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ABSTRACT

OBJECTIVES: Pediatric residency trainees interface with electrocardiograms (EKG) as part of routine clinical care. Depending on workflow and
availability of support staff, trainees may be required to obtain EKGs on patients, though training on this skill varies. Our intervention seeks to train
incoming pediatric residents on obtaining EKGs from pediatric patients and identifying common problems that may result in acquisition of
low-fidelity EKGs.

METHODS: A team of physicians, EKG technicians, and simulation educators designed a 30-min didactic and experiential learning opportunity
for incoming pediatric trainees held prior to their start of clinical responsibilities. During the session, trainees were introduced to the basics of EKG
acquisition and common quality issues that arise. Afterwards, they practiced placing EKG leads on a mannequin and a live model. A pre- and
post-session survey was utilized to assess the session’s utility and participant’s learning.

RESULTS: The intervention was perceived as a valuable experience by participants over the course of 2 years. We found increased participant
comfort with performing and troubleshooting EKGs (P<.001). There was a 33% improvement in quality assessment of EKG rhythm strips after the
session (P<.001).

CONCLUSION: Given the importance of EKGs to the care of pediatric patients, it is essential that pediatricians receive adequate training in
acquiring and assessing EKG quality. This intervention was deemed to be highly useful with a demonstrated improvement in EKG troubleshooting
skills among first year pediatric residents. This session improves learner comfort with essential clinical responsibilities and identification of low-

quality EKGs that often warrant repeat testing.
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Introduction

General pediatric residents are often required to interpret
electrocardiograms (EKG) as part of a diagnostic workup in
the evaluation and management of cardiovascular diseases.
However, pediatric physicians often lack the necessary compe-
tency to accurately interpret EKG results.! While some trainees
enter residency with EKG interpretation and acquisition
experience, their comfort and skill level varies based on their
prior medical school curriculum and clinical training. To estab-
lish a common skillset among a group of first year pediatric trai-
nees at a large quaternary training center, our residency program
developed a formal, longitudinal EKG acquisition and inter-
pretation curriculum that spans across 3 years of general pedi-
atric residency training. This educational summary report
describes the acquisition portion of the curriculum that
focuses on the skills required to perform an EKG and trouble-
shoot common issues.

Existing literature has described the gaps in knowledge of
EKG interpretation across pediatric trainees of all levels from
medical students to attending cardiologists.z'4 Deficiencies in
EKG interpretation are amplified when physicians are inter-
preting poor quality EKGs, and one study in a pediatric

emergency department found that of all the EKGs obtained,
14% were found to be performed incorrectly.” Poor quality
EKGs may limit diagnostic utility, influence a provider’s inter-
pretation and clinical decision making, and lead to unnecessary
consultations and repeat studies; therefore, it is imperative that
trainees feel comfortable obtaining high-fidelity EKGs on pedi-
atric patients and troubleshooting common acquisition mistakes.
Due to the variable availability of care team members who are
trained in obtaining high-fidelity EKGs across different care set-
tings, resident physicians may be expected to acquire EKGs over-
night, on weekends, or in urgent clinical scenarios. However, as
formal training in EKG acquisition may be lacking, the quality of
these EKGs is variable.

To address the need for improved EKG training in pediatric
resident physicians, several studies have examined the effective-
ness of various training interventions. A recent study by Smith
et al. found that a simulated training program significantly
improved the EKG interpretation skills of pediatric residents.®
Another meta-analysis demonstrated that experiential learning
methods are more effective at improving learning outcomes
than didactic learning alone.” We sought to optimize EKG
acquisition skills by combining experiential learning with
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didactics to mitigate the potential for acquisition of low-fidelity
EKGs. While educational interventions have shown improve-
ment in first-year pediatric residents’ abilities to correctly
diagnose EKG ﬁndings,8 no interventions have focused on resi-
dents’ acquisition in obtaining high quality EKGs. Our curric-
ulum seeks to train each first-year resident in basic EKG
acquisition skills that may be utilized when other staff
members are unavailable. This curriculum consists of an
in-person didactic lecture, hands-on workshop, and pre- and
post-session testing via e-mailed survey. We implemented the
curriculum as a 30-min session held during new intern orienta-
tion prior to the residents starting their clinical responsibilities
as part of a quality improvement project.

Methods

Place and nature

Our intervention consisted of a 30-min, in-person educational
didactic session followed by hands-on practice for all interns
during their 2-week orientation prior to starting their residency
training. This session occurred prior to any trainee having clin-
ical time in the hospital or in outpatient clinic settings. All
materials were developed and reviewed prior to the session by
a chief year resident, second year resident, cardiology attending,
EKG technician, and simulation educator. Exposure to the
basic concepts of EKG interpretation during medical school
is widespread; however, the curriculum was developed with
the assumption that learners may have had no experience
placing leads on a patient and obtaining an EKG with the
use of an EKG machine. We did not ask learners to do
prework prior to our session. We utilized the GE MAC 5550
EKG machines available at our institution, but we did not
tailor the lecture portion of the session towards this specific
EKG machine, as with the goal to teach general principles
without reliance on utilizing any specific manufacturer’s device.
With regards to acquisition quality, based on clinical experience
of the development team, we focused on 3 common pitfalls
leading to suboptimal EKG quality: movement artifact, poor
lead contact, and upper limb lead reversal. We were able to
offer this session with a cohort of incoming interns in 2021
and repeated it in the subsequent year of incoming interns in
2022 with full participation across both classes. This was
intended to be a quality improvement project, and it did not
warrant ethics approval as it fell within our institution’s pub-
lished guidelines as to what encompasses a quality improvement
project. All participants provided written informed consent that
their involvement and responses to the surveys would be ana-
lyzed, shared, and utilized to improve future sessions.

Eguipment/enwiranment

The 30-min session was part of a larger clinical skills day that
the residents participated in; however, the curriculum was

developed to function as a standalone experience. All partici-
pants were emailed a link to a pre-survey that they were
asked to complete prior to the session. The survey included
questions on training background, self-reported comfort with
various EKG acquisition skills, and sample rhythm strips.
During the session, a lecture was given to introduce the trainees
to the basics of the EKG machines (Appendix A and Appendix
B). This didactic portion had a PowerPoint accompaniment
that outlined how to order an EKG, place EKG leads on a
patient, and examples of the 3 most common acquisition
issues: motion artifact, poor lead contact/missing leads, and
upper limb lead reversal (Appendix B). Rhythm strips of
these findings, along with an example of a high-fidelity
normal sinus rhythm EKG, were included on the pre- and
post-surveys (Appendix C and Appendix D).

In addition to requiring a projector for the PowerPoint, our
session required additional supplies, provided by our hospital’s
simulation team and the EKG technician team. We had 2 func-
tional EKG machines, EKG stickers, scissors, an infant sized
mannequin, and an adolescent sized mannequin for the
hands-on portion of the session. We conducted the sessions
in a conference room with a functional projector, tables set up
on one side for lead placement practice, and a table on the
other side for troubleshooting practice using a live model.
EKG machines were placed at the end of the table with the
mannequins nearby for ease of EKG lead placement.

Personnel

A senior resident, chief resident, or EKG technician was
responsible for leading the session. The session was led by a
chief resident and EKG technician the first year, and a senior
resident and EKG technician the following year. Each leader
was given all the didactic materials ahead of the session and
arrived early to set up the EKG machine and mannequins
prior to the session. Additionally, we had an adult volunteer
who agreed to be a live model to practice placing leads on
and obtaining EKGs. The volunteer was instructed to sit
with their chest appropriately exposed for EKG sticker lead
placement. Once leads were placed during the session, the vol-
unteer was asked to either stay still or move in accordance with
demonstrating various EKG acquisition issues that may arise
within a real patient encounter.

Implementation

All materials were set up prior to the didactic session and the
PowerPoint (Appendix B) was displayed on a projector. Once
the trainees arrived, brief introductions and goals of the educa-
tional session were discussed. After ensuring that all partici-
pants had a chance to complete the pre-survey, the presenter
oriented the trainees to the EKG machines and went through
the PowerPoint for the didactic portion. During this presenta-
tion, participants were familiarized with the EKG machine,
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principles of EKG lead placement, and how to order an EKG
using the institution’s electronic medical record system.
Afterwards, the instructor demonstrated how to operate the
EKG machine, cut stickers to appropriate patient size, and
place stickers on a mannequin. The trainees then split into 2
groups and had an opportunity to practice placing stickers on
each pediatric sized mannequin. The instructor helped guide
placement and answered any questions that came up.

After all parties practiced placing EKG leads on a manne-
quin, the instructor focused the participants’ attention on the
volunteer and demonstrated how to obtain a high-fidelity
EKG in real time. The first year, these occurred in parallel
due to extra support staff; however, these occurred in sequence
the following year. Afterwards, the common acquisition issues
(poor lead contact/missing leads, motion artifact, and limb
lead reversal) were simulated while an EKG rhythm strip
printed to demonstrate the findings. Finally, the instructor
demonstrated how to correct these issues. Final questions
were answered, and all participants were thanked for their
engagement.

Debriefing/assessment

After the hands-on portion of the session, trainees were encour-
aged to practice placing EKG leads on the mannequins and
each other. Questions were fielded as they arose, and each par-
ticipant was asked to fill out the post-survey later that evening
when it was emailed to them. All participants were informed
that surveys were de-identified, optional, and could be pub-
lished and analyzed for the purpose of improving future

sessions.

Data

Both groups of participants (year 1 and year 2) were provided
with the same pre- and post-session survey (Appendix C and
Appendix D). The survey assessed respondents’ comfort with
performing EKGs and troubleshooting EKGs before and
after the session on a 5-point Likert scale (1 = strongly disagree,
5 = strongly agree).9 It also asked whether the sessions were
deemed to be valuable or recommended for future trainees
with the same Likert scale. Finally, each survey had 4 EKG
rhythm strips for interpretation depicting either: normal sinus
rhythm, baseline artifact, poor lead contact/missing lead, or
limb lead reversal. Participants were asked if each rhythm
strip was a high-quality EKG, and if not, they were then
asked to free-text the problem with the EKG. The rhythm
strips were the same on both surveys, but they were presented
in a different sequence. Each participant would be given a
point for correctly identifying whether the rhythm was high
quality or not, and an additional point for correctly describing
the problem with each of the 3 poor quality rhythms. The

total maximum score was 7 for the pre- and post-survey.

Statistical analysis

We performed a paired #test of the mean Likert scale responses
of participant comfort performing EKGs, participant comfort
troubleshooting common EKG issues, and total correct score
on EKG rhythm analysis. All statistical analyses were per-
formed with Stata 17 (College, Texas).

Results

Over the 2 years, we had a total of 105 residents participate in
the session and complete the pre-session survey. All partici-
pants completed the pre-session survey. Only 76 participants
completed the post-session survey, of which 38 residents in
each year responded to both surveys (Table 1). 36% of the all
residents participating in the session had experience obtaining
an EKG prior to this session. 44% had no prior formal training
in acquiring EKG, 43% had prior training on EKG acquisition
in adult patients, and 13% had prior training on EKG acquisi-
tion specific to pediatric patients.

The majority of participants “disagreed” (53%) or “strongly
disagreed” (19%) that they felt comfortable performing EKGs
prior to the session (Figure 1). After the session, 62% “agreed”
with that statement (Likert scale average of 2.13 pre-session
and 3.92 post-session, P<.001). A similar trend was seen with
participant comfort troubleshooting common EKG problems
(Likert scale average of 1.63 pre-session and 3.85 post-session,
P<.001) (Figure 2). When asked about utility of the orientation
session, 96% of participants “agreed” or “strongly agreed” that
the educational session was valuable and 97% “agreed” or
“strongly agreed” that they would recommend the session to
be held again for future (Table 2). In response to the optional
descriptive question of “What was helpful about this
session?” in the post-survey, many participants cited
“hands-on experience placing leads on the mannequins/volun-
teer” and “explanation of how to turn on the EKG machine.”
In response to the optional descriptive question of “What

Table 1. Demographics.

Total cohort Cohort 1 Cohort 2
Pre-survey participants 105 53 52
Post-survey participants 76 38 38
Have you ever performed an EKG prior to residency?
No 64% 57% 71%
Yes 36% 43% 29%

Have you had previous training in performing/acquiring an EKG?

No training 44% 45% 42%
Adult only 43% 42% 44%
Pediatric-specific 13% 13% 13%
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Figure 1. Self reported comfort performing ECGs before and after the session.
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Figure 2. Self reported comfort troubleshooting ECGs before and after the session.
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Table 2. Value assessment.

This educational session was valuable

Strongly Disagree Neutral Agree Strongly

disagree agree
Total cohort 0% 1% 3% 38% 58%
Cohort 1 0% 0% 0% 24% 76%
Cohort 2 0% 3% 5% 53% 39%

| would recommend that this session be held again for future
interns

Strongly Disagree Neutral Agree Strongly

disagree agree
Total cohort 0% 0% 3% 36% 62%
Cohort 1 0% 0% 0% 24%  76%
Cohort 2 0% 0% 5% 47%  47%

Table 3. Interpretation analysis.

Good Poor Baseline Limb Total
quality lead artifact lead score
contact reversal
Total cohort
Pre-survey correct 89% 38% 84% 7% 4.2/7
Post-survey correct 96% 55% 99% 71% 5.6/7
Paired t-test P-value .16 .02 <.001 <.001 <.001
Cohort 1
Pre-survey correct 95% 39% 97% 76%
Post-survey correct 91% 40% 87% 9%
Paired t-test P-value .66 .62 .02 <.001
Cohort 2
Pre-survey correct 88% 37% 81% 4%

Post-survey correct 97% 71% 100% 66%

Paired t-test P-value .33 <.001 .01 <.001

could be improved?” in the post-survey, participants requested
having more than 2 EKG machines available.

The results of EKG rhythm strip quality assessments are
presented for the total cohort in Table 3. There was a statistic-
ally significant improvement in correct identification of all 3
EKG acquisition problems on the post-session survey. When
the cohorts are analyzed separately, the same trends persist
for the second year cohort for the same 3 problems; however,
there was no significant change in correct identification of
poor lead contact in the first year cohort. Of note, there was a
decrease in correct identification of the other 3 EKG issues,
with a significant decrease in identification of baseline artifact

and limb lead reversal (Table 3). When comparing means
between those who had prior teaching or experience compared
to those that did not have any prior teaching or experience,
there were no statistically significant differences in total pre-
survey scores. There was also no difference among groups in
their correct identification of high quality EKGs, upper limb
lead reversal, baseline artifact, or poor contact one the pre- or
post-survey. The only statistically significant difference was
within the total post-survey scores, with those who had prior
teaching scoring higher overall (“Yes teaching” 5.9/7 compared
to “No teaching” 5.3/7, P=.04). Finally, the total average
mean of correct identification and quality assessment increased

by 33% from 4.2/7 to 5.6/7 (P<.001).

Discussion

Our EKG acquisition curriculum seeks to provide resident trai-
nees a formal training on how to obtain EKG rhythm strips on
pediatric patients of all ages and sizes. An interprofessional team
convened to design a curriculum that can be taught within a
30-min period to multiple providers at once and combines a
didactic portion with a hands-on experiential learning opportun-
ity. It allows for direct interaction between the teacher and the
learner in a safe environment separate from patient care.

The limitations of our project include need for EKG
machines and mannequins to be available for the session,
which may not be possible at all institutions. Furthermore,
our teaching was based on the EKG machine models in our
facility and may not be applicable to older or newer models.
An additional limitation may be that this curriculum is early
in the residency training and there may be some time before
individuals apply it to clinical practice based on their rotation
schedule. Although our curriculum focused on identifying
motion artifact, missing leads, and limb lead reversal, there
are other EKG acquisition issues that our project did not
focus on, such as precordial lead reversal, and all learners
should be made aware of these when continuing to hone their
skills. Furthermore, our learners were only educated on upper
limb lead reversal and the results do not indicate improvement
in ability to identify lower limb reversal. There was no power
analysis performed, as this was a pilot curriculum and the
sample size equated to the total number of participating resi-
dents. Finally, due to the voluntary nature of the survey, favor-
able reception of the session and improvement in identification
of EKG acquisition issues may be partly secondary to a selection
bias in those who chose to respond to the post-survey.

To better ascertain retention of knowledge, a follow-up
survey at a later date could be obtained. Despite these limita-
tions, we designed and implemented a brief and effective cur-
ricular intervention to train pediatric resident physicians in
EKG acquisition. With the broad applicability of EKG acqui-
sition skills, this curriculum may benefit a wide audience of
medical professionals to enhance patient care in settings requir-

ing in-time acquisition of high-quality EKGs.
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skills and inconsistent ability in assessing EKG quality were
common among residents. As residents are expected to
acquire EKGs overnight and on weekends with overall low
levels of comfort, formal early training to decrease cognitive
load and improve clinical care delivery further advocates for for-
malized EKG acquisition training. Our survey found that this
curriculum was overwhelmingly valuable and popular among
our cohort across 2 years. It also found that the general trends
of EKG troubleshooting skills before and after the session
were similar across the 2 cohorts in our program despite
having different instructors each year. Overall comfort with
obtaining an EKG improved after the session, and trainees
showed improvement in appropriate identification of high-
fidelity EKGs while recognizing common EKG acquisition

problems quality interpretation after the intervention.
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