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ABSTRACT

Aim: Electrocardiography (ECG) is the most commonly used method for
determining the cardiovascular disease. The aim of this study was to assess
the ECG knowledge levels of pediatric residents and interns and to determine
that how often the ECG education should be given in medical education.
Materials and Methods: This study was carried out in the Ege University
Medical Faculty, Children’s Hospital of within 2009-2010 education-year.
Twenty four residents and 35 rotating interns were included. A test consisting
of 20 ECG patterns was applied to both groups. After this pre-evaluation,
electrocardiology training was provided for both groups by a lecturer from
pediatric cardiology department. After the training, the same test was
presented to participants at one month and at one year.

Results: Of the residents 16 (69.5%) were females and 7 (30.5%) were
males. Seventeen (73.9%) of the assistants were Turkish citizens, 6 (26.1%)
were foreign nationals. Three (13%) of the assistants were on their first year
of residency, 8 (34.7%) were on the second year, 6 (26%) were on the third
year and 6 (26%) were on the fourth year. The total correct findings ratios in
both groups were significantly lower than the expected. The most frequently
recognized ECG patterns were the normal ECG and sinus tachycardia.
Respiratory arrhythmia and supraventricular tachycardia were the most
frequently misinterpreted ECG pattems.

Conclusion: Duration of ECG training in medical education and pediatric
residency should be enhanced and clinical practice should be expanded by
the use of different methods to accurate ECG interpretation.
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Amag: Elektrokardiyografi (EKG) kardiyovaskiiler hastaliklari belirlemede
en sik kullanilan yontemdir. Bu calismanin amaci pediatri asistanlari ile
intérnlerin EKG hilgi diizeylerinin degerlendirilmesi ve EKG egitiminin tip
egitimi stiresince ne siklikta verilmesi gerektigini saptamaktir.

Gere¢ ve Yontemler: Bu calisma 2009-2010 egitim yili iginde Ege
Universitesi Tip Fakiiltesi, Cocuk Hastanesinde gerceklestirildi. Yimi dort
pediatri asistani ve 35 intdm dahil edildi. Her iki gruba da 20 EKG 6meginden
olusan test sunuldu. Bu 6n degerlendirmeden sonra, her iki gruba da pediyatrik
kardiyoloji boliminden bir dgretim elemani tarafindan elektrokardiyografi
egitimi verildi. Ayni test egitimden sonra, birinci ay ve birinci yilin sonunda
katilimcilara sunuldu.

Bulgular: Asistanlarin 16's1 (%69,5) kadin, 7'si (%30,5) erkek idi. Asistanlarin
17'si (%73,9) Tirkiye vatandasi idi, 6'si (%26,1) yabanci uyruklu idi.
Asistanlarin 3'0 (%13) 1. yil, 8 (%34,7) 2. yil, 6's1 (%26) 3. yil, 6'si (%26) 4.
yil asistani idi. Her iki grupta da toplam bulgulan bilme orani beklenenden
daha diistiktti. En sik taninan EKG 6megi, normal EKG ve sins tagikardisi idi.
Solunumsal aritmi ve supraventrikiiler tasikardi en sik yanlis yorumlanan EKG
ornekleri idi.

Sonug: Tip egitimi ve uzmanlik egitimi stresince EKG egitimine ayrilan stire
arttinlmali, EKG'nin dogru yorumlanabilmesi igin klinik uygulamalar yaninda
EKG egitiminde farkli metotlarin denenmesi faydali olacaktir.

Anahtar Kelimeler: Elektrokardiyografi, egitim, asistan, intom
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Introduction

Electrocardiography (ECG) is commonly used in everyday
clinical practice and is the most preferred method for the
diagnosis of cardiovascular disease (1). As it is available
nearly in all centers, not invasive nor expensive, and
provides fast and accurate diagnostic results, ECG still
remains the most frequently used method in the evaluation
of the patients presenting with chest pain, palpitation
and syncope, and in the identification of the cause of
murmur detected on physical examination by the primary
care physicians, emergency physicians and cardiologists
(2). Rapid and accurate interpretation of ECG can be life-
saving in many cardiovascular diseases (e.g. ventricular
tachycardia,  ventricular  fibrillationsupraventricular
tachycardia, atrioventricular block, long QT syndrome,
myocard ischemia-infarction etc.). Therefore, not only the
emergency physicians and cardiologists but all physicians
should be acquainted with the basic features of ECG.
Physicians should be able to interpret ECG rapidly and
accurately as this prevents unnecessary examinations and
cardiology consultation (3).

The aim of this study is to assess the ECG knowledge
levels of pediatric physician assistants and interns, to
determine whether there is a difference between ECG
knowledge levels of pediatric physician assistants and
interns, to identify the knowledge levels of both groups
after training and its permanency, and to determine how
often ECG should be taught during medical education.

Materials and Methods

The study was conducted at Ege University Faculty of
Medicine, Department of Child Health and Diseases in the
2009-2010 academic years. Twenty-four pediatric residents
and 35 interns receiving pediatric rotation were included
in the study. Trainings and assessments of assistants and
interns were done in two separate groups. A test consisting
of 20 ECG patterns was applied to both groups at different
times. Together with ECG patterns, only the ages of the
patients were indicated; additional clinical information was
not provided. Respondents were asked to recognize a
total of 30 findings in 20 ECG patterns. For each ECG
pattern, respondents were given one minute to decide
whether the ECG was normal and if not, to define the all
all the abnormal findings. Following a 20-minute evaluation
before training, both groups received a 150-minute basic
electrocardiography education at different times by a
lecturer from the pediatric cardiology department. At the
end of the training, the respondents were asked to evaluate
the duration and adequacy of the training, competence of
the lecturer, and whether the ECG patterns and the physical
conditions were sufficient via a questionnaire. In the second
part of the same questionnaire, the participants were asked
to reply to the questions about their personal information
(age, grade, school etc.), whether they had received ECG
training during medical education and pediatric cardiology

rotation, or if they had conducted a special study of ECG in
the past years.

The test consisting of the same guestions was applied
to both groups before the training, soon after the training,
1 month and 1 year after the training at different times.
While evaluating the results, as well as the correct answer
rates, some specific ECG patterns (e.g. sinus tachycardia,
supraventricular tachycardia (SVT), long QT) were also
considered.

Statistical Analysis

The data were analyzed using SPSS 15.0 (Statistical
Package for Social Sciences for Windows) program.
Result parameters of the assistant and intern group were
expressed as “+" standard deviation. Chi-square test was
used for the comparisons. P value of less than 0.05 was
considered statistically significant.

Results

Of the assistants, 16 (69.5%) were female and 7
(30.5%) were male. On the other hand, there were 10
(29.4%) female and 24 (70.6%) male interns. Seventeen
(73.9%) assistants were citizens of the Turkish Republic
and 6 (26.1%) were of foreign nationalities. The number
of foreigners in the intern group was only 1 (2.9%). Three
(13%) assistants were first, eight (34.7%) were second,
six (26%) were third and six (26%) were fourth graders.
Seven (30.4%) assistants were graduates of Ege University
Faculty of Medicine; sixteen (69.6%) were from other
medical schools and 2 (8.6%) were from medical schools
abroad. Seven (30.4%) assistants had been on cardiology
rotation and 2 assistants (8.69%) had conducted a recent
study on ECG. On the other hand, twenty-four (73.5%)
interns had conducted a recent study on ECG. Of the
assistants, 12 (52.1%), 6 (26%) and 5 (21.7%) had received
training on ECG during their education in medicine faculty
once, twice and three times, respectively. Interns from Ege
university had received training on ECG four times during
their education (Table 1).

The ratios of recognizing the correct findings in
assistants and interns before training were 24.2% and
17.18%, respectively. These values after training, one
month after training and one year after training were 38.5%
and 41.8%; 33.4% and 42.18%; 32.7% and 34.37%,
respectively (Table Il). No statistically significant differences
were observed between the two groups with respect
to the pre-test and post-test results (in the first month)
(0p>0.05). The most frequently recognized ECG pattern
was normal ECG (in assistants, 60.8% before the training
and 78% one year after the training; and in interns 52.9%
before the training and 52.4% one year after the training).
Statistically significant difference was observed between
the two groups on the posttest in the 12th month (p<0.05).
While the ratio of recognizing SVT was similar in both
groups before the training, significantly higher rates were
observed in assistants in comparison to interns in the
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other sessions. Assessment performed one year after
the training revealed statistically significant differences
between the two groups (p<0.05). The ratio of recognizing
respiratory sinus arrhythmia was significantly lower in
both groups than expected. The ratios of recognizing
the respiratory sinus arrhythmia in assistants and interns

Table I. Demographic characteristics of the participants

Assistant Intern
Number 23 34
Gender 16 F (69.5%) 10 F (29.4%)
7 M (30.5%) 24 M (70.6%)
Nationality 17 T.C. (739%). 33TC. (97.1%)
6 other (26.1%) 1 other (2.9%)
Graduation 7 Ege University (30.4%)
16 other (69.6%) -
Prevalence of ECG 9 assistant >2 times 4 times
training (%39.1)
Cardiology rotation | 7(30.4%) no
Work on the ECG 2(8.69%) 24 (73.5%)

Year of residency 1. year 3 (13.3%)
2. year 8 (34.7%)
3. year 6 (26%)

4. year 6 (26%)

T.C.: Turkish citizens, ECG: Electrocardiography

Table Il. A comparison in terms of knowing the total
electrocardiography findings of assistants and interns
Pre-training Post-training | 1. month | 1. year
Assistants 1.26+3.79 12.34+3.5 10.69+4.69 | 10.27+3.1
24.2% 38.5% 33.4% 32.70%
Interns 5.5+2.96 13.29+3.34 13.5+4.3 11£3.6
17.18% 41.8% 42.18% 34.7%
p value p<0.05 p>0.05 p<0.05 p<0.05

before the training were 8.6% and 5.8%. These values
were 17.3% and 11.7%, 13% and 5.8%, 17.3% and 8.8%
soon after the training, in the first month and in the first
year, respectively. Statistically significant differences were
observed between the two groups in the assessment
performed one year after the training (p<0.05). The ratio of
recognizing the sinus tachycardia was lower than expected
(below 10% in both groups) and the highest rates (13% in
assistants and 20% in interns) were observed only in the
session following the training. However, it decreased below
10% in the other sessions. Again, statistically significant
differences were observed between the two groups in the
assessment performed one year after the training (p<0.05).
We observed that approximately one-fifth of the assistants
and nearly half of the interns recognized long QT before
training but the rates were 52.1% and 26% for assistants
and interns respectively after the training (30.4% and 41%
in the first month, 43,4 and 31.2% in the assessment one
year after the training). Statistically significant difference
was observed between the two groups in the assessment
performed one year after the training (p<0.05) (Table IlI).
The ratio of recognizing the findings among graduates of
Ege university were found to be higher than those of other
universities. There was no statistically significant difference
between the graduates of Ege University and those of
other universities with respect to the ratio of recognizing
the findings in the post-tests (p>0.05). Total finding ratios
of the assistants who had received cardiology rotation were
significantly higher than those who had not (before training,
after training and in the first month) (p<0.05). But this
difference was not significant in the assessment performed
one vyear after the training (p>0.05). In the first three
sessions, as the year in assistantship increased, the ratio
of recognizing the findings increased, too. At the end of the
one year, these ratios were 15% in the first grade assistants
and were similar in the second, third and fourth grade
assistants (30%). No statistically significant difference was
observed with respect to the grade (p<0.05) (Table V).

Table Ill. The comparison in terms of knowing the electrocardiography findings of assistants and interns

Assistants Interns
Normal ECG | Respiratory SVT | Sinus tachycardia | LongQT | Normal | Respiratory | SVT | Sinus LongQT
arrhythmia ECG arrhythmia tachycardia

Pre-training % 14 2 6 1 5 18 2 8 1 16

60.8 8.6 26 43 217 52.9 5.8 23 29 47
Post-training % | 17 4 10 3 12 23 4 3 7 9

739 17.3 434 13 52.1 67.6 ni 8 20 26
1. month % 17 3 12 1 1 21 2 2 2 14

739 13 52.1 43 304 61.7 5.8 5 5.8 a1
1.year % 18 4 14 2 10 17 3 7 2 1

18 173 60.8 5.8 434 52 8.8 20 5.8 31.2

ECG: Electrocardiography, SVT: Supraventricular tachycardia
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Table IV. A comparison in terms of knowing the ECG findings of
assistants according to the year of residency

Assistants | Pre-training Post-training | 1. month | 1. year

1. year 5+1.73 9.6+2 4.3+5.13 5+5
16.6% 30.2% 13.5% 15.6%

2. year 6.1£3.5 12.2+3.32 11.25+¢3.73 | 10.8+2.10
20.4% 38.2% 35.1% 33.9%

3. year 7.5+4.84 11.8+4.7 10.65 10.5£2.73
25.0% 36.9% 32.6% 32.8%

4, year 9.6+3 14.3+2.58 13.1£2.99 10.16+4.53
32.21% 44.7% 41.1% 31.7%

Discussion

ECG is the most commonly used method for determining
cardiovascular disease (4). In order to make a rapid and
accurate decision in some diseases such as myocard
ischemia, severe electrolyte imbalance or life-threatening
serious arrhythmias, clinicians should receive ECG training
during their medical education (5).

As in abroad, pediatric cardiologists are not available
in pediatric emergency services in our country; ECGs are
primarily interpreted by general practitioners and pediatricians,
and if necessary, pediatric cardiology consultation is
requested. Performing necessary interventions and the
accurate interpretation of ECG is crucial. However, Horton
et al. study has shown a difference of 24% between the
ECG interpretation of general pediatricians and that of
pediatric cardiologists (6). In a prospective study conducted
at University of Colorado, Children’s Hospital between 1999
and 2002, it was shown that ECG was requested from 1501
patients in the pediatric emergency service and 87% of
ECGs were interpreted similarly by general pediatricians and
pediatric cardiologists. (7).

In Snyder et al.’s (3) study of 78 interns and 54 assistants
from pediatric residency program in the United States, a test
involving 17 ECG patterns was given to the participants in
four different sessions. The same ECG samples were used in
each session.The results revealed that the total finding ratio
was 60% in pediatric residents and 55% in interns. They
observed an increase in the scores with ECG training but
there was no significant difference between the two groups.
Right and left atrial enlargement, WPW and sinus arrhythmia
were the most misinterpreted cases (60% in assistants
and >80% in interns). It was also determined that sinus
arrhythmia, which is quite common in clinical practice, was
misinterpreted by more than two-thirds of the participants
and mistaken for AV block sinus bradycardia and premature
atrial contractions.

In our study, total finding ratio in assistants was higher
before the training. Both groups showed a significant
increase after the training but a gradual decrease was
observed in the 1- month and 1-year post-tests. Having an
intern group receiving emergency and cardiology rotation
and thus becoming experienced in ECG interpretation was

thought to be an important factor influencing the increase
in the interns’ scores. While an improvement in interpreting
the ECG was observed in assistants in the early period after
training, we saw lower correct answer rates than expected in
the following sessions. This may be attributed to the fact that
the assistants have not conducted a special study on ECG.

Our study revealed that sinus tachycardia was the most
common misinterpreted ECG sample. Such lower rates
can be due to the fact that the participants interpreted the
ECG without considering the fact that pediatric ECG may
vary by age, as in sinus arrhythmia. At the end of the initial
assessment, the basic features of ECG interpretation were
taught and the variability of pediatric ECG was emphasized.
That is why there is an increase in participants’ scores after
the training. As well as sinus tachycardia, having pulmonale
and right atrial dilatation in ECG pattern might have prevented
the recognition of sinus tachycardia by the participants as
they did not consider the ages of the cases. However, ECG
should be interpreted as a whole by taking the basic features
into consideration.

As in Snyder et al. (3) study, sinus arrhythmia was
misinterpreted by most of the participants in our study and
was found to be the second most frequently misinterpreted
ECG pattern. In both groups, sinus arrhythmia was mistaken
for premature atrial contractions and sinus bradycardia, or
considered as normal. This error can be due to the fact that
the participants searched for specific pathologies without
considering the basic steps in ECG interpretation such as
rhythm, speed, p wave (amplitude and duration) and PR and
RR intervals.

SVT was the third most frequently misinterpreted ECG
pattern. SVT was most frequently mistaken for ventricular
tachycardia and sinus tachycardia by the interns. Having
higher ratio of recognizing SVT in the assistant group than
that in the interns can be expressed by the fact that SVT is
the second most frequent arrhythmia after sinus tachycardia
in pediatric practice. Because of the fact that interns have a
relatively shorter pediatric emergency rotation and therefore
they encounter a limited number of cases, and that the
probability of encountering rhythm disturbance, namely atrial
fibrillation, ventricular tachycardia and ventricular fibrillation
in emergency and cardiology rotations is high, the ratio of
recognizing SVT was lower in the intern group. In a study
of Eslava et al. (8), they showed that internal medicine
residents could correctly interpret the 43% of ECG samples.
In our study in both groups, normal ECG was frequently
interpreted accurately. Two out of 20 ECG patterns were
normal. Interpreting both the patterns as normal means that
participants recognized normal ECG. The ratio of recognizing
normal ECG in assistants was higher than that in interns in
four tests and showed a decline in interns. Basic features of
ECG vary by age, gender and race. Since pediatric residents
look after only pediatric patients, they pay more attention to
these changes in interpreting the ECG. This might explain the
higher ratios in assistants.
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Long QT syndrome must be taken into consideration in
interpreting the ECG. In Lever et al. (9) study, which involves
fourth grade students from Auckland and Otago Universities
(New Zealand) Medical schools, and first and second grade
family physician assistants from Wellington hospital, the
ratios of recognizing miyocard ischemia were 87% and
93%, respectively, while this ratio was 7% for long QT. In
our study, the ratio of recognizing QT was two-fold higher
in interns than that in assistants but became reversed after
the training (at the end of one year, 43.4% in assistants and
31.2% in interns). Both long QT and ventricular premature
contraction were present in the ECG pattern. Post-test
evaluation revealed that most of the interns recognized
ventricular premature contraction but the ratio for long QT
was only 26%.

In their study conducted at Johns Hopkins Children’s
Hospital, Crocetti and Thompson (2) enrolled 46 pediatric
physician assistants, and the participants were asked to
specify the ECG findings of 10 patients. Study results
showed that as the year in residency increases, the ratio
of recognizing the correct findings increases too. Sixty-
one percent of the participating assistants had received
cardiology rotation and the ratio of correct findings in the
cardiology rotation-received group was higher than that in the
other group (2). In our study, the ratio of correct findings in
assistants who had received cardiology rotation was higher
not in the first three tests, but similar in the test applied
one year after the training. And similarly, before the training.
As the year in assistantship increases, the ratio of correct
findings increases too. There was an increase in the total
correct findings in the assistant group after the training. The
similar ratios in the second, third and fourth grade assistants
in the post-test (1 year after the training) may be due to
the fact that the second and third grade assistants received
cardiology rotation.

In conclusion, it was observed that the correct finding
ratio after the training was quite lower than expected and
that it increased after the training but showed a decrease
again in the assessments in the first month and one year
after the training. Considering the above-mentioned results,
we are of the opinion that the duration of ECG training
in medical education and pediatric residency should be
enhanced, theoretical training should be reinforced by clinical

222

practice and the use of different methods should be involved
in ECG training in order to achieve faster and more accurate
ECG interpretation.
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