improvement in baseline inhaler technique at post-

intervention and after a 2- to 4-week follow-up. However, the

widespread use of live video to assess and correct inhaler technique

may be problematic due to connectivity and a lack of equipment in

patients’ homes.

Telephonic asthma management increases access to care,16,17 is

well accepted by patients,17–19 and is associated with both lower

cost16,20 and reduced hospital readmission rates.18,21 However, to the

best of our knowledge no reliable method has been established to

evaluate and correct inhaler technique over the telephone. The ob-

jective of this study was to conduct a pilot test of a method

for assessing and correcting patient inhaler technique via telephone.

The researchers examined the differences between (1) the initial
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assessments of inhaler technique as determined by telephone and

video, and (2) the pre-education (initial) and posteducation assess-

ments of inhaler technique.

Methods
This prospective pilot study was conducted in the Usability Lab at

Marshfield Clinic’s Biomedical Informatics Research Center (BIRC), in

Marshfield, Wisconsin. Marshfield Clinic is a large, integrated

healthcare delivery system serving rural central, western, and

northern Wisconsin. Before beginning enrollment, the study was

approved by the Marshfield Clinic’s Institutional Review Board.

PARTICIPANTS
Patients who received care from Marshfield Clinic, had a diagnosis

of asthma, were 18 years of age or older, were English-speaking,

and were currently using both an albuterol MDI and a fluticasone/

salmeterol (Advair�) diskus inhaler were eligible for inclusion. Pa-

tients were included who were using both a rescue and controller

inhaler, because combination therapy is commonly used in asthma

treatment.7 Albuterol MDIs were chosen because of widespread use as

a rescue medication22 and cross-application to MDI controller

medications. Additionally, the fluticasone/salmeterol diskus was

assessed because of common use among the DPI controller medica-

tions.22 Inhaler use was determined through electronic prescribing

software data and verbal confirmation during recruitment.

After eligible patients were identified for recruitment, a telephone

call was made to solicit participation, explain study details, confirm

inclusion criteria, and schedule an appointment. Participants were

informed the study would take approximately 1 h and they would be

compensated $25 for time and travel.

PROCEDURE

Telephone assessment of inhaler technique. Upon arrival, lab staff

obtained informed consent from participants and demographic in-

formation was collected. Participants agreed to be video-recorded

during the entire encounter. After the pharmacist (P.N.) and partic-

ipant were placed in separate rooms connected by telephone, the

pharmacist called the participant and asked the participant to use one

of two placebo inhalers (MDI or diskus) as he/she normally would to

determine initial inhaler technique (Fig. 1). After the participant used

the inhaler, the pharmacist asked for a step-by-step explanation of

how it was used. If the pharmacist was unsure about the performance

of any step, specific probing questions were used to clarify (Table 1).

Then, from the information verbally provided by the participant, the

pharmacist documented the inhaler technique on a checklist, indi-

cating which steps were correctly or incorrectly performed. Check-

lists were based upon steps for proper inhaler use (Table 1), as

determined by Food and Drug Administration–approved product

package inserts and guidelines from the American College of Chest

Physicians.7,23–28 Additionally, inhaler technique steps that patients

commonly perform incorrectly (i.e., rate of inhalation and timing of

actuation) were identified beforehand.29

Telephonic educational session. After this initial assessment, the

pharmacist educated the participant over the telephone about how

to properly use the inhaler. The educational session was developed

following recommendations on effectively teaching inhaler technique

skills.6,30 The pharmacist targeted steps performed incorrectly (iden-

tified from the initial assessment) as well as common problem steps.

The pharmacist also audibly demonstrated, and the participant audibly

practiced the proper speed of inhalation without the inhaler during the

education session. Participants were encouraged to use a clock in

the room to time both the pharmacist and themselves while practicing

the proper inhalation speed. All participants were encouraged to

practice the common problem steps until comfortable with them.

Continuing with the educational session, the pharmacist verbal-

ized all the steps for proper inhaler use. The participant was asked to

verbally repeat all the steps, after which the pharmacist corrected any

misunderstandings and used probing questions to reinforce any steps

the participant failed to mention. The participant subsequently

practiced all the steps, after which the pharmacist assessed whether

both the common problem steps and the steps done incorrectly on the

initial assessment were now performed correctly. Finally, the par-

ticipant was asked to physically use the inhaler one last time ( post-

education inhaler technique).

This pattern of assessment and education was repeated with the

second inhaler for all participants. The first inhaler used for each

participant was alternated between MDI and diskus. All telephonic

interactions between participants and the pharmacist occurred using

a speakerphone. Neither the pharmacist nor the participant saw each

Fig. 1. Diagram of study procedures (repeated for both inhalers).
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Table 1. Inhaler Technique Steps and Questions

INHALER STEP DESCRIPTION PRIMARY PROBING QUESTIONSa

MDI 1 Remove cap What did you do with the cap on the mouthpiece?

2 Hold inhaler upright How were you holding the inhaler?

3 Shake inhaler What did you do with the inhaler right before using it?

4 Exhale What did you do with your breath right before using the inhaler?

5 Put mouthpiece in mouth Where did you put the mouthpiece?

Were your lips closed around the mouthpiece?

6 Inhale through mouth When you used the inhaler, did you breathe in through your nose or

your mouth?

7 Inhale slow and deepb When you breathed in from the inhaler, how many seconds did you

breathe in for?

When did you stop breathing in?

8 Actuate after start inhalingb In relation to breathing in, when did you make the mist come out?

9 Hold breath What did you do after you were done breathing in from the inhaler?

How many seconds did you hold your breath for?

Diskus 1 Open inhaler Did you slide the inhaler open so you could see the mouthpiece?

2 Push lever What did you do with the lever before you used the inhaler?

3 Inhaler level and flat (after dose activated) What did you do with the inhaler after you pushed the lever?

Right when you pushed the lever, was the inhaler level and flat or up

and down or tilted?

4 Exhale (away from mouthpiece) What did you do with your breath right before using the inhaler?

Where was the inhaler mouthpiece when you breathed out the first

time?

5 Put mouthpiece in mouth Where did you put the mouthpiece?

Were your lips closed around the mouthpiece?

6 Inhaler level and flat (when inhaling) When you breathed in from the inhaler, how did you hold the

inhaler?

7 Inhale through mouth When you used the inhaler, did you breathe in through your nose or

your mouth?

8 Inhale fast and deepb When you breathed in from the inhaler, how many seconds did you

breathe in for?

How fast did you breathe in?

When did you stop breathing in?

9 Hold breath What did you do after you were done breathing in from the inhaler?

How many seconds did you hold your breath for?

10 Exhale (away from mouthpiece) When you breathed out, after you were done using the inhaler,

where was the mouthpiece?

11 Close inhaler What did you do with the inhaler once you were done using it?

aSecondary questions were also used when needed (available upon request).
bCommon problem steps.29

MDI, metered-dose inhaler.
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other during the telephonic interaction. To ensure that participants

had been taught proper inhaler technique before leaving, the phar-

macist entered the participant’s room and evaluated and corrected (if

applicable) participant inhaler technique in person.

Video assessment and scoring of inhaler technique. A second

pharmacist (Griesbach) visually evaluated each participant’s inhaler

technique by reviewing the video recordings. For the video assess-

ments, checklists were used to score all participants’ initial inhaler

technique and posteducation inhaler technique for both the MDI and

diskus. In scoring participants’ inhaler technique, one point was gi-

ven for each step completed correctly, with each step equally

weighted. Scores could range from 0 to 9 for the MDI and 0 to 11 for

the diskus inhaler. This algorithm also was used to score the tele-

phone-based assessments of participants’ initial inhaler technique.

ANALYSIS
Descriptive statistics were calculated to describe participants’

initial and posteducation inhaler technique for both devices. Paired

samples t-tests were used to examine the differences between the

overall mean scores determined by assessment method (telephone

versus video assessment of initial inhaler technique) and by time

period (video assessments of initial versus posteducation inhaler

technique). In addition, total percent agreements and phi coefficients

were calculated to examine the consistency (reliability) between the

telephone and visual assessment of initial inhaler technique (by step).

Results
Thirty patients participated in this study. To obtain 30 participants,

104 patients were called, with 43 agreeing to participate and 61

declining. Of the 43 who agreed to enroll, 13 cancelled or failed to

attend the scheduled appointment time. Ninety-three percent of

participants were Caucasian, 60% were women, and 62% were over

50 years of age (Table 2). All telephonic lab interventions were

completed within a 2 week period of time.

The mean initial MDI inhaler technique scores for the telephone

and video methods of assessment were 7.2 (standard deviation

[SD] = 1.1) and 5.7 (SD = 1.6), respectively. Results from a paired

samples t-test showed a significant difference between these two

assessments of inhaler technique (t = 4.90; p < 0.05). The mean initial

diskus inhaler technique scores for the telephonic and video methods

were 8.8 (SD = 1.4) and 8.5 (SD = 1.7), respectively; the difference

between the scores was not statistically significant.

The mean MDI technique scores (determined by video) at pre- and

posteducation significantly improved from 5.7 (SD = 1.6) to 7.8

(SD = 1.1) (t = 6.7; p < 0.05). Overall, a greater percentage of partici-

pants displayed the correct technique for each MDI step during the

posteducation assessment as compared to the initial assessment

(Table 3). More than 80% of participants displayed the correct

technique for seven of the nine steps at posteducation. The greatest

improvements in MDI technique were in exhaling prior to inhalation

(from 40% to 97%) and actuating inhaler after starting to inhale

(from 17% to 67%). In addition, the majority of participants’ MDI

scores improved (90%) in comparison to those who remained the

same (7%) or worsened (3%).

The mean diskus inhaler technique scores (determined by video)

also significantly improved from 8.5 (SD = 1.7) to 10.4 (SD = 1.1)

(t = 7.14; p < 0.05). At least 80% of participants performed each diskus

inhaler step correctly at posteducation (Table 3). The greatest im-

provements in diskus technique were in exhaling before inhalation

(from 37% to 93%) and holding the inhaler level and flat when ac-

tivating the dose (from 27% to 83%). The majority of participants’

diskus inhaler scores improved (90%) in comparison to those who

worsened (7%) or remained the same (3%).

Table 2. Participant Demographics (n = 30)

VARIABLE N (%)

Agea

18–30 1 (3)

31–40 3 (10)

41–50 7 (24)

51 + 18 (62)

Gender

Male 12 (40)

Female 18 (60)

Race

Asian 1 (3)

Black or African American 1 (3)

White or Caucasian 28 (93)

Highest education

Completed grade school 1 (3)

HS diploma/GED 5 (17)

Some college 11 (37)

College degree 9 (30)

Graduate/professional degree 4 (13)

How long been using diskus

<1 year 1 (3)

1–3 years 10 (33)

>3 years 19 (63)

How long been using MDIa

<1 year 0 (0)

1–3 years 4 (14)

>3 years 25 (86)

an = 29 (one was not answered).

HS, high school; GED, general equivalency degree.

TELEPHONIC OPTIMIZATION OF INHALER TECHNIQUE

ª M A R Y A N N L I E B E R T , I N C . � VOL. 17 NO. 9 � NOVEMBER 2011 TELEMEDICINE and e-HEALTH 737



Comparing individual steps of the phone and video initial assess-

ments of MDI technique, the overall percent agreement ranged from

47% to 97% and phi coefficients ranged from 0.12 to 0.85 (Table 4).

The telephone assessment rated more steps as being performed cor-

rectly than the video assessment. In a similar comparison of the two

initial assessments of diskus technique, the overall percent agreement

ranged from 30% to 100% and phi coefficients ranged from 0.07 to

0.60. Overall, the telephonic assessment rated more steps as being

performed correctly than the video assessment; although, one step

broke this trend considerably (breathing in fast and deep).

Discussion
The objective of the study was to pilot test a method of assessing

and teaching inhaler technique over the phone. Study findings

suggest that there may be a role for telephonically teaching and

assessing patient inhaler technique.

To determine whether telephonic teaching improved inhaler

technique, visual assessments of inhaler technique were compared

before and after the educational session. The teaching method sig-

nificantly improved participants’ inhaler technique for both inhalers.

Overall, scores improved by 23% and 17% for the MDI and diskus,

respectively. Studies examining various methods of instruction have

reported similar improvements of 14% to 44%.10,11,15 In addition,

participants showed improvements on three MDI steps that have been

previously noted as being most important (i.e., exhale, inhale slow

and deep, and hold breath).31

In an effort to examine the feasibility of assessing inhaler tech-

nique telephonically, assessments made aurally over the telephone

were compared to those done visually by video. The overall ratings of

initial inhaler technique, using both methods, were similar for the

diskus inhalers. However, the telephone method tended to rate MDI

technique as being better than did the video method. In addition,

findings indicated a reasonable level of agreement between the two

methods for several inhaler technique steps but low agreement for

others. One plausible explanation for the discrepancies may be the

telephonic communication process—participants may have been

unable to explain how they used the inhaler or the pharmacist may

have misinterpreted participants’ responses. A second explanation

may be the problem of obtaining high inter-rater reliability between

healthcare professionals’ ratings of inhaler technique. Gray et al.32

reported difficulties in achieving high interrater reliability among

healthcare professionals assessing MDI technique, even though a 2-h

training session was used. Thus, the variability in the assessment of

inhaler technique found in this study may have been increased due to

using two raters (pharmacists) in addition to using two assessment

methods (telephone and visual).

An effective telephonic method of teaching and assessing inhaler

technique may be useful in caring for patients with asthma. With

clinicians using this method for repeated teaching, rates of proper

inhaler use and adherence to prescribed regimens may increase,

which consequently could improve asthma control and reduce

asthma-related healthcare costs. In addition, it would provide a

means for increasing access to healthcare, especially for asthma

patients in rural settings. Lastly, such a telephonic method also may

provide great benefit when integrated into telephonic disease state

management for patients with asthma.

To the best of our knowledge, this is the first study to evaluate a

telephonic method of assessing and teaching inhaler technique.

Preliminary findings suggest value in this approach; however, ad-

ditional study is warranted. Future research should validate this

study’s findings in larger, more diverse populations and settings.

Studies also may assess patients’ retention of improved inhaler

technique and evaluate important outcomes such as asthma control

and patient satisfaction. In addition, comparing this telephonic ap-

proach to other methods of instruction (e.g., face-to-face, written,

and Web-based tools) would be important before integrating it into

widespread practice.

Table 3. Comparison of Initial and Posteducation
Scores (by Step)

VIDEO

INHALER STEP INITIALa POSTa

MDI 1. Remove cap 97% 100%

2. Sit upright 83% 87%

3. Hold inhaler upright 93% 97%

4. Shake inhaler 70% 90%

5. Exhale 40% 97%

6. Put mouthpiece in mouth 87% 100%

7. Inhale through mouth 100% 100%

8. Inhale slow and deep 17% 50%

9. Actuate after start inhaling 17% 67%

10. Hold breath 50% 83%

Diskus 1. Open inhaler 100% 100%

2. Sit upright 77% 97%

3. Push lever 97% 93%

4. Keep inhaler level and flat 27% 83%

5. Exhale (away from mouthpiece) 37% 93%

6. Put mouthpiece in mouth 100% 100%

7. Inhaler level and flat (when inhaling) 63% 93%

8. Inhale through mouth 100% 100%

9. Inhale fast and deep 93% 97%

10. Hold breath 57% 83%

11. Exhale (away from mouthpiece) 93% 100%

12. Close inhaler 80% 97%

aReflects percentage of participants with correct inhaler technique.

NELSON ET AL.
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This study has limitations that should be considered. First, this

study consists of a small sample with limited diversity. Study

participants were mostly older, fairly well-educated Caucasians;

the effectiveness of this intervention may differ across a broader

population. Next, this pilot study was conducted in a controlled

environment. A home or clinic setting may present barriers, such

as background noise, that may affect a clinician’s ability to as-

sess and provide education regarding inhaler technique. In ad-

dition, participants may have adjusted their normal inhaler

technique because they knew they were being studied (i.e.,

Hawthorne effect). Finally, this pilot study focused on limited

outcomes (i.e., inhaler technique scores) and not long-term

outcomes. Because of the pilot nature of this study, we sought to

explore the feasibility of this telephonic intervention. An ex-

amination of outcomes such as costs or hospitalizations would

provide information about the broader clinical

impact of this telephonic method.

Conclusions
With incorrect inhaler technique being common,

adversely affecting asthma control, and increasing

healthcare costs, asthma patients could benefit from

a wide-reaching method for ensuring proper inhaler

technique. This pilot study provides evidence to

support the plausibility of detecting deficiencies in

and improving patients’ inhaler technique via the

telephone. However, modifications and further in-

vestigation will more clearly determine the role and

value of such a telephonic intervention.
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