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Knowledge and Practical Skills of Medical Students and Healthcare Professionals Regarding Metered-Dose Inhaler Use in Iraq: A Cross-Sectional Study

ABSTRACT
OBJECTIVE
 Asthma results from an amalgamation of three essential features: airflow obstruction, hyperresponsiveness of airways to endogenous or exogenous stimuli and inflammation. Inadequate knowledge of inhalation techniques is a major cause of therapeutic failure in asthma. This study aimed to evaluate the knowledge of medical students and medical staff regarding the correct use of metered-dose inhalers (MDIs). The main purpose of this study was to evaluate the use of medical students from the college of medicine at Alnahrin University and college of pharmacy Baghdad university and medical staff  who working at a secondary general Iraqi hospital (Alkadimia teaching hospital)  in term of their  knowledge regarding to metered dose inhalers (MDI).
METHODS:
  A cross-sectional observational study was conducted using written and practical assessment tools. The participants’ student from the college of medicine at Alnahrin University and college of pharmacy Baghdad University and medical staff who working at a secondary general Iraqi hospital (Alkadimia teaching hospital) were followed the use of written practice tests, about the use of metered dose inhalers.
   Score from (0-10) was given to each test and median score were calculated for each answer. Question with higher and lower correct values were identified and a descriptive comparison was made regarding the performance of various group.
 Statistical analysis was performed using the Kruskal- Wallis method for comparison medians. A sequential logistic multiple regression analysis was also performed. 
  RESULTS:
Doctors and clinical pharmacists achieved significantly higher median scores than medical and pharmacy students.
CONCLUSIONS:
The study highlights significant gaps in MDI technique knowledge. Demonstrated insufficient knowledge in several critical steps of MDI use.
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INTRODUCTION:
[bookmark: _Hlk218619164]   Asthma affects approximately 5–10% of the global population and accounts for an estimated 250,000 deaths annually worldwide. (1) “Dust and sand storms are persistent problems in the Middle East regions,  environmental conditions, high temperatures, extremely low humidity, and the exertion which requires for individuals to breathe through their mouth, bypassing the nasal pharynx and pollen particles inward into the lungs. The total suspended particle mass level that have taken along with environmental and physiological conditions constitutes an excessive exposure to micro-particulates,” Mark B. Lyles, MA, MS, DMD, PhD, explained.This study, existing at the American Academy of Allergy, Asthma & Immunology Annual Meeting, investigated the elemental conformation, mineral content and microbial flora (bacteria, fungi and viral load) of dust collected from Kuwait and Iraq, these environmental factors increase asthma prevalence, thereby amplifying the need for effective inhaled therapy and proper inhaler technique (2)
  Asthma is a chronic inflammatory disease of the upper airways, where a number of cells play a main role, especially mast cells, eosinophils and T lymphocytes. In vulnerable persons, this inflammation causes a recurring episode of hissing, dyspnea, chest weight and cough, especially in the evening and/or once awakening, also the resistance of the upper airways to several stimuli was increased. A wide and varied obstruction of the airflow, which is partially, possible of being reversed spontaneously or after the treatment, is usually attendant. (3) The main treatment of this disease is Bronchodilators and anti-inflammatory agents in which considerable side effects occur with systemic administration of these agents to overwhelm this problem and to have a quicker onset of action and better efficacy, (4) inhaled medications or Drug administration by using a metered dose inhaler (MDI) device has come to be the backbone therapy in respiratory disorders, such as asthma and chronic obstructive pulmonary disease (COPD). This method has an advantages which are economic affordability, convenience, portability, quick and local action, and negligible systemic side effects. (5) 
  Various studies on metered-dose inhaler were demonstrated as safe and efficient, generating particles of 1 to 50 µm in diameter (tracheobronchial tree need 1- to 5-µm diameter particles in order to reach the distal portions of it). Moreover, uses a standardized dose and does not hinge on on an air compressor and it is portable. For the best result that minimizes the difficulties in coordinating the triggering of the device simultaneously with the beginning of the inhalation, the inhaler should be used together with a spacer, since. The spacer used provides less impact of particles on the oropharynx and upper airways, lead to increase up to two-fold deposition of drug in the pulmonary. On the other hand, their size as well as to the need for cleaning and maintenance some patients do not prefer to use this instrument (6)
  A proportion of 10% medication and   90% education is the most important thing, in order to procuration of a good asthmatic management.  So we need to answer several questions like, who is educating asthmatic patients on correct inhaler technique. Where do health-care professionals (HCPs) stand with regard to this problem, hence, a solution to the problem of incorrect inhaler technique by patients must start with medical student and HCPs. (7) 
  When schoolchildren use metered-dose inhalers, they should stand or sit with their thoracic and cervical spines straight. They should shake the inhaler, turn the spacer attachment with the mouthpiece up toward the canister, calmly exhale, place the mouthpiece between their lips, press down, and breathe in deeply and slowly. After 10 seconds of not breathing, the mouth was washed with running water. If two or more puffs were needed, the mouth was rinsed for 30 seconds to 1 minute. Newborns or babies who are still nursing should use the gadget while sitting or standing, probably like this: Shake the inhaler, turn the canister upside down, put the mask on the child's nose and mouth, press down, and add six to ten breaths without stopping if the child cries to prevent giving them too much medicine. Do it again after 30 seconds to 1 minute, and then rinse your mouth with running water. Use the spacer with the mouthpiece instead of the mask once the child can put their mouth on the mouthpiece and keep it there. You should clean the spacer once or twice a week with lukewarm water and a neutral detergent. Don't use brushes or towels, and let it air dry. (8)  
  The student from the College of Medicine at Alnahrin University and the student from the College of Pharmacy at Baghdad University, along with medical staff working at Alkadimia Teaching Hospital, conducted studies to evaluate the knowledge regarding the use of pressurized metered-dose inhalers among hospital professionals and medical students studying MDI usage. Consequently, information addressing the understanding of Iraqi medical students and healthcare workers on the MDI approach is sparse.
Methodology
[bookmark: _Hlk218619290]   This was a cross-sectional observational study using a convenience sample. We included a total of 44 students from the college of medicine at Alnahrin University and 32 students from the college of pharmacy Baghdad university 29 medical staff working at a secondary general Iraqi hospital (Alkadimia teaching hospital) (15 doctors and 14 clinical pharmacists) was evaluated. 
   
All participants were interviewed by one of the authors. In the first part of the interview, a professional registration form was filled out. The form includes information on duration of service, area of service and existing knowledge concerning inhalers (table 1) (8)



 Table 1. Professional and demographic characteristics of the study participants
	Variable
	Description

	Academic/Professional status
	Medical students, Pharmacy students, Doctors, Clinical pharmacists

	Institution
	Al-Nahrain University, Baghdad University, Alkadimia Teaching Hospital

	Area of service
	Outpatient clinics, ICU, emergency unit, inpatient wards

	Years of experience
	<1 year, 1–5 years, >5 years

	Previous knowledge of MDIs
	Yes / No

	Previous patient education on inhaler use
	Yes / No




The second part of the interview consisted of closed questions with direct responses concerning the following aspects: the spacer using; spacer type; time that are taken by the metered-dose inhaler between two consecutive puffs; appropriate breathing technique before the inhalation; duration of the inhalation holds after the breath; cleaning of the mouth after utilizing inhaler (table2). There were five questions, each value 2 points, and on the whole score obtained also ranged from 0 to 10.

Table 2. Written questionnaire items used to assess knowledge of metered-dose inhaler use
	Question No.
	Assessed item
	Scoring

	Q1
	Correct use of spacer
	0–2

	Q2
	Type of spacer used
	0–2

	Q3
	Time interval between two puffs
	0–2

	Q4
	Appropriate breathing technique before inhalation
	0–2

	Q5
	Mouth rinsing after inhaler use
	0–2

	Total score
	
	0–10



Consequently, a practical evaluation of the metered-dose inhaler utilization was conducted. The interviewees were given metered-dose inhalers containing placebo, plastic spacers of approximately 250 ml volume (Luftchamber®;Aerochamber®;and Trudell Medical, with mask and mouthpiece, and were asked to demonstrate the use of these devices. The professional who worked in hospital suction such as outpatient clinics, infirmary, ICU and emergency room demonstrated the use of inhalers in phantom school-age patients (8-year-olds) and infants (11-month-old) infants, using the material provided. The oral instruction is given by Professionals working in the hospital which demonstrated the use of the device in school children and newborn infants.
After the evaluations, the correct use of the devices was given by the professionals, after which printed materials, with illustrations, have been provided.
  
[bookmark: _GoBack]Continuous variables were summarized as mean ± standard deviation (SD) and median (interquartile range, IQR). Group comparisons were performed using the Kruskal–Wallis test followed by Mann–Whitney U tests with Bonferroni correction where appropriate. All analyses were carried out using Statistical Package for the Social Sciences version 26 software for Windows (SPSS Inc, Chicago, IL, USA). The study design was approved by the Ethics in Research Committee of the college of pharmacy \AL-Nahrain university
Results
[bookmark: _Hlk218619537]The medians obtained in each type of test are presented in Table 3. Written test scores differed significantly across professional groups (mean ± SD: medical students 2.41 ± 2.01; clinical pharmacy 8.57 ± 1.65; pharmacy students 5.03 ± 2.31; doctors 8.80 ± 1.32; Kruskal–Wallis p < 0.001). Analyzing each category separately, we observed that clinical pharmacists and doctors performed significantly better on the practical test for MDI using than other group on the written test (p < 0.0001). For these same two professional categories, there was no significant difference between their performance on the written test and their performance on the practical test (p > 0.05 for both categories). Attending clinical pharmacists, medical and pharmacy students performed significantly better on the practical test for MDI using, and their performance on the written test was significantly better than their performance on the practical test (p < 0.05 for attending clinical pharmacy and p < 0.05 for medical and pharmacy students). 
In the sequential logistic multiple regression model, the variables most strongly associated with better performance were, respectively, being a doctor, clinical pharmacy who, having previously treated patients and knowing how and when to use metered-dose inhalers. In all categories, the best medians were obtained on the practical test for MDI using for doctors, clinical pharmacists and pharmacy students were are the worst one obtained in the practical tests for medical students (Table 3 a,b)
	Table 3 (a) - Median Written Test Scores 



	[bookmark: _Hlk218619654]
Written test
	Medical student
(Group 1)
	 Clinical pharmacists
(Group 2)
	Pharmacy student (Group 3)
	Doctors
(Group 4)

	N
	44
	14
	32
	15

	Mean
	2.41 ± 2.01
	8.57 ± 1.65
	5.03 ± 2.31
	8.80 ± 1.32

	Median
	2
	10
	7
	10

	Minimum
	0
	0
	0
	0

	Maximum
	8
	10
	10
	10


[bookmark: _Hlk218620334][bookmark: _Hlk218608378]         *Scores ranged from 0–10, with higher scores indicating better knowledge, Kruskal–Wallis H (df=3) , p < 0.001.

Table 3 (b) -Median obtained on the practical test
	Practical test
	Medical student
(Group 1)
	 Clinical pharmacy
(Group 2)
	Pharmacy student (Group 3)
	Doctors
(Group 4)

	N
	44
	14
	32
	15

	Missing
	0
	0
	0
	0

	Mean
	2.45 ± 1.87
	3.86 ± 1.29
	3.69 ± 1.29
	3.60 ±1.41

	Median
	2
	4
	4
	4

	Minimum
	0
	0
	0
	0

	Maximum
	8
	8
	6
	8


           *Scores ranged from 0–10, with higher scores indicating better knowledge, , Kruskal–Wallis H (df=3) , p < 0.001.

Among the written test items, question 5, which assessed knowledge regarding cleaning the spacer, demonstrated the highest error frequency, with 89 errors (84.8%) among the 105 respondents. This was followed by question 2 (71.4%) and question 3 (61.9%). In contrast, question 1 showed the lowest error rate, with only 4 respondents (3.8%) answering incorrectly, followed by question 4 (20.0%).
Table 4- the highest and lowest errors answered question
		Error frequency



		Question



		Number of errors



		Percentage of respondents (%)




	Most errors
	Question 5
	89
	84.8%

	
	Question 2
	75
	71.4%

	
	Question 3
	65
	61.9%

	Least errors
	Question 1
	4
	3.8%

	
	Question 4
	21
	20%


Total respondents (N)=44+14+32+15=105
Table 5- variable associated with better performance on the test

	Variable
	Odd ratio
	95% C.I.
	P-value

	
	
	Lower
	Upper
	

	Medical students’ Clinical pharmacists
Doctors
Pharmacists

	.988
	.557
	1.752
	0.966

	
	.761
	.458
	1.267
	0.294

	
	.788
	.329
	1.888
	0.593

	
	1.483
	.820
	2.680
	0.192


Discussion
This study assessed the knowledge and practical competencies of medical students, pharmacy students, physicians, and clinical pharmacists concerning the proper utilization of pressurized metered-dose inhalers (pMDIs). The results indicate significant shortcomings in both theoretical understanding and practical skills, especially among undergraduate medical and pharmacy students, although doctors and clinical pharmacists exhibited relatively superior performance.9
In both written and practical tests, doctors and clinical pharmacists had much higher median scores than medical and pharmacy students. This difference is probably because to more clinical exposure, regular patient care, and increasing use of breathing devices in everyday practice. 10 These results align with prior research indicating that healthcare professionals tasked with direct patient management typically exhibit superior inhaler technique relative to students or less experienced practitioners. Despite this, performance was still not perfect among doctors and clinical pharmacists, which shows that just having professional expertise doesn't mean you know how to use an inhaler correctly.11 A significant finding of this study is the divergence between theoretical understanding and practical application. Some participants showed a good knowledge of the theory, but they weren't able to accurately follow the steps for using the inhaler. 12 This gap shows that inhaler technique is a skill-based competency that needs hands-on training over and over again, not just academic instruction. Internationally, similar findings have been documented, indicating that healthcare workers frequently overestimate their competence while making significant errors during equipment demonstration.13
One of the most common mistakes in this study was not cleaning the spacer properly or not suggesting or using a spacer, especially for kids in school. This misunderstanding probably comes from the wrong idea that spacers are only needed for babies or those who have trouble coordinating. In fact, spacers help drugs get into the lungs better and lower the risk of oropharyngeal adverse effects in people of all ages. This study found that spacers are not being used enough, which is clinically important because it could make treatment less effective and raise the risk of side effects.14
Also, all of the groups of participants showed that they didn't know much about how to rinse their mouths after using inhaled corticosteroids. This discovery is troubling, as insufficient oral hygiene after inhaler usage is linked to localized side effects including oral candidiasis and may hinder adherence to prolonged therapy. The continued occurrence of this blunder indicates inadequate focus on patient counseling in both undergraduate education and clinical practice.15
The regression analysis indicated that the roles of doctor or clinical pharmacist correlated with enhanced performance; nevertheless, these correlations did not achieve statistical significance (P > 0.05). This may be attributable to the restricted sample size and the implementation of convenience sampling, which may have diminished the statistical power of the analysis. This underscores the significance of experiential learning and advocates for the incorporation of structured inhaler-technique instruction into undergraduate curricula and ongoing professional development initiatives.16
From an educational standpoint, the findings suggest that existing undergraduate medical and pharmacy training programs may insufficiently equip students to instruct or exemplify proper inhaler technique. Because medical students and pharmacists commonly teach patients in clinical settings, these problems may directly lead to bad disease control and treatment failure in people with asthma or chronic obstructive pulmonary disease.17
There are a few things that this study didn't do well. The use of a convenience sample and a single-center design may restrict the generalizability of the results. Additionally, performance was evaluated at a singular time point, and the long-term retention of abilities was not examined. Even with these limitations, the study sheds light on a significant yet overlooked issue in clinical education and practice.18
In conclusion, this study shows that medical and pharmacy students don't know enough about how to use pMDIs and don't have enough hands-on experience with them. In the regression analysis, the differences between doctors and clinical pharmacists and students were not statistically significant, although doctors and clinical pharmacists did better.19, 20 These results show how important it is to provide systematic, hands-on instruction in inhaler technique in undergraduate programs and to keep healthcare workers up to date with regular in-service education. To get the best results for patients, lower the number of medication errors, and improve the overall quality of respiratory illness management, healthcare personnel need to get better at using inhalers.
CONCLUSIONS:
[bookmark: _Hlk218622071]The study highlights significant gaps in MDI technique knowledge, particularly among medical students. Structured educational interventions should be incorporated into undergraduate curricula and hospital training programs.
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