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Abstract  

Background: Aerosol therapy is a cornerstone for managing childhood respiratory conditions 

like asthma. Inhaled medications can be given via metered-dose inhalers (MDIs), dry powder in-

halers (DPIs), or nebulizers. However, there is limited information on how well pediatric provid-

ers in Ethiopia understand and perform MDI techniques. This study evaluated the knowledge and 

practical skills related to MDI inhaler techniques among pediatric providers at a tertiary hospi-

tal in Addis Ababa .  

Methods: A hospital-based cross-sectional study was conducted among 143 pediatric healthcare 

providers working in the Department of Pediatrics at St. Paul's Hospital Millennium Medical 

College. A census sampling method was used to include all eligible providers during the study 

period (April to August 2021). Knowledge was assessed by structured questionnaire and practice 

by the IDAT tool. Bivariate and multivariable logistic regressions were performed using SPSS 

version 26. A p-value < 0.05 was considered statistically significant . 

Results: A total of 143 pediatric healthcare providers participated (93.7% aged 24–34 years; 

57.3% female). Most (48%) were pediatric residents. Only 57% had good knowledge of MDI ad-

ministration techniques, and the majority (66.4%) demonstrated poor practical inhaler technique 

(mean practice score 3.08, SD 0.34). The most common errors were failure to hold breath after 

inhalation (54%), improper inhalation for the device (29%), and not waiting 30–60 seconds be-

fore the next dose (25%). On univariable analysis, residents performed better than nurses and 

interns in knowledge (P=0.01, COR 0.21 (0.07, 0.69)  and  practice  (p = 0.001;  COR = 6.54;  
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 Introduction  

Aerosol therapy is the cornerstone of treat-

ment for pediatric respiratory conditions such 

as asthma, cystic fibrosis, and bronchopulmo-

nary dysplasia (1, 2). The inhaled route pro-

vides rapid onset of action with a lower dose 

for equivalent effect while reducing systemic 

side effects (1, 2). Inhaled medications can be 

delivered in aerosolized forms by Metered 

Dose Inhaler (MDI), Dry Powder Inhaler 

(DPI) formulation, or a suspension using a 

nebulizer (2).  

Spacers should be used for all MDI medica-

tions with mask in young children (age 4 

years and below) and with mouthpiece in old-

er children (2). Low-cost plastic bottle spacers 

are also effective when commercial spacers 

are not available or unaffordable in resource-

limited settings (3). Due to its intuitive nature, 

repeated training of inhalation techniques is 

required for optimal use (1, 2).   

Effectiveness of inhalation therapy depends 

on the health care providers (HCP) 

knowledge and experience and the way they 

train patients (4). Incorrect inhaler technique 

is common in children and is associated with 

poor disease control, school absences, in-

crease in medication dose, and diseases exac-

erbation. Training  of children on inhalation 

technique need to be done regularly and re-

peatedly as technique may deteriorate over 

time (5-9).  

HCP have a critical role in training of inhala-

tion for children and families. Unfortunately, 

HCP may not have adequate skills to educate 

inhalation technique to their patients (5,10-

12). Incorrect inhaler technique has been re-

ported among pharmacists, nurses, respiratory 

specialists and general practitioners (10,12). 

Most previous studies reported a low level of 

knowledge of asthma inhaler technique 

among nurses(11,12,13) while few have docu-

mented better performance (5,14). There are 

however limited data on the knowledge and 

practice of HCP on pediatric MDI medica-

tions in Ethiopia (12,15, ). We thus evaluated 

the knowledge and practice of MDI tech-

niques in pediatric clinical providers in a ter-

tiary center in Addis Ababa, Ethiopia. 

Material and methods 

Study setting  

The study was conducted at St. Paul’s Hospi-

tal Millennium Medical College, one of the 

largest  referral  teaching  hospitals  in  Addis  
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95% CI: 2.18–20.10). However, no independent predictors were identified after adjustment 

probably due to limited sample size and limited model power. 

Conclusion: Pediatric healthcare providers had low knowledge and practice of MDI administra-

tion in children which may result in teaching incorrect MDI techniques to patients. Hence, regu-

lar training on inhalation techniques is needed for all pediatric providers. 

Keywords: Asthma, Pediatric healthcare provider, MDI devices, Inhalational technique  



 Ababa. The hospital has more than 115 pediat-

ric beds and twice per week follow up chest 

clinic for pediatric respiratory patients. The 

clinic is run by a team of clinicians including 2 

pediatric pulmonary and critical care physi-

cians assisted by senior residents, nursing and 

other supportive staffs. The study was conduct-

ed over a five months’ period (April 1/2021 to 

August 30/2021).  

Study design and population 

A hospital-based cross-sectional study was con-

ducted using a structured questionnaire and the 

validated Inhaler Device Assessment Tool 

(IDAT) (18). The study population consisted of 

nurses, interns, and pediatric residents working 

in the Department of Pediatrics at St. Paul's 

Hospital Millennium Medical College 

(SPHMMC).  

Inclusion Criteria 

All nurses who have worked at the pediatrics 

department for at least 3 months and all Interns 

& pediatric residents working in the depart-

ment were included in the study. 

Exclusion criteria 

Healthcare providers who were on annual 

leave, sick leave, or maternity leave during the 

data collection period were excluded from the 

study. Additionally, nurses who had worked in 

the pediatric department for less than three 

months were excluded. 

Data collection 

Data was collected by interviewing HCP using 

standardized questionnaire to assess their 

knowledge. The Inhaler Device Assessment 

Tool (IDAT) was used to assess HCP practice 

of inhalation technique. The questionnaire 

was prepared in English and modified based 

on pretest results. HCP with the knowledge 

score above the mean are defined as having 

good knowledge whereas those who scored 

below the mean are classified as having poor 

knowledge. Since the study was observation-

al, no instructions were given prior to the as-

sessment. Data collectors were residents 

trained on the questionnaire and IDAT tools.  

IDAT can be used to train nurses, respiratory 

therapists and other healthcare providers 

about proper inhalation techniques, which in 

turn can be used by health care providers to 

teach children and their families. IDAT can 

also be used for teaching students and clini-

cians unfamiliar with the proper use and tech-

niques of inhaler devices (17).  

IDAT has five critical steps applicable to sev-

eral inhaler devices used by children. These 

steps involve preparing and priming the de-

vice and the actions required from the patient. 

It has specific scoring criteria for the five crit-

ical steps. Each of the five steps for all forms 

of the IDAT is scored as 1 or 0. A step is 

scored as ‘1’ if no errors are made for that 

step. A step is scored as ‘0’ if there is at least 

one error in performing that step. The scores 

for the five steps are then added, for a total 

maximum score of 5, and a minimum score of 

0. 
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 A Mean score was then calculated and a score 

above the mean is defined as good and below 

the mean labeled as poor practice. The 

cronbach's alpha for the original IDAT was 

0.79 but we did not calculate cronbach's alpha 

and inter-rater reliability in our sample due to 

the small pilot size (n = 10). The IDAT has not 

been formally validated previously in Ethiopia. 

However, it is a standard tool routinely used in 

our chest clinic for training children and fami-

lies on inhalation technique. Furthermore, all 

data collectors (pediatric residents) underwent 

standardized training on the IDAT, and a pedi-

atric pulmonologist supervised their assess-

ments throughout the data collection period to 

ensure consistency and accuracy. Empty MDI 

medications with plastic spacers with mask and 

mouthpiece were used for demonstration of the 

technique by the HCP. Provider technique was 

assessed using device demonstration rather 

than observation of real patient interactions. 

This approach was chosen to standardize the 

assessment across all participants. Among the 

questions on the knowledge of inhalational 

technique, there were 7 questions which assess 

knowledge according to American Thoracic 

Society specifications on MDI use (18). 

Study variables   

The dependent variables were knowledge & 

practice of inhalational technique while the 

Independent variables were providers’ age, 

sex, place of practice, type of profession, year 

of experience, date of last inhaler prescription, 

and source of knowledge/training. 

Operational definitions  

Knowledge: Healthcare providers scoring 

above the mean were classified as having 

‘good knowledge’ and those scoring at or be-

low the mean as ‘poor knowledge.’  

Practice : Similarly, scores above the mean 

were classified as ‘good practice’ and scores 

at or below the mean as ‘poor practice.  

Data processing & analysis 

Data was checked for completeness and en-

tered in to SPSS version 26. Descriptive sta-

tistics were used to describe the independent 

variables. Causes for outliers and missed val-

ues were determined and if cause not found, 

variables with missing value(s) and outliers 

were dropped from analysis. Bivariate and 

multivariate analysis was done to see associa-

tion between dependent and independent vari-

ables. Variables with P value less than 0.25 

on bivariate analysis were entered to explora-

tory multivativariable analysis with no step-

wise selection. P value of 0.25 was selected to 

accommodate more potential confounders 

that might not achieve statistical significance 

alone but could influence adjusted estimates 

as recommended by Hosmer and Lemeshow

(20).  The final model included four predic-

tors for knowledge (profession, experience, 

practice area, last prescription) and five for 

practice (age, sex, profession, experience, 

practice area, last prescription). A confidence 

limit of 95% and p- value < 0.05 was taken as 

statistically significant.  
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Table 1. Socio-demographic characteristics of HCP at SPHMMC, April - August 2021 

 Results 

Sociodemographic characteristics and par-

ticipants professional experience  

A total of 143 healthcare providers (HCP) 

participated in the study. Of these, 133 (94%) 

were between 24 and 34 years of age. Female 

participants numbered 82 (57.3%). By profes-

sion, 68 (47.6%) were residents. Forty partici-

pants (28%) were working in the pediatric 

emergency department. The majority (91, 

63.6%) had 1 to 5 years of professional experi-

ence. Regarding the most recent inhaler pre-

scription, 46 participants (32.3%) reported a 

timeframe of greater than one week but less 

than one month (Table 1). 

Variables Category Frequency (n=143) Percentage (%) 

Age 24-34 years 133 93.7 

35-45years 10 6.3 

Sex Male 61 42.7 

Female 82 57.3 

Place of practice POPD 12 8.4 

Follow up clinics 24 16.8 

EOPD 40 28.0 

PICU 16 11.2 

Wards 30 21.0 

Others 21 14.7 

Profession  
  
  

Resident 68 47.6 

Intern 18 12.6 

Nurses 57 39.9 

Year of experience 

  
  

Less than one year 34 23.8 

1-5 year 91 63.6 

More than five years 18 12.6 

  
Date of last inhaler 
prescription 

< 1 week 34 23.8 

1 week - 1 month 46 32.2 

1 month - 6 months 45 31.5 

> 6 months 18 12.6 

POPD- pediatric outpatient department, EOPD- pediatrics emergency unit, PICU- pediatric intensive care unit. 
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 Knowledge of inhalation techniques 

The mean knowledge score regarding inhala-

tional medications and technique was 4.93. A 

total of 82 participants (57.3%) demonstrated 

good knowledge of inhalational techniques. 

Regarding priming, 76 (53.1%) correctly re-

sponded that both shaking the canister and 

spraying it into the air are important steps. 

When asked about specific timing, 95 (66.4%) 

responded that the canister should be shaken 

for five seconds, and 115 (80.4%) responded 

that the second puff should be taken after wait-

ing thirty seconds (Table 2). 

All 143 providers (100%) had prepared a plas-

tic spacer from a plastic bottle. However, only 

109 (76.2%) correctly responded that the 

length of the plastic spacer should be 10–13 

cm, and 101 (70.6%) correctly responded that 

the volume should be 100–700 mL. Rinsing 

the mouth after spraying the inhaler was recog-

nized as important by 113 participants (79%). 

When asked about checking the remaining 

dose in an inhaler device, 50 participants 

(35%) responded that shaking the device is the 

appropriate method (Table 2). 
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Table 2. Healthcare provider response on Knowledge about inhalational techniques at 

SPHMMC, April - August 2021  

ml- milliliters, cm- centimeters  

Knowledge Questions Response Frequency (n) Percent (%) 

Priming of inhalational device 
involves 

Shaking it 37 25.9 

Spraying into the air 18 12.6 

Both 76 53.1 

I don’t know 12 8.4 

Seconds the Canister should be 
shaken for 

2 sec 23 16.1 

5 sec 95 66.4 

10 sec 20 14 

I don’t know 5 3.5 

Time to wait before taking the 
second puff 

Right away 24 16.8 

30 sec 115 80.4 

5 minutes 3 2.1 

I don’t know 1 0.7 

Have you ever prepared a plastic 
spacer from plastic bottle? 

Yes 143 100 

No 0 0 

For a plastic spacer, the distance 
between the device nozzle and 
mouth should be: 

<10 cm 25 17.5 

10-13 cm 109 76.2 

>13 cm 6 4.2 

I don’t know 3 2.1 

For a plastic spacer, the volume 
of the plastic spacer should be: 

<100 ml 17 11.9 

100-700 ml 101 70.6 

>700 ml  17 11.9 

I don’t know 8 5.6 

Is it important to rinse the mouth 
after steroid inhaler? 

Yes 113 79 

No 25 17.5 

I don’t know 5 3.5 

How do you asses the remaining 
dose(s) of an inhaler? 

Spraying into air 34 23.8 

Shaking 50 35 

Both 38 26.6 

I don’t know 21 14.7 

 Practice of inhalation techniques 

The practice of MDI inhalation by HCPs was 

assessed using the five-step IDAT (maximum 

score 5). The mean practice score was 3.08 

(SD 0.34), and 95 (66.4%) scored at or below 

the mean, indicating poor practice. The most 

frequent incorrect step was failure to hold 

breath after inhalation (54%), followed by not 

inhaling appropriately for the device (29%) 

and not waiting 30–60 seconds before repeat-

ing the next dose (25%) (Table 3). 
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Table 3. Frequency distribution of healthcare provider’s response on inhaler Device Assessment 

Tool (IDAT) at SPHMMC, August 2021  

Sequence of critical steps & criteria Frequency (n) Percent (%) 

Removes cap Correct 122 85.3 

Incorrect 21 14.7 

Correctly primes de-
vice 

Correct 114 79.7 

Incorrect 29 20.3 

Exhales Correct 36 25.2 

Incorrect 107 74.8 

Inhales appropriately 
for device 

Correct 102 71.3 

Incorrect 41 28.7 

Holds breath Correct 66 46.2 

Incorrect 77 53.8 

 
Factors associated with knowledge and 

practice of inhalation 

All candidate variables with a p-value < 0.25 

in the bivariate analysis were included in the 

final multivariable logistic regression model 

(Table 4). In the univariable analysis, residents 

showed better performance than nurses and 

interns in both knowledge (P=0.01, COR 0.21 

(0.07, 0.69) and practice (p = 0.001; COR = 

6.54; 95% CI: 2.18–20.10) (Tables 4 and 5). 

However, this association was no longer statis-

tically significant in the multivariable analysis. 

No other variables were also found to be asso-

ciated with knowledge or practice of MDI 

techniques in this study (Tables 4 and 5). Fur-

thermore, the Hosmer-Lemeshow test indi-

cated acceptable model fit but there was 

moderate multicollinearity between profes-

sion and years of experience for knowledge. 

For the practice model (Table 5), the Hosmer

-Lemeshow test showed acceptable model fit 

and there is no multicollinearity. However, 

for the multivariable modeling, the number 

of events per variable was lower than re-

quired and the small sample size in the sub-

groups means that the lack of independent 

association is better explained by the under-

powered study than real lack of association 

and should be interpreted cautiously, and the 

multivariable analysis taken just as explora-

tory.  
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Table 4: Bivariable and exploratory multivariable logistic regression predicting inhalational 

technique related knowledge level among healthcare providers 

Variables Inhalational tech-
niques knowledge 

COR (95%CI) AOR (95%CI) 

Poor Good 

Age 

  

24-34 years 21 112 1   

35-45years 2 8 1.33 (0.26, 6.72)   

Sex Male 12 49 1.58 (0.65, 3.87)   

Female 11 71 1   

place of 
practice 

POPD 2 10 1 1 

Clinic 1 23 0.22 (0.02, 2.68) 0.68 (0.04, 10.79) 

EOPD 5 35 0.71 (0.12, 4.25) 1.05 (0.14, 8.02) 

PICU 3 13 1.15 (0.16, 8.27) 0.91 (0.09, 8.63) 

Wards 8 22 1.82 (0.33, 10.16) 1.99 (0.27, 14.57) 

Others 4 17 1.18 (0.18, 7.62) 6.44 (0.63, 65.81) 

Year of 
experi-
ence 

<1 year 10 24 1 1 

1-5 years 10 81 0.29 (0.11, 0.79) 0.31 (0.07, 1.40) 

>5 years 3 15 0.48 (0.11, 2.03) 0.39 (0.05, 2.92) 

Profession Resident 4 64 0.21 (0.07, 0.69)   

Intern 6 12 1.69 (0.53, 5.39) 0.62 (0.09, 4.00) 

Nurses 13 44 1 1 

Date of 
last inhal-
er pre-
scription 

< 1 week 3 31 1 1 

1-4 weeks 10 36 2.87 (0.73, 11.37) 5.27 (0.98, 28.41) 

1- 6 months 6 39 1.59 (0.37, 6.88) 1.99 (0.36, 10.99) 

> 6 months 4 14 2.95 (0.58, 14.99) 2.85 (0.41, 19.88) 
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Table 5: Bivariable and exploratory multivariable logistic regression model of factors associated 

with Inhaler Device Assessment Tool (IDAT) score level among healthcare providers at 

SPHMMC, August 2021  

Variables Level of IDAT 
score 

COR (95%CI) AOR (95%CI) 

Poor Good 

Age 

  

24-34 years 86 47     

35-45years 9 1 4.92 (0.61, 40.02) 4.82 (0.53, 44.21) 

Sex Male 45 16 1.80 (0.87, 3.71) 1.79 (0.82, 3.92) 

Female 50 32     

place of 
practice 

POPD 10 2     

Clinic 12 12 0.20 (0.04, 1.11) 0.18 (0.03, 1.05) 

EOPD 27 13 0.41 (0.08, 2.18) 0.34 (0.06, 1.94) 

PICU 12 4 0.60 (0.09, 3.99) 0.63 (0.09, 4.53) 

Wards 23 7 0.66 (0.12, 3.74) 0.59 (0.09, 3.49) 

Others 11 10 0.22 (0.04, 1.26)   

Year of ex-
perience 

 

<1 year 28 6     

1-5 years 52 39 0.29 (0.11, 0.76)   

>5 years 15 3 1.07 (0.23, 4.91)   

Profession Resident 32 36 0.19 (0.08, 0.44)   

Intern 16 2 1.70 (0.34, 8.61)   

Nurses 47 10     

Date of last 
inhaler pre-
scription 

< 1 week 25 9     

1-4 weeks 27 19 0.51 (0.19, 1.34) 0.37 (0.13, 1.07) 

1- 6 months 30 15 0.72 (0.27, 1.92) 0.75 (0.25, 2.21) 

> 6 months 13 5 0.94 (0.26, 3.37) 1.05 (0.24, 4.52) 
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 Discussion 

This study assessed the knowledge and practice 

of inhalation techniques among pediatric 

healthcare providers at a tertiary center in Addis 

Ababa. Although inhalation therapy is critically 

important in the management of pediatric res-

piratory diseases, mistakes related to therapy 

adherence, inhalation technique, and device 

handling are common among both patients and 

providers (12,14, 15, 20). 

In our study, only 57% of healthcare providers 

had good knowledge, while 66.4 % demonstrat-

ed poor practice. Similar to most previous stud-

ies, our findings revealed a relatively low level 

of knowledge and practice of inhalation tech-

niques among pediatric providers (5, 11, 12, 16, 

21). The majority (109, 76.2%) reported gain-

ing their knowledge and skills related to inhala-

tion technique from medical or nursing school. 

Education on inhalation therapy for trainees in 

medical and nursing schools should be evalu-

ated and optimized as appropriate; however, 

this is not expected to eliminate the need for 

frequent on-the-job training and coaching of 

healthcare providers on inhalation techniques 

(22). 

In this study, most healthcare providers (77%) 

believed that it is the responsibility of both 

nurses and physicians to educate children and 

parents on inhalation techniques. This finding 

is higher than a study from South Africa, 

which reported 34% agreement with shared 

responsibility (23). Additionally, in our study, 

residents showed a trend toward better 

knowledge and practice compared to interns 

and nurses, similar to a study from Brazil (24). 

Although all providers (100%) had prepared 

local spacers from plastic bottles for clinical 

use, a quarter of them did not know the         

appropriate length, and 30% did not know the  

Figure 1. Bar chart showing cross-tabulation between professions of HCP with practice category 



 proper volume of the spacer that should be 

prepared for optimal use. More than a third of 

healthcare providers (35%) also used an unre-

liable method (shaking) to check the remaining 

dose. These findings have important implica-

tions for achieving therapeutic goals in chil-

dren, as children and parents cared for by pro-

viders with poor knowledge and practice of 

inhalation techniques may continue to use in-

appropriate techniques and may thus suffer 

from poor disease control (3). 

Regarding the practice of inhalation tech-

niques, 95 healthcare providers (66.4%) 

demonstrated poor practice. Contrary to our 

findings, studies from Iran and Turkey docu-

mented that 64–88% of healthcare providers 

had good practice of inhalation technique (5, 

14). A possible explanation for this discrepan-

cy could be differences in exposure to optimal 

training and coaching. Furthermore, our study 

population practiced inhalation therapy less 

regularly, with only 23% performing it weekly 

or more frequently. It is therefore imperative 

to establish regular evaluations and provide 

refresher training for providers involved in the 

care of children with asthma and other respira-

tory illnesses requiring aerosol therapy (22, 

25). 

Training programs that include instruction and 

demonstration of inhaler technique at each fol-

low-up visit for patients and caregivers have 

been shown to improve the optimal use of in-

halation drugs (4, 6). However, this requires 

knowledgeable and skilled healthcare provid-

ers who can properly train and monitor chil-

dren and their parents (4). When healthcare 

provider knowledge and skill in MDI tech-

nique are limited, as was the case in this 

study, incorrect MDI techniques is likely to be 

taught to patients. Thus, it is important to es-

tablish regular educational programs not only 

for patients but also for providers. In addition, 

our results indicate that inhaler technique 

training programs for healthcare providers 

must include not only physicians but also 

nurses. 

Limitation of the study 

Our study has several limitations. Although 

the tool used enabled us to assess the practice 

of inhalation techniques for different age 

groups of patients and devices used with the 

MDI, it was not validated in our setting. Addi-

tionally, the cross-sectional and interview-

based nature of the study may have introduced 

recall bias. Thirdly, the definition of 

knowledge and skill based on the mean score 

has methodological weaknesses: it may limit 

interpretability and external comparability, 

and it may also misclassify individuals even 

when absolute performance is clinically inade-

quate. Fourthly, our study is underpowered to 

optimally identify predictors of inhalation 

technique because of small sample size and 

inadequate events per variable. Furthermore, 

assessment by device demonstration may   not 

reflect real-world performance with actual  

patients.  Finally,  although  our  center  is  
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 among the few institutions in the country with 

dedicated respiratory pediatric care, this single-

center study is not generalizable to all 

healthcare providers delivering pediatric care in 

Ethiopia. 

Conclusion 

This study identified significant gaps in pediat-

ric HCPs’ knowledge and practice regarding 

inhalation techniques. Therefore, we recom-

mend implementing structured, regular training 

programs on inhalation therapy for all pediatric 

providers, coupled with continuous monitoring 

to ensure skill retention. 
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