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Abstract
Background

Interpretation of electrocardiograms (EKG) is an essential tool for every physician. Despite this, the diagnosis of life-threatening pathology on
EKG remains suboptimal in trainees. The purpose of this study is to study resident attitudes and behaviors towards EKGs and describe an innovative
way to teach EKGs.

Methods:

An observational cross-sectional study through an anonymous online survey of internal medicine residents’ attitudes and comfort with EKG
interpretation in Southern Illinois University in 2018. This was followed by the creation of a WhatsApp group for discussion and interpretation of
EKGs with peers. At the end of the day, the official EKG interpretation was posted.

Results:

Forty-one out of 63 residents (65 %) completed the survey. 85 % of respondents thought that an interactive way to teach EKGs is the best method
of teaching, and 73 % did not feel confident interpreting EKGs. 30 % often rely on automated EKG interpretation. Further analysis indicated that
PGY-1 residents reported ordering fewer EKGs (correlation coefficient -0.399, p = 0.012) and were uncomfortable diagnosing QT prolongation
on an EKG (correlation coefficient -0.310, p = 0.049). Residents in the third or greater year of the training ordered more EKGs (correlation
coefficient 0.379, p = 0.015), less frequently relied on the computer for EKG diagnosis (correlation coefficient 0.399, p = 0.010), and were
comfortable diagnosing an acute myocardial infarction and atrial arrhythmias.

Conclusion: In conclusion, most IM trainees do not feel comfortable interpreting EKG, however, this does improve with PGY year. New social
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Graduate Year

media platforms (such as WhatsApp) may be an innovative way of teaching EKGs.

Abbreviations: EKG — Electrocardiogram, STEMI - ST-elevation myocardial infarction SIU - Southern Illinois University, PGY - Post

Introduction

Introduced more than 100 years ago by William Einthoven,
Electrocardiograms (EKG) remain an essential tool for doctors in
diagnosing a variety of conditions. An abnormal EKG remains part of
the criteria for diagnosing and activating the response for ST-elevation
myocardial infarction (STEMI), one of the most important causes of
mortality nationwide [1,2] and it is a major diagnostic tool for many
cardiovascular diseases like myocarditis and cardiogenic shock [3,4,5].
Interpretation of EKGs is an essential tool for any physician, especially
in the field of internal medicine, often one of the first lines of defense
for diagnosing EKG abnormalities. It is a skill that is learned during
medical school and residency training [6]. Despite this, the diagnosis

of life-threatening pathology on EKG remains suboptimal in trainees
[7]. This poor performance may be attributed to a lack of a standard
methodology of teaching EKGs across the United States [7]. Also, the
introduction of computerized interpretation may have led to over-
reliance on automated readings and less effort to interpret and teach
EKGs [8].

Historically, EKG interpretation had been taught bedside, during
rounds, and through didactic lectures [9]. The competing
responsibilities, pressure for early discharge, and the increase in
volume and acuity of patients have led to shorter rounding duration as
well as less didactic time. In fact, a study has shown that bedside

Citation: Al-Akchar M, Ibrahim AM, Salih M, Bhattarai M, Koester C, et al. (2021) Learning Electrocardiogram Interpretation - Insights from Residents and a Proposed Solution in an Observational Study. J Comm Med
and Pub Health Rep 2(11): https://doi.org/10.38207/JCMPHR/2021/0211188



QUE ACQUAINT

PUBLICATIONS Journal of Community Medicine and Public Health Reports ISSN: 2692-9899

teaching compromises less than 20 % of the length of rounds [10]. As
a result, residents tend to self-study EKGs and read books on their own
time without direct feedback on their interpretation skills. A study
evaluating the retention of ECG interpretation skills found that
workshop-based or lecture-based teaching was superior to self-directed
learning with over a 10 percent difference in scores between these
groups [11].

The new challenges of learning created new solutions and methods for

teaching. With multiple communication apps being introduced in the

Methods

In 2018, the Southern Illinois University (SIU) School of Medicine
Internal Medicine residency program conducted a cross-sectional
observational study of internal medicine residents. We investigated
attitudes and behaviors towards EKGs through multi-item surveys (see
table one for questions). This was followed by the creation of a
WhatsApp group to aid in teaching EKGs. Membership in the
WhatsApp group was voluntary and was open to all internal medicine
residents, cardiology fellows, and faculty. A de-identified EKG
interpreted by an electrophysiology specialist was chosen by
cardiology fellows and posted to the WhatsApp group every
Wednesday. Residents were encouraged to interpret and discuss the
EKG with peers. At the end of the day, the official EKG interpretation

21st century, including Facebook, Telegram, Twitter, WhatsApp, and
others have found their way in aiding medical education, especially
given the common use amongst millennials. One study report that 99
% of medical students use WhatsApp (9). Another study estimated
WhatsApp usage to be around 20 % of all smartphone behavior [12].
All of this led to increasing use of social media as a tool of education.
In this study, we evaluate behaviors and attitudes of medical residents
toward EKGs, and we describe an innovative way to teach EKGs

through a group chat using the WhatsApp platform.

was posted. This would be followed by questions from faculty
members and residents and a final wrap-up (Figure one). The SIU
School of Medicine Internal Medicine residency program is an
ACGME accredited residency located in Springfield, Illinois, USA.
The residency has 42 categorical internal medicine residents, 11
preliminary residents, and 10 medicine/psychiatry residents. For
purposes of data analysis, 4th and 5th-year medicine psychiatry
residents were classified as Post Graduate Year (PGY)-3 residents. An
anonymous online survey of resident attitudes and comfort with EKG
interpretation was sent out to the “EKG of the Week group” after one

month.
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Measurement Test:

Junctional tachycardia maybe? Narrow
complex tachycardia with rate ~150. Not
seeing clear P waves but the rhythm is
regular. Looks like there might be some
inverted P’ waves after upright QRSs
suggesting retrograde depolarization of
the atria? Otherwise just buried in the
QRS complex

| would agree with svt what did the
patient receive for managment?

St depression as well maybe don’t know

if it has been seen on previous ekgs )

Figure 1: Conversation on WhatsApp

Forty-two internal medicine residents at SIU School of Medicine were administered questionnaires through an anonymous survey. The questions

included in the survey included the following (Table 1)
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Table 1: Survey questions

Questions Answers
How important are EKGs in addressing[Low Slightly important [ Neutral Moderately Very Extremely
cardiac issues? importance important important important
How often do you order EKGs per week| Less than 1 1to5 5t0 10 10to 15 More than 15
on average?
Never Occasionally Sometimes Often Always
How often do you rely on computer-
generated diagnosis for the interpretation
of EKG?
I am confident in my EKG interpretation|Strongly Disagree Neither agree or Agree Strongly agree
skills disagree disagree
Did you receive any form of training infYes No
reading and interpreting EKG in your
residency?
If yes, what form of training did you|Didactics Modules Focus groups Bedside
receive? teaching
Do you think an EKG course will help|Yes No Maybe
enhance your EKG interpretation skills?
\What resources do you use for learningBooks Internet Senior residents Attending Cardiology  |Didactics
EKGs? Rotation/Atten
ding
How comfortable are you at interpreting
the following on EKG?
Not at all Slightly comfortable [Somewhat Moderately Extremely
Myocardial infarction? comfortable comfortable comfortable  fcomfortable
Not at all Slightly comfortable [Somewhat Moderately Extremely
QT prolongation? comfortable comfortable comfortable  [comfortable
Not at all Slightly comfortable [Somewhat Moderately Extremely
Atrial fibrillation? comfortable comfortable comfortable  [comfortable
Other atrial arrhythmias? Not at all Slightly comfortable [Somewhat Moderately Extremely
comfortable comfortable comfortable  [comfortable
Ventricular arrhythmias? Not at all Slightly comfortable [Somewhat Moderately Extremely
comfortable comfortable comfortable  [comfortable
What would be the best way to improveEKG EKG modules Reading EKG books |Watching Other
your EKG interpretation? didactics online lectures
\What year are you currently in? PGY-1 PGY-1
(categorical)  |(Prelim) PGY-2 PGY-3 PGY-4 PGY-5
Are you interested in pursuing a
fellowship? Yes No Maybe
List your
If yes - what fellowship answer here

Statistical analysis

sided P-values < 0.05 were considered significant. Statistical analysis
was performed using SPSS version 25 (SPSS Inc., Chicago, IL, USA).

Spearman correlations were used to assess the strength and direction of

the association PGY year with comfort in interpreting EKGs. Two-
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Results

Participation in the survey was good with 41 out of 63 residents (65 %)
completing the survey. Forty-one percent of the respondents were
PGY-1, 29 % were PGY-2, and 29 % were PGY-3 and above. The
results of this anonymous survey indicated that PGY-1 residents
reported ordering fewer EKGs (correlation coefficient -0.399, p =
0.012) and were uncomfortable diagnosing QT prolongation on an
EKG (correlation coefficient -0.310, p = 0.049). Residents in the third

or greater year of the training ordered more EKGs (correlation
coefficient 0.379, p = 0.015), less frequently relied on the computer for
EKG diagnosis (correlation coefficient 0.399, p = 0.010), and were
comfortable diagnosing an acute myocardial infarction and atrial
arrhythmias. Table 2 summarizes the analysis of questions in relation
to PGY year.

Table 2: EKG survey by PGY Year

Questions PGY-1 PGY-2 PGY-3+
N=17 N=12 N=12

How often do you order EKGs? Correlation -0.339 Correlation 0.043 Correlation 0.379
P =0.012 P =0.790 P =0.015

How important are EKGs in addressing

cardiac issues?

Correlation 0.045

Correlation -0.097

Correlation 0.049

P=0.781 P =0.546 P=0.763
How often do you rely on the computer Correlation 0.058 Correlation 0.269 Correlation -0.331
diagnosis for interpreting EKGs?

P=0.718 P =0.093 P =0.036
How confident are you in your EKG Correlation -0.198 Correlation -0.184 Correlation 0.399
: : o
interpretation skills~ 50214 5= 0.249 50010

How comfortable are you in diagnosing a

specific problem on an EKG?

Acute Myocardial Infarction

Correlation -0.134

Correlation -0.176

Correlation 0.321

P =0.402 P=0.272 P =0.041
QT Prolongation Correlation -0.310 Correlation 0.081 Correlation 0.254
P =0.049 P =0.615 P =0.108

Atrial fibrillation

Correlation -0.188

Correlation -0.073

Correlation 0.276

P =0.240

P =0.651

P =0.081

Other atrial arrhythmias

Correlation -0.069

Correlation -0.224

Correlation 0.319

P =0.667 P=0.125 P =0.042
Ventricular arrhythmias Correlation 0.007 Correlation -0.186 Correlation 0.179
P =0.967 P =0.245 P=0.264

Ninety-three percent of the residents selected very important or
extremely important in EKGs addressing cardiac issues. Eighty percent
of the residents were interested in pursuing fellowships; with 25 %
showing interest in cardiology, 10 % in hematology/oncology, and 7 %
critical care.

Only 49 % of residents reported receiving training in reading and
interpreting EKGs in the following forms: 70 % indicated receiving
bedside teaching, 40 % didactics, 20 % focus groups, 5 % modules,

and/or senior resident-led teaching. Ninety percent indicated that an

EKG course will help enhance their interpretation skills. Sixty-six
percent of the residents selected EKG didactics as the best way of
learning and improving EKG interpretation. Most residents reported
learning EKG from multiple sources with the selection of internet (80
%) and books (61 %) being the most popular.

As for the WhatsApp group, over a period of 8 months, more than 30
common and challenging EKGs were posted and discussed. The group
grew to include all cardiology fellows, 9 faculty members, and 50

internal medicine preliminary and categorical residents. The number of
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responses to an EKG of the week post ranged from 3 to 50, with an
average of 16 responses per post. After four months, a brief two-
question survey was conducted to obtain feedback from the
participants. The questions were whether the EKG group helped you in
interpreting EKGs and whether any suggestions were available to help

enhance the group. 84% of respondents felt that this method helped

Discussion

Interpretation of EKGs is a critical skill needed for all physicians,
especially internal medicine physicians. Since 1895 when Dr. William
Osler coined the term “internal medicine training” and till this day [11],
there continues to be a dynamic change in resident responsibilities,
skills, learning, educational curriculum, and time dedicated to teach
and learn. The key findings of our study are that over 50 % of residents
did not feel comfortable interpreting EKGs. In addition, two-thirds of
residents selected an interactive way to teach EKGs as the best method
to learning EKGs. Finally, our study showed teaching EKGs through
WhatsApp may be a new innovative way to supplement learning
EKGs.

The ability of trainees to interpret electrocardiograms is highly variable
and depends on the level of training. Several studies evaluating senior
medical students have shown them to miss 26% to 62% of acute
myocardial infarctions [13]. Another study involving internal medicine
residents demonstrated that only half of the common ECGs findings
were interpreted correctly [14]. Acute MI and life-threatening
ventricular tachycardia were missed by 26% and 56% of trainees,
respectively [13,14]. In our study, only 26.8 % of IM trainees felt
comfortable interpreting EKGs, however, the level of confidence did
improve with advancing PGY year. PGY-1 residents reported ordering
fewer EKGs (correlation coefficient -0.399, p = 0.012) and were
uncomfortable diagnosing QT prolongation on an EKG (correlation
coefficient -0.310, p = 0.049). But many experienced residents who are
in the third or greater year of the training ordered more EKGs
(correlation coefficient 0.379, p = 0.015) and less frequently relied on
the computer for EKG diagnosis (correlation coefficient 0.399, p =
0.010), and were comfortable diagnosing an acute myocardial
infarction and atrial arrhythmias. ECG interpretation is often poor at
undergraduate and postgraduate levels [9]. Similar to the study by
Eslava et al, our study also showed that Internal medicine residents at
the beginning of their residency training demonstrated low overall
proficiency in interpreting ECGs and self-perceived confidence.

Our study also evaluated an important aspect of trainee practices in
relation to reliance on EKG interpretation. Automated interpretation
may influence physicians’ ECG reading. A retrospective study by
Garvey et al has shown that the machine set algorithms may
demonstrate wide variations and discrepancies in false positive
(overdiagnosis in 0 % to 42 %) and false-negative results
(underdiagnosis in 22 % to 42 %) [14]. In our study, 30 % of residents
often rely on automated ECG interpretation. This was higher than

another study (2) that looked at family medicine residents and reliance

them in EKG interpretation. Respondents suggested adding the clinical
context and outcome of the patient at the end of the discussion. It also
suggested posting the EKG later in the day as opposed to morning and
posting the interpretation later on to allow more time for residents to

participate in the discussion.

on EKG interpretation and found it to be 21 %. While automated
interpretation improves the diagnostic abilities when the interpretation
is correct, it does increase the probability of errors when the proposed
diagnosis is incorrect, and negatively influences the decision-making
of the physician in charge of the patient [16,17]. It has been roughly
estimated that such misdiagnoses may account for up to a large number
of avoidable adverse effects or deaths worldwide annually [18].
Nevertheless, diagnostic errors and wrong interpretation also depend
on the level of expertise, training of the physician, time constraints, or
fatigue [19,20].

In order to provide a solution to low comfort in interpreting EKGs, it
was important to investigate which methods are preferred for learning
EKG interpretation. A survey in 2005 involving Internal Medicine
clerkship directors showed that the most common teaching method of
EKGs was lecturing (75 %) followed by teaching rounds (44 %) [10].
In our study, the most common way of receiving education on EKG
interpretation was rounded (70 %). Most residents reported learning
EKG interpretation from multiple sources with the selection of internet
(80 %) and books (61 %) being the most popular. While self-directed
learning has been encouraged to improve the skills of ECG learning it
is associated with poorer competence in ECG interpretation [9].
Learners often follow the internet sharing site ECG interpretation
videos which may contain misleading information. When residents in
our study were questioned about their preferred method of learning
EKGs, 66 % percent selected EKG didactics as the best way of learning
and improving EKG interpretation. What we found common across the
answers of the preferred method, and what another study suggested,
was that an interactive approach is the best method of teaching EKGs
While the survey gave us input about the attitudes towards EKGs and
behavior of learning, it also opened a door for innovation and the use
of new tools in medical education. Social media, in general, continues
to gain more popularity in the youth group. Having more than 1 billion
active users across the world, WhatsApp® is a free communication tool
that is utilized by many residents [12]. Its advantage of having secure
encrypted communication makes it highly valuable in medical
education compared to other platforms. It also keeps the critical
component of interaction in learning. Furthermore, with several
faculty, different levels of knowledge, and trainee level, this opens the
door for peer-to-peer teaching, faculty input, and easy access to
learning from each other. With several other studies reporting the
utility and benefit of this model to supplement teaching [21,22], we
opted to utilize WhatsApp in teaching EKGs. The concept of one EKG
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a week compared to daily was chosen to lower the burden of
participation, and to allow residents to read up on discussed concepts
every week. Similar to other studies, the participation grew over time
[22]. The number of responses to an EKG of the week post ranged from
3 to 50, with an average of 16 responses per post. We believe that
participation grew as residents became more comfortable sharing their
answers, knowledge, and questions. In addition, the WhatsApp group
allowing peer-to-peer teaching made residents more comfortable with
making mistakes and learning from them. With this easily accessible
app, teaching through WhatsApp may be a great way to supplement
teaching internally and across different residency programs.

Through our WhatsApp experience, and through feedback from
residents we learnt a lot, and suggest several points in order to maintain
a successful social media platform for education. First, there must be a
champion from both the learners and teachers that continues to

Limitations

The main limitation of the study is the small sample size. Also, the
study was conducted in a single academic medical institute and didn’t
involve all medical subspecialties who usually are involved in the ECG

interpretation like critical care fellows and emergency medicine
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