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A new algorithm for arrhythmia interpretation
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Abstract Background: Electrocardiogram (ECG) is an essential tool used to diagnose serious heart disease
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but its interpretation is challenging for undergraduate students and junior practitioners despite
numerous methods that have been suggested to aid ECG interpretation. This paper aims to present a
new algorithm for arrhythmia interpretation that is superior to current methods to be used as a
supplement to lecture materials for medical students.
Methods: A new systematic algorithm is introduced in this paper. To evaluate the effectiveness of
the proposed algorithm, a study was carried out in a medical university. Two groups of medical
interns were educated via lecture and teaching rounds, either using the proposed algorithm or without
using the algorithm. At the end of 1 month training, students of both groups were blindly evaluated.
Results: The group trained using the algorithm scored an average of 93% on the evaluation, while
the group trained without it averaged 62%. This was found to be a statistically significant difference
(p b 0.01).
Conclusion: The proposed method for education of arrhythmia interpretation can improve
physicians' competency in ECG interpretation.
© 2017 Elsevier Inc. All rights reserved.
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Introduction

The electrocardiogram is a useful tool used to diagnose
heart disease and ECG interpretation is known as an
important clinical skill for quick diagnosis of potential
life-threatening diseases. Therefore, physicians should have
sound expertise in ECG interpretation.

The accuracy of ECG interpretation improves with
practice and time and the performance of ECG interpretation
should be evaluated by qualified and expert cardiologists.
Analyses of the ability of a group of graduated medical
students in the US and a group of emergency medicine
trainees in South Africa showed that these students could
correctly identify only 57% and 46.4% of life-threatening
conditions, respectively [1,2]. This shows the poor ability of
these groups, who were medical school trained, to interpret
ECGs.

Previous studies have shown that in addition to medical
students [3,4], physicians [5], internal medicine residents
[6,7], pediatric residents [8], family practice residents [9–11]
and emergency medicine residents [6] have difficulties with
the interpretation of ECGs and cardiac rhythms.

Several methods have been suggested for training in
electrocardiogram interpretation and arrhythmia. Methods
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using workshops and lectures [12,13], computer-assisted
learning [14], a web-based ECG interpretation program [15],
a computerized qualitative model (QM) and ‘cardiac rhythm
disturbances analysis learning tool’ [16], a puzzle [17] and
algorithms, have been used by practitioners to overcome the
difficulties in interpretation of ECGs.

Statistical analyses undertaken by Mahler et al. [12]
showed that self-directed learning is less effective than a
workshop or lecture. However, they found no significant
difference between the performance of workshop and
lecture.

Computerized ECG interpretation software has been
developed to automate the process of ECG interpretation.
Shah et al. [18] did a statistical analysis of the accuracy of
computerized ECG interpretation technology in the diagno-
sis of cardiac rhythms. They showed that the overall
accuracy of this approach was 88%, with 95% accuracy in
the identification of the sinus rhythm, but with poor
interpretation (53.5% accuracy) of non-sinus rhythms.
Bhalla et al. [19] investigated, in a pre-hospital setting, the
ability of computerized ECG interpretation in the diagnosis
of ST-segment elevation myocardial infraction (STEMI) and
showed the sensitivity to be 58% and specificity to be 100%.
Yet the study by Ducas et al. [20] showed a sensitivity of
99.6% and a specificity of 67.6%. Therefore, these data
clearly show that the computerized ECG interpretation
ital from ClinicalKey.com by Elsevier on September 22, 2017.
 Copyright ©2017. Elsevier Inc. All rights reserved.
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technology still has to be verified by a qualified cardiologist
and should not be used as a sole interpretation technique.

The algorithm technique has been used several times for
arrhythmia interpretation [21–23] but it has been mostly
used for tachyarrhythmia [24–26] and has not covered all
types of tachyarrhythmia.

In this paper, a new algorithm is presented to ease
arrhythmia interpretation and covers both tachyarrhythmia
and bradyarrhythmia. The effectiveness of the algorithm was
evaluated via the teaching of medical interns, where it was
used as a supplement to lecture materials.
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Proposed algorithm

Medical interns and practitioners, in spite of their
familiarity with different types of arrhythmia, usually
encounter difficulty in recognizing arrhythmia. Therefore, in
this study an algorithm was developed to aid in arrhythmia
interpretation. The new algorithm was then used for
arrhythmia interpretations of patients for a period of two
years to validate and assess the effectiveness of the algorithm.

The proposed algorithm is illustrated in Fig. 1. First, the
QRS complexes should be considered in ECG.
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QRS is not present

If the QRS complexes are not present, two types of
rhythms can be recognized; namely, ventricular fibrillation
(VF) and asystole. VF is a wavy shape while asystole has no
electrical activity.

QRS is present

If the QRS complexes are present, the QRS rate should be
noticed:

QRS rate N 100 bpm
If the QRS rate is more than 100 bpm, the QRS width

should be noticed:

Normal width QRS. For the case QRS width is normal
(narrow width), the QRS regularity should be considered. If
the QRS is regular and the P waves are clearly visible,⁎ three
rhythms can be distinguished, sinus tachycardia (ST) which
has sinus P waves, atrial tachycardia (AT) which has
non-sinus P waves or may have pseudo-sinus P waves and
atrial flutter (AFL) which has saw tooth P waves.

For the case the QRS is narrow and regular but the P waves
are not clearly visible, three differential diagnoses can be
made: atrioventricular nodal reentrant tachycardia (AVNRT),
orthodromic atrioventricular reentrant tachycardia (AVRT),
and junctional tachycardia (JT).

If the rhythm has narrow and irregular QRS complexes,
the P waves should be noticed. The rhythm with similar P
waves is one of the regular rhythms, which was noted earlier
with variable atrioventricular nodal block. Observation of at
least three different P waves leads us to diagnose multifocal
atrial tachycardia (MAT). If the P waves are not observed
clearly, the rhythm is atrial fibrillation (AF).

Wide QRS complex. In wide QRS complexes, similar to
narrow QRS complexes, the QRS regularity should be
noticed. The regular rhythm with clear P wave has three
differential diagnoses, sinus tachycardia with bundle branch
block (BBB) or aberration (Ab), atrial tachycardia with
bundle branch block or aberration and atrial flutter with
bundle branch block or aberration.

The rhythm with wide and regular QRS complexes and
without clear P waves has seven differential diagnoses,
atrioventricular nodal reentrant tachycardia (AVNRT) with
bundle branch block or aberration, orthodromic atrioventric-
ular reentrant tachycardia (AVRT) with bundle branch block
or aberration, junctional tachycardia (JT) with bundle branch
block or aberration, antidromic AVRT, ventricular tachy-
cardia (VT) ventricular flutter (VFL) and sinus tachycardia
with additional to hyperkalemia (HK).

If the wide QRS complexes are irregular, attention should
be given to the P waves. If the P waves are similar, the
rhythm is one of the regular rhythms which were noted
⁎ The clear P wave is the wave that does not fall on the QRS complex,
ST segment and T wave and also does not include the fibrillation wave
which has a rate more than 450–650 bpm.
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earlier with variable atrioventricular nodal block and bundle
branch block. The rhythm which has different P waves is
multifocal atrial tachycardia (MAT) with bundle branch
block or aberration. If the P waves are not observed clearly,
two differential diagnoses can be recognized; atrial fibrilla-
tion (AF) with bundle branch block or aberration or
accessory pathway (AP) which has similar QRS complexes
and polymorphic ventricular tachycardia (PVT) which has
different QRS complexes.

The QRS rate b100

First, the P waves should be considered. If P waves are
observed, the following two steps should be checked:

Step 1: The morphology of P waves should be noted. The
rhythm with sinus P waves is called sinus rhythm (SR), the
rhythm with non-sinus P waves is called atrial rhythm (AR),
the rhythm with saw tooth P waves is called atrial flutter
(AFL) and the rhythm with at least three different P waves is
called wandering pacemaker (WPM).

Step 2: The relationship between P waves and QRS
complexes should be noted. For example, in first degree
atrioventricular (AV) block, each P wave is followed by a
QRS complex but the PR interval is longer than 200
milliseconds. In type I second degree AV block or
wenckebach AV block, the progressive lengthening of the
PR interval is observed until a P wave is blocked. In type II
AV block or mobitz type II, the intermittent blocked P waves
are observed with no change in the PR interval. Third-degree
AV block or complete AV block is characterized by the
presence of atrioventricular dissociation.

In the absence of P waves, the QRS regularity should be
noted. For the irregular rhythm, slow atrial fibrillation is
diagnosed. But for the regular rhythm, the QRS width should
be considered. If the QRS width is normal, the rhythm is
junctional rhythm (JR) while for wide QRS complexes, the
rhythm is ventricular rhythm (VR) or junctional rhythm with
bundle branch block.

Some examples of how to use the proposed algorithm and
diagnosis of rhythm are provided in Figs. 2–5.

Example 1. In the ECG presented in Fig. 2, the QRS
complexes are not present and the rhythm is wavy shape so
the rhythm is ventricular fibrillation (VF).

Example 2. In the ECG shown in Fig. 3, the QRS
complexes are present with rate of more than 100 bpm,
wide, irregular and similar so the rhythm is atrial fibrillation
with bundle branch block or aberration (AF + BBB or Ab).

Example 3. In the ECG illustrated in Fig. 4, the QRS
complexes are present with rate of less than 100 bpm. Sinus
P waves are visible. The progressive lengthening of the PR
interval is observed until the P wave is blocked, so the
rhythm is sinus rhythm with type I second degree AV block
or wenckebach AV block.

Example 4. In the ECG presented in Fig. 5, the QRS
complexes are present with rate of less than 100 bpm. P
wave is not present. QRS complexes are regular and narrow
so the rhythm is junctional rhythm (JR).
ital from ClinicalKey.com by Elsevier on September 22, 2017.
 Copyright ©2017. Elsevier Inc. All rights reserved.



Fig. 2. Diagnosis of ventricular fibrillation using the proposed algorithm (ECG is taken from [25] for illustrative purposes only).
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Method

In order to investigate the effectiveness of the proposed
algorithm, a study was undertaken on interns at the Medical
University of Kerman, Iran from September 2014 to June
2016.

In the Medical University of Kerman, Iran, each month
6–13 medical interns are sent to the cardiology center. These
medical interns are randomly and unequally divided into two
groups (group A and group B) and they are sent to two
different hospitals. These groups are trained to interpret
ECGs by two different instructors (both instructors are from
the cardiovascular research center of the Medical University
of Kerman). At the end of one month of training, interns of
both groups are blindly evaluated by a written test which
included twenty tracings of rhythms which are different from
teaching materials. A preliminary study, before undertaking
this research in 2012, showed that both groups performed
poorly in ECG interpretation with no significant difference
between the final scores of two groups. This investigation
clearly showed a need for a supplemental technique to aid in
ECG interpretation.

The algorithm was developed in 2012 and reviewed for a
period of two years by several expert cardiologists via a large
number of ECG tracings. Then, the effectiveness of this
algorithm was evaluated on medical interns of the Medical
university of Kerman. During the period of 21 months of this
study, a total of 163 medical interns were recruited: 91
interns were trained in group A and 72 of them were trained
in group B. Medical interns in group A were trained using
the algorithm while the interns in group B were trained using
the normal teaching rounds. The curriculum for arrhythmia
interpretation in both groups was otherwise the same. The
teaching basics of both groups were the same: using the same
teaching reference books, and teaching was for two sessions
per week and each session included 1 hour training. The
teaching of group B was based on the explanation of each
arrhythmia. It started with the explanation of supraventric-
ular and ventricular tachycardia. Then, AV node blocks were
explained. However, in group A, the order of teaching
arrhythmia was based on the algorithm and the step-by-step
Fig. 3. Diagnosis of atrial fibrillation with bundle branch block or aberration using the proposed algorithm (ECG is taken from [25] for illustrative purposes only)
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approach of the algorithm was used for the diagnosis of
arrhythmia and then each arrhythmia was explained.

Interns of both groups were evaluated by a written exam
which included 20 tracings with the following diagnoses:
atrial fibrillation (QRS rate ≈ 160), sinus tachycardia, atrial
tachycardia, junctional rhythm, sinus rhythm with wenke-
bach atrioventricular nodal block, ventricular rhythm,
atrioventricular nodal reentrant tachycardia, sinus bradycar-
dia, multifocal atrial tachycardia, polymorphic ventricular
tachycardia, atrial flutter (4:1), sinus rhythm with mobitz
type II atrioventricular nodal block, ventricular tachycardia,
atrial rhythm, atrial fibrillation with left bundle branch block,
asystole, sinus rhythm with third degree atrioventricular
nodal block, wandering pacemaker, slow atrial fibrillation
(QRS rate ≈ 70), ventricular fibrillation.

The ECG tracings, which were used for the evaluation
exam, were different from the teaching materials. In the
evaluation exam, each of the 20 rhythm diagnoses was
valued as one point. The exam time was 30 minutes and
exam sheets were scored out of 20. Then, statistical analysis
was undertaken on the final scores to investigate if any
significant difference could be found between the final
scores of these groups or not. This analysis was carried out
using SPSS software and the results are presented in Results.

The validity analysis of the test was based on ‘conse-
quences’ in which the final scores of the interns in the two
groups were compared where the only difference in these two
groups is the use of the algorithm in group A [27,28]. This
approach is a common and widely used method for evaluating
the consequence of a change in an education system
[1,13,17,29].
Results

The average scores for each group were 18.6/20 (93%) for
group A (medical interns trained using the algorithm) and
12.3/20 (62%) for group B (medical interns trained without
the algorithm). The Kolmogorov–Smirnov test was carried
out to determine the statistical distribution of each group.
This analysis showed that the statistical distributions of both
.



Fig. 4. Diagnosis of sinus rhythm with type I second degree AV block or wenckebach AV block using the proposed algorithm (ECG is taken from [25] for
illustrative purposes only).
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groups were not normal. The t-test can be used for evaluating
the significance of difference between two normal distribu-
tion groups, while the Mann–Whitney U test can be used for
non-normal distributions. The Mann–Whitney U test
showed that there was a statistically significant difference
in the performance of the groups (P b 0.01). Therefore, the
analysis showed a 31% absolute improvement in the
performance of group A compared to group B.
Discussion and conclusion

The ECG is used as an important diagnostic tool in
cardiac medicine and mistakes in ECG interpretation can
lead to serious effects on patient health. However, previous
investigations show that the interpretation competence is
often poor in medical students [3,4], internal medicine
residents [6,7], pediatric residents [8], family practice
residents [9–11] emergency medicine residents [6] and
physicians [5] in general.

Revision of the medical curriculum is most likely to help
improvement in the ECG interpretation. It is widely accepted
that the ECG interpretation accuracy improves with years of
training [30] and with further classes and lessons [6]. No
standard method has been proposed for teaching and training
ECG interpretation, but guidance of trainees is known as a
minimum requirement. Various methods are now available
to assist teachers to improve ECG interpretation skills.
Algorithms are the most effective technique in interpretation
of ECGs compared to other approaches due to their
step-by-step approach to analyzing ECGs and highlighting
the key notes for interpretation of ECGs. Some efforts have
been taken to develop algorithms for arrhythmia interpreta-
tion, but all important rhythms have not been included in
these algorithms [21–23]. A new algorithm has been
presented in this paper to cover both tachyarrhythmia and
bradyarrhythmia.
Fig. 5. Diagnosis of Junctional rhythm using the proposed algorit
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In order to investigate the effectiveness of the proposed
algorithm, two groups of medical interns were trained to
interpret ECGs with and without the use of the proposed
algorithm. The statistical analysis on the exam results of these
groups showed that the group that was trained using this
algorithm performed better in the exam. This analysis showed
that the education of arrhythmia interpretation via this method
can improve physician competence in ECG interpretation.

It is interesting to note that there was a significant
improvement in the performance of the group that was
trained using the algorithm in diagnosis of atrial fibrillation
with left bundle branch block (87.04%), wandering pace-
maker (70.38%), polymorphic ventricular tachycardia
(62.33%), junctional rhythm (61.75%), ventricular rhythm
(60.36%), atrial rhythm (56.5%) and slow atrial fibrillation
(52.32%) compared to the other group. However, the group
that was trained without using the algorithm could also
perform acceptably in diagnosis of sinus tachycardia, sinus
rhythm with wenkebach atrioventricular nodal block,
atrioventricular nodal reentrant tachycardia, sinus bradycar-
dia, asystole, ventricular fibrillation and atrial flutter (4:1).

After the period of training for both groups, students of
group B were invited to take part in ECG interpretation
workshops, which were held for internal medicine residents,
to learn the algorithm and improve their interpretation skills
thus becoming better physicians.

The new algorithm covers a wide range of arrhythmia.
The sample size for statistical analysis was acceptable and 20
ECG tracings were used in the written exam which covered
all important types of arrhythmia. Both groups were
evaluated using the same exam.

The sample size in this study was limited to the available
medical interns from one university. It is possible that the
results of this study are not representative of all medical
interns in other environments. Pre-evaluation was not carried
out on these medical interns before education and the level of
hm (ECG is taken from [25] for illustrative purposes only).

ital from ClinicalKey.com by Elsevier on September 22, 2017.
 Copyright ©2017. Elsevier Inc. All rights reserved.
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their prior ability was unknown. The results of this study
demonstrated a significant effect on medium-term retention
of ECG interpretation skills by using the proposed algorithm,
but the long-term efficacy was not evaluated.

Results of this study may mean that the instruction using
algorithmic methods would lead to better performance in
ECG interpretation. Future scope of this research is to
evaluate teaching methods of ECG interpretation which
result in a sustained benefit and demonstrate measureable
real world benefits in the form of reduced clinical events.
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