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ABSTRACT

Background: The electrocardiogram (ECG) is the most important procedure to examine the cardiac rhythm and
conduction system abnormalities. The common problem of ECG misinterpretation can lead to inappropriate diagnoses
and clinical decisions. There is a limited number of studies identifying the size of the problem in Saudi Arabia. We
aimed to assess the frequency of ECG misreading, address the nature of errors, and analyze the determinants of ECG
interpretation accuracy among sixth-year medical students and interns of Taif University, Taif, Saudi Arabia.
Methods: Participants were given a quiz of 10 multiple-choice questions of commonly encountered ECG
interpretations. Each correct answer was given a 1-point score. The overall score for each participant was calculated
out of 10 points.

Results: A total of 297 participants took part in this study and achieved a median (IQR) overall score of 6.0 (4). The
most frequent score was 9 (13.5%), followed by 8 (12.8%) and 4 (12.5%). Second degree AV block, type Il was
misread by 60.6% of the participants, 2nd-degree AV block, type | was misread by 50.2% while other abnormalities
were less frequently misread. Academic year and gender showed no significant influence on ECG interpretation. On
the other hand, interest in ECG reading and previous participation in ECG courses were associated with significantly
better performance (p<0.001 and p=0.001, respectively).

Conclusions: Overall performance of medical students and interns was moderate. Self-learning and providing
organized educational courses on ECG can positively improve ECG interpretation and allow adequate diagnosis and
management of heart diseases.

Keywords: Electrocardiogram misreading, Medical students, Interns, Interpretation, Competency

INTRODUCTION

Practical clinical skills such as the physical examination
remain an essential guide in the physician’s daily
practice. Electrocardiogram (ECG) is commonly used in
recognizing of important and common heart diseases,
including many life-threatening disorders. It has many
clinical uses as arrhythmias and conduction disturbances
diagnoses, which requires an adequate knowledge base
including the ability to recognize and understand the
basic pathophysiology of certain electrocardiographic

abnormalities.® Accuracy of the diagnosis derived from
an ECG is a cornerstone to patient outcome, and
misinterpretation could lead to erroneous management
decisions and devastating consequences.*®

In a systematic review focusing on ECG identifying; in
almost all kinds of patient care setting, A fundamental
skill for physicians to be able to interpret an ECG.° Yet,
for maintaining ECG interpretations skill, there is no
evidence-based minimum number of model ECG
interpretations. Surveys of Internal medicine clerkship
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directors at US and Canadian medical schools believed
that ECG interpretation is crucial for undergraduates
during their clerkships.”

Prior studies have been raised concerns about misreading
ECG among medical students and residents. In the latter
study, many clerkship directors who were surveyed state
that the most of their students have not come close to
mastering the skill of ECG interpretation.”® Recent
surveys among medical school graduates in different
countries showcased deficiency in the ability to reading
ECG and the majority felt a low level of self-
confidence.'0*?

Similar findings have been reported for young residents.
Numerous studies have highlighted poor ECG diagnostic
accuracy in ECG interpretation by emergency and
internal medicine, paediatrics, and family medicine
residents. "3

The final year of medical school and internships is an
important milestone in undergraduate skills practicing
and consists mainly of practical exercise of acquired
competencies. Given the limitations in ECG
interpretation, identifying and analysis of areas of
weakness among the undergraduate students can help to
implement various methods to optimize students' ECG
interpretation skills during the medical education process.

Consequently, this study has been designed to assess
skills in recognizing and interpreting important common
abnormalities in the ECG among sixth-year medical
student and interns in Taif University. Also, to determine
the most common errors with ECG reading; as early
detection will contribute to improving participants’
performance, teaching procedures and an enhanced
diagnosis of heart disease. In addition to and to correlate
student performance with their academic year, gender,
interesting in ECG reading and prior participation in ECG
educational courses.

METHODS

A cross-sectional study was conducted among sixth-year
students and interns in college of medicine, Taif
University, Taif, Saudi Arabia during the period from the
17" march to the 30" April, 2018. We used a self-
designed paper questionnaire (including a quiz) in order
to assess the magnitude of ECG misreading among
participants.

To assess determinant of ECG interpretation accuracy,
four close-ended questions about personal information
(academic year, gender, interest in ECG reading and
participation in ECG course) were included in the quiz. In
addition, ten multiple-choice questions regarding selected
ECG strips (Table 1) were included with four answers
(including only one correct answer) suggested for each
question in order to assess participants’ competency in
ECG interpretation.

Table 1: ECG strips selected for students to recognize.

2nd-degree AV block, type |

Sinus tachycardia

Normal ECG

Paroxysmal supraventricular tachycardia (PSVT)
2nd-degree AV block, Type 11

Atrial flutter

Sinus bradycardia

1st-degree AV block

3rd-degree AV block

Atrial fibrillation

Data were statistically described in terms of frequencies
(number of cases) and valid percentages for categorical
variables. Comparison of non-parametric numerical
variable (overall score) between the subgroups was done
using Mann-Whitney U Test. P values less than 0.05
were considered statistically significant. All statistical
calculations were done using computer program IBM
SPSS (Statistical Package for the Social Science; IBM
Corp, Armonk, NY, USA) release 21 for Microsoft
Windows.

During the research activities, each studied participant
was informed about the study topic and objectives with
stressing from our team on confidentiality of the collected
data and sample results, and also on getting a verbal
consent to share in the study.

RESULTS
Study population

A total of 297 sixth year students (52.5%) and interns
(47.5%) from Taif University took part in the study. Out
of them, 60.3% were males. Approximately, half of
participants (50.2%) were interested in reading ECG and
more than half of them (55.6%) participated in an ECG
educational course before.

o 1 2 3 4 5 6 7 8 9 10
Overall Score (out of 10)

Figure 1: Overall scores of ECG interpretation
(n=297).
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Participants’ scores in ECG interpretation

Out of 2970 total given answers (10 answers for each of
the 297 participants), 1794 (60.4%) answers were correct.
The median (IQR) overall score of all participants was 6
(4) out of 10.

The most frequent scores were: 9/10 as got by 13.5% of
the participant followed by 8/10 (12.8%) and 4/10
(12.5%). More details about overall scores are shown in
(Figure 1).

100% -
90% -
80% | 71.4%
70% -
60% -
50% -
40% -
28.6% [ 30.0% [B30.0% 30.3%
30% -
20% -
10% -

0% -

700%  700%  697% oo

65.7%
60.6%

52.5% 51.2%

47 5% 48.8% 49.8% 50.2%
270 B

39.4%
34.3%

Bradycardia

mCorrect OlIncorrect

Sinus  Normal ECG  PSVT  Atrial Flutter ~ Sinus
tachycardia Fibrillation AV Block AV Block AV Block, AV Block,

Atrial 1st-Degree 3rd-Degree 2nd-Degree 2nd-Degree

Type | Type Il

Figure 2: Results of ECG strips’ interpretation.

Frequent errors in ECG reading

The most commonly misread abnormalities were 2nd-
degree AV block, type Il (60.6% error rate) and 2nd-
degree AV block, type | (50.2% error rate). While
participants had a higher ability of identifying sinus
bradycardia, normal ECG, paroxysmal supraventricular
tachycardia and atrial flutter with error rates of (28.6%,
30.0%, 30.0% and 30.3% respectively). The results of
ECQG strips’ interpretation are shown in (Figure 2).

Determinants of ECG interpretation accuracy

By examining the potential effect of academic year,
gender, interest in ECG reading and participation in ECG
educational course on ECG interpretation accuracy, we
found that interns had a tendency towards slightly lower
scores compared to sixth-year students. However, this
difference was not statistically significant (median (IQR)
score was 6 (4) versus 7 (4) respectively, p=0.724).
Scores were homogenously distributed amongst male and
female participants (median score (IQR) was 6 (4) versus
6.5 (4) respectively, p=0.650).

On the other hand, participants interested in ECG reading
achieved significantly higher scores compared to
participants who did not (median score (IQR) was 7 (4)
versus 5 (4) respectively, p<0.001). Moreover, prior

participation in an ECG course had significant impact on
the overall scores (median score (IQR) was 7 (4) versus 6
(5) respectively, p=0.001).

DISCUSSION

The ability to correctly interpret ECG can be seen as a
core competency for undergraduate medical students to
help them in every day clinical decision making.>"® As it
is a critical aspect for graduating seniors entering
residencies in most medical specialties.’

Previously published studies have demonstrated
deficiencies and low self-confidence in ECG
interpretation among medical students and residents from
different countries.”**'**® Though, the optimal way to
acquire ECG interpretation skills is still under discussion.

Very little is known about ECG interpretative skills of
Saudi Arabian medical students. Accordingly, it can be of
great value to assess medical students in their final years
regarding the percentage of wrong misreading and the
common pattern mistaken responses. At the same time to
address the factors that would affect students’
competency in ECG diagnosis identifying.

This cross-sectional study was designed to observe the
deficiencies in ECG interpretation across medical
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students and interns of Taif University that may have
important  implications  for  future  educational
implementation and accordingly patient care.

As seen in our study, medical students of Taif University
in their final clinical years showed a moderate level of
competency in recognizing ECG strips of life-threatening
disorders and common heart abnormalities. The overall
ECG misreading constituted 40.6% of all readings. Out of
all participants, 13.5% were able to correctly recognize
90% of the strips, 12.8% recognized 80% and 12.5%
recognized 40% of the strips.

Our results concerning level of ECG competency were in
accordance with a similar study conducted among Polish
medical students (n=536)." They reported a low ability to
recognize ECG signs of life threatening disorders and
common heart abnormalities with a 66% overall
accuracy.

In another study conducted at George Washington
University School of Medicine, USA. The authors
concluded that graduating medical students had a limited
level of competency in ECG interpretation with a mean
score of 8.2/22 (37.2%). The same was reported for
graduating interns with a mean score of 13.9/22
(63.2%).°

In Germany, Stormann et al evaluated a formative and
oral-practical examination for undergraduate medical
students in their final year revealed a deficit of practical
clinical skills including reading an ECG with an overall
mean score of 72.8%. The study didn’t specify individual
score for each clinical skill.#*

In New Zealand, evaluating 52 final-year medical
students in interpreting various ECGs, they reported a
higher ECG misinterpretation (48%) in open-ended
questions than our results which are more complex to
analyze than closed-ended questions.™

Similarly, our results regarding ECG misreading for each
individual ECG strip were lower than the results from
South Asia study.?” The study showed a considerably low
competency in 74 final year students who were asked 15
ECGs to be interpreted. However, they stated a separate
score for each given ECG; the authors didn’t state overall
accuracy score.

Physicians in the emergency room usually misread T-
waves and ST segments of patients who may have acute
cardiac ischemia and they concluded that providing
enough training to emergency physicians can make their
interpretations more accurate and accordingly improve
the level of medical care.”?

In the present study, we also analyzed the determinants of
ECG interpreting accuracy. Academic year and gender
have no influence on ECG interpretation. Our results
showed a dedicated teaching program can improve ECG

interpreting either by self-learning or focused program
from peer study.

Our result concerning gender influence on ECG
misreading was in accordance with the previous studies
published before 2

In the same time, our result concerning academic year
impact on ECG misreading was in discordance with other
studies. For family practice residents in the United Arab
Emirates, Interns' diagnoses were significantly poorer
than the other participants.’® While, in the previous
George Washington University School of Medicine
study, the interns’ accuracy (13.9/22) was significantly
higher than the undergraduate students (8.2/22).%

In the latter study, the higher average score in the
undergraduate students group was associated with
previous degree of ECG exposure in years 3-4.%°
Likewise, in a study describing the comparison of 4", 5"
and 6" year medical students in the interpretation of
electrocardiograms, self-study of ECG had a significant,
positive influence ECG competency skill amongst
participants, particularly in the sixth-year student
population who had nearly two times higher percentages
than that of those who did not self-study.**

A number of studies, when analyzing both self-learning
and being in teaching course among undergraduate
students and residents, addressed contradictory results. In
a correspondence paper by Kodra et al, they stated that
residents who learned reading ECGs by themselves had
lower average scores than those who learned by peer
study.? Interestingly, a study about “Improving ECG
Competence in Medical Trainees in a UK District
General Hospital”, they compared the effectiveness of
self-learning and focus teaching program strategies on
improving competence of UK trainees. A larger
significant benefit was seen in those were in the teaching
program.?® On the contrary, Kopeé et al showed that
competency in interpretation of the ECG is gained mainly
by self-learning, whereas attendance at regular ECG
classes failed to improve the skill of ECG reading.™

Our results show a moderately level of ECG misreading
among sixth-year medical students and interns at Taif
University. ECG interpretation skills can be significantly
enhanced by self-education and attending ECG learning
courses. On the other hand, gender and academic year
have no significant influence on ECG competency skill.
We recommend conducting an interventional prospective
study that aim at comparing the awareness level of
healthcare provides before and after attending a
structured educational course on ECG interpretation.
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