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Abstract. Background and aim of the work: Cardiovascular diseases represent the main cause of death in Italy.
Early recognition of pathological electrocardiographic (ECG) trace is an important skill for nurses. The theo-
retical knowledge and the practical skills on the recognition of pathological ECG trace of trained nursing
students were compared with those of emergency nurses. Mezhods: The study involved 35 nursing students and
41 nurses from the emergency room, emergency medicine and ambulance service. Students were previously
trained through a theoretical and practical ECG course. The data were collected using two questionnaires
aimed at evaluating in the two groups the ability to recognize electrocardiographic signs. The tools were up-
loaded to an online platform and remotely administered. Resu/ts: Both the students and the nurses showed a
satisfactory theoretical knowledge of the ECG trace, with a statistically significant difference in favor of the
nurses. Regarding practical skills, both groups showed difficulty in recognizing pathological electrocardio-
graphic signs, particularly blockages and acute coronary syndromes. Conclusions: Nursing students’ knowledge
of ECG did not differ much from that of nurses. Training through simulation probably played a key role
in improving the skill of ECG evaluation among students. More theoretical and practical courses on ECG
should be recommended in Nursing Programme.
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thies, arrthythmic syndromes and heart valve diseases
(3). In general, arrhythmias, myocardial infarction and

In Italy, cardiovascular diseases represent the heart failure are the main causes of cardiac arrest, with

main cause of death, with a prevalence of 44% in all
deaths. In particular, ischemic heart disease is the lead-
ing cause of death (28% of all deaths) (1). In the emer-
gency department, chest pain is a common clinical
sign and 10-13% of patients are diagnosed with acute
coronary syndrome (2). Coronary heart disease is the
most common pathology underlying Sudden Cardiac

Death (SCD) and frequently induces cardiomyopa-

a prevalence ranging from about 50% to 60% (4). Al-
though clinical evaluation of heart disease commonly
begins with an electrocardiogram (ECG) performed
within 10 minutes from symptom presentation (5),
the literature also recommends collecting a thorough
patient history, performing a focused physical exami-
nation and evaluating specific biochemical markers,

regardless of pain intensity. The ECG changes indi-
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cating ischemia include: elevation of ST segment,
depression of ST segment or inversion of T wave (6).
Knowledge of electrocardiographic pathological signs
is an essential skill for all nurses (7). In fact, the in-
terpretation of 12-lead ECG and monitor trace is a
routine practice in emergency medicine (8,9). Assess-
ment of nurses’ skills in recognizing heart rhythms
at ECG has been highlighted by literature since the
1970s (10-14). The first studies which put in evidence
the correlation between nursing skills in early recogni-
tion and treatment of life-threatening arrhythmias and
mortality reduction were published in the 1980s and
1990s (15-17). Nowadays, the use of cardiac moni-
tor and 12-lead ECG, associated with an increase in
nursing competence, allow us to promptly detect not
only coronary syndromes but also arrhythmias. Car-
diac monitoring has become one of the most common
diagnostic practices and nurses should be prepared for
this practice. In an emergency condition, nurses are
usually the first professionals who evaluate the patient,
especially in critical area services (18,19). In 2004, the
American Heart Association (AHA) published stand-
ards of practice for improving ECG monitoring inhos-
pital (20,21). This consensus document was the first to
address all aspects of hospital ECG monitoring in case
of pathological conditions (arrhythmia, ischaemia, and
QT interval), including practical considerations for
proper and effective ECG monitoring (8). Accord-
ing to this document, nurses should be able to recog-
nize basic electrocardiographic rhythms as they usu-
ally have the responsibility for ECG monitoring and
have to implement the first clinical decision-making
based on the information obtained from the monitor
(7,22,23).

Nursing staff are responsible for both the techni-
cal aspects of monitoring ECG (e.g. positioning the
electrodes, setting the alarm parameters) and the clini-
cal decisions based on the information obtained from
the monitor. Nurses must have sufficient knowledge
to perform these procedures in collaboration with the
physician (8). In particular, nurses should be able to
record 12-lead ECG and correctly interpret it in order
to start treatment as soon as possible, leading to better
clinical outcomes (24). Therefore, nursing staff should
recognize the specific abnormalities of ECG signs and
correlate them with clinical conditions. For this com-

petence, nurses can gain experience and knowledge
through simulated settings (25-27). Although many
studies examined the application of theoretical aspects
(28,29), none included specific strategies for translat-
ing knowledge of ECG monitoring into clinical prac-
tice (8). GyeJeong et al. deem ECG knowledge neces-
sary not only for nurses in the critical area, but also
for all nursing students (30). For this reason, they in-
vestigated the skill in recognizing ECG signs indicat-
ing arrhythmias and cardiac tissue perfusion disorders
among nursing students. Their results suggest the need
to implement practical educational courses, supported
by relevant preliminary knowledge of electrocardi-
ography, through simulation settings and structured
teaching material in Nursing Programme (25,30,31).
Training nursing students on the understanding of
electrocardiographic signs appears to be a good strat-
egy for facilitating a deeper knowledge on ECG dur-
ing training in the critical emergency area.

Some studies showed a significant learning efficacy
of both remote and in-person ECG courses only for
nurses who already had basic knowledge of ECG (32).
Similarly, other authors reported that nurses who had
learned to interpret ECG during nursing programme
showed a significant increased knowledge of the abnor-
mal ECG signs which require immediate life-saving
interventions at the end of the post-basic training (33).

Aim of the work: The objectives of this study were
to evaluate general knowledge of ECG and the ability
to interpret pathological tracings among nursing stu-
dents after specific training and compare their knowl-
edge and skill with those of emergency nurses.

Methods

Study design
This comparative cross-sectional study was con-
ducted in 2020.

Sample and setting

The research involved the 3rd year students of the
Degree Course in Nursing at the University of Bolo-
gna and a group of nurses from the emergency depart-
ment in a northern Italian hospital.

Our convenience sample consisted of 35 students
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and 41 nurses who worked in emergency department
(emergency room and outpatient emergency service).
Our students had passed an examination on ECG af-
ter having followed a theoretical seminar and a practi-
cal simulation on electrocardiography lasting 4 hours.
The seminar program was structured according to the
teaching programs of first aid and critical area nursing.

The topics covered by the students were: anato-
my and physiology of the heart, basic knowledge of
electrocardiography (34), methodology of pathologi-
cal sign evaluation, the main rhythm signs that require
emergency interventions, signs of Acute Myocardial
Infarction (AMI) (35) and clinical assessment meth-
odology for critically ill patients (33,36).

The practical exercises were performed with the
LLEAP® (Laerdal Learning Applications) simulator
through a video projector of ECG monitor and 12-
lead ECG traces.

The data were collected in July 2020 at the end
of practical training. Questionnaires were remotely ad-
ministered to both groups.

Ethical considerations

All the sample participants involved in the study
gave their written consent after having learned the
purposes and methods of the research. The anonym-
ity and confidentiality of the participants were guar-
anteed. The research was authorized by the Bioethics
Committee of the University of Bologna, by the Co-
ordinator of the Degree Course in Nursing and by the
Management of the Health Authority of a region of
northern Italy.

Instruments

The study data were collected using two question-
naires, one theoretical aimed at evaluating the level of
ECG knowledge and one practical aimed at measuring
the ability to interpret the electrocardiographic signs.

ECG Knowledge Questionnaire

This questionnaire contains 15 true/false ques-
tions regarding the Knowledge of ECG. It was tested
in a previous study (37) and was previously revised by
literature reviewers (33,38) and the opinion of three
specialized cardiology nurses.
ECG Assessment Questionnaire

The instrument consists of 11 images/videos that
reproduce rhythms; the participants were asked to
recognize the electrocardiographic signs. The videos
of the signs on monitor and 12-lead ECG were pro-
duced through the LLEAP® simulator. This question-
naire was developed on the basis of scientific literature
(8,19,22,33,38,39-42) and subsequently evaluated by
multi-professional university professor experts on the
subject.

Both questionnaires were uploaded to an online
platform with an access link. Participants were able to
answer questions via PC, tablet or smartphone at any
time of the day and the time allowed them was 30-40
minutes in accordance with other studies (22,37).

Data analysis

The database was created through the use of Of-
fice Excel, the statistical analysis was conducted with a
free statistical software. The statistics were descriptive,
calculating the mean and standard derivations of the key
cardinal variables with a 95% CI. Categorical variables
were computed through the cross-tabulation and differ-
ences were detected through Pearson’s chi-square.

Results

Participants were represented by 41 nurses (54%)
and 35 nursing students (46%).

Characteristics of emergency nurses

Nurses were 37.6 years old on average (SD = 9.0)
and have been working for a total of 13.2 years on av-
erage (SD = 9.7). 48.8% of them (n = 20) had been
working for 4.75 years (SD = 7.0) on average in emer-
gency room, 29.3% (n = 12) had been working for 12.3
years (SD = 7.0) on average in Emergency Outpatient
Service and 22% (n = 9) had been working for 9 years
(SD = 7.9) on average in Emergency Department in
hospital. Regarding the nursing education, 42.3% (n =
30) had a Degree in Nursing, 11.3% (n = 8) a Region-
al Diploma and 4.2% (n = 3) a University Diploma.
Moreover, 46.6% (n = 14) of the sample had attended a
Master on Critical Area Procedures and Interventions
and 87.8% (n = 36) had attended courses on ECG.

Characteristics of nursing students
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Nursing students were 22.6 years old on average
(SD = 2.2) and were enrolled in the 3rd year of Nurs-
ing Programme. All of them had passed the examina-
tion based on the ECG course.

Regarding the question “Do you think it useful
for the nurse to know the electrocardiographic signs
which need urgent interventions?” we observed that
97.6% (n = 40) of nurses and 100% of students of our
sample considered it indispensable.

ECG Knowledge Questionnaire

The students’ knowledge of ECG, compared with
that of expert nurses in the critical area, is satisfactory,
although we found a statistically significant higher
scores among nurses (Table 1).

Correct answers were provided by 64% (n = 336)

of students vs 75% (n = 460) of nurses (p = <0.0001).
The general knowledge, divided into 15 theoretical
questions, recorded a null hypothesis (HO) for 73.3%
(n = 11) of all the questions of the tool.

The topics known best by students were those re-
lated to the cardiac cycle, the interval of P-R segment,
the left ventricular hypertrophy and the depression of
S-T segment, a sign of AMI. These competences were
expressed by students in a range from 74.3% to 91.4%,
similarly to the results of nurses who recorded a range
from 90.2% to 95.1%.

However, even in the items in which a difference
occurred, 65.7% (n = 23) of students gave a correct an-
swer to the question “ST elevation in lateral myocardial
infarction appears in leads I, aVL, V5, and V6" ,45.7% (n
= 16) to the item “Azrial fibrillation could have a regu-

Table 1. ECG Knowledge questionnaire scores

Students Nurses Total x2 P
n =35 n=41 n=76

ECG Knowledge Questionnaire True/False n % n % n(%)
The P wave represents right and left atrial repolar-
ization False 17 48.6 24 58.5 41(53.9) 0.76 0.385
QRS complex represents right and left ventricular
depolarization True 28 80.0 37 90.2 65(85.5) 1.60 0.206
T wave represents ventricular repolarization True 32 91.4 38 92.7 70(92.1) 0.04  0.840
T wave is one of the negative waves in ECG False 30 85.7 34 82.9 64(84.2) 0.11 0.740
Normal PR interval is between 0.12 and 0.20 sec-
onds True 32 91.4 39 95.1 71(93.4) 0.42 0.517
In a normal ECG, V1 and aVR leads are negative
waves True 15 42.9 27 65.9 42(55.3) 4.04  0.044*
Pathologic Q waves are a sign of previous myocardial
infarction True 24 68.6 32 78.0 56(73.7) 0.88 0.350
Atrial fibrillation could have a regular rhythm False 16 45.7 32 78.0 48(63.2) 8.48 0.004**
ECG can detect left ventricular hypertrophy (LVH) True 26 74.3 37 90.2 63(82.9) 3.39  0.066
ST elevation in inferior myocardial infarction appears
in leads V1-V6 False 11 31.4 26 63.4 37(48.7) 7.73  0.005**
ST elevation in lateral myocardial infarction appears
in leads I, aVL, V5, and V6 True 23 65.7 36 87.8 59(77.6) 5.31  0.021*
ST elevation in anterior myocardial infarction ap-
pears in leads II, III, and aVF False 18 514 21 51.2  39(51.3) 0.0001 0.985
ST depression in ECG indicates myocardial ischemia True 28 80,0 36 87.8 64(84.2) 0.87 0.352
RSR pattern appears in V1, V2, and V3 in right bun-
dle branch block rhythms True 18 51.4 27 65.9 45(59.2) 1.63 0.202
T long wave and QRS wide wave are seen in case of
hypokalemia False 18 51.4 14 341 32(42.1) 2.31 0.128
Total 336 64% 460 75% 796(70%) 15.7 <0.0001**

*p =<0.05*p =<0.01
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lar rhythm”, and 42.9% (n = 15) to the question “In a
normal ECG, V1 and aVR leads are negative waves’ and
finally with the lowest percentage [31.4% (n = 11)] to
the question “ST elevation in inferior myocardial infarc-
tion appears in leads VI-V6’.

The question “7The P wawve represents right and left
atrial repolarization” was answered correctly by only
48.6% (n = 17) of students and 58.5% (n = 24) of nurs-
es (p = 0.385).

ECG Assessment Questionnaire

The two groups obtained overlapped total score at
the ECG Assessment Questionnaire, although more
nurses provided correct answers at four items and more
students at one item in a statistically significant way

(Table 2).
Discussion
The results obtained by our students in the knowl-

edge and evaluation of ECG trace appear to be encour-

aging. In fact, the score to the ECG knowledge ques-

tionnaire obtained by students was almost as high as
that obtained by nurses who work daily in emergency:
about 70% of students (18 responses out of 26) provided
correct answers in comparison with 75% of nurses.

However, students showed some knowledge gaps
both in theoretical aspects and in the recognition of
pathological signs at 12-lead ECGs and ECG moni-
tor. At the ECG knowledge questionnaire, more dif-
ficulties were encountered by students compared to
professionals in the following items: “In a normal ECG,
V1 and aVR leads are negative waves”, “Atrial fibrilla-
tion could have a regular rhythm”. Differently, at the
item “7" long wave and QRS wide wave are seen in case
of hypokalemia”, we did not record any significant dif-
ferences between the two groups, but we observed that
students obtained better results than nurses with high-
er percentage than those reported in the literature (37).
In the ECG Assessment Questionnaire, the outcomes
of the two groups are substantially similar, both show-
ing some difliculty in recognizing the atrioventricular
blocks in the monitor as well as the signs of ischemia,
necrosis, AF and wave of septal depolarization.

These difficulties in recognizing the signs attribut-

Table 2. ECG Assessment questionnaire scores

Students Nurses Total %2 P
n=35 n=41 n="76

ECG AssessmentQuestionnaire n % n % n(%)
By evaluating the monitor, the sample recognizes:
Alteration of ST (ST elevation) 22 62.9 28 68.3 50(65.8) 0.258 0.619
P-R prolonged up to P wave is not followed by QRS 15 42.9 30 73.2  45(59.2) 7.18 0.007*
Asynchrony between atrial and ventricular function (normal P
waves with no relationship to QRS) 23 65.7 30 73.2  53(69.7) 0.497 0.481
Artifacts due to poorly positioned electrodes 25 71.4 38 92.7 63(82.9) 6.02 0.014*
Frequency <60 beats / min, P waves present, constant P-P and
R-R interval 19 54.3 33 80.5 52(68.4) 6.00 0.014*
Normal P waves, but not all followed by QRS. One P wave
conducted and one not (2: 1). Normal P-R section 15 42.9 29 70.7  44(57.9) 6.02  0.014*
Inverted T waves>1 mm on V4 and V5 12 34.3 10 244 22(28.9) 0.899 0.343
Hyperacute T wave (> 2.5mm; > 0.25mV) 11 (31.4) 4 9.8 15(19.7) 5.598 0.018*
In V4 and V6 Q wave> 30 ms, duration> 0.04 and> 1/4 with
respect to the R wave 12 34.3 16 39.0 28(36.8) 0.18 0.669
No P waves, irregular R-R intervals, presence of irregular high
frequency f waves 12 34.3 8 19.5 20(26.3) 2.125 0.145
R-S septaldepolarization 16 45.7 11 26.8 27(35.5) 294  0.086

Total

182 47% 237  52.5% 419(50%) 2.314 0.218

*p=<0.05*p =<0.01
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able to acute coronary syndromes are also documented
in the literature, both in students (37) and in nurses (43)
who work in the ambulance service (42) and first aid
(33,35).

Other research shows that the knowledge of medical
and nursing staff in ECG interpretation is often limited
due to the lack or inadequacy of training (22,44), which
can negatively condition the quality of training (45). We
put in evidence that this study was conducted in July
2020 during the pandemic period which limited the at-
tendance of students only to the COVID-19 free services
and did not give the students the opportunity to deepen
their practical knowledge in the critical area departments.
This could also have negatively influenced our results.

The didactic choice of training nursing students
in ECG reading could have positive repercussions on
their future professional activity since such a prepara-
tory knowledge could facilitate and enhance post-basic
training in the critical area of emergency, which requires
a deepened knowledge of ECG and cardiac monitoring
(32).

Some studies showed a significant ability in read-
ing electrocardiographic signs among nurses specialized
in the critical area of emergency who had previously ac-
quired a preparatory training on the ECG during the
course of University study (33). The purpose of ECG
training should encourage clinical assessment, critical
thinking and appropriate nursing interventions (46).

Regarding the teaching modality, we observed that
in our study a single intervention with LLEAP® was
sufficient to obtain positive results, suggesting that a
single exposure to simulation-based education influenc-
es learning of ECG and related clinical practice (47,48).
Clinical skills training based on simulation is a teach-
ing modality employed to optimize learning activities
in nursing education, promoting critical thinking and
actively stimulating new knowledge (25,49). Simula-
tion activities associated with practical experiences can
improve the evaluation of patient clinical conditions
in light of appropriate interpretation of ECG trace
(46). At the same time, simulation-based teaching can
strengthen students’ self-confidence (25,49).

In light of our results, we suggest increasing the
training activities aimed at evaluating electrocardio-
graphic signs in the clinical practice setting during nurs-
ing education. These initiatives should be implemented

through lectures and workshops with high-fidelity sim-
ulations integrated with the other clinical topics (50).

As for nurses, progress in ECG knowledge requires
regular learning and practice also for students (33). For
this reason, it is necessary to create an integration with
internships to allow students to experience the theoreti-
cal and simulation-based knowledge in clinical practice
supervised by an expert tutor (50,51).

Therefore, in accordance with the literature, we
highlight the efficacy of simulation in nursing teaching,
also in the case of ECG knowledge and interpretation.
Further studies should be implemented in nursing labo-
ratories for evaluating not only student satisfaction (25),
but also how this teaching method can affect knowledge
conservation, transferability to real world setting and
patient outcomes (50,52-54).

Conclusions

The first limitation of this study is represented by
the small size of the sample. Furthermore, the length
of the questionnaire may have caused a decline in con-
centration and interest leading to automatic incorrect
answers. A further limitation could be represented by
the study period concomitant to COVID-19 pandem-
ic, which could have limited the student experience in
the critical area of emergency. The results of this study
showed that nursing students presented a satisfactory
theoretical knowledge of ECG trace after having at-
tended a theoretical and simulation-based training, al-
though statistically significantly inferior to the nurses
who work daily in emergency area. Regarding practi-
cal skills, both groups showed difficulty in recogniz-
ing pathological electrocardiographic signs, particu-
larly blockages and acute coronary syndromes. Training
courses and simulation in ECG reading, albeit limited
to a few hours, could have played an important role in
improving the knowledge of nursing students. Due to
our positive results, we suggest including additional
courses concerning ECG knowledge and practice in the
1st level teaching planning. Training should be managed
by qualified experts and the knowledge acquired should
be put in practice in the internship activities supervised
by expert tutors.

Finally, we suggest that a future trajectory of re-
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search in this area should concern the measurement over
time of the effectiveness of training courses and not only
immediately after the training received.
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