Received: 26 January 2021 Accepted: 12 May 2021

DOI: 10.1002/joa3.12570

GUIDELINES

Sowwal o ’ O%zﬁ_ye%/m'a WILEY

Expert consensus document on automated diagnosis of the
electrocardiogram: The task force on automated diagnosis
of the electrocardiogram in Japan. Part 1: Nomenclature for

diagnosis and abnormal findings

Takao Katoh MD, PhD%? | Masaaki Yashima MD, PhD? | Naohiko Takahashi MD, PhD? |
Eiichi Watanabe MD, PhD* | Takanori lkeda MD, PhD® | Yuji Kasamaki MD, PhD® |

Naokata Sumitomo MD, PhD’
Masayasu Hiraoka MD, PhD'°

Clinic of Tobu Railway Co. Ltd, Sumida-ku, Japan
’Department of Cardiology, Nippon Medical School, Bunkyo-ku, Japan

3Department of Cardiology and Clinical Examination, Oita University, Yufu, Japan

| Norihiro Ueda MD, PhD® | Hiroshi Morita MD, PhD’ |

4Department of Cardiology, Fujita Health University School of Medicine, Toyoake, Japan

°*Department of Cardiology, Toho University Faculty of Medicine Graduate School of Medicine, Ota-ku, Japan

%Department of General Medicine, Kanazawa Medical University Himi Municipal Hospital, Himi, Japan

’Department of Pediatric Cardiology, Saitama Medical University International Medical Center, Saitama, Japan

8Department of Medical Education, Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan

9Department of Cardiovascular Therapeutics/Cardiovascular Medicine, Okayama University Graduate School of Medicine, Okayama, Japan

10Tckyo Medical & Dental University, Bunkyo, Japan

Correspondence

Takao Katoh, Clinic of Tobu Railway Co. Ltd.: 2-18-12 Oshiage, Sumida-ku 131-8522 Tokyo, Japan.

Email: tkkt@nms.ac.jp

Funding information
Partly supported by Suzuken Memorial Foundation.

Keywords: automatic diagnosis, electrocardiogram

1 | INTRODUCTION

Electrocardiographic examination is widely used in cardiovascular
medicine and other clinical fields including preoperative examina-
tions and health checks for the general population. The results of
automatic diagnosis obtained by a computer equipped electrocar-
diograph have been widely applied in clinical medicine as well as in
preventive medicine. Due to the wide range of utility and applica-
tion, the results of automatic diagnosis of electrocardiogram (ECG)
are shared and utilized for medical practice in various situations by
cardiologists and specialized medical staff and also practitioners in
other fields and paramedical personnel.

Therefore, automatic diagnosis of ECG requires high accuracy, but
there are in fact many problems and issues that require clarification.
Measures to improve the diagnostic accuracy of automatic diagnosis

of ECG and to further enhance its clinical utility are of high importance.2

2 | CURRENT STATUS AND PROBLEMS
IN AUTOMATIC DIAGNOSIS OF
ELECTROCARDIOGRAM

Since the automated diagnosis of ECG requires a particularly high
diagnostic accuracy, the most important criteria are not to mislead
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clinically significant abnormal findings that require immediate medi-
cal care. To this end, electrocardiographic manufacturers have
developed programs with an emphasis on eliminating false nega-
tive results, the so called “overlook” automatic diagnosis of ECG.
Consequently, diagnostic algorithms tend to be constructed with a
range of numerical values or comments that have a wider interpreta-
tion than the diagnostic criteria, as it is believed that a certain extent
of over-diagnosis is justified.

In contrast, there is an algorithm that a notation “pacemaker
electrocardiogram” at the time of detecting the pacing spike results
in termination of subsequent further analysis. This may conversely
result in many potential overlooks.

Automatic interpretation of ECG using a computer was first
reported by Pipberger et al® in 1960, followed by Okajima et al,*
Kimura et al,® and Matsuo et al® with new automated diagnosis sys-
tems announced one after another from Japan. Thus, practical use
of computer-aided automated diagnosis of ECG progressed rapidly.
Although the diagnostic accuracy has been improving for over half
a century, it is by no means satisfactory to the expert electrocardi-
ologist.7'9 In parallel, from the non-expert point of view, automatic
diagnosis is complicated by excessive comments or various detailed
electrocardiographic findings and diagnoses are displayed automati-
cally every time when indicative findings are recorded.!

In addition, it is often difficult for non-experts to determine if
these detailed findings and diagnoses are clinically important or
minor findings not requiring medical attention. Even though the
findings or diagnoses have only minor clinical significance, patients
are sometimes asked to consult a specialist for further diagnosis and
treatment. Thus, the current automatic diagnosis of ECG impacts
proper and effective medical care, and highlights the urgent need
for further improvement of the accuracy and utility of automated
diagnosis from the perspective of medical economics and the safe
and efficient development of novel drugs.?%!

The major factors contributing to the current situation and
problems may be due to the different nomenclature of diagnosis
and/or findings based on ECG waveforms that are used by differ-
ent manufacturers. Ideally, it should be described in accordance
with the glossary of the Japanese Circulation Society or the
Japanese Heart Rhythm Society, with reference to the recommen-
dations by academic societies in the United States and Europe.?
Thus, it is difficult and confusing for non-experts to understand

the notations.

3 | APANEL FOR THE STUDY OF
AUTOMATIC DIAGNOSIS OF THE
ELECTROCARDIOGRAM IN JAPAN

In order to promote the accuracy, reliability, and clinical usefulness
of the automatic diagnosis of ECG, it is essential to accurately grasp
and clarify various problems of the current diagnostic system, and to
discuss each specific task for improvement from various clinical and

technical viewpoints.

Therefore, we established a cross-sectional study group with
members including physicians and researchers who have been in-
volved in the development of computer-aided automatic diagnosis
of ECG, clinicians with extensive experience in ECG readings, and
engineers of electrocardiographic manufacturers.

The group comprised 10 core members from the current and
past officers of the Japanese Heart Rhythm Society, 33 physicians
with a sub-speciality in electrocardiology and technical managers of
ECG manufacturers, and 10 advisors with extensive scientific and
academic experience (Table 1).

We have discussed various terms used as a diagnosis or abnor-
mal findings in the automatic ECG machines. The aim of this process
was to unify various terminology, technical terms, and diagnostic
comments to be as simple and understandable as possible even for
non-specialized doctors and medical staff for ECG readings. We pro-
pose that the notation is acceptable and valuable as a terminology

for automatic diagnosis of ECG.

4 | CONSIDERATIONS ON
TERMINOLOGIES USE AS DIAGNOSIS

AND ABNORMAL FINDINGS OF ECG IN
AUTOMATIC DIAGNOSIS OF WIDELY USED
ELECTROCARDIOGRAPH IN JAPAN

We first reviewed the terms that have been used as a diagnosis or
abnormal finding in the automatic diagnosis, which was considered
urgent from various viewpoints. Even in the 2007 recommendations
for standardization and interpretation of the ECG from the USA, the
terms of diagnosis and abnormal findings of ECG were listed jum-
bled, possibly creating confusion. The following five points were
used as the pillars for the present study. The equivalent Minnesota

code, which is widely used in conventional medicine globally, are

TABLE 1 Members for the study of automatic diagnosis of the
electrocardiogram in Japan (in no particular order)

[Core Members]

Masayasu Hiraoka, Takao Katoh, Naohiko Takahashi, Eiichi
Watanabe, Takanori Ikeda, Yuji Kasamaki, Naokata Sumitomo,
Masaaki Yashima, Norihiro Ueda, Hiroshi Morita

[Advisors]

Yoshifusa Aizawa, Hiroshi Inoue, Toru Oe, Noboru Okamoto, Satoshi
Ogawa, Ken Okumura, Itsuo Kodama, Kaoru Sugi, Teruhisa Tanabe,
Kazunobu Yamauchi

[Members]

Takashi Ashihara, Ritsuko Kono, Yoshinori Kobayashi, Tsuyoshi
Shiga, Wataru Shimizu, Masaomi Chinushi, Mikiko Nakagawa,
Kenji Nakai, Makoto Hirai, Kazutaka Aonuma, Shiro Kamakura,
Yoichi Kobayashi, Shingo Sasaki, Ken Kato, Akiko Chishaki,

Ayano Minoura, Yuji Murakawa, Akira Yamashina, Shigeyuki
Watanabe, Naomi lzumida, Takashi Wada, Yoshiko Furukawa,
Daiya Ushinohama, Hitoshi Horigome, Tsuyoshi Yamauchi, Takuya
Ishiguro, Takashi Kaiami, Yusuke Kagamihara, Jiro Suto, Eiji
Yamaguchi, Tatsuya Yoneyama
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described in the table as much as possible to prevent unnecessary

confusion.*®

1. For similar conditions, terms describing an ECG finding and
those describing a pathological diagnosis should be clearly
distinguished.

“This is really important to evaluate clinical significance including
underlying pathological conditions in each patient. It is better
to distinguish terms for diagnosis and those for ECG findings.”
Example 1: “PR prolongation” is a simple ECG finding, while
“first degree atrio-ventricular (AV) block” is a diagnosis.
Example 2: “marked left axis deviation” is an ECG finding,
while “left anterior hemiblock (fascicular block)” is a diagnosis.
Example 3: “abnormal Q wave” is an ECG finding, while “sus-
pected previous myocardial infarction” is a diagnosis.

2. Unify terminologies used in different electrocardiograph models
as much as possible.

“Technical terms should be simple and universal to avoid un-
necessary confusion.”

Example 1: PR interval (mainly used in USA), PQ interval (mainly
used in Japan), PR time, and PQ time should be unified to
“PR interval.”

Example 2: Second-degree AV block (Wenckebach type)
(mainly used in Japan), Second-degree AV block, Mobitz type
| (Wenckebach) (mainly used in USA), Second-degree type 1
AV block, etc, should be unified to “Second-degree AV block
(Wenckebach type).”

Example 3: Brugada syndrome suspected, Brugada type elec-
trocardiogram, coved type ST elevation, saddleback type ST
elevation, etc, should be unified to “Brugada type ST-T abnor-
mality (coved type) and Brugada type ST-T abnormality (saddle-
back type),” although detailed diagnostic criteria of their ECG
abnormalities have not been firmly established.

3. New terminologies that have often been used in clinical practice
should be introduced in the automatic diagnosis of ECG system.
“This is also important to enhance clinical utility of the au-
tomated diagnosis system, because some of these terms are
not yet listed in Japan or the USA.

Examples: Early repolarization, J-wave, accelerated idioventric-
ular rhythm, Second degree (advanced) AV block, etc

4. Terms for a diagnosis or abnormal finding where the definition
is unclear or the clinical significance is low should be avoided as
much as possible.

“To avoid unnecessary consultations with expert cardiologists,
terms where their definition are unclear or the clinical signifi-
cance is low should be avoided.”

Examples: Clockwise rotation, counter-clockwise rotation, clas-
sification of type A or B or C of WPW syndrome, short run
of ventricular premature contractions or supra-ventricular pre-
mature contractions, etc

5. For terms that may be difficult for non-experts, there should be a

separate brief explanation.

Sowwnal of O%z/?y[/f/lufm_wl LEYM

“The clinical significance of some technical terms may be diffi-
cult for non-expert physicians or medical staff to understand.”
Examples: Left anterior hemiblock (fascicular block), left poste-
rior hemiblock (fascicular block), AV junctional escape rhythm,

Brugada type ST-T abnormality, etc

4.1 | Terms that should be recommended for
automated diagnosis of ECG

To date, the terms for diagnosis or abnormal findings of ECG have
not been unified between different electrocardiograph manu-
facturers. A variation of the same term appears on the electro-
cardiograph of each company. As these terms should accurately
represent the abnormal findings and conditions as much as pos-
sible, we propose to unify these terms into terminologies that are
not confusing and easy to understand for everyone. We selected
24 terms for abnormal ECG findings such as abnormal Q wave,
right axis deviation, left axis deviation, etc (Table 2), and 97 terms
for diagnosis such as AV block, premature contractions, atrial fibril-
lation, etc (Table 3).

411 | Termsrecommended for abnormal
ECG findings

In the reading and evaluation of the conventional ECG, information
on various waveform and measures of wave intervals have been de-
scribed as ECG findings. However, for example, with regard to the PR
interval, which is an indicator of AV conduction, the notation such
as PQ interval, PQ time, PR time, etc is different depending on the
reader even if it is the same index. Furthermore, the numerical value
used as a diagnostic criterion is not necessarily unified. In addition,
when the PR interval was extended, terms such as PR prolongation,

Prolonged PR interval, PQ prolongation or first-degree AV block,

TABLE 2 Terms recommended for use as abnormal findings of
ECG (24 items)

[Axis] right axis deviation, marked right axis deviation, left axis
deviation, marked left axis deviation, indeterminate axis

[Q wave/R wave] abnormal Q wave, left ventricular high voltage,
poor R wave progression

[PR/QT interval] short PR interval, prolonged QT interval, short QT
interval

[ST-T] Brugada type ST-T abnormality (coved type), Brugada type
ST-T abnormality (saddleback type), ST elevation, ST elevation
(moderate), ST depression, ST depression (moderate), early
repolarization, J wave, T wave abnormality (high amplitude), T
wave abnormality (low amplitude), T wave abnormality (inversion)

[U wave] prominent U wave, inverted U wave

(See Table S1 in details)
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TABLE 3 Diagnostic terms recommended for use from ECG (97 items)

[Sinus abnormality] sinus arrhythmia, sinus tachycardia, sinus bradycardia, Sino-atrial block, sinus arrest

[Ectopic rhythm] ectopic atrial rhythm, AV junctional rhythm, accelerated AV junctional rhythm, idioventricular rhythm, accelerated

idioventricular rhythm

[Escape rhythm] AV dissociation, AV junctional escape beat, ventricular escape beat, AV junctional escape rhythm, ventricular escape rhythm

[Intraventricular conduction disturbances] complete right bundle branch block, incomplete right bundle branch block, left bundle branch block,
intraventricular conduction disturbance, left anterior hemiblock (fascicular block), left posterior hemiblock (fascicular block), bifascicular block,

trifascicular block

[AV block] first-degree AV block (PR prolongation), second-degree AV block (Wenckebach type), second-degree AV block (Mobitz type Il), second-
degree AV block (2:1 conduction), second-degree AV block (advanced), third-degree AV block (complete AV block), paroxysmal AV block

[WPW syndrome] WPW syndrome

[Pacemaker rhythm] artificial pacemaker rhythm, artificial pacemaker beat

[Supraventricular arrhythmias] supraventricular premature contraction, supraventricular premature contraction (frequent), AV junctional
premature contraction, AV junctional premature contraction (frequent), supraventricular tachycardia, atrial tachycardia, atrial fibrillation,
tachycardic atrial fibrillation, bradycardic atrial fibrillation, atrial flutter, tachycardic atrial flutter, bradycardic atrial flutter, atrial standstill

[Ventricular arrhythmias] ventricular premature contraction, ventricular premature contraction (couplet), ventricular premature contraction
(bigeminy), ventricular premature contraction (trigeminy), ventricular premature contraction (frequent), ventricular premature contraction
(multiform), ventricular premature contraction (R on T), non-sustained ventricular tachycardia, sustained ventricular tachycardia

[Cardiac overload / Chamber hypertrophy] left atrial overload (enlargement), right atrial overload (enlargement), left ventricular hypertrophy, right

ventricular hypertrophy, biventricular hypertrophy

[Myocardial infarction] anterior myocardial infarction (acute), anterior myocardial infarction (acute, possible), anterior myocardial infarction
(indeterminate age), anterior myocardial infarction (indeterminate age, possible), anterior myocardial infarction (old), anterior myocardial
infarction (old, possible), anteroseptal myocardial infarction (acute), anteroseptal myocardial infarction (acute, possible), anteroseptal myocardial
infarction (indeterminate age), anteroseptal myocardial infarction (indeterminate age, possible), anteroseptal myocardial infarction (old),
anteroseptal myocardial infarction (old, possible), lateral myocardial infarction (acute), lateral myocardial infarction (acute, possible), lateral
myocardial infarction (indeterminate age), lateral myocardial infarction (indeterminate age, possible), lateral myocardial infarction (old), lateral
myocardial infarction (old, possible), inferior myocardial infarction (acute), inferior myocardial infarction (acute, possible), inferior myocardial
infarction (indeterminate age), inferior myocardial infarction (indeterminate age, possible), inferior myocardial infarction (old), inferior myocardial
infarction (old, possible), pure posterior myocardial infarction (acute), pure posterior myocardial infarction (acute, possible), high lateral
myocardial infarction (acute), high lateral myocardial infarction (acute, possible), right ventricular myocardial infarction (acute), right ventricular

myocardial infarction (acute, possible)

[ST-T abnormalities] myocardial ischemia (possible), nonspecific ST-T changes, pericarditis (possible), hyperpotassemia (possible), hypopotassemia

(possible)
[Others] dextrocardia/situs inversus (possible), low voltage (limb lead)
(See Table S2 in details)

Abbreviations: AV, atrio-ventricular.

have been used as the ECG findings. Since these terms are often
interchanged as terms of ECG findings or pathological diagnosis, it is
very confusing for non-ECG expert users (Table 2).

Currently, there is no consensus on the critical value criteria to de-
termine whether these findings are truly present. In a 2007 statement
from the USA, it was pointed out that many different criteria for ECG
diagnosis have been used. Therefore, we hereby described the value
that is relatively widely used as a “typical reference value,” however, it
is important to note that some of them are still controversial.

Electrocardiographic surveys related to Brugada syndrome, which
has attracted attention for its association with sudden death in young
subjects, have also been recently introduced as automatic diagnosis of
ECG. However, various expressions such as “Brugada syndrome sus-

» o«

pected,” “Brugada type ECG,” “coved type ST elevation,” “saddleback
type ST elevation,” etc have been used for the ECG findings. However,
the diagnosis of Brugada syndrome should be made based on both
characteristic ECG abnormalities as well as past history of syncope

and/or family history of sudden cardiac death. Thus we recommend

keeping it as an abnormal ECG finding termed as “Brugada type ST-T
abnormality (coved type)” or “Brugada type ST-T abnormality (saddle-
back type),” even their precise ECG criteria are still controversial.

In contrast, when these abnormal findings of ECG are identi-
fied, the follow-up action is critically important, and especially for
non-cardiologists who may hesitate on the right course of action.
Therefore, in this statement, in addition to the typical numerical val-
ues (reference values) for the criteria of each observation, the clin-
ical significance and specific medical treatment or follow-up policy

recommended on these findings are described in Table S1.

4.1.2 | Terms recommended for diagnosis

ECG diagnostic terms that are considered abnormal based on some
pathological changes are listed in Table 3.
Similarly these terms are not unified among ECG automatic diag-

nosis system. For example, in the diagnosis of second-degree AV block
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TABLE 4 Terms not recommended to be used at automatic diagnostics of ECG

Terms not recommended Explanation

S$1S2S3 pattern
clinical evidence.

S1Q3T3 pattern

A relationship with the right ventricular hypertrophy has been considered, but it has no significant

A relationship with the right ventricular overload due to pulmonary infarction has been

considered, but the specificity and clinical significance are not high.

RSR’ pattern

It is thought to represent right ventricular conduction delay, but the difference with incomplete

right bundle branch block or Brugada type ECG abnormalities is not clear.

Clockwise rotation
Counter-clockwise rotation

Low voltage (chest lead only)

It does not represent a particular disease or condition, and has poor clinical significance.
It does not represent a particular disease or condition, and has poor clinical significance.

This abnormal finding is recognized in obesity, etc Low voltage both in limb and chest leads may

indicate cardiac or extra-cardiac diseases.

Supraventricular premature contractions
(couplet, bigeminy, trigeminy)

Supraventricular premature contractions

(short run) tachycardia

Ventricular premature contractions (short
run)

showing the so-called Wenckebach period, the terms “Wenckebach
type second-degree AV block,” “Mobitz type | second degree AV
block,” “second-degree AV block (Wenckebach period),” etc have been
used. Although “Mobitz type I” was a possibility as “Wenckebach” rep-
resents a specific cycle, the terms “Mobitz type I” and “Mobitz type
II" are a possibly confusing. As the term “Wenckebach type” is already
widely used in the clinical practice, we decided to adopt “second-
degree AV block (Wenckebach type)” as a recommended diagnostic
term in the automatic diagnosis of ECG in Japan.

For automatic diagnosis of myocardial infarction in ECG, infor-
mation on the site of infarction and time of onset is critical in clin-
ical practice. However, it is sometimes difficult to make accurate
judgments on these with only one ECG recording, even with a spe-
cialist. If the time of infarct onset in unclear based on the ECG, we
recommend the term “indeterminate age.” In addition, if each result
is not definitive, we have added the term “possible.” While site of
myocardial infarction are clearly stated in the 2007 recommendation
statement from the USA, the phase of the infarction process is ab-
sent. Consequently, terms or classifications of myocardial infarction
are absent in the Minnesota code, except for descriptions on ST-T
changes or Q waves.

For the diagnostic terms, we kept in mind the expressions that
are easy to understand and as widely used as possible. However,
some of them represent confusing expressions and complex con-
ditions, and we have therefore provided Table S2 to explain these

terms as accurately as possible.

4.2 | Terms to be avoided for use in automatic
diagnosis of ECG

The terms shown in Table 4 include those that have been often

used in ECG evaluation in general practice. However, many panel

Clinical significance is not clear.

This diagnostic statement is included in non-sustained atrial tachycardia or supraventricular

This diagnostic statement is included in non-sustained ventricular tachycardia

members indicated that these terms should be avoided in auto-
matic diagnosis of ECG, because relation to the pathological con-
dition is unclear and the clinical significance is consequently low.
Furthermore, the definition for some terms is ambiguous and the
critical findings for evaluation are not established. Therefore, these
terms were deemed not suitable for use in automatic diagnosis of
ECG. The reasons for avoidance has been described as much as
possible, and include terms for example, bigeminy, trigeminy, and
couplets that have appeared in the 2007 recommendation from the
USA.

4.3 | Implementation to new
electrocardiograph models

Sudden changes or modifications in terminology may cause severe
confusion in the clinical field, since it contains many widely used
terms. In order to prevent this confusion, we are not requiring each
ECG manufacturer to use them on a new model or to unify between
manufacturers. This is a recommendation as a direction or guide-
line for future changes or improvements based on the results of this

study.

5 | CONCLUSION

As there are many problems that require immediate attention in
the current automated diagnosis of ECG, we established a panel to
study automated diagnosis of the electrocardiogram in Japan. The
study group comprised physicians and researchers specializing in
electrocardiology, and engineers of electrocardiograph manufactur-
ers as core members. For the past several years, we have started

on activities to further enhance the clinical utility of the automated
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diagnosis of ECG by objectively analyzing these problems and ad-
dressing them.

As an initial step, we have extracted and organized the vari-
ety of problems related to current automated diagnosis of ECG.
Subsequently, we considered measures for improvement. Here,
we have proposed the possibility of the standardization of terms
used for automated diagnosis of ECG as an expert consensus
statement.

The key aim of this study group is to further improve the utility
of the automated ECG diagnosis system and improvement of the ac-
tual accuracy of automated diagnosis is mandatory. In our next step,
we are planning to create a large database of ECG associated with
problematic automated diagnosis from our members. We hope that
the results of these activities will lead to increases in clinical utility of
automated diagnosis of ECG, which is widely used globally.
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