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Abstract

:

Background: Electrographic interpretation skills are important for healthcare practitioners caring for patients in need of cardiac assessment. Competency in ECG interpretation skills is critical to determine any abnormalities and initiate the appropriate care required. The purpose of the study was to determine the level of competence in electrocardiographic interpretation and knowledge in arrhythmia management of nurses in critical care settings. Methods: A descriptive cross-sectional design was used. A convenience sample of 255 critical care nurses from 4 hospitals in the Al-Madinah Region in Saudi Arabia was used. A questionnaire was designed containing a participant’s characteristics and 10 questions with electrocardiographic strips. A pilot test was carried out to evaluate the validity and reliability of the questionnaire. Descriptive and bivariate analyses were conducted using an independent t-test, one-way ANOVA, or bi-variate correlation tests, as appropriate. A statistical significance of p < 0.05 was assumed. Results: Females comprised 87.5% of the sample, and the mean age of the sample was 32.1 (SD = 5.37) years. The majority of the participants (94.9%) had taken electrocardiographic interpretation training courses. The mean total score of correct answers of all 10 ECG strips was 6.45 (±2.54) for ECG interpretation and 4.76 (±2.52) for arrhythmia management. No significant differences were observed between ECG competency level and nursing experience or previous training. Nurses working in the ICU and CCU scored significantly higher than those working in ED. Conclusions: The electrocardiographic knowledge in ECG interpretation and arrhythmia management of critical care nurses is low. Therefore, improving critical care nurses’ knowledge of ECGs, identification, and management of cardiac arrhythmias is essential.
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1. Introduction


The prevalence of cardiac arrhythmias, electrical heart conduction system diseases, and other cardiovascular diseases (CVD), in general, is increasing worldwide [1,2,3]. Cardiac arrhythmias are defined as a disturbance in the normal heart electrical conduction system, resulting in ineffective cardiac pumping, unstable hemodynamic, or cardiac arrest events [2]. Cardiac arrhythmia is one of the leading causes of death globally. In 2016, the World Health Organization (WHO) estimated that 31% (17.9 million) of all global deaths were caused by CVDs [4]. In Saudi Arabia, the WHO and the Ministry of Health (MOH) Statistical Yearbook revealed that cardiovascular diseases were responsible for 42% of non-communicable disease deaths in 2010 [5].



Electrocardiogram (ECG) is a valuable non-invasive diagnostic tool for rapid identification of many heart diseases, especially electrico-cardiac arrhythmias and acute coronary syndrome [6,7,8]. ECG monitoring is commonly indicated for patients who have a risk of arrhythmias or suspected ischemic heart disease [9,10]. Nurses play a critical role in providing care in critical care settings such as the emergency department (ED), intensive care unit (ICU), and cardiac care unit (CCU) [11,12]. Usually, patients in these departments require ECG monitoring.



Thus, they are required to have sufficient knowledge and skills to provide comprehensive and safe healthcare for all patients with different cardiac diseases, particularly the critically ill in hospitals [13,14].



Nurses usually are the first clinicians to look at the ECG results and to identify abnormalities in the ECG which may require immediate attention. Therefore, it is vital that nurses are competent to carry out an initial assessment and make an early identification and quick decisions to manage ECG abnormalities and activate appropriate emergency health teams or initiate first-line treatments [15,16,17]. Nurses’ rapid and accurate interpretation of cardiac arrhythmias has been linked to safe practices and positive patient outcomes [18,19,20,21,22].



No consensus exists in the literature about the meaning of competency in ECG interpretation and the cut-off point for competency. However, it has been stated that competency can be defined as the ability to have sound understanding of the theoretical and procedural knowledge to interpret cardiac rhythms (knowledge), the ability to recognize cardiac rhythms (skills), and possession of a reasonable level of confidence to effectively undertake the task (attitude) [19].



Several studies conducted worldwide have reported different levels of nurse competency in arrhythmia interpretation and management [10,23,24,25,26,27,28]. For example, one study reported low competency in ECG interpretation among emergency nurses [29]. In a Turkish study, a high proportion (61%) of bedside nurses reported they did not know the correct practice for ECG monitoring or the correct interpretation of arrhythmias [24]. Another study, conducted in Iraq to investigate nurses’ knowledge of early interventional treatment for patients with ventricular tachycardia, showed nurses lack knowledge of how to interpret an ECG and recognize ventricular tachycardia arrhythmias [27]. However, other studies reported high competency scores in ECG interpretation. For example, a 2017 study reported ECG knowledge was high among ED nurses [23]. They also found that knowledge was influenced by ECG training in the previous five years but was not influenced by work experience or the hospital type.



In relation to nurses’ knowledge about early intervention for arrhythmia, two previous studies reported a low level of nurses’ knowledge regarding management of life-threatening ventricular arrhythmias [26,27]. However, there is a scarcity of studies in Saudi Arabia evaluating nurses’ competency in the interpretation of ECG. In fact, only one study was published in this area in 2022 [30]. That study sought to identify nurses’ competencies in ECG interpretation. The study focused on their ability to identify cardiac arrhythmia; however, it did not investigate knowledge of proper/initial management.



Therefore, this study aims to identify the level of competency in ECG interpretation, including the ability to identify arrhythmia and its initial management among nurses working in critical care settings in the Al-Madinah region, Saudi Arabia. It is expected that the findings of this study will be beneficial to understand the current nurses’ competency in ECG interpretation and arrhythmias management. Furthermore, it is expected to help in establishing nursing programs that enhance nurses’ knowledge and skills in relation to ECG interpretation and arrhythmias management.



Study Objectives


Specific objectives of this study were to identify: (1) critical care nurses’ competency levels in ECG interpretation and arrhythmia management, (2) relationship between critical care nurses’ ECG interpretation and arrhythmia management, and (3) the relationship between participants’ demographic and work data and competency level in ECG interpretation and arrhythmia management.





2. Materials and Methods


2.1. Study Design


A descriptive cross-sectional design was used to determine critical care nurses’ knowledge about common cardiac arrhythmia interpretation and management.




2.2. Sample and Settings


A convenience sampling method was used to recruit critical care nurses working in critical care units at four main governmental hospitals in two large cities in the Al-Madinah region in Saudi Arabia. These four central hospitals provide a wide range of care for patients with different medical disorders, including cardiac diseases.



To address the objectives of this study, nurses from the selected hospitals who, at the time of data collection, were working in critical care settings including the intensive care unit (ICU), coronary care unit (CCU), and emergency department (ED) were invited to participate. Excluded were nurses who do not provide direct care or are not currently working in critical care units.



The estimated sample size was calculated using G* power software [31]. The effective sample size was determined according to the type of analysis (correlation and Chi square analysis), a medium effect size of (0.3), the power analysis level of (0.80), and a significant p value of (0.05). Based on previous data, the minimal effective sample size was calculated to range between 158 (for correlation analysis) and 221 nurses (for Chi square analysis). A total of 270 questionnaires were returned, and 15 questionnaires were excluded for being incomplete; 255 completed questionnaires were collected and used for the final analysis of this study.




2.3. Procedure


The researcher visited the selected hospitals to recruit study participants. The researcher approached head nurses of the critical care units in each hospital to explain the purpose of this study and to disseminate the link to the online questionnaire, through email or WhatsApp, to the participants. The online questionnaire included an explanation of the objectives of the study and provided instructions on how to complete the questionnaire that was used for data collection. Printed versions of the questionnaire were also provided to the head nurses to promote participation and to increase the response rate. The online survey was hosted on a special webpage created expressly for this purpose. All replies were made to this webpage then extracted to a SPSS file for analysis.




2.4. Instrument


The goal of this study was to understand the competence in interpreting an ECG and the knowledge of first line management for selected arrhythmias. A structured questionnaire was developed and utilized for collecting data to address the objectives of this study. The questionnaire consists of two parts. Part 1 elicited demographic data (age, gender, nationality, qualification, hospital, working area experience, electrocardiographic training, and type of training). Part 2 presented 10 lead II ECG strips. The selected ECG strips were all made with the same technique (tracing speed and calibration, ECG voltage, and same paper) to prevent any technical variations or negatively influence the recognition of arrhythmias. For each strip, participants were asked to answer three questions. No. 1: participants were requested to identify (interpret) the displayed rhythm by selecting one answer only out of eleven possible answers. No. 2: participants were asked to rate the difficulty identifying the cardiac arrhythmia on a three-level scale (1 = easy, 2 = moderate, 3 = difficult). No. 3: participants were asked to identify the initial (first line) management of the cardiac arrhythmia shown in the ECG strip by selecting one answer only out of four possible answers (Table 1). The questions were developed by the author based on reviewing different resources, including textbooks related to ECG interpretation and management of cardiac arrhythmias [32,33,34], and guidelines of basic life support, cardiopulmonary resuscitation, and advance cardiac life support published by the American Heart Association [35,36].



The maximum score for interpretation and management questions was 10 points, with each corrected question given 1 point. Participants who scored at least 7.5 out of 10 points were deemed competent in electrocardiographic interpretation and/or management of patients with types of CVD [23]. Conversely, those who scored less than 7.5 points were not considered competent.



To assess the clarity, readability, and reliability of the developed questionnaire, a pilot study was conducted by recruiting 20 nurses from 2 hospitals not included in the final study. Minor revisions were made based on written feedback received from the piloted nurses. The internal reliability of the developed questionnaire was good (Cronbach’s alpha = 0.85). Two PhD holders in critical nursing and two ICU consultants, who are experts in clinical health research and cardiac arrhythmia interpretations and management, reviewed the questionnaire to assess the validity, clarity, and feasibility of the developed questionnaire. Some modifications were made to the tool based on expert suggestions.




2.5. Ethical Considerations


Institutional Review Board approval was obtained from the General Directorate of Health Affairs in Madinah (H-03-M-084) before the commencement of this study. Participants were informed that participation is voluntary, names are not required, and they can withdraw from the study at any time. Informed consent was assumed if participants returned a completed questionnaire. Data were confidential; no one, except the investigator, had the authority to view the data. No names were sought; instead, an ID number was assigned to each questionnaire.




2.6. Data Analysis


Statistical Package of Social Science (SPSS) software program (version 22) was used to analyze the data. Descriptive statistics were used to describe participants’ characteristics. Chi square tests were utilized to identify the relationship between those who correctly interpreted the ECG strips and correctly identified the management of cardiac arrhythmia in each ECG strip. Independent sample t-test, one way ANOVA, and bi-variate correlation tests were conducted, as appropriate, to determine the association between demographical and work data, participants’ knowledge about ECG arrhythmia interpretation, and management. A p value of less than 0.05 was considered a significant value.





3. Results


3.1. The Participants’ Sociodemographic


The majority of participants were female (87.5%, n = 223) and non-Saudi citizens (63.9%, n = 163). The mean age of participants was 32.1 years (SD = 5.37). Two-thirds of nurses (75.7%, n = 193) had Bachelor’s degrees and three years or less of experience (44.7%). More than half of the participants were working at ICUs (59.2%, n = 151). Most had taken training courses related to cardiac rhythm interpretation or arrhythmia management (94.9%), and 63.9% had completed at minimum the basic life support (BLS) course (Table 2).




3.2. Knowledge in ECG Interpretation


Participants’ competency on ECG interpretation knowledge was low. As shown in Table 2, the mean total score of correct answers of all 10 ECG strips was 6.45 (±2.54) (out of 10). Only 38 participants (14.9%) recognized all 10 ECG arrhythmias correctly, while almost one-fourth (27.1%) of participants answered 8 or more questions correctly, and 45.5% of participants scored 6 correct answers or less. The most frequently identified items (94.1% and 75.7%, respectively) were ECG strip No. 5 (asystole) and ECG strip No. 2 (ventricular tachycardia). Additionally, about two-thirds of participants were correctly able to identify the interpretation of ECG strip No. 7 (sinus tachycardia) (65.1%), and ECG strip No. 10, pulseless electrical activity (PEA) (63.1%). Moreover, about half of the participants were correctly able to identify the interpretation of ECG strip No. 3, ventricular fibrillation (53.7%), ECG strip No. 4, atrial flutter (58.4%), ECG strip No. 8, atrial fibrillation (50.2%), and ECG strip No. 9, third degree complete heart block (56.9%). Almost 30% of participants failed to identify a normal sinus rhythm.



Furthermore, participants were asked about the difficulty in identifying the ECG rhythm based on three levels (1 = easy, 2 = moderate, 3 = difficult). The majority (64.9%) perceived the interpretation of the provided ECG cases as easy, the total mean score was 1.7 (±0.5). Of all participants, 81.2% said ECG strip No. 5 (asystole) was easy to interpret. Moreover, 30.2% said ECG strip No. 3 (ventricular fibrillation) was difficult to interpret (Table 3).




3.3. Knowledge of Arrhythmia Management


Participants’ competency on first line management of ECG arrhythmias was low. The mean total score of correct answers of all 10 ECGs was 4.76 (±2.52) (out of 10). No one correctly identified all 10 ECG arrhythmias, while 61.6% of participants identified 6 correct answers or less. The most frequently known and correctly identified management (79.6%) was ECG strip No. 5 (asystole). As seen in Table 4, only 32.9% identified the correct first line management for ECG strip No. 8 (atrial fibrillation).



As shown in Table 5, Chi square tests show significant relationships between correct interpretation of all ECG strips and correctly identifying the management for each ECG strip. In other words, participants who were more knowledgeable about interpretation of ECG strips were more knowledgeable about the management of cardiac arrhythmias (Table 4).




3.4. Factors Associated with ECG Interpretation and Arrhythmias Management Knowledge


Several variables were examined for an association between ECG interpretation and the knowledge of arrhythmias management score. Using the independent samples t-test, the nationality (Saudi and non-Saudi) was found to have a significant effect on the ECG interpretation and arrhythmias management knowledge score (t(253) = 2.022, p = 0.044) for interpretation and (t(253) = 2.978, p = 0.003) for management. The mean score for non-Saudi nurses (M = 6.78, SD = 2.51 and M = 5.11, SD = 2.49) was slightly higher (Table 5) compared to the Saudi nurses (M = 6.11, SD = 2.53 and M = 4.15, SD = 2.46).



Regarding the association between what unit the nurse worked on with the ECG interpretation and arrhythmias management knowledge score, results showed a statistically significant difference between groups as determined by one-way ANOVA (F(3) = 6.80, p = 0.01 for interpretation, and F(2) = 12.67, p = 0.001 for management. A Tukey post hoc test revealed the mean score for nurses in the ED (M = 5.42 and 3.48) was statistically significantly lower than those working in the ICU (M = 6.99, 5.25, p = 0.01) and CCU (M = 6.71 and 5.07, p = 0.001). There was no statistically significant difference between the ICU and CCU mean score (p = 0.918).



Additionally, a Pearson correlation coefficient was computed to assess the relationship between the participants’ perceived difficulty level and the ECG interpretation and arrhythmias management knowledge. There was a moderate negative correlation between the two variables, r = −0.58 and −0.55, p ≤ 0.00. In other words, participants who rated interpretation of the ECG as difficult were more likely to obtain low scores in both ECG interpretation and arrhythmia management.



Regarding other factors studied, results show there were no statistically significant differences, at the p < 0.05 level, between the ECG interpretation and arrhythmias management knowledge scores and age (p = 0.35) for interpretation and (p = 0.23) for management, gender (p = 0.85) for interpretation and (p = 0.58) for management, previous training (p = 0.18) for interpretation and (p = 0.25) for management, qualifications (p = 0.51) for interpretation and (p = 0.21) management, or work experience (p = 0.47) for interpretation and (p = 0.42) for management, (Table 6).





4. Discussion


The aim of this study was to identify nurses’ competency in ECG interpretation and arrhythmia management in critical care settings in four hospitals in the Al-Madinah region in Saudi Arabia. To the best of my knowledge, this is the first study to evaluate critical care nurses’ competency in ECG interpretation and arrythmias management in Saudi Arabia.



The competency level in this study was set at 7.5 out of 10. Results of the study showed overall ECG interpretation among nurses working in critical care settings (ICU, CCU and ED) was below the preset threshold (7.5 out of 10). The mean total score of correct answers of all 10 ECGs was 6.45 (±2.54). This finding is consistent with the results of other local and international studies [29,30,37]. A recent study in Saudi Arabia found that 50% of nurses working in the ICU and CCU showed low competency in ECG interpretations [30]. The total mean score was 6.68 out of 10. However, the competency level in the present study is lower than in other studies [23,38]. When Coll-Badell et al. evaluated the knowledge of nurses in the ED, they found competency was high, where 93% of nurses scored 7.5 or more, with the average score of 8.6 out of 10 [23].



In the current study, only 14.9% of participants answered all 10 questions correctly. This finding is similar to Ho et al., that found 12.5% of participants correctly answered all the questions [38].



The findings of the present study showed the questions that were most often answered correctly were related to asystole (94%) and ventricular tachycardia (75.7%). However, one study, in contrast, found nurses’ ability to identify ventricular tachycardia was low (22%) [39]. The majority of participants in this study (81.2%) perceived the interpretation of the ECG involving asystole as easy. Given that most of the nurses in this study had completed BLS (63.9%) or ACLS (48.6%) courses, it is not surprising they can identify the asystole rhythm correctly and know how it should be managed. This finding is congruent with other studies [29,38,40]. In addition, the current study found nurses had difficulties identifying atrial flutter (58.4%), atrial fibrillation (50.2%), and third-degree complete heart block (56.9%). This finding was also similar in other studies [28,30,41]. In contrast, Tahboub and Dal Yılmaz found that 84.6% of nurses were able to identify atrial flutter [42]. In addition, about two-thirds of participants were able to interpret ECG strips related to sinus bradycardia, sinus tachycardia, and PEA. It can be argued that nurses need to recognize the normal ECG first to be able to identify any abnormalities. However, the findings showed that one-third of nurses in the current study had difficulty recognizing normal sinus rhythm. This finding was also reported in 2022, which found that 42% of the nurses failed to identify the normal sinus rhythm [30].



The second objective of the current study was to evaluate the competency level of nurses working in the critical care setting to identify first line management for some common fatal arrythmias. The results showed overall competency was below the required limits. The mean total score of correct first line management was 4.76 (±2.52) out of 10. This finding is similar to the findings of two previous studies which revealed the majority of the nurses had unsatisfactory knowledge concerning early management of life-threatening ventricular arrhythmias [26,27]. In the current study, no participant identified the correct first line management for all 10 ECG arrhythmias, while 61.6% identified 6 correct answers or less. The majority of participants (79.6%) identified first line management for asystole, while more than half had difficulties identifying the correct first line management for pulseless electrical activity, third degree complete heart block, atrial fibrillation, and ventricular fibrillation. In more detail, despite the fact more than 50% of the nurses correctly identified the ECG strips for ventricular fibrillation, atrial flutter, atrial fibrillation, and third-degree heart block, less than two-thirds were able to recognize the proper management of these cardiac arrhythmias. Moreover, between 81% and 85.5% of nurses in this study correctly recognized the management of cardiac arrhythmias for sinus bradycardia, ventricular tachycardia, and sinus tachycardia.



The findings of this study showed that there are significant relationships between participants’ knowledge about interpretation of ECG strip scenarios and management of ECG arrhythmias. These expected results indicated that nurses with a strong knowledge of arrhythmia interpretation were more knowledgeable about correct management of the cardiac arrhythmias and more likely to make sound clinical decisions and take quick interventional actions to manage cardiac arrhythmias [43,44,45]. Moreover, these findings emphasize the importance for improving critical care nurses’ knowledge about interpretation of ECG and early identification of cardiac arrhythmias and correct management of cardiac arrhythmias [44,45,46,47].



The finding of this study showed a significant association among participants’ accurate knowledge about the interpretation of ECG rhythms, participants’ knowledge about management of cardiac arrhythmias, and the nurses’ nationality. Non-Saudi nurses scored slightly higher than Saudi nurses. Although this finding is difficult to explain, it may be attributed to the fact there were 163 non-Saudi participants in this study and 92 Saudi participants. However, this finding may indicate a lack of knowledge of ECG interpretation and arrhythmias management among Saudi nurses. Therefore, ECG interpretation knowledge and skills must be addressed in Saudi nursing curricula and continuing education programs.



In addition, the current study found an association between ECG interpretation and arrhythmia management knowledge and the department nurses worked in. Mean score of nurses working in the ICU and CCU was significantly higher than those working in the ED. A similar study found CCU experience was associated with better results on ECG interpretation [37]. Another study revealed that nurses working in the CCU had better ECG knowledge than nurses working in the ICU and ED [48]. Contrary to this current research, a 2021 study found that nurses who had ED experience scored significantly higher than those who did not [38].



Several studies reported improved competency in ECG interpretation of fatal arrhythmias after education [9,25,39]. Logically, nurses with training showed higher scores compared to those without training [23,29,48]. It has been argued that knowledge and skills may diminish with time; therefore, refresher courses are required. Nolan and Coll-Badell et al. recommend that nurses take ECG interpretation courses at least every five years [23,49]. However, the findings of this current study are not consistent with previous research. The current study showed the mean score of participants was not affected by whether or not they had training. Although the majority of participants claimed to have training related to arrhythmia, it was not clear when training occurred or how affective it was. This finding draws attention to the need to evaluate arrhythmia training in both nursing curricula and on-the-job courses.



Data from the current study provided no significant difference among participants’ gender, age, qualifications, or work experience and their expertise in ECG interpretation. This result is consistent with two studies that found no correlation between age, work experience, and interpretation knowledge and skills [37,50]. In contrast, Keller et al. reported a positive correlation between years of experience and higher scores [40].



4.1. Research Implications and Recommendations for Clinical Practice


This study provides baseline information to improve the evidence about the level of knowledge of critical care nurses regarding ECG interpretation and cardiac arrhythmia management in Saudi Arabia. Moreover, this study will provide helpful information to educators to develop clinical guidelines and education programs to improve critical care nurses’ knowledge and competencies for early identification, assessment, and appropriate management of patients with CVDs, particularly cardiac arrhythmias and CAD.



It is essential to improve critical care nurses’ knowledge about monitoring ECGs and identifying cardiac arrhythmias. Several strategies are recommended to achieve this. ECG monitors with automated interpretation are highly recommended in critical care settings to facilitate early detection of abnormal ECG strips and diagnosis of cardiac arrhythmias. Most importantly, the curricula of Bachelor of Science in Nursing programs in Saudi Arabia should be reviewed and adjusted to include topics about ECG interpretations and management of cardiac arrhythmias.




4.2. Limitations


Despite the importance of the findings of this study, there were a few limitations. Using a cross-sectional design will not help identify the effect and causal relationship of the lack of knowledge on interpreting ECG and cardiac arrhythmias. Additionally, using convenience sampling will negatively affect the generalization of the findings for all critical care nurses in Saudi Arabia. This study was limited to only 10 ECG rhythms; other important arrythmias can be included in other studies, such as ST elevation or pathological Q waves.





5. Conclusions


This is the first study in Saudi Arabia to evaluate both ECG interpretation and arrhythmia management knowledge for nurses working in critical care settings. The overall results revealed the majority of nurses in this study were below the preset competency limit for ECG interpretation and arrhythmia management. Therefore, improving critical care nurses’ knowledge on monitoring ECGs and identification and management of cardiac arrhythmias is essential. Through collaboration between the health system and education institutions, improvements can be achieved through nursing education and in-service training programs and workshops. Contrary to what several studies found related to the role of training in improving nurses’ interpretation knowledge, this current study did not find any significant association. This finding should be carefully examined, as it may indicate weaknesses in current nursing curricula and/or in-service training programs. Conducting further longitudinal and experimental research studies is recommended to investigate the effectiveness of health education programs on critical care nurses’ ECG interpretation skills and management of cardiac arrhythmias.







Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of General Directorate of Health Affairs in Madinah, Saudi Arabia (H-03-M-084 date 2 February 2021).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on reasonable request from the author. The data are not publicly available due to privacy restrictions.




Acknowledgments


The author would like to thank all the nurses and hospitals participated in this research.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Chow, G.V.; Marine, J.E.; Fleg, J.L. Epidemiology of arrhythmias and conduction disorders in older adults. Clin. Geriatr. Med. 2012, 28, 539–553. [Google Scholar] [CrossRef]

	



Kumar, A.; Avishay, D.M.; Jones, C.R.; Shaikh, J.D.; Kaur, R.; Aljadah, M.; Kichloo, A.; Shiwalkar, N.; Keshavamurthy, S. Sudden cardiac death: Epidemiology, pathogenesis and management. Rev. Cardiovasc. Med. 2021, 22, 147–158. [Google Scholar] [CrossRef]

	



Townsend, N.; Kazakiewicz, D.; Wright, F.L.; Timmis, A.; Huculeci, R.; Torbica, A.; Gale, C.P.; Achenbach, S.; Weidinger, F.; Vardas, P. Epidemiology of cardiovascular disease in Europe. Nat. Rev. Cardiol. 2022, 19, 133–143. [Google Scholar] [CrossRef]

	



Şahin, B.; İlgün, G. Risk factors of deaths related to cardiovascular diseases in World Health Organization (WHO) member countries. Health Soc. Care Community 2022, 30, 73–80. [Google Scholar] [CrossRef]

	



Ministry of Health. Cardiovascular Diseases Cause 42% of Non-Communicable Diseases Deaths in the Kingdom. 2013. Available online: https://www.moh.gov.sa/en/Ministry/MediaCenter/News/Pages/News-2013-10-30-002.aspx (accessed on 20 September 2021).

	



Martis, R.J.; Acharya, U.R.; Adeli, H. Current methods in electrocardiogram characterization. Comput. Biol. Med. 2014, 48, 133–149. [Google Scholar] [CrossRef]

	



Sattar, Y.; Chhabra, L. Electrocardiogram; StatPearls Publishing, 2021. Available online: https://www.ncbi.nlm.nih.gov/books/NBK549803/ (accessed on 15 November 2022).

	



Goldberger, A.L.; Goldberger, Z.D.; Shvilkin, A. Clinical Electrocardiography: A Simplified Approach E-Book; Elsevier Health Sciences: Philadelphia, PA, USA, 2017. [Google Scholar]

	



Funk, M.; Fennie, K.P.; Stephens, K.E.; May, J.L.; Winkler, C.G.; Drew, B.J. Association of implementation of practice standards for electrocardiographic monitoring with nurses’ knowledge, quality of care, and patient outcomes. Circ. Cardiovasc. Qual. Outcomes 2017, 10, 1–10. [Google Scholar] [CrossRef]

	



Hernandez, J.M.; Glembocki, M.M.; McCoy, M.A. Increasing Nursing Knowledge of ST-Elevated Myocardial Infarction Recognition on 12-Lead Electrocardiograms to Improve Patient Outcomes. J. Contin. Educ. Nurs. 2019, 50, 475–480. [Google Scholar] [CrossRef] [PubMed]

	



Ervin, J.N.; Kahn, J.M.; Cohen, T.R.; Weingart, L.R. Teamwork in the intensive care unit. Am. Psychol. 2018, 73, 468–477. [Google Scholar] [CrossRef]

	



Scholtz, S.; Nel, E.W.; Poggenpoel, M.; Myburgh, C.P.H. The Culture of Nurses in a Critical Care Unit. Glob. Qual. Nurs. Res. 2016, 3, 2333393615625996. [Google Scholar] [CrossRef] [PubMed]

	



Adhikari, N.K.J.; Rubenfeld, G.D. Worldwide demand for critical care. Curr. Opin. Crit. Care 2011, 17, 620–625. [Google Scholar] [CrossRef] [PubMed]

	



Tanaka Gutiez, M.; Ramaiah, R. Demand versus supply in intensive care: An ever-growing problem. Crit. Care 2014, 18 (Suppl. 1), P9. [Google Scholar] [CrossRef]

	



Haugaa, K.H.; Grenne, B.L.; Eek, C.H.; Ersbøll, M.; Valeur, N.; Svendsen, J.H.; Florian, A.; Sjøli, B.; Brunvand, H.; Køber, L.; et al. Strain echocardiography improves risk prediction of ventricular arrhythmias after myocardial infarction. JACC Cardiovasc. Imaging 2013, 6, 841–850. [Google Scholar] [CrossRef] [PubMed]

	



Leren, I.S.; Saberniak, J.; Haland, T.F.; Edvardsen, T.; Haugaa, K.H. Combination of ECG and Echocardiography for Identification of Arrhythmic Events in Early ARVC. JACC Cardiovasc. Imaging 2017, 10, 503–513. [Google Scholar] [CrossRef]

	



Weber, R.; Stambach, D.; Jaeggi, E. Diagnosis and management of common fetal arrhythmias. J. Saudi Heart Assoc. 2011, 23, 61–66. [Google Scholar] [CrossRef] [PubMed]

	



Evenson, L.; Farnsworth, M. Skilled cardiac monitoring at the bedside: An algorithm for success. Crit. Care Nurse 2010, 30, 14–22. [Google Scholar] [CrossRef]

	



Hernández-Padilla, J.M.; Granero-Molina, J.; Márquez-Hernández, V.V.; Suthers, F.; López-Entrambasaguas, O.M.; Fernández-Sola, C. Design and validation of a three-instrument toolkit for the assessment of competence in electrocardiogram rhythm recognition. Eur. J. Cardiovasc. Nurs. 2017, 16, 425–434. [Google Scholar] [CrossRef]

	



Ornato, J.P.; Peberdy, M.A.; Reid, R.D.; Feeser, V.R.; Dhindsa, H.S. Impact of resuscitation system errors on survival from in-hospital cardiac arrest. Resuscitation 2012, 83, 63–69. [Google Scholar] [CrossRef]

	



Perkins, G.D.; Handley, A.J.; Koster, R.W.; Castrén, M.; Smyth, M.A.; Olasveengen, T.; Monsieurs, K.G.; Raffay, V.; Gräsner, J.T.; Wenzel, V.; et al. European Resuscitation Council Guidelines for Resuscitation 2015. Section 2. Adult basic life support and automated external defibrillation. Resuscitation 2015, 95, 81–99. [Google Scholar] [CrossRef]

	



Soar, J.; Nolan, J.P.; Böttiger, B.W.; Perkins, G.D.; Lott, C.; Carli, P.; Pellis, T.; Sandroni, C.; Skrifvars, M.B.; Smith, G.B.; et al. European Resuscitation Council Guidelines for Resuscitation 2015. Section 3. Adult advanced life support. Resuscitation 2015, 95, 100–147. [Google Scholar] [CrossRef] [PubMed]

	



Coll-Badell, M.; Jiménez-Herrera, M.F.; Llaurado-Serra, M. Emergency Nurse Competence in Electrocardiographic Interpretation in Spain: A Cross-Sectional Study. J. Emerg. Nurs. 2017, 43, 560–570. [Google Scholar] [CrossRef] [PubMed]

	



Doğan, H.D.; Melek, M. Determination of the Abilities of Nurses in Diagnosing the ECG Findings About Emergency Heart Diseases and Deciding the Appropriate Treatment Approaches. Turkish J. Cardiovasc. Nurs. 2012, 3, 60–69. [Google Scholar] [CrossRef]

	



Goodridge, E.; Furst, C.; Herrick, J.; Song, J.; Tipton, P.H. Accuracy of cardiac rhythm interpretation by medical-surgical nurses: A pilot study. J. Nurses Prof. Dev. 2013, 29, 35–40. [Google Scholar] [CrossRef] [PubMed]

	



Khalil, N.; Abd Rahman, H.; Hamouda, E. Critical care nurses’ knowledge and practice regarding life-threatening ventricular dysrhythmias. Clin. Prac. 2018, 15, 747–753. [Google Scholar] [CrossRef]

	



Mousa, A.M.; Owaid, H.A.; Ahmed, R.S.; Zedaan, H.A.; Shalal, S.H. Nurses’ Knowledge Concerning Early Interventions for Patients with Ventricular Tachycardia at Baghdad Teaching Hospitals. Kufa J. Nurs. Sci. 2016, 6, 1–9. [Google Scholar]

	



Ruhwanya, D.I.; Tarimo, E.A.M.; Ndile, M. Life threatening arrhythmias: Knowledge and skills among nurses working in critical care settings at muhimbili national hospital, Dar es Salaam, Tanzania. Tanzan. J. Health Res. 2018, 20. [Google Scholar] [CrossRef]

	



Rahimpour, M.; Shahbazi, S.; Ghafourifard, M.; Gilani, N.; Breen, C. Electrocardiogram interpretation competency among emergency nurses and emergency medical service (EMS) personnel: A cross-sectional and comparative descriptive study. Nurs. Open 2021, 8, 1712–1719. [Google Scholar] [CrossRef]

	



Alkhalaileh, M.; Mohideen, M. Nurses competencies in Electrocardiogram interpretation: A systematic review. Biosci. Res. 2022, 19, 874–881. [Google Scholar]

	



Faul, F.; Erdfelder, E.; Lang, A.; Buchner, A. G* Power 3 [Computer Software] 2007. Available online: https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower (accessed on 15 January 2022).

	



Hampton, J.; Hampton, J. The ECG Made Easy E-Book; Elsevier: Edinburgh, UK, 2019. [Google Scholar]

	



Kusumoto, F. ECG Interpretation: From Pathophysiology to Clinical Application; Springer: Cham, Switzerland, 2020; pp. 1–355. [Google Scholar]

	



Reichlin, T.; Abächerli, R.; Twerenbold, R.; Kühne, M.; Schaer, B.; Müller, C.; Sticherling, C.; Osswald, S. Advanced ECG in 2016: Is there more than just a tracing? Swiss Med. Wkly. 2016, 146, w14303. [Google Scholar] [CrossRef]

	



Bhanji, F.; Donoghue, A.J.; Wolff, M.S.; Flores, G.E.; Halamek, L.P.; Berman, J.M.; Sinz, E.H.; Cheng, A. Part 14: Education: 2015 American Heart Association guidelines update for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation 2015, 132, S561–S573. [Google Scholar] [CrossRef]

	



Cheng, A.; Magid, D.J.; Auerbach, M.; Bhanji, F.; Bigham, B.L.; Blewer, A.L.; Dainty, K.N.; Diederich, E.; Lin, Y.; Leary, M.; et al. Part 6: Resuscitation education science: 2020 american heart association guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation 2020, 142, S551–S579. [Google Scholar] [CrossRef]

	



Werner, K.; Kander, K.; Axelsson, C. Electrocardiogram interpretation skills among ambulance nurses. Eur. J. Cardiovasc. Nurs. 2016, 15, 262–268. [Google Scholar] [CrossRef] [PubMed]

	



Ho, J.K.-M.; Yau, C.H.-Y.; Wong, C.-Y.; Tsui, J.S.-S. Capability of emergency nurses for electrocardiogram interpretation. Int. Emerg. Nurs. 2021, 54, 100953. [Google Scholar] [CrossRef] [PubMed]

	



Çıkrıkçı Isık, G.; Şafak, T.; Tandoğan, M.; Çevik, Y. Effectiveness of the CRISP Method on the Primary Cardiac Arrhythmia Interpretation Accuracy of Nurses. J. Contin. Educ. Nurs. 2020, 51, 574–580. [Google Scholar] [CrossRef] [PubMed]

	



Keller, K.; Eggenberger, T.; Leavitt, M.A.; Sabatino, D. Acute Care Nurses’ Arrhythmia Knowledge: Defining Competency. J. Contin. Educ. Nurs. 2020, 51, 39–45. [Google Scholar] [CrossRef]

	



Qaddumi, J.; Almahmoud, O.; Alamri, M.; Maniago, J. Competency in Electrocardiogram Interpretation among Registered Nurses in Private and Government Hospitals In Nablus, Palestine. Majmaah J. Health Sci. 2019, 8, 70. [Google Scholar] [CrossRef]

	



Tahboub, O.Y.H.; Dal Yılmaz, Ü. Nurses’ knowledge and practices of electrocardiogram interpretation. Int. Cardiovasc. Res. J. 2019, 13, 80–84. [Google Scholar]

	



Begg, G.; Willan, K.; Tyndall, K.; Pepper, C.; Tayebjee, M. Electrocardiogram interpretation and arrhythmia management: A primary and secondary care survey. Br. J. Gen. Pract. 2016, 66, e291–e296. [Google Scholar] [CrossRef]

	



Chen, Y.; Kunst, E.; Nasrawi, D.; Massey, D.; Johnston, A.N.B.; Keller, K.; Fengzhi Lin, F. Nurses’ competency in electrocardiogram interpretation in acute care settings: A systematic review. J. Adv. Nurs. 2022, 78, 1245–1266. [Google Scholar] [CrossRef]

	



Ebrahim, M.; Alseid, R.; Aleinati, R.; Tuzcu, V. Electrocardiogram interpretation among pediatricians: Assessing knowledge, attitudes, and practice. Ann. Pediatr. Cardiol. 2020, 13, 205–211. [Google Scholar] [CrossRef]

	



Alanezi, F. A systematized review aimed to identify the impact of basic electrocardiogram training courses on qualified nurses. Saudi Crit. Care J. 2018, 2, 51. [Google Scholar] [CrossRef]

	



Schultz, S.J. Evidence-based strategies for teaching dysrhythmia monitoring practices to staff nurses. J. Contin. Educ. Nurs. 2011, 42, 308–319. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, H.; Hsu, L.L. The effectiveness of an education program on nurses’ knowledge of electrocardiogram interpretation. Int. Emerg. Nurs. 2013, 21, 247–251. [Google Scholar] [CrossRef] [PubMed]

	



Nolan, J.P.; Soar, J.; Zideman, D.A.; Biarent, D.; Bossaert, L.L.; Deakin, C.; Koster, R.W.; Wyllie, J.; Böttiger, B. European Resuscitation Council Guidelines for Resuscitation 2010 Section 1. Executive summary. Resuscitation 2010, 81, 1219–1276. [Google Scholar] [CrossRef] [PubMed]

	



Alusaunawy, A. Evaluation of Nurses Knowledge and Practical of Electrocardiogram Toward Adolescent Patient. IOSR J. Nurs. Health Sci. Ver. II 2015, 4, 10–16. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Example of the questionnaire questions.






Table 1. Example of the questionnaire questions.





	
Question No 1

	
For each of the following ECG strips, please select the correct rhythm interpretation and also rate the level of difficulty that was required to interpret each strip on a scale of 1 to 3
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	A.

	
The above rhythm is:










	

	□

	
Ventricular Tachycardia







	

	□

	
Sinus Bradycardia










	

	□

	
First Degree Heart Block







	

	□

	
Atrial Fibrillation










	

	□

	
Asystole







	

	□

	
Pulseless Electrical Activity (PEA)










	

	□

	
Atrial Flutter







	

	□

	
Normal Sinus Rhythm










	

	□

	
Ventricular Fibrillation







	

	□

	
Sinus Tachycardia










	

	□

	
Third Degree (Complete) Heart Block)







	




	

	B.

	
Difficulty level:







	1.

	
Easy




	2.

	
Moderate




	3.

	
Difficult










	

	C.

	
The above patient has hypotension and dizziness what is initial management










	

	□

	
Administer Atropine up to 3 mg while awaiting pacer







	

	□

	
No intervention is required










	

	□

	
Start CPR







	

	□

	
Administer Lidocaine 10 mg IV










	
Question No 2

	
2
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	A.

	
The above rhythm is:










	

	□

	
Ventricular Tachycardia







	

	□

	
Sinus Bradycardia










	

	□

	
First Degree Heart Block







	

	□

	
Atrial Fibrillation










	

	□

	
Asystole







	

	□

	
Pulseless Electrical Activity (PEA)










	

	□

	
Atrial Flutter







	

	□

	
Normal Sinus Rhythm










	

	□

	
Ventricular Fibrillation







	

	□

	
Sinus Tachycardia










	

	□

	
Third Degree Complete Heart Block)







	




	

	B.

	
Difficulty level:







	1.

	
Easy




	2.

	
Moderate




	3.

	
Difficult










	

	C.

	
You checked the above patient and you did not find a pulse, what is initial management?










	

	□

	
Immediate CPR with rapid defibrillation







	

	□

	
Immediate synchronized cardioversion










	

	□

	
Administer Lidocaine 10 mg IV







	

	□

	
Atropine up to 3 mg IV while awaiting pacer
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Table 2. Sociodemographic of the study population.






Table 2. Sociodemographic of the study population.





	
Variable

	
n

	
%






	
Gender

	

	




	
Male

	
32

	
12.5%




	
Female

	
223

	
87.5%




	
Nationality

	

	




	
Saudi

	
92

	
36.1%




	
Non-Saudi

	
163

	
63.9%




	
Educational qualification

	

	




	
Nursing Diploma

	
53

	
20.8%




	
Bachelor

	
193

	
75.7%




	
Postgraduate (Diploma, Master, or PhD)

	
9

	
3.5%




	
Current working area

	

	




	
Intensive care unit (ICU)

	
151

	
59.2%




	
Coronary care unit (CCU)

	
38

	
14.9%




	
Emergency department

	
66

	
25.9%




	
Working experience in the current area

	

	




	
Less than one year

	
29

	
11.4%




	
1 to 3 years

	
85

	
33.3%




	
4 to 6 years

	
46

	
18.0%




	
7 to 10 years

	
46

	
18.0%




	
More than 10 years

	
49

	
19.2%




	
Did you attend any training in cardiac rhythm interpretation or arrhythmia management?

	

	




	
Yes

	
242

	
94.9%




	
No

	
13

	
5.1%




	
What type of training attended? *

	

	




	
ECG interpretation

	
133

	
52.1%




	
Basic life support (BLS)

	
163

	
63.9%




	
Advance cardiac life support

	
124

	
48.6%




	

	
Mean (±SD)

	
Median

	
Min.–Max.




	
Age (years)

	
32.1 (±5.37)

	
30

	
23–52








* The participants attended more than one training program or course.
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Table 3. Distribution by percentage of nurses’ ECG interpretation results.






Table 3. Distribution by percentage of nurses’ ECG interpretation results.





	
Participants’ Interpretation of ECG Strips

	
Correct Answer

	
Participants’ Response




	
Correct n (%)

	
Incorrect n (%)






	
Interpretation of ECG 1

	
sinus bradycardia

	
173 (67.8%)

	
82 (32.2%)




	
Interpretation of ECG 2

	
ventricular tachycardia

	
193 (75.7%)

	
62 (24.3%)




	
Interpretation of ECG 3

	
ventricular fibrillation

	
137 (53.7%)

	
118 (46.3%)




	
Interpretation of ECG 4

	
atrial flutter

	
149 (58.4%)

	
106 (41.6%)




	
Interpretation of ECG 5

	
asystole

	
240 (94.1%)

	
15 (5.9%)




	
Interpretation of ECG 6

	
normal sinus rhythm

	
177 (69.4%)

	
78 (30.6%)




	
Interpretation of ECG 7

	
sinus tachycardia

	
166 (65.1%)

	
89 (34.9%)




	
Interpretation of ECG 8

	
atrial fibrillation

	
128 (50.2%)

	
127 (49.8%)




	
Interpretation of ECG 9

	
third degree complete heart block

	
145 (56.9%)

	
110 (43.1%)




	
Interpretation of ECG 10

	
pulseless electrical activity

	
161 (63.1%)

	
94 (36.9%)




	

	
Mean (±SD)

	
Median

	
Minimum–maximum




	
Total score of correct interpretation of all 10 ECG strips

	
6.45 (±2.54)

	
7.0

	
1–10




	
Total mean score of perceived difficulties in interpretation of all 10 ECG strips

	
1.70 (±0.51)

	
1.7

	
1–3
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Table 4. Nurses’ arrhythmia management results by percentage.






Table 4. Nurses’ arrhythmia management results by percentage.





	
ECG Strip Number (Patient’s Condition)

	
Correct Answer

	
Participants’ Response




	
Correct n (%)

	
Incorrect n (%)






	
ECG 1: Sinus Bradycardia (The patient has hypotension and dizziness)

	
Administer atropine up to 3 mg while awaiting pacer

	
117 (45.9%)

	
138 (54.1%)




	
ECG 2: Ventricular Tachycardia (You checked the above patient and did not find a pulse)

	
Immediate CPR with rapid defibrillation

	
141 (55.3%)

	
114 (44.7%)




	
ECG 3: Ventricular Fibrillation

	
Immediate CPR with rapid defibrillation

	
125 (49%)

	
130 (51%)




	
ECG 4: Atrial Flutter (This patient is hemodynamically unstable)

	
Synchronized electrical cardioversion

	
138 (54.1%)

	
117 (45.9%)




	
ECG 5: Asystole

	
Immediate CPR and epinephrine 1 mg IV bolus every 3–5 min

	
203 (79.6%)

	
52 (20.4%)




	
ECG 6: Normal Sinus Rhythm

	
No intervention required

	
160 (62.7%)

	
95 (37.3%)




	
ECG 7: Sinus Tachycardia (This patient has a pulse but is hemodynamically unstable)

	
Perform immediate synchronized cardioversion

	
142 (55.7%)

	
113 (44.3%)




	
ECG 8: Atrial Fibrillation (This patient is hemodynamical unstable)

	
Perform immediate synchronized cardioversion

	
84 (32.9%)

	
171 (67.1%)




	
ECG 9: Complete Third-Degree Heart Block

	
Administer atropine and perform temporary pacemaker

	
118 (46.3%)

	
137 (53.7%)




	
ECG 10: Pulseless Electrical Activity (PEA)

	
CPR along with epinephrine

	
127 (49.8%)

	
128 (50.2%)




	

	
Mean (±SD)

	
Median

	
Minimum-maximum




	
Total score of correct management of all 10 ECG strips

	
4.76 (±2.52)

	
5.0

	
1–10
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Table 5. Relationship between participants’ ECG interpretation knowledge and arrhythmias management.






Table 5. Relationship between participants’ ECG interpretation knowledge and arrhythmias management.





	ECG Strip No.
	Total Correct Management
	Incorrect ECG Interpretation and Correct Management
	Correct ECG Interpretation and Correct Management
	Chi Square (X2)
	p Value





	ECG 1
	137 (53.7%)
	20 (14.6%)
	117 (85.4%)
	41.8
	<0.001



	ECG 2
	174 (68.2%)
	33 (19.0%)
	141 (81.0%)
	8.5
	0.005



	ECG 3
	204 (80.0%)
	79 (38.7%)
	125 (61.3%)
	23.4
	<0.001



	ECG 4
	221 (86.7%)
	83 (37.6%)
	138 (62.4%)
	10.98
	0.001



	ECG 5
	210 (82.4%)
	7 (3.3%)
	203 (96.7%)
	13.97
	0.001



	ECG 6
	180 (70.6%)
	20 (11.1%)
	160 (88.9%)
	109.35
	<0.001



	ECG 7
	166 (65.1%)
	24 (14.5%)
	142 (85.5%)
	171.8
	<0.001



	ECG 8
	138 (54.1%)
	54 (39.1%)
	84 (60.9%)
	13.71
	<0.001



	ECG 9
	184 (72.2%)
	66 (35.9%)
	118 (64.1%)
	14.23
	<0.001



	ECG 10
	139 (54.5%)
	12 (8.6%)
	127 (91.4%)
	104.62
	<0.001
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Table 6. Correlation between participants’ demographic characteristics, knowledge about management of ECG arrhythmias, and participants’ knowledge about interpretation of ECG strip scenarios.






Table 6. Correlation between participants’ demographic characteristics, knowledge about management of ECG arrhythmias, and participants’ knowledge about interpretation of ECG strip scenarios.





	
Variables

	
Participants’ Knowledge about Interpretation of ECG Rhythm

	
Participants’ Knowledge about Management of Cardiac Arrhythmias




	
Correlation (r)

	
p Value

	
Correlation (r)

	
p Value






	
Age (years)

	
0.06

	
0.35

	
0.08

	
0.23




	
Gender (female)

	
0.01

	
0.88

	
0.04

	
0.56




	
Nationality (non-Saudi)

	
0.12

	
0.051

	
0.18

	
0.004




	
Educational qualification

	
0.16

	
0.01

	
0.19

	
0.003




	
Working experience in the current area

	
−0.04

	
0.48

	
−0.04

	
0.58




	
Attendance of training program/course about cardiac rhythm interpretation or arrhythmia management

	
0.17

	
0.03

	
0.23

	
0.02




	
Perceived difficulties in interpretation of all 10 ECG strips (Total score out of 30)

	
−0.58

	
<0.001

	
−0.55

	
<0.001




	
Participants’ knowledge about management of ECG arrhythmias

	

	

	
0.93

	
<0.001
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