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ABSTRACT:
Audience: This online learning module is designed for PGY 1-3 emergency medicine (EM) residents.

Introduction: Interpretation of the 12-lead electrocardiogram (ECG) is an essential skill for EM residents. The
traditional approach to ECG interpretation in medical school is primarily didactic, teaching: “rate, rhythm,
axis,” etc. Throughout residency, EM residents continue to receive lectures and practical ECG teaching to
independently interpret ECGs with accuracy and efficiency. In addition to basic rhythm interpretation,
physicians must be able to identify cardiac ischemia, abnormal rhythms, and subtle ECG findings that could
herald sudden death.! Life-threatening diagnoses such as digitalis toxicity or hyperkalemia can be made
promptly through ECG evaluation and catastrophic if missed. If correctly diagnosed through ECG, many
channelopathies can be treated and cardiac events can be prevented.?? Lecture-based learning is a necessary
part of medical education, but there is a need to supplement the traditional teaching approach with online
learning modules. Online learning modules provide learners with an accessible and efficient tool that allows
them to improve their ECG skills on their own time.

Educational Objectives: After completion of the module learners should be able to: 1) correctly recognize
and identify ECG abnormalities including but not limited to abnormal or absent P waves, widened QRS
intervals, ST elevations, abnormal QT intervals, and dysrhythmias that can lead to sudden cardiac death;

and 2) synthesize findings into a succinct but accurate interpretation of the ECG findings.

Educational Methods: An online module was developed using Articulate 360 and was implemented with EM
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residents. The module covers common ECG findings seen in the emergency department including ischemia,
atrioventricular blocks, and bundle branch blocks. The module uniquely emphasizes ECG findings of
arrythmias that could lead to sudden cardiac death and highlights that diagnosing sudden cardiac death
syndromes relies on both clinical presentation and specific ECG findings. Online modules have proven to be
as effective as lecture-based learning at improving ECG interpretation among healthcare professionals and
are convenient and easily accessible to the busy EM resident.*> Additionally, the module is self-paced, can
be completed at any time, and includes elements of active learning by incorporating knowledge checks
throughout. This allows learners in real time to see where individualized improvement is needed. The ease
of embedment of self-paced questions into the module is one of the salient reasons why module-based
learning can be superior to lecture-based learning. This allows for real time retrieval practice, feedback, and
repetition, all of which can be powerful and effective tools for learning.®

Research Methods: This module was offered at a single academic institution with a 3-year residency
program. The investigation was reviewed and approved for exemption by the Institutional Review Board of
Sydney Kimmel Medical College. The module was evaluated using survey data; before the module was
disseminated, residents were given a pre-module survey. The survey was used to evaluate the methods
residents used to interpret ECGs prior to completion of the module and to evaluate their baseline confidence
in ECG interpretation. The residents were then given access to the module and had two weeks to complete
it. After the two-week period, the post-module survey was used to evaluate resident satisfaction with the
delivery of the module, the methods residents used to interpret ECGs after the module, and resident
confidence in ECG interpretation. The objective efficacy of the educational content in the module was
assessed using a pre- and post-module assessment. The assessments consisted of 15 ECGs.

Residents were asked to provide a one-sentence interpretation for each of the 15 ECGs and the final answers
were based on interpretation by an electrophysiologist.

Results: A group of 37 EM residents had two weeks to complete the module between pre- and post-tests.
There was an 18.2% absolute increase in the mean percent correct after the module, a 42.5% relative increase
from pre-test (t=-8.0, p < 0.001). Subjective data demonstrated that after completing the module, residents
utilized the novel approach, were more confident in interpreting ECGs, and would use the module as a
resource in the future.

Discussion: Most participants were not confident in their ability to interpret an ECG prior to completing the
module, despite most of the participants having ECG training in the six months prior to the study. Almost all
the participants reported using “rate, rhythm, axis” as their method of ECG interpretation. Even with recent
training, and an understanding of “rate, rhythm, axis,” there was a very low accuracy on the pre-test and lack
of perceived baseline confidence in this skill. These findings highlight the need for a concise, effective
supplemental ECG tool that can be incorporated into residency program curricula.
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The online learning module was effective at increasing confidence of ECG interpretation skills in residents as
well as increasing accuracy of interpretation. Overall, participants were satisfied with the module as a
resource for practicing their ECG interpretation, and most participants reported that they would use the
module in the future as a reference. Implementation of the module as an additional resource in resident
education is very simple. It can be accessed through any device that has internet and can be completed in a
short period of time. Additionally, most experienced ECG readers will speak about “pattern recognition” as
an important tool in ECG interpretation. This ability goes above and beyond the “rate, rhythm, axis”
approach, but is acquired over time, often after many years of ECG interpretation. It is possible that the
modular method may accelerate such pattern recognition abilities.

Topics: Electrocardiogram, online module, sudden cardiac death, ischemia.
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Learner Audience:
EM Residents (Interns, junior and senior)

Time Required for Implementation:
30-45 minutes for the pre-test, 40 minutes for the module,
30-45 minutes for the post-test

Recommended Number of Learners per Instructor:
This is an asynchronous module, not requiring moderation
in real-time.

Topics:
Electrocardiogram, online module, sudden cardiac death,
ischemia.

Objectives:
By the end of this module, learners should be able to:

1. Correctly recognize and identify ECG abnormalities
including but not limited to abnormal or absent P
waves, widened QRS intervals, ST elevations,
abnormal QT intervals, arrythmias that can lead to
sudden cardiac death.

2. Synthesize findings into an accurate one-line
interpretation of the ECG findings.

Linked objectives and methods:

An online module was chosen due to its accessibility and
efficiency for the EM residents. The module is self-paced and
can be completed in one hour or less. This module was created
using Articulate Risa 360. Risa 360 is a web-based course
builder that requires a purchased subscription to create
courses. Courses created on this e-learning tool can be accessed
for free without an account or subscription through a direct
web-link.
https://rise.articulate.com/share/YN7pQLkc3HJeTHSnLqCLK-
RRQLKS]j3Uj

The module summarizes basic ECG knowledge and reviews
electrical abnormalities seen on ECG, while also teaching a
novel approach to synthesizing information into an accurate

interpretation. The module guides learners through the
following steps: 1) Is it normal sinus rhythm? 2) Is the QRS wide
or narrow? 3) Is there myocardial ischemia/injury? 4) Does this
ECG herald sudden death? This approach allows learners to
synthesize information gathered from the ECG into a
meaningful interpretation. Seasoned providers use pattern
recognition to interpret ECGs, which is difficult to teach;
therefore, most lectures and modules use the traditional “rate,
rhythm, axis” approach to teach residents. This module utilizes
a unique approach that emphasizes pattern recognition
throughout the learning process. The module also includes
frequent knowledge checks that allow the learners to self-
evaluate their progress. These knowledge checks provide
learners the opportunity to identify ECG abnormalities and
integrate the findings to determine an interpretation of the ECG
as a whole.

In

Online learning modules are effective at improving ECG
interpretation among healthcare professionals.*® Also, e-
learning modules have been shown to be as effective as lecture-
based learning in improving ECG interpretation by

residents.> Current literature suggests that as newer versions of
ECG training modules are developed, an emphasis on
diagnosing electrical diseases is needed.*

The current module created provides a unique ECG resource
that is tailored to be accessible to EM residents. Its application
will be used as an additional resource to any ECG curriculum
currently being taught at residency programs. ECG modules
have also been developed that contain case-based ECG
practice, but this module serves as a resource that is a broad
review of ECG principles as well as specific ECG abnormalities.”
This module is also unique because it teaches learners a
systematic approach to ECG interpretation that facilitates the
learner to come to a “one line” diagnosis. This module is easily
accessible even on personal smartphones and can be
completed in under an hour, serving as a resource to residents
whenever they need it.

Small group application exercise (sGAE):

This module can be used alone or in conjunction with pre- and
post-module assessments and questionnaires. To complete the
module with the pre- and post-module assessments and
guestionnaires, provide the learners with the pre-module
assessment and questionnaire (Appendix A) either in person or
remotely via an online platform such as Google Forms. The
learners should complete the initial questionnaire which
assesses subjective information regarding ECGs. Then provide
the learners with the pre-test in which they interpret a set of 15
ECGs and submit a one-line interpretation for each ECG in a
closed book fashion. The participants should be scored on their
interpretation based on final answers provided by an

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for

Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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electrophysiologist. Answers are graded as correct or incorrect.
After completion of the pre-test, give the participants access to
the online learning module link via email (Appendix C). Instruct
the learners to complete the module on their own time. After
completion of the module, give the participants the post-
module test and questionnaire (Appendix D) in the same format
as the pre-module. The post-module questionnaire subjectively
assesses the learner's opinion about the module and reassesses
confidence of ECG interpretation. The post-test consists of
another set of 15 ECGs with similar findings and should be
scored in the same fashion. Answer keys to the pre- and post-
test can also be found below.

Results and tips for successful implementation:

The module and pre- and post- module assessments and
surveys were implemented in two ways. A total of 37 residents
(first-, second-, and third-year) participated in the study. For
half of the participants, the pre-module assessment and survey
was introduced during the weekly half-day in-person resident
conference. This was a convenient time because most of the
residents were available. For the other half of the participants,
the implementation of the module was entirely virtual due to
COVID-19 precautions. The pre- and post-module assessments
and surveys were implemented using an online platform.
Although the introduction to the module and the pre- and post-
module assessment and questionnaires varied from in-person
to virtual, the results were similar.

Data collected from the pre-module survey showed that 95% of
residents use “rate, rhythm, axis” as their method to interpret
ECGs. While most residents use this conventional method, only
30% of participants were “confident” in interpreting ECGs, with
54% being “less confident” and 16% being “not confident.” The
pre-module survey showed that 69% of participants had recent
ECG training in the form of lecture or module in the six months
prior to participating in this study.

After completion of the pre-module assessment and survey, the
residents were given access to the module for two weeks and
then asked to sit for a post-module assessment and
guestionnaire (half in person and half virtual). The post-module
survey results showed that most participants reported spending
between 20 and 40 minutes on the module. Sixty-nine percent
of participants found it useful to be able to complete the
module on their own time as opposed to gaining the
information in normal lecture style. Eighty-eight percent of
participants said they would use the module to review ECGs in
the future. The survey showed that during the post-test, 66% of
participants used the novel approach to interpret the ECGs
while 33% did not. Seventy-five percent of residents said they
would try to use the novel approach in the future while
interpreting ECGs. After the module, 51% reported being

confident in interpreting ECGs (up from 30%), 42% reported
being less confident (down from 57%), and 7% being not
confident (down from 18%).

The objective data showed that the mean percent correct on
the pre-test was 42.8%. The mean percent correct on the post-
test, after completing the module, was 61%. There was an
18.2% absolute increase in mean percent correct after the
module (a 42.5% relative increase from the pre-test), which was
statistically significant (t=-8.0, p < 0.001; Fig.1).

While the study was implemented in two different fashions (in
person vs. virtually) the results did not change. In fact,
implementing the module virtually fostered more participation
from the residents. Hence, we suggest implementing future
studies virtually. The most common suggestion to improve the
module was for more examples of various ECG findings and for
videos to be embedded throughout the module.

100
80
60

«

20

Percent Correct

Post test

Figure 1: Boxplot showing mean percent correct (42.5%) on the pre-
test completed before the module and mean percent correct (61%) on
the post-test completed after the module ( t=-8.0, p < 0.001).

Pretest

Learner responsible content (LRC):
This entire module can be done as asynchronous learning.

Associated content/sections of didactics:
Appendix A: Pre-Module Survey and Pre-Test
Appendix B: Pre-Test Answers

Appendix C: Link to Online Module

Appendix D: Post-Test and Post-Module Survey
Appendix E: Post-Test Answers

References/suggestions for further reading:
1. Perez-Riera AR, Barbosa-Barros R, Shenasa M.
Electrocardiographic Markers of Sudden Cardiac Death

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for

Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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Appendix A:

Pre-Module Survey and Pre-Test

ECG Pre-Module Survey

1. Do you currently use “Rate, Rhythm, Axis” when interpreting ECGs
a. Yes
b. No

2. If no, please explain your method
a.

3. When was the last time you had a lecture or module on ECG interpretation
a. Within the last 6 months
b. Within the last year
c. Overayearago

4. How confident are you with interpreting ECGs?
Very confident

Confident

Less confident

Not confident

oo oo

5. How confident are you in calculating the QTc?
Very confident

Confident

Less confident

Not confident

oo oo

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for
Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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ECG Module Pre-Test

Instructions

Please write your name at the top of your answer sheet. When the timer starts you can open
your packet of 15 ECGs. Please write “one liner” interpretation on your answer sheet, as if you
were telling the attending what the ECG shows. Keep in mind that there is no partial credit.
You have to include all of the abnormalities to get the answer correct. Below is an example of
a “correct interpretation”. This example is a STEMI, to get the answer correct you also need
the localization. When you are finished, please raise your hand and we will document your
time and hand out a quick survey for you to complete.

-
‘ﬂ‘;{f{”bwmﬁﬂ%v“ﬁ%ﬁf{
3%%%k¢viM%M%wprwﬂjl¢¥%v#
i e i b i e

e e At i e

Image retrieved from: [https://kchemekg.wordpress.com/] on July 2019. Permission received from Mark Silverberg

Acceptable response: Normal sinus rhythm with anterior inferior ischemia OR ST elevations c¢/w anterior
inferior ischemia

Not acceptable: Normal sinus rhythm with ischemia/ ST elevations

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for
Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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Pre-Test Answer Sheet

Name: Resident Class:

10.

11.

12.

13.

14.

15.

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for
Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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ECG Module Pre-Test: ECG 1
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Image by Dr. Jennifer White, Author Owned

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for /JE I
Emergency Medicine Residents. JETem 2022. 7(4):SG15-60. https://doi.org/10.21980/)8706) CORD
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ECG Module Pre-Test: ECG 2
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Image retrieved from: [https://kchemekg.wordpress.com/] on July 2019. Permission received from Mark Silverberg

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for /JE I
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ECG Module Pre-Test: ECG 3
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ECG Module Pre-Test: ECG 4
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ECG Module Pre-Test: ECG 5
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ECG Module Pre-Test: ECG 6
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ECG Module Pre-Test: ECG 7
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ECG Module Pre-Test: ECG 8
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ECG Module Pre-Test: ECG 9
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ECG Module Pre-Test: ECG 10
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ECG Module Pre-Test: ECG 11

II avL v2 Vs

IIT avFE V3 Ve

Image by Dr. Behzad Pavri, Author Owned

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for /J
Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60. )

CORD

34



&Y SMALL GROUPS LEARNING MATERIALS

ECG Module Pre-Test: ECG 12
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ECG Module Pre-Test: ECG 13
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ECG Module Pre-Test: ECG 14
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ECG Module Pre-Test: ECG 15
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Appendix B:
Pre-Test Answers

1. Incomplete Right bundle branch block (RBBB), with probable left posterior fascicular block
2. Non-ST elevation myocardial infarct (NSTEMI)

3. Brugada

4. Mobitz Type |

5. Normal sinus rhythm

6. Hypertrophic cardiomyopathy

7. Left bundle branch block (LBBB) with ST-Elevation myocardial infarct (STEMI)

8. Acute STEMI, inferoposterior

9. Atrial flutter (atypical) with intraventricular conduction delay (also accepting LBBB)
10. Atrial fibrillation with a slow ventricular response and 1 PVC

11. Marked sinus bradycardia with a long QT

12. Multifocal atrial tachycardia

13. Sinus tachycardia with Wolff Parkinson White

14. Complete heart block with narrow escape

15. RBBB

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for
Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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Appendix C:
Link to Online Module

ECG Interpretation

https://rise.articulate.com/share/YN7pQLkc3HJeTHSnLgCLK-RRQLk8j3Uj

"2
Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for ‘ I
Emergency Medicine Residents. JETem 2022. 7(4):5G15-60. https://doi.org/10.21980/J8Z06) A pournal of CORD
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Appendix D:
Post-Test and Post-Module Survey

ECG Module Post-Test

Instructions

Please write your name at the top of your answer sheet. When the timer starts you can open
your packet of 15 ECGs. Please write “one liner” interpretation on your answer sheet, as if you
were telling the attending what the ECG shows. Keep in mind that there is no partial credit.
You have to include all of the abnormalities to get the answer correct. Below is an example of
a “correct interpretation”. This example is a STEMI, to get the answer correct you also need
the localization. When you are finished, please raise your hand and we will document your
time and hand out a quick survey for you to complete.

Example

M

V4

f_\ﬂ L\;am - ‘ HEEy

o
S

A

| ’_\4\7{/\ ML‘LA\ f’“t ;2/ f/\“{; ;VS ) "i/
| ‘ i i meFJm
A (T e s S ds e e e R
A

Image retrieved from: [https://kchemekg.wordpress.com/] on July 2019. Permission received from Mark Silverberg

Acceptable response: Normal sinus rhythm with anterior inferior ischemia OR ST elevations c¢/w anterior
inferior ischemia

Not acceptable: Normal sinus rhythm with ischemia/ ST elevations
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Post-Test Answer Sheet

Name: Resident Class:

10.

11.

12.

13.

14.

15.

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for
Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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ECG Module Post-Test: ECG 1
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ECG Module Post-Test: ECG 2
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ECG Module Post-Test: ECG 3
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ECG Module Post-Test: ECG 4
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ECG Module Post-Test: ECG 5
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ECG Module Post-Test: ECG 6
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ECG Module Post-Test: ECG 7
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ECG Module Post-Test: ECG 8
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ECG Module Post-Test: ECG 9
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ECG Module Post-Test: ECG 10
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ECG Module Post-Test: ECG 11
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ECG Module Post-Test: ECG 12
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ECG Module Post-Test: ECG 13
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ECG Module Post-Test: ECG 14
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ECG Module Post-Test: ECG 15
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ECG Post-Module Survey

1. How long did the module take you to complete?

a.

© oo o

<15 minutes
15- 20 minutes
20- 30 minutes
30 - 40 minutes
> 40 minutes

2. Choose the answer that best fits your experience with the online module

a.
b.

| found it useful to be able to complete the module on my own time
| would rather be taught in a lecture during resident conference

3. Would you use this module to review ECG interpretation in the future?

a.
b.

Yes
No

4. Do you have any suggestions on how to improve the module?

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for

Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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ECG Novel Approach Survey

1. Did you use the novel approach when doing the post-test?
a. Yes
b. No

2. Do you think you will try to use this new approach in the future?
a. Yes
b. No

3. How confident are you with interpreting ECGs?
a. Very confident
b. Confident
c. Less confident
d. Not confident

4. How confident are you in calculating the QTc?
Very confident

Confident

Less confident

Not confident

oo oo

Koutsoubis AS, et al. A Novel Module Based Method of Teaching Electrocardiogram Interpretation for
Emergency Medicine Residents. JETem 2022. 7(4):5SG15-60.
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Appendix E:
Post-Test Answers

Sinus tachycardia with proximal LAD STEMI
Brugada
Second degree AV block type 1
Multifocal atrial tachycardia
Hypertrophic cardiomyopathy
NSTEMI
LBBB with STEMI
Sinus bradycardia with Long QT
Right bundle branch block
. Normal sinus
. Atrial flutter
. Complete heart block with RBBB escape
. Wolff Parkinson White
. Atrial fibrillation (onset caught)
. Arrhythmogenic right ventricular cardiomyopathy with frequent PVCs
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