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Abstract: 

Background: 
There are key gaps regarding proper metered-dose inhaler (MDI) technique during Internal 
Medicine Residency training. Inhaler misuse remains common, underscoring the need for 
continued reinforcement. This study aims to assess the efficacy of one training session, which 
reviews the 8 steps for MDI use. 
 
Methods: 
We recruited 30 Internal Medicine resident volunteers at an urban medical center with a high 
community prevalence of asthma to participate in a teaching session that included 8 core steps 
for proper MDI use. We administered a pre-survey that asked about trainees’ prior teaching and 
how they themselves currently teach and assess MDI technique. Participants completed a post-
intervention survey listing the MDI steps.  
 
Results:  
Most were not previously taught MDI technique (n=21), and whether one was previously taught 
MDI technique did not differ by gender (p=0.94) nor class year (p>0.99). Of the participants who 
were previously taught MDI technique (n=9), no participants were confident in assessing 
technique (0%) nor providing demonstration (0%), though most (67%) of these individuals felt 
they could verbally teach MDI technique. Pre to post survey findings demonstrated an average 
improvement of 3.6 to 6.6 MDI steps correctly identified (p< 0.01). The implications of these 
findings underscore the need to not only teach IM residents about MDI technique, but 
ensure continuous reinforcement regardless of gender or level in training. 
 
Conclusion: 
Reinforcing MDI technique through a training session is an intervention to enhance IM residents’ 
knowledge. Future studies can assess the impact of longitudinal training through digital 
education tools and assess retention of MDI technique knowledge.Recommendations for 
future training sessions could assess the impact of digital education as well as other 
modalities such as visual aids and hands on training. 
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Impact Statement:Education on metered-dose inhaler training to primary care physicians can 
enhance patient management discussions and prevent severe asthma exacerbations in 
marginalized communities.  
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Introduction 

Asthma presents a critical burden on the healthcare system. The US CHRONICLE Study has 

found that females, Black race, Hispanic ethnicity, and young age are particularly susceptible to 

severe asthma exacerbations on a national level(1). As of 2022, the age-adjusted asthma 

prevalence per 100 individuals is 6.2 in the Bronx, vs 3.7 in Queens, 3.8 in Brooklyn, 4.6 in 

Manhattan, and 5.7 in Staten Island(2). Not only are Bronx citizens more susceptible to having a 

diagnosis of asthma, they have been found to be hospitalized at the lowest ages compared to 

other boroughs(31 years vs 49 years in Staten Island) and primarily affects Black and 

Hispanics(2). Among Bronx citizens with severe asthma, one study has found that 

approximately 56% identified as Hispanic and 34% identified as non-Hispanic Black(3). This 

disproportionate asthma burden in the Bronx is multifactorial, likely due to residents’ exposure to 

multiple risk factors including aerosolized allergens in housing, obesity, lower household 

incomes, and air pollution(2,4). Improper disease management increases asthma burden, 

highlighting a critical need for healthcare providers to provide education on asthma treatment 

during the patient encounter. 

The metered dose inhaler (MDI) is often the primary device for medication delivery to the lungs, 

yet inhaler misuse is a universal challenge that affects patients of all ages, contributing to poorly 

controlled disease(5). Examples of improper MDI use seen amongst hospitalized patients with 

asthmaincluded using a spacer with a mouthpiece instead of with a mask and inadequate 

breathing techniques(6). The adult population is susceptible to inhaler misuse, with one study 



 

 

finding that 71.6% of adults were making errors when using their inhaler, with 31.1% of the 

group making critical mistakes such as improper medication dose activation(7). 

Collectively, these studies demonstrate the existing knowledge gap in proper MDI use amongst 

patients and the potential yield of additional inhaler use education.One study found that in a 

survey of 557 providers including internal medicine residents, pulmonary fellows, and 

respiratory therapists, only 55% were able to correctly identify the proper steps of MDI use with 

no significant difference in correct response rates between provider types(8). Providers who 

routinely demonstrate technique to their patients were able to list twice as many steps correctly, 

underscoring the impact of teaching technique(8). Another 2021 study assessed 244 nurses 

and physicians on their MDI use skills, finding that only 13.5% had a good technique, and 2.5% 

presented with a very good technique(9). In some instances, knowledge gaps may cause 

physicians to hesitate to prescribe an MDI when it may be necessary and most effective. One 

study demonstrated that even though 62% of physicians understood that an MDI with a spacer 

is equally as effective as nebulization, only 28% had chosen to prescribe MDIs with a core 

reason of reluctance being gaps in provider knowledge (10).Among emergency medicine 

physicians, a single training session was able to enhance physician accuracy to 89.4% of MDI 

technique steps being identified correctly when assessed 2 weeks after training (11).Training 

providers in the proper steps of MDI use may empower them in providing better care and 

education for their patients. This can be particularly helpful amongst primary care physicians, 

who patients develop a longitudinal relationship with to help manage their chronic medical 

conditions. To the best of our knowledge, there is a paucity of information pertaining to 

assessingMDI technique knowledge in an Internal Medicine residency training program. 

Methods 

Study Design,Setting and Recruitment: 



 

 

 The proposed pre-post interventional study was a quality improvement project among residents 

(participants) in Montefiore Medical Center’s Internal Medicine Residency Program in Bronx NY. 

A qualitative study using open ended surveys via questionnaires was implemented to 

better assess residents knowledge of MDI technique.Recruitment occurred during the 

residents’ mandatory ambulatory 2 week block rotation whichrecurs on a traditional 6+2 

schedule. Residents were recruited in person and asked whether they would like to participate 

in a QI initiative. Prior to participation in the teaching session, consent was obtained for 

inclusion of data related toparticipant completion of pre and post session surveys on inhaler 

technique.  

Study Population: 

Our population were Internal Medicine residents in their first (PGY-1), second year (PGY-2), or 

third year (PGY-3) of training who were recruited during their curricular ambulatory rotations. A 

convenience sample of 20% of all (n=150) PGYInternal Medicine residents at Montefiore 

Medical Center, Bronx NY were selected at our institution and enrolled. There were no 

exclusion criteria for this study. All responses were recorded in a spreadsheet thatdeidentified 

participants. This spreadsheet was password protected to ensure it was only accessible by Key 

Personnel approved by the IRB (IRB Number: 2022-14004). 

Outcome measures:  

The study focuses on several key aspects related to inhaler technique knowledge and 

assessment among residents. Residents were assessed on their comfort and ability to 

recognize key steps of MDI technique which included: shaking the inhaler for 5 seconds, sealing 

around the mouthpiece, deep inhalation, holding the breath for 10 seconds, and waiting 30 

seconds between puffs if a second puff is needed. 



 

 

To do so, residents were given a pre and post survey. Pre-survey questions focused on 

frequency and method of clinical demonstration and assessments. Residents were asked how 

often they assess patient MDI technique in the following scenarios: when they first prescribe an 

MDI to a patient, when a patient’s asthma is not well controlled, and at every clinic visit. To 

better characterize assessment, they were questioned on whether they ask patients for a verbal 

description of how they use the MDI, and if they use the MDI that the patient brought to the 

appointment versus a placebo MDI. Post-survey questions centered around resident 

perceptions of clinic barriers to assessment and teaching of inhaler use and their year in post-

graduate training. 

Study Intervention: 

The training session consisted of giving a demonstration on how to use an MDI, and the post-

training survey was provided immediately after the training session. One training session offered 

an opportunity for faculty and residents to bolster how they offer MDI education to their patients. 

Surveys before (Figure 1) and after (Figure 2) MDI technique trainingwere provided, while 

focusing on trainee knowledge, previous exposure, and confidence in teaching MDI technique in 

the clinic.  

Statistical Analysis: 

Participant characteristics were described using descriptive statistics. Chi-square or Fisher’s 

exact test were used to determine whether participant characteristics differed for those 

previously taught MDI. Unadjusted linear regression was performed to determine whether the 

correct number of MDI steps before or after training differed based on whether someone was 

previously taught MDI technique prior to this study’s training session. The Wilcoxon signed-rank 

test was used for matched pairs, examining the change in correct number of MDI steps from 

before to after training, for all participants, those not previously taught MDI technique, and those 



 

 

previously taught MDI technique.To examine which participant characteristics were related to 

the change in number of correct MDI steps from before to after training, the independent 

samples t-test was used for dichotomous categorical variables with equal variance (or the non-

parametric alternative Wilcoxon Rank Sum test if unequal variance) and analysis of variance 

(ANOVA) was used for categorical variables with three or more levels. Statistical analysis was 

performed with STATA SE 17.0 (College Station, TX).  

Results 

Participants: 

All participants (N=30) completed both the pre and posttraining intervention survey. Table 1 

highlights the distribution of residents (N=30) that participated in the session amongst each post 

graduate year and whether associations differed depended on previously being taught MDI 

technique. Equal proportions were recruited among each year, with a slight predominance of 

male participation (57%), and most participants (n=21) were previously not taught MDI 

technique. There were 9participants who were previously taught MDI technique. Gender and 

residency year did not differ by whether someone was previously taught MDI technique or not 

(Table 1) p-value.  

Survey: 

At baseline, while most resident respondents believed they could teach the technique verbally 

(67%), no one was confident in assessing technique (0%) nor providing demonstration (0%) 

(Table 2). Those who reported previously receiving MDI teaching had a 1.68 point higher 

number of correct MDI steps at baseline prior to this study’s training as demonstrated on the 

pre-survey(beta=1.68, 95% CI [0.15, 3.22], p=0.03). However, there was no difference in the 

number of correct MDI steps post-training by whether one was previously taught MDI technique 



 

 

(beta=0.21, 95% CI [-0.70, 1.11], p=0.65). Prior to training in the pre-survey, nine residents (two 

PGY-1 residents, four PGY-2 residents, and three PGY-3 residents) reported having escalated 

asthma therapy before assessing proper technique, but it is unclear whether this was due to 

knowledge gaps, which presumably should not have existed as they had received MDI training 

in the past.  

There was an average three point improvement in the correct number of MDI steps after training 

(Figure 3, p<0.01). There was a significant improvement in the correct number of MDI steps 

from pre to post-training in this study for all participants (p<0.01), those not previously taught 

MDI technique (p<0.01), and those previously taught MDI technique (p<0.01) (Table 3). When 

examining whether the change in MDI score from pre to post-training differed by participant 

characteristics, there was no difference in score change by gender (p=0.58), residency class 

year (p=0.18), nor previously being taught MDI technique (p=0.13). 

Discussion 

A total of 30 Internal Medicine residents were surveyed and were evenly distributed across 

class years (PGY-1: 27%, PGY-2: 37%, PGY-3: 37%). After one session, average correct MDI 

steps listed increased from 3.6 to 6.6 out of 8 (p<0.01), with significant improvement regardless 

of prior training (p<0.01). Most(21/30) had not received prior MDI technique training. Of the 9 

previously trained, none(0%) felt confident in assessment or demonstration, though 67% felt 

they could verbally teach. There is little data regarding their previous training and why they were 

trained. Changes were not linked to gender, class year, or prior training (p=0.58, p=0.18, p=0.13 

respectively). Additionally, qualitative feedback from trainees to understand their 

perspectives on the training’s effectiveness and any challenges they may have faced was 

never collected and could have served as valuable information in medical education 

practice. 



 

 

This study underscores the impact of a single MDI training session on enhancing clinical 

knowledge among Internal Medicine residents. A recent systematic review has shown that 

patient inhaler technique has not improved over the past 40 years, yet providers can still feel 

uncomfortable teaching technique(16). Among our study participants, nine noted they did not 

feel confident in assessing or demonstrating MDI technique despite previous exposure. 

Inadequate inhaler education raises concerns about poor clinical decision making. We observed 

that a subset of residents had reported escalating asthma therapy before assessing the 

patient’s MDI technique. MDI knowledge extends beyond to various healthcare specialists who 

are part of medical management. A few previous studies have compared the inhaler technique 

of different types of medical professionals, with some studies showing no differences between 

the groups(9)and some studies showing that respiratory therapists and nurses performed better 

than other occupations(17,18). It is essential to educate as many members of the healthcare 

team as early as possible before they can then educate their patients.  

A total of 30 Internal Medicine residents participated in sessions focusing on Metered Dose 

Inhaler (MDI) technique. The distribution across postgraduate years showed no significant 

variations in gender or residency year and these findings are consistent with previous studies 

exploring the effect of gender on inhaler misuse(12). Moreover, there were no statistically 

significant differences noted with prior MDI training status. In other studies, demographics such 

as age, level of education, and seniority have also been found not to play a role in a provider’s 

MDI technique knowledge and assessment(13). Healthcare providers across different training 

levels have been noted to teach technique in the clinical setting despite having an overall poor 

baseline of technique themselves(14). While providers understand the importance of inhaler 

technique, overall competence has been found to be related to a combination of education and 

familiarity with its practice(15). 



 

 

One session of MDI training is helpful in improving residents’ proficiency with knowledge 

regarding use, but reinforcement is clearly necessary. Our analysis revealed an improvement in 

MDI technique knowledge base(based on steps correctly listed) post-training for all participants, 

regardless of prior training status. These findings align with previously reported brief educational 

interventions focused on refining healthcare personnel’s ability to use and instruct MDI 

technique(11). This need for re-education to improve resident clinical skillhas been seen with 

other procedures such as paracentesis, lumbar puncture, and central venous 

catheterizations(19,20). Moreover, inhaler misuse still is common among residents, which 

highlights the need for sustained educational efforts in addition to just one re-training 

session(21).  

Limitations of this study include the small sample size of 30 residents from the Montefiore 

Medicine Internal Medicine Residency program. This may limit the generalizability of results to 

other medical specialties or to individuals who practice in other geographical regions. Clinical 

errors with MDI technique have been well documented and span distinct specialties of 

healthcare professionals across the world such as nurses in China(22), thereby warranting 

interventions that can be employed universally. In addition, this study relies on self-reported 

data from participants on the pre- and post-intervention surveys, which could introduce recall 

bias and compromise the potential accuracy of study results. Surveys were also taken 

immediately prior to and after the training sessions. This is further complicated by the 

heterogeneity of inhaler techniques that can confound the assessment as well as optimization 

process in the clinic(23). More follow-up studies are needed to determine if this improvement in 

knowledge of MDI technique persists beyond the short term and into patient care. Some studies 

suggest that MDI counseling in every clinic visit is necessary to maintain recommended 

technique(24), thus warranting a more streamlined process to continue to bolster education 

amongst healthcare professionals. MDI technique error has been particularly noted in 



 

 

healthcare professionals who lacked technique review in over a year and had a poor to average 

fund of knowledge surrounding technique(25). Innovative strategies for both patient and clinician 

education are crucial to mitigate asthma burden in the community. 

Forming a consistent and reliable system of continuous medical education regarding MDI 
technique may bolster physician knowledge in MDI technique and has the potential to improve 
patient’s clinical outcomes. The identified gaps and the persistent misuse of inhalers, even 
among those previously exposed to training, suggest the need for ongoing and innovative 
educational strategies. Digital learning tools can make the learning process more flexible and 
have been increasingly incorporated into many residency programs post-pandemic to help 
facilitate ease of access to learning resources(26). A recent study explored tablet-based training 
videos for both physicians and patients and found an improvement in MDI technique after being 
assessed immediately post-training, 3 months after, and 6 months after the training(27). Another 
study also demonstrated that multimedia based technique was as effective as in-person training 
for MDI technique(28). Future studies can consider incorporating digital education tools, such as 
web interventions or mobile apps, to further enhance residents' proficiency in MDI technique 
and improve patient care outcomes.Additionally, reinforcing excellence such as use of 
visual aids, hands on training, and regular evaluation of trainees via audit and feedback 
are other modalities that can be employed to encourage further reinforcement. 

It is important to point out that this study had both strengths and limitations. The small 

sample size might not accurately reflect all internal medicine residents and demographic 

information was not collected other than gender. This could limit the generalizability 

across other Internal Medicine Resident training programs. Furthermore, residents were 

not reassessed after one training session. However, a strength of the study  was that the 

questionnaire provided clear and interpretable results. It is evident that education and 

reinforcement is needed. The practical applications of the findings will not only bolster 

residents’ knowledge, but provide optimal care for patients with asthma. 

Conclusion: 

Medical education surrounding metered-dose inhaler training during residency can impact 

trainee knowledge base, which can help their discussions with their patients’ management of 

their asthma. While one session led to significant improvement in resident knowledge, additional 



 

 

sessions might be warranted for continuous reinforcement. Digital learning tools can help bridge 

gaps in clinical knowledge. 
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Figure I: Pre-Survey Questionnaire 

Please indicate your current level of training (ie. PGY2) 
 
1)Were you ever taught the proper metered-dose inhaler (MDI) technique? 

YES  NO 
2)How confident are you in teaching proper MDI technique to an asthma patient? 

Very Confident  Somewhat Confident   Not Confident 
3) Have you ever considered improper MDI use as a reason for asthma treatment failure? 

YES  NO 
4)Have you ever escalated asthma therapy without assessing proper MDI technique? 

YES  NO 
5)Do you teach/demonstrate metered-dose inhaler (MDI) technique in your clinic patients: 

a) When you first prescribe the inhaler to the patient? 
YES   NO 

b) When a patient’s asthma is not well-controlled? 
YES  NO 

c) At every visit, regardless of asthma control? 
YES  NO 

6)Do you teach MDI technique to your clinic patients by: 
a) Providing a verbal description and/or showing a video on how to use a MDI? 

YES  NO 
b) Providing a demonstration on an MDI that the patient brought to the appointment? 

YES  NO 
c) Providing a demonstration on a placebo/demo MDI? 

YES  NO 



 

 

 
7)Do you assess MDI technique in your clinic patients: 

a) When you first prescribe the inhaler to the patient? 
YES  NO 

b) When a patient’s asthma is not well-controlled? 
YES  NO 

c) At every visit regardless of asthma control? 
YES  NO 

8)  Do you assess MDI technique in your clinic patients by: 
 a) Asking the patient to verbally describe how to use a MDI 

YES  NO 
 

b) Asking them to demonstrate an MDI that they brought to the appointment? 
YES  NO 

 
c)Providing a demonstration on a placebo/demo MDI? 

YES  NO 
 
9)How often do you ensure that an asthma patient has a peak flow monitor at home? 
 
None of the time   Some of the time  Most of the time  All of the time 
 
10) When you see an asthma patient in clinic, how often do you discuss peak flow monitoring? 
 
None of the time   Some of the time  Most of the time  All of the time 
 
11) On the back of this page, to the best of your ability, please briefly list the appropriate steps a patient should 
follow to self-administer two puffs of a metered-dose inhaler. 

 

Figure II: Post Survey Questionnaire 

Post-Intervention Survey Questions 

Please indicate your current level of training (ie. PGY2) 

 

1) Did you know that the current asthma guidelines suggest assessing MDI technique in 
asthmatic patients at every clinic visit? 

YES  NO 

 

2) After this intervention, how likely are you to teach/demonstrate proper MDI use during 
your future clinic visits with asthma patients? 
 

Not Likely       Somewhat Likely  Very Likely 
 

3) After this intervention, how likely are you to assess proper MDI use during your future 
clinic visits with asthma patients? 



 

 

 
Not Likely        Somewhat Likely Very Likely 
 

4) To the best of your ability, please write the appropriate steps that a patient should follow 
to self-administer two puffs of a metered-dose inhaler (MDI). Please number your 
responses, and limit each step to a maximum of five words. 

 

 

 

5) Identify up to three barriers that may deter you from teaching and/or assessing proper 
MDI technique during your clinic visits with asthma patients: 

 

 

 

6) Please list any suggestions on interventions in the ambulatory setting that may improve 
resident ability to teach and assess proper MDI technique during clinic visits with asthma 
patients: 
Figure III: Average number of MDI Steps out of 8 correctly identified by residents 
before and after MDI training. Participants correctly identified 3.60 steps (SD. 2.01) 
before intervention and 6.63 steps(SD 1.10), with P<0.001* 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table I. Baseline demographics of all participants and whether these characteristics differed if 

participants were previously taught MDI technique. 



 

 

  Total 

N=30 

Not taught MDI technique 
previously 

N=21 

Taught MDI technique 
previously 

N=9 

P 
value 

Gender, n (%)       0.94 

  Male 17 
(57) 

12 (57) 5 (56)   

 Female 13 
(43) 

9 (43) 4 (44)   

Residency class, n 
(%) 

      >0.99 

 PGY-1 8 (27) 6 (29) 2 (22)   

 PGY-2 11 
(37) 

7 (33) 4 (44)   

 PGY-3 11 
(37) 

8 (38) 3 (33)   

 

 

 

 

 

 

Table II. Baseline Proficiency Assessment of Sub-Cohort Previously Trained in MDI 

Technique 



 

 

  Taught MDI technique previously 

N=9 

Confident in assessing technique? n (%)   

 No 9 (100) 

 Yes 0 (0) 

Can you teach technique verbally? n (%)   

 No 3 (33) 

 Yes 6 (67) 

Can you provide demonstration? n (%)   

 No 9 (100) 

 Yes 0 (0) 

  

 

 

 

 

Table III. Change in the correct number of MDI steps from pre to post-training. 



 

 

  Starting score Ending score P value 

All participants 3.6 + 2.0 6.6 + 1.1 <0.01 

Not taught MDI technique previously 3.1 + 2.1 6.6 + 1.2 <0.01 

Taught MDI technique previously 4.8 + 1.0 6.8 + 0.7 <0.01 
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