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Many studies have shown that improved control 
can be achieved for most children with asthma if 
inhaled medications are taken correctly and ade-
quately.1-3 Drug delivery studies have shown that 

bioavailability of medication with a pressurized metered-dose 
inhaler (MDI) improves from 34% to 83% with the addition of 
spacer devices. This difference is largely due to the decrease 
in oropharyngeal deposition,1,4,5 and therefore, the use of a 
spacer with proper technique has been recommended in all 
pediatric patients.1,6 

Poor inhaler technique is common among children.1,7 Pre-
vious studies of children with asthma have evaluated inhaler 
technique, primarily in the outpatient and community settings, 
and reported variable rates of error (from 45% to >90%).8,9 
No studies have evaluated children hospitalized with asthma. 
As these children represent a particularly high-risk group for 
morbidity and mortality,10,11 the objectives of this study were 
to assess errors in inhaler technique in hospitalized asthmatic 
children and identify risk factors for improper use. 

METHODS
As part of a larger interventional study, we conducted a pro-
spective cross-sectional study at a tertiary urban children’s 
hospital. We enrolled a convenience sample of children aged 

2-16 years admitted to the inpatient ward with an asthma exac-
erbation Monday-Friday from 8 AM to 6 PM. Participants were 
required to have a diagnosis of asthma (an established diagno-
sis by their primary care provider or meets the National Heart, 
Lung, and Blood Institute [NHLBI] criteria1), have a consenting 
adult available, and speak English. Patients were excluded if 
they had a codiagnosis of an additional respiratory disease (ie, 
pneumonia), cardiac disease, or sickle cell anemia. The Institu-
tional Review Board approved this study. 

We asked caregivers, or children >10 years old if they inde-
pendently use their inhaler, to demonstrate their typical home 
inhaler technique using a spacer with mask (SM), spacer with 
mouthpiece (SMP), or no spacer (per their usual home prac-
tice). Inhaler technique was scored using a previously validated 
asthma checklist (Table 1).12 Certain steps in the checklist were 
identified as critical: (Step 1) removing the cap, (Step 3) attach-
ing to a spacer, (Step 7) taking six breaths (SM), and (Step 9) 
holding breath for five seconds (SMP). Caregivers only were 
also asked to complete questionnaires assessing their literacy 
(Brief Health Literacy Screen [BHLS]), confidence (Parent Asth-
ma Management Self-Efficacy scale [PAMSE]), and any barriers 
to managing their child’s asthma (Barriers to Asthma Care). De-
mographic and medical history information was extracted from 
the medical chart. 

Inhaler technique was evaluated in two ways by comparing: 
(1) patients who missed more than one critical step with those 
who missed zero critical steps and (2) patients with an asthma 
checklist score <7 versus ≥7. While there is a lot of variability 
in how inhaler technique has been measured in past studies, 
these two markers (75% of steps and critical errors) were the 
most common.8 

We assessed a number of variables to evaluate their asso-
ciation with improper inhaler technique. For categorical vari-
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Past studies have not evaluated inhaler use in hospitalized 
children with asthma. The objectives of this study were 
to evaluate inhaler technique in hospitalized pediatric 
patients with asthma and identify risk factors for improper 
use. We conducted a prospective cross-sectional study in 
a tertiary children’s hospital for children 2-16 years of age 
admitted for an asthma exacerbation, and inhaler technique 
demonstrations were analyzed. Of 113 participants enrolled, 
55% had uncontrolled asthma, and 42% missed a critical step 
in inhaler technique. More patients missed a critical step when 

they used a spacer with mouthpiece instead of a  spacer with 
mask (75% [51%-90%] vs 36% [27%-46%]) and were older 
(7.8 [6.7-8.9] vs 5.8 [5.1-6.5] years). Patients using the spacer 
with mouthpiece remained significantly more likely to miss a 
critical step when adjusting for other clinical covariates (odds 
ratio 6.95 [1.71-28.23], P = .007). Hospital-based education 
may provide teachable moments to address poor proficiency, 
especially for older children using a mouthpiece. Journal of 
Hospital Medicine 2018;14:361-365. Published online first 
April 8, 2019. © 2019 Society of Hospital Medicine
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ables, the association with each outcome was evaluated using 
relative risks (RRs). Bivariate P-values were calculated using chi-
square or Fisher’s exact tests, as appropriate. Continuous vari-
ables were assessed for associations with each outcome using 
two-sample t-tests. Odds ratios (ORs) and 95% confidence in-
tervals (CIs) were calculated using logistic regression analyses. 
Using a model entry criterion of P < .10 on univariate tests, 
variables were entered into a multivariable logistic regression 
model for each outcome. Full models with all eligible covari-
ates and reduced models selected via a manual backward se-
lection process were evaluated. Two-sided P-values <.05 were 
considered statistically significant. 

RESULTS
Participants
From October 2016 to June 2017, 380 participants were 
assessed for participation; 215 were excluded for not hav-
ing a parent available (59%), not speaking English (27%), 
not having an asthma diagnosis (ie, viral wheezing; 14%), 
and 52 (14%) declined to participate. Therefore, a total of 
113 participants were enrolled, with demonstrations pro-
vided by 100 caregivers and 13 children. The mean age 
of the patients overall was 6.6 ± 3.4 years and over half 
(55%) of the participants had uncontrolled asthma (NHLBI 
criteria1). 

TABLE 1. Summary of Asthma Checklist and Missed Asthma Checklist Steps by Method (N = 113)

Step N Missed %

95% CI

Lower CL (%) Upper CL (%)

Mask (n = 97)        

   Mask 1: Removes cap of inhaler and spacer 10 10.3  4.2 16.5

   Mask 2: Shakes inhaler 42 43.3 33.3 53.3

   Mask 3: Attaches inhaler to spacer 12 12.4 5.7 19.0

   Mask 4: Applies mask over nose and mouth 16 16.5 8.9 24.0

   Mask 5: Holds mask firmly to make a seal on face 51 52.6 42.5 62.7

   Mask 6: Presses down on canister one time 13 13.4 6.5 20.3

   Mask 7: Breathes in an out for six breaths 33 34 24.4 43.6

   Mask 8: Removes mask before breathing normally 31 32 22.5 41.4

   Mask 9: Breathes normally for 30-60 seconds before repeat 70 72.2 63.1 81.2

   Mask 10: Repeats Steps 2-9 for second puff 26 26.8 17.8 35.8

Mouthpiece (n = 16)        

   Mouthpiece 1: Removes cap of inhaler and spacer 2 12.5 −5.7 30.7

   Mouthpiece 2: Shakes inhaler 7 43.8 16.5 71.1

   Mouthpiece 3: Attaches inhaler to spacer 8 50 22.5 77.5

   Mouthpiece 4: Breathes out fully 15 93.8 80.4 107.0

   Mouthpiece 5: Breathes out away from MDI/spacer 15 93.8 80.4 107.0

   Mouthpiece 6: Closes lips around mouthpiece 4 25 1.2 48.8

   Mouthpiece 7: Presses down on canister one time 3 18.8 −2.7 40.2

   Mouthpiece 8: Breathes in slowly (no whistle) 11 68.8 43.2 94.3

   Mouthpiece 9: Holds breath for 5 seconds 7 43.8 16.5 71.0

   Mouthpiece 10: Removes spacer from mouth before breathing normally 5 31.3 5.7 56.8

   Mouthpiece 11: Breathes normally for 30-60 seconds before repeat 11 68.8 43.2 94.3

   Mouthpiece 12: Repeats Steps 2-11 for second puff 6 37.5 10.9 64.1

Items in bold represent critical steps. The darker the shading, the higher the percentage of patients who missed the checklist step.

Abbreviations: CI, confidence interval; CL, confidence limit; MDI, metered-dose inhaler.
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Errors in Inhaler Technique
The mean asthma checklist score was 6.7 (maximum score of 
10 for SM and 12 for SMP). A third (35%) scored <7 on the 
asthma checklist and 42% of participants missed at least one 
critical step. Overall, children who missed a critical step were 
significantly older (7.8 [6.7-8.9] vs 5.8 [5.1-6.5] years; P = .002). 

More participants missed a critical step with the SMP than the 
SM (75% [51%-90%] vs 36% [27%-46%]; P = .003), and this was 
the most prominent factor for missing a critical step in the ad-
justed regression analysis (OR 6.95 [1.71-28.23], P = .007). The 
most commonly missed steps were breathing normally for 30 
seconds for SM, and for SMP, it was breathing out fully and 

TABLE 2. Demographic and Medical History Characteristics by Missed Critical Stepa 

SM Missed Critical Step (n = 97) SMP Missed Critical Step (n = 16)

No Yes RR (95% CI) No Yes RR (95% CI)

n = 62 n = 35   n = 4 n = 12  

Patient age, mean ± SD 5.29 ± 2.16 6.31 ± 2.84 N/A 13.50 ± 2.38 12.17 ± 2.51 N/A

Sex

   Female

   Male

24 (61.5%)

38 (65.5%)

15 (38.5%)

20 (34.5%)

1.12 (0.65-1.9)

Ref

2 (25%)

2 (25%)

6 (75%)

6 (75%)

1.00 (0.57-1.76)

Ref

Race (N = 112)

   White/Caucasian

   African American

   Asian

   Mixed

   Other

   Did not report

9 (52.9%)

24 (60%)

3 (100%)

0 (0%)

24 (77.4%)

1 (33.3%)

8 (47.1%)

16 (40%)

0 (0%)

2 (100%)

7 (22.6%)

2 (66.7%)

Ref

1.18 (0.63-2.21)

N/A

0.47 (0.28-0.78)

2.08 (0.91-4.75)

N/A

1 (50%)

3 (33.3%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

1 (50%)

6 (66.7%)

0 (0%)

1 (100%)

4 (100%)

0 (0%)

Ref

0.75 (0.17-3.23)

N/A

0.50 (0.13-2.00)

0.50 (0.13-2.00)

N/A

Ethnicity

   Hispanic

   Non-Hispanic

Insurance type 

   Public

   Government

   Private

28 (77.8%)

33 (56.9%)

44 (64.7%)

1 (100%)

16 (59.3%)

8 (22.2%)

25 (43.1%)

24 (35.3%)

0 (0%)

11 (40.7%)

0.52 (0.26-1.02)

Ref

Ref

N/A

0.87 (0.5-1.51)

0 (0%)

4 (36.4%)

3 (23.1%)

0 (0%)

1 (33.3%)

5 (100%)

7 (63.6%)

10 (76.9%)

0 (0%)

2 (66.7%)

1.57 (1.01-2.46)

Ref

Ref

N/A

1.15 (0.49-2.71)

Asthma control (N = 111)

   Controlled

   Uncontrolled

27 (60%)

35 (70%)

18 (40%)

15 (30%)

1.33 (0.77-2.32)

Ref

2 (40%)

2 (18.2%)

3 (60%)

9 (81.8%)

0.73 (0.34-1.58)

Ref

Previous inpatient asthma education (N = 112)

   No

   Yes

16 (48.5%)

46 (71.9%)

17 (51.5%)

18 (28.1%)

Ref

0.55 (0.33-0.91)

1 (20%)

3 (30%)

4 (80%)

7 (70%)

Ref

0.88 (0.48-1.59)

Previous asthma PICU admission (N = 107)

   No

   Yes

44 (59.5%)

16 (94.1%)

30 (40.5%)

1 (5.88%)

Ref

0.15 (0.02-0.99)

3 (25%)

1 (25%)

9 (75%)

3 (75%)

Ref

1.00 (0.52-1.92)

Controller medication

   No

   Yes

22 (52.4%)

40 (72.7%)

20 (47.6%)

15 (27.3%)

Ref

0.57 (0.34-0.98)

3 (42.86%)

1 (11.11%)

4 (57.1%)

8 (88.9%)

Ref

1.56 (0.79-3.08)

Family history of asthma

   No

   Yes in parent/siblings

   Yes in extended family 

15 (48.4%)

29 (64.4%)

20 (83.3%)

16 (51.6%)

16 (35.6%)

4 (16.67%)

1.79 (1.08-2.99)

0.97 (0.57-1.66)

0.39 (0.15-1.00)

1 (16.67%)

2 (22.22%)

1 (100%)

5 (83.3%)

7 (77.8%)

0 (0%)

1.19 (0.69-2.04)

1.09 (0.61-1.95)

N/A

Asthma hospitalizations past 12 months (N = 112)

   0-1 

   ≥2

36 (57.1%)

25 (75.8%)

27 (42.9%)

8 (24.24%)

1.77 (0.91-3.44)

Ref

2 (18.18%)

2 (40%)

9 (81.8%)

3 (60%)

1.36 (0.63-2.94)

Ref

a Compared for asthma checklist score <7 versus ≥7, no statistically significant difference was found except the women in the mask group were more likely to have score <7 (46.2% vs 24.1% RR 
1.91 [1.08-3.38]). 

Abbreviations: CI, confidence interval; SD, standard deviation; PICU, pediatric intensive care unit; RR, relative risk; SM, spacer with mask; SMP, spacer with mouthpiece.
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breathing away from the spacer (Table 1). Twenty participants 
(18%) did not use a spacer device; these patients were older 
than those who did use a spacer (mean age 8.5 [6.7-10.4] vs 6.2 
[5.6-6.9] years; P = .005); however, no other significant differ-
ences were identified. 

Demographic, Medical History, and Socioeconomic 
Characteristics 
Overall, race, ethnicity, and insurance status did not vary sig-
nificantly based on asthma checklist score ≥7 or missing a crit-
ical step. Patients in the SM group who had received inpatient 
asthma education during a previous admission, had a history 
of pediatric intensive care unit (PICU) admission, and had been 
prescribed a daily controller were less likely to miss a critical 
step (Table 2). Parental education level varied, with 33% hav-
ing a high school degree or less, but was not associated with 
asthma checklist score or missing critical steps. Parental BHLS 
and parental confidence (PAMSE) were not significantly associ-
ated with inhaler proficiency. However, transportation-related 
barriers were more common in patients with checklist scores 
<7 and more missed critical steps (OR 1.62 [1.06-2.46]; P = .02).

DISCUSSION
Nearly half of the participants in this study missed at least one 
critical step in inhaler use. In addition, 18% did not use a spac-
er when demonstrating their inhaler technique. Despite robust 
studies demonstrating how asthma education can improve 
both asthma skills and clinical outcomes,13 our study demon-
strates that a large gap remains in proper inhaler technique 
among asthmatic patients presenting for inpatient care. Spe-
cifically, in the mouthpiece group, steps related to breathing 
technique were the most commonly missed. Our results also 
show that inhaler technique errors were most prominent in the 
adolescent population, possibly coinciding with the process 
of transitioning to a mouthpiece and more independence in 
medication administration. Adolescents may be a high-impact 
population on which to focus inpatient asthma education. Ad-
ditionally, we found that a previous PICU admission and previ-
ous inpatient asthma education were associated with missing 
fewer critical steps in inhaler technique. This finding is consis-
tent with those of another study that evaluated inhaler tech-
nique in the emergency department and found that previous 
hospitalization for asthma was inversely related to improper in-
haler use (RR 0.55, 95% CI 0.36-0.84).14 This supports that when 
provided, inpatient education can increase inhaler administra-
tion skills.

Previous studies conducted in the outpatient setting have 
demonstrated variable rates of inhaler skill, from 0% to ap-
proximately 89% of children performing all steps of inhalation 
correctly.8 This wide range may be related to variations in the 
number and definition of critical steps between the different 
studies. In our study, we highlighted removing the cap, at-
taching a spacer, and adequate breathing technique as critical 
steps, because failure to complete them would significantly 
reduce lung deposition of medication. While past studies did 
evaluate both MDIs and discuss the devices, our study is the 

first to report difference in problems with technique between 
SM and SMP. As asthma educational interventions are devel-
oped and/or implemented, it is important to stress that differ-
ent steps in inhaler technique are being missed in those using 
a mask versus mouthpiece.

The limitations of this study include that it was at a single 
center with a primarily urban and English-speaking popula-
tion; however, this study population reflects the racial diversity 
of pediatric asthma patients. Further studies may explore the 
reproducibility of these findings at multiple centers and with 
non-English-speaking families. This study included young-
er patients than in some previous publications investigating 
asthma; however, all patients met the criteria for asthma di-
agnosis and this age range is reflective of patients presenting 
for inpatient asthma care. Furthermore, because of our day-
time research hours, 59% of patients were excluded because 
a primary caregiver was not available. It is possible that these 
families have decreased access to inpatient asthma educators 
as well and may be another target group for future studies. 
Finally, a large proportion of parents had a college education 
or greater in our sample. However, there was no association 
within our analysis between parental education level and in-
haler proficiency.

The findings from this study indicate that continued efforts 
are needed to establish that inhaler technique is adequate for 
all families regardless of their educational status or socioeco-
nomic background, especially for adolescents and in the set-
ting of poor asthma control. Furthermore, our findings support 
that inhaler technique education may be beneficial in the in-
patient setting and that acute care settings can provide a valu-
able “teachable moment.”14,15 

CONCLUSION
Errors in inhaler technique are prevalent in pediatric inpa-
tients with asthma, primarily those using a mouthpiece device. 
Educational efforts in both inpatient and outpatient settings 
have the potential to improve drug delivery and therefore 
asthma control. Inpatient hospitalization may serve as a plat-
form for further studies to investigate innovative educational  
interventions.
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