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BACKGROUND Although a Brugada-type electrocardiogram (ECG)
is occasionally detected in mass health screening examinations
in apparently healthy individuals, the automatic computerized
diagnostic criteria for Brugada-type ECGs have not been estab-
lished.

OBJECTIVE This study was performed to establish the criteria for
the computerized diagnosis of Brugada-type ECGs and to evaluate
their diagnostic accuracy.

METHODS We examined the ECG parameters in leads V1 to V3 in
patients with Brugada syndrome and cases with right bundle
branch block. Based on the above parameters, we classified the
ECGs into 3 tyf)es of Brugada-type ECGs, and the conditions for
defining each type were explored as the diagnostic criteria. The
diagnostic effectiveness of the proposed criteria was assessed
using 548 ECGs from 49 cases with Brugada-type ECGs and the
recordings from 192,673 cases (36,674 adults and 155,999 school
children) obtained from their annual health examinations.

RESULTS The Brugada-type ST-segment elevation in V1 to V3 was
classified into 3 types, types 1, 2/3, and a suggestive Brugada ECG
(type S). The automatic diagnostic criteria for each type were

established by the J-point amplitude, ST-segment elevation with
its amplitude and configuration, as well as the T-wave morphology
in leads V1 to V3.

CONCLUSION The proposed criteria demonstrated a reasonable
accuracy (type 1: 91.9%, type 2/3: 86.2%, type S: 76.2%) for
diagnosing Brugada-type ECG in comparison to the macroscopic
diagnosis by experienced observers. Moreover, the automatic cri-
teria had a comparable detection rate (0.6% in adults, 0.16% in
children) of Brugada-type ECGs to the macroscopic inspection in
the health screening examinations.

KEYWORDS Brugada syndrome; J wave; ST-segment elevation;
Coved-type ST-segment elevation; Saddleback-type ST-segment el-
evation; Computerized diagnosis; Health screening examination

ABBREVIATIONS ECG = electrocardiogram; NPV = negative pre-
dictive value; PPV = positive predictive value; RBBB = right bun-
dle branch block; SCD = sudden cardiac death; VF = ventricular fi-
brillation; VT = ventricular tachycardia
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Brugada syndrome is characterized by unique electro-
cardiographic (ECG) changes and carries a high risk for
sudden cardiac death (SCD) due to ventricular fibrillation
(VF) in patients without major structural heart disease.'™®
The hallmark for diagnosing Brugada syndrome is ST-
segment elevation in leads V1 to V3, but similar ECG
changes are seen in various normal and abnormal condi-
tions.'~®
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The consensus reports by the subgroup of the Heart
Rhythm Society and European Heart Rhythm Association
have proposed the diagnostic ECG criteria for Brugada
syndrome.> According to the consensus reports, there are 3
ECG patterns, type 1, type 2, and type 3. Type 1 is regarded
as a diagnostic sign for Brugada syndrome, and a final
diagnosis can be made when at least 1 of the following
conditions are also present: documented VF and/or poly-
morphic ventricular tachycardia (VT), a family history of
sudden cardiac death at <45 years old, coved-type ECGs in
family members, induction of VI/VF with programmed
electrical stimulation, syncope, or nocturnal agonal respira-
tion.

Although the 3 types of ECG waveforms are occasion-
ally detected in mass health screening examinations, which
mostly utilize computerized ECG machines, there have
been no detailed methods for quantitatively discriminating
waveforms similar to Brugada syndrome. Another issue
related to the difficulty in the ECG diagnosis is that VF or
SCD has occasionally been observed in cases of Brugada
syndrome with ECG patterns not included in the 3 types in
the consensus report.”'*!6 In this study we sought to es-
tablish computerized diagnostic criteria for the detection of
the Brugada-type ECG. We further assessed the diagnostic
accuracy of the proposed criteria for the differentiation of
ECG patterns in patients with Brugada syndrome, or right
bundle branch block (RBBB), and in apparently healthy
adults and school children.

Methods

Data acquisition and analysis of the ECG
waveforms

A 12-lead ECG was recorded in all individuals using con-
ventional and commercially available computerized ECG
machines at a paper speed of 25 mm/s. The ECG records
were acquired simultaneously, at least 6 limb or precordial
leads. All ECG parameters were automatically acquired and
calculated during 2 cardiac cycles. The following defini-
tions and data acquisition were used: The J point in leads V1
to V3 was defined as the timing of the J point in lead V5
with simultaneous recordings in V1 to V6. The J-wave
amplitude was automatically measured as the height from
the isoelectric line. The positive peak deflection after the R
wave was defined as the STmax, the timing after 40 ms of
the STmax as STmax40 and that after 80 ms as STmax80.
The STmax was identical to the R’ (or ') wave of RBBB in
conventional ECG terminology. The minimum point of the
ST-segment elevation and positive peak amplitude of the T
wave were detected. Two morphologies of the ST-segment
elevation, a coved type and a saddleback type, were other
conditions for defining the diagnosis of a Brugada-type
ECG.>* Brugada-type ST-segment elevation was divided
into type 1, type 2/3, and type S. Type 1 was defined as a
coved-type ST-segment elevation with a J-point amplitude
=0.2 mV and negative or flat T wave. This type was
equivalent to type 1 of the consensus report.>® Type 2/3 was
defined as a saddleback-type ST-segment elevation with a

J-wave amplitude =0.2 mV and positive or biphasic T
waves, which would be included in type 2 and type 3 in the
consensus report.> Type S, as abbreviated terminology for
suggestive, was defined as a coved-type ST-segment eleva-
tion with J-wave amplitude =0.1 mV and <0.2 mV.

For a comparison to an automatic diagnosis, manual
measurements in a macroscopic inspection were performed
by 2 independent and experienced observers without any
knowledge of the clinical background of the subjects.

The subjects included 32 patients with Brugada syn-
drome who were diagnosed according to the diagnostic
criteria of the consensus report.>® The ECGs from 118 cases
with RBBB were diagnosed by macroscopic inspections
from the stored records of previous health examinations in
workers. The ECG data from the annual health examina-
tions in 36,674 workers and 155,999 school children with
ages between 8 and 18 years were used for an exploration of
the diagnostic accuracy of the proposed criteria.

Diagnostic assessment of the proposed automatic
criteria for a Brugada-type ECG

The conditions and waveforms for defining type 1, type 2/3,
and type S ST-segment elevation were proposed and ex-
plored by their diagnostic accuracy to differentiate the ECG
recordings in 57 leads (V1 to V3) displaying a coved-type
ST-segment elevation from 32 patients with Brugada syn-
drome (Brugada group) and 151 leads displaying an rSR’
pattern (V1 to V3) in 118 cases with RBBB (RBBB group).

Then, 3 conditions for defining type 1, type 2/3, and type
S were proposed as diagnostic criteria for a Brugada-type
ECG, and their diagnostic effectiveness was assessed in 548
ECGs from 49 patients with a Brugada-type ECG by a
macroscopic inspection. Type 1 ECG was classified when
type 1 ST-segment elevation was observed in at least 1 of
the 3 leads (V1 to V3). Type 2/3 ECG was defined when
only type 2/3 or type 2/3 and type S ST-segment elevation
was recorded in any of leads V1 to V3. Type S ECG was
defined when type S ST-segment elevation alone was seen
in any of leads V1 to V3.

We next examined the accuracy of how the proposed
diagnostic criteria could differentiate Brugada-type ECGs
using the recordings from 192,673 cases (36,674 workers
and 155,999 school children) in their annual health exami-
nations. The effectiveness of the automatic diagnosis was
assessed in the ECGs retrieved from our cohorts by a mac-
roscopic inspection.

Statistical analysis

The chi-square test was used to evaluate the differences in
categorical variables between the 2 groups. A P value <.05
was considered significant.

Results

Classification and conditions of Brugada-type
ECGs for the diagnostic criteria

There were 2 morphologies of the ST-segment elevation in
leads V1 to V3, a coved type and a saddleback type, in
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Figure 1  Distinction of a coved-type ST-segment elevation in Brugada syndrome (Brugada) and the ST-segment in right bundle branch block (RBBB).

The histogram of the gradients between the amplitude of the STmax and STmax40 (STmax — STmax40) in 51 leads showing coved-type ST-segment
elevation (Brugada group) is shown on the left and in 97 leads showing an rSR" pattern with RBBB (RBBB group) on the right. See the detailed explanation

in the text.

patients with Brugada syndrome and suspected cases.>* We
sought to establish the conditions for distinguishing the 2
morphologies of the ST-segment elevation with J-wave am-
plitude of =0.2 mV. In addition, we added a third condition
of a coved-type ST-segment elevation and J-wave ampli-
tude =0.1 mV and <0.2 mV, which was not included in the
criteria by the consensus report,”® but this type of ST-
segment elevation might be seen in suspected cases of
Brugada syndrome.”® Based on the morphologies and am-
plitude of the ST-segment elevation, we classified the Bru-
gada-type ECG into type 1, type 2/3, and type S. The ECG
conditions for distinguishing the 3 types were further ex-
plored.

Type 1 ST-segment elevation
The ECG waveforms with a J-wave amplitude =0.2 mV
and ST-segment elevation were automatically detected by
the computerized ECG machines. For defining the coved-
type ST-segment elevation, similar to the gradually de-
scending ST-slope in the consensus report, we adopted the
condition of STmax > STmax40 > STmax80 as the first
step. Because coved-type ST-segment elevation with a J or
STmax wave could be seen not only in patients with Bru-
gada syndrome (Brugada group) but also in subjects with
RBBB (RBBB group), we tested whether the combination
of the 2 conditions (J wave amplitude =0.2 mV and STmax >
STmax40 > STmax80) could discriminate the 2 groups. The
combined conditions could be detected in 45 of 57 leads
(V1 to V3) satisfying the condition from 32 patients in the
Brugada group, which was macroscopically diagnosed by
the 2 experienced observers. The same condition could also
be detected in 2 (1.3%) of 151 leads (V1 to V3) with an
rSR’ pattern from 118 cases in the RBBB group.

To improve the discrimination of the waveforms in the
Brugada group from those in the RBBB group, the histo-

grams of the gradient between the amplitude of the STmax
and STmax40 in the 2 groups were explored (Figure 1). We
adopted a condition of a voltage gradient within 0.4 mV
between the amplitude of the STmax and STmax40 (0.4
mV = STmax — STmax40) to discriminate between the 2
groups because this condition could detect the majority of
patients (96%) in the Brugada group and 43% of those in the
RBBB group (P < .01). Consequently, the 3 combined
conditions (J-point amplitude =0.2 mV, STmax >
STmax40 > STmax80, and 0.4 mV = STmax — STmax40)
could detect 97.8% of those (44 of 45 leads) in the Brugada
group but only 1 (0.6%) of 151 leads in the RBBB group
(P < .01). In addition, a negative or isoelectric T wave was
adopted as the condition for defining type 1. Figure 2 shows
an example of an ECG recording automatically diagnosed
by the proposed criteria for type 1 using the above condi-
tions.

Type 1

Type 2/3

Type S

Figure 2  Electrocardiographic records of the 3 types diagnosed by the
proposed criteria. Left: Type 1. Middle: Type 2/3. Right: Type S.
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Figure 3 A histogram of the gradients between the amplitude of the STmax40 — STmax80 (top) and STmax — STmax40 (bottom) in the 2 groups
(Brugada and RBBB groups). Top: Using the criteria of STmax40 — STmax80 = 0.04 mV, the majority (88%) of the patients in the Brugada group were
included, whereas 74% were excluded in the RBBB group. Bottom: Using an additional condition of STmax — STmax40 = 0.04 mV, all of the leads in
the Brugada group met the criteria and 42 of 47 electrocardiograms in RBBB children were excluded. Abbreviations as in Figure 1.

Type 2/3 ST-segment elevation

To define the saddleback-type ST-segment elevation, we
adopted the conditions of the J-wave amplitude > the min-
imum point of the ST-segment (STmin), as well as the peak
of the T wave (Tpeak) > STmin > 0 mV. The condition of
the Tpeak > STmin > 0 mV could also define a positive or
biphasic T wave. Thus, the conditions matching J-wave
amplitude =0.2 mV, J amplitude > STmin, and Tpeak >
STmin > 0 mV were determined as the criteria for type 2/3.
Figure 2 represents an example of a type 2/3 ECG detected
by this diagnostic criteria.

Type S ST-segment elevation

We adopted the parameter of J-wave amplitude =0.1 mV
and < 0.2 mV, and other parameters similar to type 1
(STmax > STmax40 > STmax80, and 0.4 mV = STmax —
STmax40) for defining type S. The conditions combined by
the above 3 parameters could be detected in 12 of 57 leads
from 32 patients in the Brugada group and could also

diagnose 6 of 151 leads with an rSR’ pattern in the RBBB
group as type S. Therefore, we searched for other conditions
to precisely differentiate the Brugada-type ECGs from those
with RBBB. To this end, we applied a similar method as
shown in Figure 1.

As for the STmax40 — STmax80 parameter, the histo-
grams of the gradients between the amplitudes in the 2
groups are shown at the top in Figure 3. Applying the
condition of an STmax40 ~ STmax80 = 0.04 mV, the
majority (88%) of the Brugada group patients were in-
cluded, whereas 74% of the RBBB group were excluded
(P < .01). Adding the condition of an STmax40 —
STmax80 = 0.04 mV to 0.4 mV = STmax — STmax40, the
remaining 2 leads in the RBBB group were still included,
but the numbers of type S in the Brugada group remained
unchanged (P < .01).

Another group to be differentiated from type S appeared
to be that with incomplete RBBB and mild ST-segment
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Type 1 : (coved-type ST-segment elevation)
® J point 20.2mV
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@ T wave: under or on the isoelectric line
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Type 2/3 : (saddleback-type ST-segment elevation)
@ I point 20.2mV
@ J point >STmin
@ Tpeak >STmin >0mV

Type S : (mild coved-type ST-segment elevation)
@ 0.2mV >J point 20.1mV
@) same criteria as Type 1
@ 0.4mV 2STmax-STmax40 20.04mV
® STmax40-STmax80 20.04mV

Figure 4  Classification and waveforms of Brugada-type electrocardio-
grams. See the detailed explanation in the text.

elevation in leads V1 to V3, often seen in healthy children.
Therefore, we evaluated the reliability of the proposed con-
ditions of STmax > STmax40 > STmax80, 0.4 mV =
STmax — STmax40 and STmax40 — STmax80 = 0.04 mV
in 47 leads showing mild ST-segment elevation in 37 chil-
dren with incomplete RBBB. A close inspection of the ECG
recordings with type S by a macroscopic diagnosis and
those with incomplete RBBB suggested a difference in the
steepness at the early portion of the ST-segment comparable
to the STmax — STmax40 interval with a lesser degree in
type S than in type 1. So, the parameter of the STmax —
STmax40 was modified and the conditions with a new
parameter were further evaluated by a similar method as
shown in the case of type 1 (Figure 1). The histograms
of the gradients between the amplitude of the STmax —
STmax40 in 47 leads in the 37 ECGs from children were
compared (Figure 3, bottom). The condition of STmax —
STmax40 = 0.04 mV could exclude 42 of 47 leads in the
incomplete RBBB group. Three of the remaining 5 ECGs
detected by this condition had the same recordings as type
S by the macroscopic diagnosis. Therefore, we modified the
conditions defining type S as J-wave amplitude =0.1 mV
and <0.2 mV, STmax > STmax40 > STmax80, 0.4 mV =
STmax — STmax40 = 0.04 mV, and STmax40 — STmax80 =

0.04 mV. Consequently, the above conditions could exclude
all 151 leads from the 118 ECGs with RBBB from type S,
and detect type S in 12 of 57 leads from the Brugada group
that agreed with the macroscopic diagnosis (Figure 3, bot-
tom). An example of type S ECG detected by the automatic
diagnostic criteria is shown in Figure 2. The automatic
diagnostic criteria of type 1, type 2/3 and type S for Bru-
gada-type ECGs are suminarized in Figure 4.

Diagnostic accuracy of the automatic diagnostic
criteria for Brugada-type ECGs

The recordings from 548 ECGs obtained in 49 cases with
Brugada-type ECGs were diagnosed by the proposed crite-
ria into type 1, type 2/3 and type S ECG. The results were
compared with a macroscopic diagnosis by experienced
observers (Table 1). Nearly 92% of the macroscopic diag-
noses of type | ECGs by the experienced observers matched
the automatic diagnosis (sensitivity 91.8%, specificity
96.8%, positive predictive value [PPV] 92.9%, negative
predictive value [NPV] 96.3%). An additional 2.3%
matched the automatic diagnosis of type 2/3 and type S
ECGs, revealing 94.2% accuracy in total. The macroscopic
diagnosis of a type 2/3 ECG had an 86.2% accuracy
matched to the automatic diagnosis (sensitivity 86.2%,
specificity 98.4%, PPV 99.0%, NPV 79.5%); 76.2% of type
S ECG by the automatic diagnosis matched the macroscopic
inspection (sensitivity 76.2%, specificity 99.4%, PPV 84.2%,
NPV 99.0%).

The mass screening ECG recordings from 192,673 indi-
viduals undergoing annual health checkups for adult work-
ers and school children were diagnosed into type 1, type 2/3
and type S ECGs by the proposed criteria (Table 1). The
numbers detected by the automatic criteria for type 1, type
2/3 and type S ECGs were 20 (0.05%), 161 (0.44%), and 40
cases (0.11%), respectively, in the adult cases. Those in the
children were 13 (0.008%), 154 (0.099%), and 89 cases
(0.057%), respectively. The overall detection for the 3 types
of Brugada ECGs was 221 cases (0.6%) in the adults and
256 (0.16%) in the children.

Table 1  Diagnostic accuracy using the proposed criteria for Brugada-type ECGs
Brugada-type ECGs* 49 cases, n (%) Random ECGst 192,673 cases, n (%)
Macroscopic diagnosis Adults Children
Automatic
diagnosis Type 1 172 ECGs Type 2/3 355 ECGs Type S 21 ECGs 36,674 cases 155,999 cases
Type 1 ECG 158 (91.9) 11 (3.1) 1 (4.8) 20 (0.05) 13 (0.008)
Type 2/3 ECG 3 (1.7) 306 (86.2) 0 (0) 161 (0.44) 154 (0.099)
Type S ECG 1 (0.6) 2 (0.6) 16 (76.2) 40 (0.11) 89 (0.057)
Total 162 (94.2) 319 (89.9) 17 (81.0) 221 (0.6) 256 (0.16)

ECG = electrocardiogram.

*The automatic diagnosis using the proposed criteria was compared with the diagnosis made by experienced observers in a macroscopic inspection in a total
of 548 ECGs from 49 cases with a Brugada-type ECG. The numbers in the columns are the automatically diagnosed numbers of cases and the percentage (%)

relative to the macroscopic diagnosis.

tIncidence of a Brugada-type ECG diagnosed by the proposed criteria automatically in the mass screening examinations of 192,673 adults and school

children.
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We assessed the accuracy of the automatic diagnosis of
ECGs retrieved from our cohorts by a comparison with the
macroscopic inspection by the 2 experts. The experts re-
viewed 14 of 20 cases with type 1 ECGs by the automatic
diagnosis, 146 of 161 with type 2/3, and 28 of 40 with type
S in the adult cases. They diagnosed 10 of 13 cases with
type 1, 144 of 154 with type 2/3, and 44 of 89 with type S
in children.

Consequently, 78.5% (11 of 14 cases) of the automatic
diagnoses of type 1 matched the macroscopic diagnosis by
the 2 experts in adult cases (sensitivity 78.5%, specificity
98.8%, PPV 84.6%, NPV 98.2%). An additional 14.2% (2
of 14 cases) matched a macroscopic diagnosis of type 2/3
and type S, revealing a 92.8% accuracy in total. The auto-
matic diagnosis of type 2/3 had a 95.2% (139 of 146 cases)
agreement with the macroscopic diagnosis (sensitivity
95.2%, specificity 97.6%, PPV 99.2%, NPV 85.4%). Type S
was 75% (21 of 28 cases) agreement with the macroscopic
diagnosis (sensitivity 75.0%, specificity 98.7%, PPV 91.3%,
NPV 95.7%). In children, 80% (8 of 10 cases) of the
automatic diagnoses of type 1 matched the macroscopic
diagnosis (sensitivity 80.0%, specificity 100%, PPV 100%,
NPV 98.9%). An additional 10% (1 of 10 cases) matched
the macroscopic diagnosis of type S, revealing 90% (9 of 10
cases) agreement in total. The automatic diagnosis of type
2/3 had 94.4% accuracy to the macroscopic diagnosis (sen-
sitivity 94.4%, specificity 100%, PPV 100%, NPV 87.0%).
Type S of the automatic diagnosis showed 77.2% agreement
with the macroscopic diagnosis (sensitivity 77.2%, speci-
ficity 99.3%, PPV 97.1%, NPV 93.8%).

Discussion

In the present study, we established the automatic criteria
for the computerized diagnosis of Brugada-type ECGs. The
waveforms of the Brugada-type ECG were divided into 3
types, type 1, type 2/3, and type S. For the establishment of
the diagnostic criteria, conditions for differentiating each
type were determined and evaluated by comparing the ECG
recordings from cases with Brugada syndrome and RBBB.
Then, we examined the diagnostic usefulness of the criteria
in a discrimination of 192,673 recordings of the ECGs from
annual health checkups for workers and school children.
The results yielded a reasonable rate of the recognition of
Brugada-type ECGs in 0.6% of the adults and 0.16% of the
children.

Although the 2 waveforms of the ST-segment elevation
have been recognized in cases with Brugada syndrome,>*
the consensus report divided them into 3 types, type 1, type
2, and type 3.5 Type 1 was assumed to be diagnostic of
Brugada syndrome.>® Although the initial report indicated
persistent ST-segment elevation as a characteristic ECG
finding of Brugada syndrome,’ the fluctuating nature of the
ST-segment elevation over time was recognized as a general
feature of this syndrome.>* The development of a sponta-
neous type 1 ECG was regarded as an important clinical
sign for predicting cardiac events and the prognosis in
patients with Brugada syndrome,'* but other reports did not

support this notion. 15.16 These findings may indicate that the
detection of type 1 ECG as a diagnostic sign proposed by
the consensus report may not always be applicable and can
be missed in certain cases due to inconsistent appearance of
a specific ST-segment elevation. Another diagnostic prob-
lem could emerge regarding the prognostic variables for
Brugada syndrome with respect to the types of ST-segment
elevation because the long-term prognosis of patients with
Brugada syndrome in the non—type 1 group was similar to
that in the type 1 group.'® There was a missing form of
ST-segment elevation among the 3 types in the consensus
report: a coved-type ST-segment elevation with J-wave am-
plitude =0.1 mV and <0.2 mV. Therefore, we divided the
Brugada-type ECGs into 3 types depending on morpholo-
gies of ST-segment elevation and J-wave amplitude. Type 1
had a coved-type ST-segment elevation with the J-wave
amplitude =0.2 mV, which was equivalent to type 1 in
the consensus report.>® Type 2/3 had a saddleback-type
ST-segment elevation with J-wave amplitude =0.2 mV.
Type S represented a coved-type ST-segment elevation
with J-wave amplitude =0.1 mV and < 0.2 mV. We
included type S because of the occasional association of
an increased risk of VF or SCD in Japanese cases with
Brugada syndrome.” 1171316

Automatic diagnostic criteria for the
Brugada-type ECG

To define the waveforms of type 1, type 2/3, and type S, the
conditions corresponding to each type were sought and
formulated by the J-point amplitude, ST-segment elevation
with amplitudes and morphology, as well as the T-wave
morphology in leads V1 to V3 from the ECGs between the
patients with Brugada syndrome and cases with RBBB. For
defining the conditions of the coved-type and saddleback-
type ST-segment elevation, the voltage amplitudes of the
STmax, STmax40, and STmax80 as well as STmin, T-wave
amplitude, and morphology were shown to be essential
factors from the analysis of the ECGs in Brugada syndrome
and RBBB cases, which shared a similarity in the ST-
segment in leads V1 to V3. By choosing these parameters,
each condition for defining the waveforms of type 1, type
2/3, and type S was shown a reasonable accuracy for diag-
nosing Brugada-type ECGs and the criteria for a comput-
erized diagnosis were proposed.

Diagnostic accuracy of the proposed automatic
criteria and prevalence of Brugada type ECGs in
the mass screening examinations

The diagnostic accuracy of the proposed criteria was then
evaluated in a large-scale mass screening of ECG record-
ings in workers and school children. The overall detection
of a Brugada-type ECG was 0.6% in the adults and 0.16%
in the school children. A Brugada-type ECG was reported to
be detected with an incidence of 0.05% to 0.7% from the
health screening examinations in Japan, which was mostly
diagnosed by a macroscopic inspection.”>''~!* Therefore,
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the present results have a comparable diagnostic accuracy to
those of the previous reports in Japan.

Among the 3 types of ECG criteria, type 2/3 was the
highest frequency, followed by an order of type S and type
1 in both the adults and school children. The incidence of
type S in the school children was nearly equivalent to that in
the adults, which might reflect a prominent negativity of the
T wave in V1 to V3 leads in this age group. This result may
pose a need for special care in differentiating between
Brugada syndrome and normal variants in children. These
findings suggest that the automatic criteria were useful for
detecting Brugada-type ECGs in the mass health screening
examinations in adults and school children.

Study limitations

Although ST-segment elevation in V1 to V3 is an important
sign of the Brugada phenotype, its presence is not neces-
sarily diagnostic; the final diagnosis can be made through
careful evaluation of various conditions including clinical
symptoms, a family history, and other electrophysiological
examinations. The present criteria for the automatic diag-
nosis, therefore, cannot be applied as a definite diagnosis for
Brugada syndrome. Further, the clinical significance of the
presentation of type 2/3 and type S has not been explored,
except for cases in Japanese patients.'® Therefore, the clin-
ical significance of type 2/3 and type S must be further
evaluated in Brugada patients of other ethnic groups.

For the diagnosis of Brugada syndrome, type 1 with drug
provocation and higher lead placement were considered
diagnostic.>® Because the present study did not examine the
ECG recordings during drug provocation tests or with a
higher lead placement, our estimation of the diagnostic
criteria might have missed those cases in which provocation
would change a normal ECG into a type 1 ECG or those that
would show a type 1 ECG with a higher lead placement.

Various drugs, including not only the ones used for the
provocation tests but also those of different classes to be
avoided by Brugada syndrome patients, were recommended
because of occasional and unexpected developments of Bru-
gada-type ST-segment elevation.'” We could not obtain any
information on these drug uses in our cohorts.

Although the diagnosis of RBBB is traditionally made in
the presence of an S wave in the left precordial leads, we
differentiated the Brugada-type ECG from RBBB by the
J-point amplitude and the voltage amplitudes of the STmax,
STmax40, and STmax80, as well as the T-wave morphol-
ogy in the right precordial leads (V1 to 3). Therefore, RBBB
may be more easily excluded from the Brugada-type ECGs
by adding the condition of an S wave in the left precordial
leads to these criteria.

Conclusion

The automatic diagnostic criteria for type 1, type 2/3, and
type S were established to detect Brugada-type ECG in
leads V1 to V3. The criteria could differentiate Brugada-
type ECGs from those with RBBB. The 3 criteria had a
comparable detection rate of Brugada-type ECGs to the
macroscopic inspection by experienced observers in the
health screening examinations in adults and school children.
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Abstract:

Background - Recent evidence has linked early repolarization (ER) to idiopathic ventricular
fibrillation (VF) in patients without structural heart disease. However, no studies have clarified
whether or not there is an association between electrocardiographic ER and the VF occurrences
after the onset of an acute myocardial infarction (AMI).

Methods and Results - This study retrospectively included 220 consecutive patients with an AMI
(57 female; mean age, 69+11 years) in whom the 12-lead ECGs before the AMI onset could be
evaluated. The patients were classified based on a VF occurrence within 48 hours after the
AMI onset. Early repolarization was defined as an elevation of the QRS-ST junction of >0.1

mV from baseline in at least 2 inferior or lateral leads, manifested as QRS slurring or

Twenty-one (10%) patients experienced a VF occurrence within 48 hours of the AMI onset. A
multivariate analysisreveéaled that ER (odds ratio [OR]=7.31; 95% confidence interval
[CT]=2.21-24.14; p<0.01), a t |

significantly associated with a VF occurrence.

Conclusions - The presence of ER increased the risk of VF occurrences within 48 hours after the
AMI onset.
Clinical Trial Registration Information: hitp://www.umin.ac.ip; Identifier: UMIN000005533.

Key words: ECG; myocardial infarction; ventricular fibrillation; early repolarization
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Early repolarization (ER), characterized by an elevation of the QRS-ST junction (J point) in
leads other than V1 through V3 on the 12-lead ECG has historically been regarded as an

innocuous finding in healthy, young persons,l’2

While considered benign, the potential role of
ER in arrhythmogenicity has been suggested in experimental studies.> Recently, several case
reports have called our attention to the association of idiopathic ventricular fibrillation (VF) to
J-point elevation (with or without ST-segment elevation).*®  In addition, recent evidence has
linked ER to idiopathic VF in patients with no structural heart disease’* and to life threatening

ventricular arrhythmias associated with chronic coronary artery disease.'

Death from VF in the setting of an acute myocardial infarction (AMI) has historically

been one of the' most frequent causes of sudden cardiac death.'” Prior investigators have

was to clarify this point.

Methods

Study population

Between April 2006 and August 2010, 964 consecutive Japanese patients with an AMI (239
women; mean age, 67+12 years) who underwent percutaneous coronary intervention in Tsukuba
University Hospital, Tsukuba Medical Center Hospital, and Ibaraki Prefectural Central Hospital
were retrospectively enrolled.  Patients were eligible if they were 18 years or older and

presented within 24 hours of the onset of the symptoms associated with an AMI. Every patient
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was asked for ECGs recorded well before the index event. Maximal effort was taken to collect
such ECGs, from which the presence of ER was evaluated.  Six hundred eighty seven patients
in whom no ECGs recorded before the onset of the AMI were available were excluded from this
study. Furthermore, 3 patients had a type 2 (n=2) or type 3 (n=1) Brugada ECG pattern, and
31 had a QRS complex duration of >120 msec before the onset of the AMI.  Another 23
experienced a prior AMI.  After excluding those patients, the remaining 220 patients were
finally included in this study. The mean duration from the baseline 12-lead ECG recording to

the AMI onset was 5+3 months (range, 1-12).

The primary endpoint of this study was the occurrence of sustained VF within 48 hours

ified based on the occurrence of sustained

after the onset,of the:AMI.  The patients were cla

creatine kinase rise). Hypertension, hypercholesterolemia, and diabetes mellitus were scored on
the basis of the previous diagnosis and initiation of therapy. Ethical approval was obtained
from the institutional review committee of each participating hospital, and all patients gave their
written informed consent before participation.

An AMI was defined as a rise in the MB fraction of the creatine kinase of above the 99™
percentile of the upper reference limit together with symptoms of ischemia, ECG changes
indicative of new ischemia (new ST-T changes or new left bundle branch block), and/or
development of pathologic Q waves on the ECG** An ST elevated myocardial infarction

(STEMI) was defined as an AMI with new ST elevation at the J-point in two contiguous leads
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with the following cut-off points: >0.2 mV in men or >0.15 mV in women in leads V2-V3 and/or
>0.1 mV in the other leads.”* Sustained VF was defined as that lasting longer than 30 seconds
or that requiring electrical cardioversion.

ECG analysis

To blind the ECG interpreters from the clinical characteristics and patient grouping, all tracings
were scanned and coded. The early repolarization patterns were stratified according to the
degree of the J-point elevation (>0.1 mV) that was either slurred (a smooth transition from the
QRS segment to the ST segment) or notched (a positive J deflection inscribed on’the S wave) in

at least 2 consecutive inferior leads (II, III, and aVF), lateral leads (I, aVL, and V4 to V

both (Figure 1).'"%1%

predefined cutoff points (>0.1 mV and >0.2 mV) to assess the significance of the amplitude of

the J-point elevation from baseline. The morphologic characteristics of the ER (notching or

9,13

slurring) were also analyzed independently. The anterior precordial leads (V1 to V3) were

excluded from the analysis of the ER in order to avoid the inclusion of patients with right

ventricular dysplasia or Brugada syndrome %

We also analyzed the ST-segment pattern after
the J-point independently to clarify the significance of the ST-segment characteristics according
to the criteria proposed by Tikkanen:'> An upsloping ST-segment was defined as an elevation of
the ST segment of >0.1 mV within 100 msec after the J-point or a persistently elevated ST
segment of >0.1 mV throughout the ST-segment (Figure 2)."2 A horizontal/descending

ST-segment was defined as an elevation of the ST segment of <0.1 mV within 100 ms after the
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J-point (Figure 3).">  We assessed the prevalence, localization, amplitude, morphology, and
ST-segment of the ER in both patient groups. Two trained investigators independently
evaluated the baseline 12-lead ECGs for the presence of ER without any knowledge of the other
observer’s judgment or the clinical information. A third observer was consulted in the case of
disagreement. All ECGs containing an ER pattern were double-checked and the grading was
established by consensus. The interobserver variability was assessed in all patients. In 50
randomly selected patients, one observer evaluated a new arbitrary judgment on a separate
occasion to determine the intraobserver variability.

Statistical analysis

The continuoj

variables'were expressed as the mean+SD. The comparisons between 2 groups

categorical

compared By a chi-square analysis or Fisher’s exact test. overall chi-square test for a2xn
table was constructed when comparisons involved >2 groups. A univariable of the patient
characteristics was compared between the VF occurrence group and no VF occurrence group,
and a logistic regression analysis was performed to detect any independent significant predictors
by adjusting with multi-variables (reported as odds ratios [OR] with 95% confidence intervals
[95% CIs]). The intraobserver and interobserver variability was investigated by Kappa
statistics. A p value <0.05 was considered statistically significant.

Results

Demographic and clinical characteristics of all AMI patients

Among the 220 patients in whom the 12-lead ECGs prior to the AMI onset were obtained, 21
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(10%) patients experienced an episode of VF within 48 hours after the onset of the AMI, and the
remaining 199 (90%) did not. VF occurred before catheterization in 13 patients, during
catheterization in 7, and after catheterization but within 48 hours after the onset of the AMI in the
remaining patient. There was no significant difference in the age or prevalence of
cardiovascular risk factors between these 2 groups (Table 1). However, the patients with VF
had a greater prevalence of a male gender (p<0.05) and shorter duration from the symptom onset
to the arrival at the emergency room (p<0.001) than those without (Table 1). Although the

culprit artery, peak creatine kinase level, or prevalence of an STEMI did not differ between the 2

groups, the patients with VF had a greater number of diseased coronary arteries (p<0() and

Killip class on- admlsswn (p<0 001) than those w1thout (Table 1). Furthermore, with the

arrival at the emergency room of less than 180 minutes (OR, 3.77; 95%CI, 1.13 to 12.59;

p<0.05), Killip class greater than I (OR, 13.60; 95%Cl, 3.43 to 53.99; p<0.001), and the presence
of ER (OR, 7.31; 95%CI, 2.21 to 24.14; p<0.01) were associated with the occurrence of VF
within 48 hours after the onset of the AMI (Table 2). A male gender, the peak creatine kinase
level, and the presence of ST-segment elevation or muiti-vessel disease were not associated with
the occurrence of VF within 48 hours after the AMI onset (Table 2).

Detailed characteristics of early repolarization for predicting VF

Distribution

Among the 34 patients who had ER, the J-point elevation was in the inferior leads in 26 (76%)
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