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ABSTRACT

Background: Accuracy of electrocardiogram (ECG) interpretation is
important for identification of ST-elevation myocardial infarction
(STEMI) by Emergency Medical Services (EMS) personnel who recog-
nize STEMI in the field and activate the coronary catheterization lab-
oratory. According to previous research, there is improvement in
diagnosis of STEMIs for healthcare providers who read an average of
> 20 ECGs per week. This study evaluated the effectiveness of online
ECG modules on improving diagnostic accuracy.

Methods: EMS personnel received 25 ECGs per week to interpret via
an online program. Diagnostic accuracy was assessed for improve-
ment via completion of an ECG evaluation package before and after
the intervention. Job satisfaction data were collected to determine the
impact of the educational initiative.

Results: A total of 64 participants completed the study. Overall, there
was an improvement in ECG diagnostic accuracy from 50.8% to 61.2%
(95% confidence interval [CI], 7.7-13.2; P < 0.0001). Specifically,
there was significant improvement in the diagnosis of STEMI (8.5%;
95% Cl, 4.9-12.3; P < 0.003) and supraventricular tachycardia (39.0%;

Creation of regional systems for ST-elevation myocardial
infarction (STEMI) care and incorporating direct transport by
Emergency Medical Services (EMS) personnel to hospitals
capable of percutaneous coronary intervention are essential in
achieving the goal of first medical contact to device time
within 90 minutes or less.” The level of care provided by the
EMS is dependent on legislation and varies between countries
and regions. In some systems, physician staff ambulances and,
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RESUME

Introduction : Linterprétation de I'électrocardiogramme (ECG) doit
étre précise pour détecter I'infarctus du myocarde avec élévation du
segment ST (STEMI) puisque le personnel des services médicaux
d’urgence (SMU) doit reconnaitre sur le terrain le STEMI et faire
démarrer le processus vers le laboratoire de cathétérisme coronarien.
Selon une étude antérieure, on note une amélioration dans le diag-
nostic du STEMI chez les prestataires de soins de santé qui lisent en
moyenne > 20 ECG par semaine. La présente étude a permis
d’évaluer l'efficacité des modules d’ECG en ligne en fonction de
I'amélioration de la précision du diagnostic.

Méthodes : Le personnel des SMU recevait chaque semaine 25 ECG a
interpréter au moyen d’'un programme en ligne. On évaluait la
précision du diagnostic en fonction de son amélioration en remplissant
un module d’évaluation d’ECG avant et aprés lintervention. Les
données sur la satisfaction professionnelle étaient collectées pour
déterminer les répercussions de l'initiative éducative.

Résultats : Un total de 64 participants ont complété I'étude. Dans
I'ensemble, on a noté une amélioration de la précision du diagnostic a

in others, EMS personnel are considered the most trained
individuals. Although EMS training varies among different
regions, the common focus is advanced life support. EMS
personnel often have minimal, if any, formal training in
electrocardiogram (ECG) interpretation, leading to inaccuracy
in diagnoses compared with other healthcare providers who
participate in the care of patients with STEML>” This is a
concern, because a key factor in the STEMI chain of survival
is accurate ECG interpretation by EMS personnel.”” Incor-
porating paramedics in cardiac catheterization laboratory
(CCL) activation has been associated with a reduction in first
medical contact to device time or reperfusion and greater
likelihood of achieving reperfusion in a timely manner."®”
However, incorrect ECG interpretation may lead to false
activation, unnecessary procedures, and delay in diaqgnosis of
patients who may have other serious conditions.'””’

We have previously shown that the diagnostic accuracy of
STEMI interpretation by healthcare providers is linked to
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95% Cl, 17.2-60.8; P < 0.008), with a trend toward improvement in all
other diagnoses. These effects were sustained to 3 months (9.6%;
95% Cl, 6.4-12.7; P < 0.0001). Improvement was seen regardless of
employment experience and training. There was no significant impact
on job satisfaction.

Conclusions: ECG exposure remains an important factor in improving
the accuracy of ECG diagnosis in EMS personnel. Online education
modules provide an easily accessible way of improving ECG interpre-
tation with the opportunity for positive downstream effects on patient
outcomes and resource use.

exposure to ECG reading, with significant improvement when
more than 20 ECGs are read per week.” This improvement
was seen regardless of previous training or current level of
expertise, thereby making it a potentially useful target in
improving ECG interpretation across a heterogeneous popu-
lation of healthcare providers. EMS personnel have been
shown to be the least accurate diagnosticians in regard to
STEMI, when compared with other healthcare providers.””
Considering that ECG interpretation by EMS personnel is
one of the weakest links in the STEMI chain of survival, our
aim was to assess how ECG exposure on a weekly basis affects
their accuracy of ECG interpretation. Because professional
development is key for employee satisfaction, we also assessed
how ECG training of EMS personnel affects their job
satisfaction.

Methods

Study population and setting

EMS personnel, including Primary Care Paramedics
(PCPs) and Advanced Care Paramedics (ACPs), from
Middlesex-London (Ontario, Canada) Medical Services
Department participating in the regional STEMI program
were recruited.

Each participant was invited to complete a baseline ECG
evaluation package followed by an 8-week online education
module consisting of weekly interpretation of 25 ECGs. After
completion of the training module, participants completed a
second evaluation. Subsequently, without further training, a
third evaluation was performed to assess the impact 3 months
after completion of the training module. The evaluation
packages were also preceded by an online version of the short
form of the Minnesota Job Satisfaction Questionnaire (MSQ)
(with permission from University of Minnesota’s Vocational
Psycholo?y Research Center) for each of the 3 evaluation
periods.'® The short form of the MSQ was chosen because it
is a well-known instrument that has been shown to be stable
over time and has excellent alpha coefficient values
(0.85-0.91) in previous studies. It is also concise compared
with other available instruments and has been used and vali-
dated in various healthcare worker populations.'®"”
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I'ECG, soit de 50,8 % a 61,2 % (intervalle de confiance [IC] a 95 %,
7,7-13,2; P < 0,0001). Notamment, on a noté une amélioration
importante dans le diagnostic du STEMI (8,5 %; IC a 95 %, 4,9-12,3;
P < 0,003) et de la tachycardie supraventriculaire (39,0 %; IC a 95 %,
17,2-60,8; P < 0,008), ainsi qu'une tendance a I'amélioration pour
tous les autres diagnostics. Ces effets se sont maintenus jusqu’a 3
mois (9,6 %; IC a 95 %, 6,4-12,7; P < 0,0001). On a observé une
amélioration, quelles que soient I'expérience professionnelle et la
formation. Il n’y a eu aucune répercussion importante sur la satisfac-
tion professionnelle.

Conclusions : L'exposition a 'ECG demeure un facteur important dans
I'amélioration de la précision du diagnostic & I'ECG chez le personnel
des SMU. Les modules éducatifs en ligne constituent des outils fa-
cilement accessibles pour améliorer l'interprétation de I'ECG en plus
d’offrir la possibilité d’effets positifs en aval sur les résultats cliniques
des patients et l'utilisation des ressources.

The link for study materials, including evaluation and
training modules, was sent by email linking to Research
Electronic Data Capture, a secure web application. Participant
characteristics were collected via a standardized online survey.

Study protocol

This study was approved by the Western University
Research Ethics Board, and each participant was provided
with informed consent form before enrollment. The evalua-
tion package contained 40 ECGs that were selected from a
patient-derived database of common ECG presentations with
a focus on STEMI and STEMI mimics. STEMI ECGs were
chosen from patients who had primary percutaneous coronary
intervention with confirmation of a culprit lesion. Prehospital
ECGs were used, including those with confirmed STEMIs
and false STEMIs representing mimics. These mimics
included left ventricular hypertrophy, left bundle branch
block, supraventricular tachycardia, non—ST-elevation
myocardial infarction (NSTEMI), early repolarization, ven-
tricular tachycardia, paced rhythm, and pericarditis. NSTEMI
ECGs featured changes consistent with myocardial ischemia
including ST-segment depression and T-wave inversions.
Upon completion of the preintervention evaluation package,
each participant received access to the education module.
Each of the 8 weekly modules contained 25 ECGs, which
were made up of a similar composition to the evaluation
package. The same drop-down menu of diagnoses was pro-
vided as in the evaluation package; additionally, the correct
response and a short explanation were given for each ECG in
the education module (Fig. 1). There was no didactic ECG
teaching component to the ECG module.

The subsequent weekly module was only sent on
completion of the previous week within the specified time
limit. After completion of the modules, a postintervention
evaluation package, which included the same 40 ECGs as the
preintervention package in a different sequence, was provided
to participants to measure their performance. Three months
after the completion of all participant modules, a third itera-
tion or “long-term” evaluation package was distributed. To
proceed through the study, each subsequent step needed to be
preceded by a completed prerequisite step, which included the
previous ECG module or evaluation. To assess if this type of
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Please record your interpretation. QO Early repolarization
O Left bundle branch block (LBBB)
QO Left ventricular hypertrophy (LVH)
O Normal ECG
O NSTEMI
QO Paced rhythm
QO Pericarditis
QO Right bundle branch block (RBBB)
O STEMI
O Supra ventricular Tachycardia (Afib, Aflutter etc)
QO Ventricular Tachycardia
Confirmation QO Please click here when interpretation complete.
CORRECT REPSONSE: Inferior STEMI
There is ST-elevation in leads II, Il and aVF of >2mm and reciprocal ST depression with T-wave inversions in leads |,

aVL and V4-V6.

Figure 1. Example of a prehospital electrocardiogram (ECG) representing an inferior STEMI used in the education module. The radio buttons (drop-
down menu in online version) represent included options for diagnosis. The correct response stem includes an explanation of the correct diagnosis
(only visible after choosing an answer and confirming in online version). NSTEMI, non—STEMI; STEMI, ST-elevation myocardial infarction.

training improves job satisfaction, an online version of the
short form MSQ was distributed with each of the ECG

evaluation packages.
Analysis

Continuous variables are summarized by mean and stan-
dard deviation and compared using paired ¢ test or analysis of
variance. Comparison of effectiveness of training is reported as
confidence intervals (Cls) in relation to mean improvement.
The accuracy of ECG interpretation was also analyzed ac-
cording to level of training and years of experience.

P values less than 0.05 were considered to be significant.
GraphPad Prism 7 (GraphPad Software, La Jolla, CA) was
used to perform statistical analysis.

Results

A total of 64 participants from Middlesex-London EMS,
who were actively involved in the STEMI program at our
institution, completed the study protocol (Fig. 2). Participants
included 41 PCPs and 23 ACPs. ACPs have at least 2 years of
paramedic field training before being able to qualify for a third
year of intensive in-class didactic and in-hospital clinical
training. There was a significant improvement in diagnostic
accuracy after completing the 8-week ECG education module
(Fig. 3). Overall, EMS participants improved 9.5% above
baseline and an average score of 50.8% to 61.2% (9.5% CI,
7.7-13.2; P < 0.0001). This effect was sustained to the
3-month follow up period, with maintenance of diagnostic
improvement compared with baseline values (9.6%; 95% CI,
6.4-12.7; P < 0.0001). There was no significant difference
(P = 0.79) between the postintervention and 3-month follow-
up accuracy, representing a sustained intervention effect. There

was a significant improvement in recognition of the diagnoses
of STEMI and, supraventricular tachycardia (Fig. 4). Before
intervention, EMS participants had a sensitivity of 0.7 and a
specificity of 0.3 for diagnosing STEMI in the given ECG
package. After the 8-week intervention, EMS sensitivity
improved to 0.8 and specificity to 0.3. Anterior STEMIs were
the most readily diagnosed, whereas posterior STEMIs were
least accurately diagnosed. The most common diagnoses
mistaken for STEMI included pericarditis, left bundle branch
block, NSTEMI, and left ventricular hypertrophy. Pericarditis
was the least well-recognized diagnosis overall.

Improvement in ECG diagnostic accuracy was equally seen
across all levels of training and experience (Fig. 5). Most study
participants (43/64, 67%) had more than 5 years of experience.
Although there was a significant difference in baseline accuracy
between ACPs and PCPs, with mean scores of 56.3% and
48.8%, respectively (7.5%, CL, —13.3 to 1.7; P=0.012), there
was no significant difference in accuracy improvement between
ACPs and PCPs (1.2%, CI, —6.5 to 4.1; P = 0.64). There was
no difference in baseline accuracy of ECG interpretation when
participants were stratified by years of experience. EMS par-
ticipants did not report any significant impact on job satisfac-
tion related to their participation in the STEMI program at our
institution upon study completion.

Discussion

The results of this study show that an ECG education
module, using an online platform based simply on ECG
exposure, is effective at improving ECG diagnostic accuracy in
EMS personnel. This effect was seen immediately after the
distribution of the 8-week module but was also sustained to
3 months after the intervention.
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EMS Participants (n = 103)

Job Satisfaction Questionnaire
(n=97)

Pre-Intervention
ECG Evaluation Package

(n=86)

v

8-Week ECG Modules
(n=69)

v

Job Satisfaction Questionnaire
(n=65)

Intervention

Post-Intervention

ECG Evaluation Package
(n=64)

Job Satisfaction Questionnaire

Long Term Follow-up (n=62)

ECG Evaluation Package
(n=60)

Figure 2. Study flow diagram. ECG = electrocardiogram; EMS =
Emergency Medical Services.

Paramedics currently in training receive classroom sessions
on ECG interpretation and STEMI recognition before grad-
uation, as well as base training before working in the field.
More experienced paramedics may have received no formal
training at all. Given the prehospital activation of extensive

100+ p<0.0001

p=0.79
80 p<0.0001

60+

40/

Accuracy (%)

20+

0_

Pre Post

Long-term

Figure 3. Accuracy of ECG interpretation represented as mean accu-
racy. Improvement in accuracy seen postintervention (Post) compared
with baseline (Pre) (95% confidence interval [Cl], 7.7-13.2;
P < 0.0001). This difference was also seen between the baseline
(Pre) and 3-month follow-up (long-term) means (95% Cl, 6.4-12.7;
P < 0.0001). There was no significant difference between the
postintervention (Post) and 3-month follow up (long-term) accuracy,
representing a sustained effect of the intervention.
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hospital resources and patient outcome-associated factors,
optimizing CCL activation and diagnosis of STEMI should be
a key educational objective. Studies that have examined ECG
education in various healthcare provider streams have gener-
ally focused on deliyegy via classroom lectures or handouts,
with varying effect.”””” Online or web-based teaching has
been shown to have comparable efficacy with more traditional
lecture or workshop-based teaching in regard to ECGs.”*”° It
has been postulated that web-based training may, in fact, be
more effective than traditional teaching methods.””** Medical
students appreciated a web-based program and attributed its
success to greater immediacy, improved visualization, and
interactivity. The ease of use for this method of teaching is
especially applicable to a population of EMS personnel who
work varying hours, often spending the majority of their shifts
in-transit. The improvement in sensitivity of diagnosing
STEMI after the intervention is important because EMS are
responsible for initially screening patients at the time of first
medical contact. In our institution, ECGs are electronically
transmitted to an Interventional Cardiologist for review before
activating the CCL. This type of system emphasizes the
importance in improving sensitivity of diagnosis rather than
specificity because the ECGs are over-read by an expert.
Acceptable false-positive rates range from 7% to 14%.'""' >
Our study shows a false-positive rate of 17% to 20% that
could be attributed to EMS interpreting the ECG in isolation,
rather than in clinical context, as they would in real-life
situations.

Most ECG interpretation is based on recognition-primed
decision making. In complex situations with multiple con-
founders, experts use reason based on underlying principles
when recognition is insufficient to make accurate diagnoses.
Effort was made to incorporate ECGs that were representative
of what EMS would learn about in training, as well as what
would be commonly encountered in the field. Package ma-
terial was reviewed by the local Middlesex-London EMS,
Superintendent of Education to ensure compliance with these
goals. Although effective at improving accuracy, the overall
accuracy of diagnosis may appear low, considering the EMS
responsibility in the STEMI chain of survival. The low
accuracy does compare with previous studies that looked at
ECG interpretation in a similar educational manner and
showed that confounding factors decrease accuracy.”™’ We
chose ECGs for the study that are encountered by EMS
personnel, including many that are not easy to interpret in an
effort to perform a comprehensive assessment. This approach
resulted in relatively low accuracy rate. Therefore, the degree
of accuracy is less important in our study compared with the
improvement in diagnosis.

This tool’s usefulness to educate a heterogeneous popula-
tion of healthcare professionals is evidenced in the resulting
improvement in accuracy seen postintervention. Despite the
baseline difference between ACPs and PCPs preintervention,
there was no difference seen in mean improvement. This re-
inforces the validity of using this type of ECG training in
heterogeneous populations of participants. ACPs spend 1 year
longer in school before starting work, and during that time
they spend more time on cardiology modules and ECG
teaching; therefore, they would be expected to be superior at
ECG interpretation. Despite this fact, the web-based delivery
of ECG modules is a new and different technique for teaching
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Figure 4. Accuracy of ECG diagnosis by diagnosis. Mean improvement in accuracy stratified by diagnosis. There was significant improvement in
recognition of the diagnoses of STEMI (8.6%; 95% Cl, 4.9-12.3; P < 0.003) and supraventricular tachycardia (39%; 95% Cl, 17.2-60.8; P < 0.008).
*Significant improvement. **Groups with < 3 data points could not be analyzed. LBBB, left bundle branch block; LVH, left ventricular hypertrophy;
NSTEMI, non—STEMI; STEMI, ST-elevation myocardial infarction; SVT, supraventricular tachycardia.

ECGs that has not been used routinely before. This may
explain why both groups had similar improvement, because
they would not have been previously exposed to this type of
teaching, without a didactic component.

Of note, there was also no difference seen related to years
of paramedic experience. Prior studies echo this finding

®ACP
40 ePCP

Improvement %

11-20 >20
(N =14) (N=11)

< 1-4 5-10
(N =8) (N =13) (N =18)

Experience (Years)

Figure 5. Improvement in accuracy (%) by years of experience. Mean
improvement from baseline in ECG diagnostic accuracy, stratified by
years of working experience. There was no significant difference be-
tween groups (P = 0.71). The coloured dots delineate the difference in
training between the participating paramedics; there was no signifi-
cant difference in baseline improvement related to paramedic training
(P = 0.64). ACP, Advanced Care Paramedic; PCP, Primary Care
Paramedic.

among various healthcare providers, which have a wider
breadth of practice including EMS.”*" ECG and specialized
cardiac care exposure, such as that gained in a Cardiac Care
Unit, affect diagnostic accuracy.””' The widespread applica-
bility of the education module simplifies the development and
delivery of the tool, the possible beneficiaries, and the impli-
cations for system wide impact. These results also help to
support the use of this education initiative across various
healthcare groups, including resident physicians who are
active participants in CCL activations.

Although our educational model leads to improvement in
ECG interpretation, there was no effect on EMS job satis-
faction. Organizational professional training provides atten-
tion to the employees, a fact that increases satisfaction with
the workplace. There is limited research exploring the rela-
tionship between e-learning and employee satisfaction.”” The
benefits of online training are significant (using time, space,
technology integration, and individualization).>®> However, in
terms of the contribution to employee workplace satisfaction,
interpersonal interaction is lost and less attention is given to
the individual.”* Tt is important to consider that CCL acti-
vation and treatment of patients with STEMI are small
components of EMS responsibility. Therefore, it is plausible
that this intervention may not have affected a big enough
component of EMS activities to improve job satisfaction.

Limitations

This study was performed in a single EMS population.
However, Middlesex-London EMS serves 10 areas with a
population of approximately 500,000. Our sample size was
small, and therefore we may have been unable to detect small
differences within groups. As seen in Figure 2, there was
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drop-out from the beginning to the end of the study.
Completion of the study itself required up to 10 hours of time
commitment with little compensation; therefore, we may not
have reached the optimal number of EMS providers. Also, it is
possible that the characteristics of those who completed the
study are different from those who did not complete the
study. However, considering the importance of ECG exposure
and training, such a module may be incorporated as part of
mandatory paramedics continuing medical education, result-
ing in a high level of participation and higher impact on pa-
tient outcomes. Future studies would be useful to assess
clinical implications of EMS improvement in ECG diagnostic
accuracy.

Conclusions

This study shows that simple ECG exposure is an effective
way to improve ECG diagnostic accuracy among EMS
personnel, who play an important role in expediting care to
patients with STEMI. Online ECG modules provide an easily
accessible way of improving interpretation with the opportu-
nity for positively affecting health systems, outcomes, and
resource use.
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