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Figure 6. Relationships among control, ischemia, and
myocardial infarction. (A) Maximum amplitude of mag-
netic field, (B) maximum current vector, (C) maximum
amplitude of total current vector, (D) area ratio of ab-
normal current vector appearance.

time point, namely, the last 1 milliseconds in 1001
milliseconds, was used to superpose the normal-
ized Tpeak-Tend waveform on the normalized ST-
Tpeak waveform. On the other hand, 1000 mil-
liseconds was chosen for easy calculation of the
normalization ratio, and 1000 milliseconds must
be sufficiently longer than a general ST-Tend time

in order to obtain a positive normalization ratio.
The authors, therefore, consider that 1000 millisec-
onds is adequate time for making the template
waveform.

The subtracted ST-T peak of normal subjects is
significantly decreased in Figure 2B, while that of a
CHD patient (Fig. 3B) has a higher amplitude. The
difference between the peaks indicates that a nor-
mal electrical-current vector with the same direc-
tion exists in the ventricular area. It is, therefore,
considered that the subtracted waveforms of the
CHD patients are produced by the abnormal resid-
ual currents (which indicate an ischemic area).

The increase in each MCG parameter in Figure 4
and the abnormal area in Figure 5, according to
the increase in lesion sites, indicates that the in-
crease in lesion areas enhances the residual electri-
cal components or degrades normal electrical activ-
ities. The subtraction method is, therefore, helpful
for estimating the lesion area easily.

On the other hand, a stenosis site in the coronary
arteries was not found in the CAM of the subtracted
waveform of each patient. This may be because
the occupied area of each coronary artery becomes
complementary in the ventricular muscle?? and the
individual variation of coronary-artery shape re-
sults in difficulties in identifying it.

Detection of Abnormalities
in CHD Patients

Other groups have detected abnormalities in
CHD patients by using magnetic field parameters
(MFPs), which are calculated from the MCG data in
the ventricular repolarization phase.!%!! In particu-
lar, it has been reported that the four MFPs are the
most sensitive indicators for diagnosing CHD pa-
tients, 1% and the detection sensitivity (86.4%) and
specificity (82.5%) possible by using the MFPs is
higher than our results (sensitivity: 74.6%; speci-
ficity: 84.1%). However, quoting the same patients’
data, our previous report clarified the decrease in
MFP sensitivity and specificity compared with the
results obtained with our current-distribution pa-
rameters (CDPs).!® We consider that CDP is the
most important parameter for detecting CHD. Al-
though the sensitivity and specificity obtained with
CDPs are also high, the correlation between ab-
normal score and lesion area is not good. In this
study, we assumed that abnormal current distri-
bution depending on CHD is extracted by sub-
traction of normal electrical-current activities, and
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we found a good correlation between the num-
ber of lesion sites and the magnitude of subtracted
waveforms.

Furthermore, as for the subtraction MCG
method, the highest values of MCG parameters
of patients with MI areas, as shown in Figure 6,
reflect the lack of electrical activation {depending
on the infarction area}. The difference between MI
and ischemia, therefore, shows that ischemic status
can be evaluated with this method. Consequently
our proposed CHD-evaluation method using sub-
tracted MCG ST-T waveforms makes it possible
to estimate sizes of infarctions and coronary-artery
lesions.

Acknowledgments: We are grateful to Shigeaki Naito, Toru Ok-
ihara, Hiroki Ihara, Masafumi Iso, and Hiroyuhi Suzuki of Hitachi-
High Technologies for planning the MCG measurements.

LIMITATION OF THIS STUDY

This study has the following limitations. First,
CHD patients were identified in terms of coronary
artery stenosis only; therefore, the status such as
ischemia, MI, and stable/unstable angina of all pa-
tients were not distinguished. Second, the subtrac-
tion method may be insufficient in the case of MI
patients with a low-amplitude T wave whose T-
wave peak cannot be identified because the sub-
traction method needs a correct T-wave peak as a
reference point.
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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 types 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.!~®

doi: 10.1016/j.hrthm.2010.06.035
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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 VT/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.” 316 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 mmv/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 r’) 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
=02 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, ™S 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 S

R
P

Type 1

Type
e

i,

2/3

i

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)
@ I point 20.2mV
(@ STmax >STmax40 >STmax80
@ T wave: under or on the isoelectric line
@ 0.4mV 2STmax-STmax40

Type 2/3 : (saddleback-type ST-segment elevation)
@ I point 20.2mV
@ T point >STmin
@ Tpeak >STmin >0mV

Type S : (mild coved-type ST-segment elevation)
@ 0.2mV >J point 20.1mV
@X3: 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 summarized 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 1 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, i (%)

Macroscopic diagnosis Adults Children
Automatic o
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. 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.'>® 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 ’~%-11-13:16

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.”**!'~!3 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.

Acknowledgement
The authors thank John Martin, IBHRE certified electro-
physiology specialist, for reading the English manuscript.

References

1. Brugada P, Brugada J. Right bundle branch block, persistent ST-segment ele-
vation and sudden cardiac death: a distinct clinical and electrocardiographic
syndrome: a multicenter report. J Am Coll Cardiol 1992;20:1391-1396.

2. Brugada J, Brugada R, Brugada P. Right bundle-branch block and ST-segment
elevation in leads V1 through V3. A marker for sudden death in patients without
demonstrable structural heart disease. Circulation 1998;97:457-460.

3. Alings M, Wilde AAM. Brugada syndrome: clinical data and suggested patho-
physiological mechanism. Circulation 1999;99:666—673.

4. Gussak I, Antzelevitch C, Bjerregaard P, et al. The Brugada syndrome: clinical,
electrophysiologic and genetic aspects. J Am Coll Cardiol 1999;33:5-15.

5. Wilde AA, Antzelevitch C, Borggrefe M, et al. Proposed diagnostic criteria for
the Brugada syndrome: consensus report. Circulation 2002;106:2514-2519.

6. Antzelevitch C, Brugada P, Borggrefe M, et al. Brugada syndrome: report of the
second consensus conference. Circulation 2005;111:659-670.

7. Atarashi H, Ogawa S, Harumi K, et al. Three-year follow-up of patients with
right bundle branch block and ST segment elevation in the right precordial leads:
Tapanese Registry of Brugada Syndrome. J Am Coll Cardiol 2001;37:1916~
1920.

8. Matsuo K, Akahoshi M, Nakashima E, et al. The prevalence, incidence and
prognostic value of the Brugada-type electrocardiogram: a population-based
study of four decades. J Am Coll Cardiol 2001;38:765-770.

9, Miyasaka Y, Tsuji H, Yamada K, et al. Prevalence and mortality of the Brugada-
type electrocardiogram in one city in Japan. J Am Coll Cardiol 2001;38:771-
774.

10. Aihara N, Kamakura S, Kurita T, et al. Clinical profiles and prognosis of patients
with symptomatic and asymptomatic Brugada syndrome from a multi-center
study in Japan. Circulation 2005;17 Suppl I1:3274.

11. Furushima M, Uno K, Tsuchihashi K, et al. Prevalence of asymptomatic ST
segment elevation in right precordial leads with right bundle branch block
(Brugada-type ST shift) among the general Japanese population. Heact 2001;
86:161-166.

12. Yamakawa Y, Ishikawa T, Uchino K, et al. Prevalence of right bundle-branch
block and right precordial ST-segment elevation (Brugada-type electrocardio-
gram) in Japanese children. Circ J 2004;68:275-279. :

13. Qe H, Takagi M, Tanaka A, et al. Prevalence and clinical course of the juveniles
with Brugada-type ECG in Japanese population. Pacing Clin Electrophysiol
2005;28:549-554.

14. Pror $G, Napolitano C, Gasparini M, et al. Natural history of Brugada syn-
drome: insights for risk stratification and management. Circulation 2002;105:
1342~1347.

15. Takagi M, Yokoyama Y, Aonuma K, et al. Clinical characteristics and risk
stratification in symptomatic and asymptomatic patients with Brugada syn-
drome: multicenter study in Japan. J Cardiovasc Electrophysiol 2007;18:1244—
1251,

16. Kamakura S, Ohe T, Nakazawa K, et al. Long-term prognosis of probands with
Brugada-pattern ST-segment elevation in leads V1-V3. Circ Arrhythm Electro-
physiol 2009;2:495-503.

17. Postema PG, Wolpert C, Amin AS, et al. Drug and Brugada syndrome patients:
review of the literature, recommendations, and an up-to-date website (www.
brugadadrugds.org). Heart Rhythm 2009;6:1335-1341.




Is Early Repolarization Syndrome Different
from Brugada Syndrome?

Early repolarization (ER) had been considered an innocuous finding in healthy young
individuals. In 2008, Haissaguerre et al reported that patients with idiopathic ventricular
fibrillation (VF) had a high incidence of the ER pattern, a J-point elevation >0.1 mV with
either a notch or slur, in at least two leads other than V1-V3.V Since then, the ER syndrome
in the inferolateral leads has become a hot topic in the field of arrhythmia as a new entity of
sudden cardiac death syndrome, like Brugada syndrome with coved ST elevation in the
right precordial leads.

The ER syndrome is identified in 3-6% of the general population.}? Patients are mainly
male, have shorter QT intervals, and have high-amplitude J waves at the onset of premature
ventricular contractions and VF, which originate from the ventricular myocardium or
Purkinje tissue concordant with the location of repolarization abnormalities with a short
coupling interval of 260-400 msec. Twenty-seven percent have multiple episodes of VF,
which are unresponsive to beta-blockers, but respond to isoproterenol infusion followed by
quinidine administration.” In spite of these clinical features similar to Brugada syndrome,
the incidence of sudden death during sleep and the inducibility of VF by electro-
physiological testing are much lower in Brugada syndrome. In addition, the mechanism of
VF and the genetic background of ER syndrome are also still unknown. Therefore, ER
syndrome is presently considered to be different from Brugada syndrome, although these
syndromes may share ionic abnormality and arrhythmogenicity.

Recently, Kamakura et al indicated that inferolateral ER coexisted in 10% of patients
with Brugada-pattern ECGs as a predictor of fatal arrhythmic events, and that Brugada
patients with Non-Type 1 ECGs were possibly included in the ER syndrome. They also
reported the good prognosis of asymptomatic Brugada patients (annual arrhythmic death
rate: 0.5%) in their prospective follow-up study.? Tikkanen et al reported that the ER
pattern in the inferior leads, but not in the lateral leads, was associated with an increased
risk of death and that patients with inferior ER > 0.2 mV, which was present in 0.3% of all
subjects, died from arrhythmia at a rate of 0.8%/year in their retrospective analysis of death
certificates in Finland.? This rate of death and the prevalence of patients with inferior
ER > 0.2mV are interestingly similar to those of asymptomatic Brugada patients, which
have been shown by Kamakura et al and previous epidemiologic studies in Japan.

Surveys of cellular and ionic abnormalities as well as prospective follow-up studies, with
a predefined and precise definition of the cause of death, are needed to clarify the
mechanism and outcome of ER syndrome, which may enable us to determine whether these
two syndromes are distinct entities and whether a patient requires the placement of an
implantable defibrillator.
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BHETHE I MWD TE NTHHENZED
Wz 5,

LEXTR

1. DEXZE

KE B L OB Heart Rhythm 2£:13 V.-V,
FHDOSTEER 3 DDA TZHEL, »wih
bJETO.2mV UL ED ERERD S5, coved #l
TTEPEELTWSHD% Typel, STHKRK
#230.1mV BLE EFA LU Tw T saddleback & %
EL, TE B E2HED D D%
Type2, STHEILD EFE»0.1mV K T,
saddleback Z ¥ 7z 1 coved 2T, » D T 535
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ARl DJmRz02 mV

@ T R2HEHNERLE

@ R-R40=m=04 mV
BE: DJmz02mV

® J &= >ST min

@ ST min >0mV

@ T:E> ST min

® Ti: B3 ST min>0mV

2ABM . ST min 20.1mV

C&:®02mV>dm=0.1 mV

@ADIFAER—ZG

® R-R40=0.04 mv

® R'40-R'80=0.04 mv

® R>R40>R80 R:Peak R (R40.R80:R=&b40msec, 80msec%)

ST min: STHEBDDE TR (F&FKRER)

2 HARLEBEESISHET % Brugada FEEEO.OER B SR N HERE

HEDOHD% Type3 LEEL TWAEFEDY, 72
72, Typel FEBHADKRET, £hixEry
#4 =R EDNa F ¥ 2 /VEHEIC L 2EDE
HRICED 5N 554 1E Brugada BULEM L L
ThH Ewd, BEFTBRICEB W TS Type2 ®
Type 312 & ¥ % 23541 Brugada B L 3MiE T
ERVWETIERBERTDH S,

Ll s, Type2 2721k Type3 TH -
THEMRE A~2 i EA) TV,- V. FEZ R
%73 L, Typel LERERTTHELHY, %
DTFHIIBEZNT Typel ZRIBIEEDLS R
WZENRRENTWBEY, %7, Typel, 2, 3
WWEE L2 Brugada SO EREE B2 X ] S
TEHN0.1-0.2mV ObD) bEHFEHON S,
X 51 Type3 #H13, Typel % 721X Type 2 ¥
Bl Twagand, V-V, HFHT
Type 3 I T 080 & L2 B3 TH R W
(B%YLAT) DBFEETH 5.

DD, 2006EICHELBEES D S
Brugada fEMEEE QLB T 2 BEIZ K EXE
PRIBENT WD, KEED A AIE Typel i
T W RE#E O 72 v coved B % & %4, B AL IE Type
2, 3EEIELLSETHY, »OCHIJHAT
1mm P ET 2 mm KiED coved B2 ET. I
® Brugada 13, IEHCIZER 70 v 7 Rk
BLERHT2OBELL, FEETHEEOLGHY

oy Z7iEkdV, V,ZEOR 2 JHALEOVH
EZZWEIBRITRPIMEZONTWEHETY, X
DENIA T EEECZ S (K 2),

HHIfERE5E T O Brugada RO EXZELIL,
BRI AZ DIHE(ARVC), LHESE, %
ME, DR, MMBRERELZETHRDON
3., LrLiahns, fiohOiRElERCED
WTST EEBEUCTWBEEE, 2 12FH
DEMOMOFEE I STETEELRDO SN
&% Brugada FEBEREE B L WO EE TH 5.

2. BFE, REX

Type 1 LERIZENIE, HERAZEDOHRE
13 0.005%%E, RADOHREZ0.1~0.2%BE
T, ML & bIczOHERIEMT 5. FEXIZ
FEM0.014%BETH N, IKEL S 0KE
WRIEDYE — 27535 > T, ZOFHFEFERIT
HSRTH 5.

3. DERE{E L - L TEN, KRB

BB & & K, NaF v 2 VIEKMERGEP,
HAROWKRET, 2mm Ll E D coved ST £ &
(Type 1) 838 5 % b D % Brugada fEIREE &
THLEVIORERORMBETHHH, a2~ bo—
JVEFIZ 1 mm L kD coved B, % 77 i saddle-
back # D ST L H%F 3 2 fEHI% Brugada fEME
Hicab k, 50~70%DERH Na F ¥ & VENT
ECTTypelEFR CELT 2, 2D XK
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Brugada fERBW ST LR 2 b6 b L L
7, Na¥ v 2 VEWEOM, CafEiid, g
BEE, PRLERE, UM, MR, (B K ME,
KB EOHEREI LTV S, DD B, KB
ERFESEHPI THES LTV EOR, 7aX
7x— iz EDQHBELRBTHY, wThb
NaBROETICEET L EEZSN TS,
—7%, Brugada SEBEEETX, EBARH AV
Fusv/—VEE5ERIERST EEVNNET 2
2, EEANEYBRERICBBLRET 0%
W,

4. &6t 20BRFRR

Na & v 3N % 21— F T % SCN5A BEFEE
ZEK & T % B3 Brugada EEEEE O QT
HEEERERE, RERLE Ty 2, AASER
B, AYRERFEERBELR EEHDHY, ThTh
DN UTEB TR, BWA ==y 7¥
2 EBEISNTWVWS, ZDlzY, Brugada fE
BEETIR QT ZEECHIRG G T 288 7% <
w, B THLQT3 DA —2YF7 v T,
ZOLENEITMK L WIRA—OERICHET
2 Z &8 Makita S X DEREI N T B2,
—F, LB CaF ¥ 2 VD CACNAIC &&T
¥ CACNB2B BEFOZERTIK QT i1+
BCRBINTWS9, ERICRFEFROERE
T Brugada FEBE &I BT 5 QT @&t
HEESBLIzL 25, 360msec ATO QT &
MEDH SR ICRD STz,

s B

1. % #

Brugada ERMB BMHCE I BET 5 &
HohTsh, REME2E L SUKROMET
i, BHReERD 1~8E R LD L EHEEINT
w3, Lelkds, T L TRIGEZERLL
EPOBETIHFLAEBBETHY, LHER
5% XV, Z0 & 3 Brugada FEFRHIC B
HNBH LD, HELAEMETL BELE
¢, B1HOnotch BFE W2 I SCNsA % ¥
DEGEFERCEL DHNNER I & 51 4 V&t
DEEBRZIRTVI 2, BERVEL(TA
PRFTV)DESBRRBINTVS, TAMA

FavidIk, 1K, IKZEOHAE KERZH
Bma, #ic LE Ca Bk CONM X B 28
HEREZ T EDBH ST SD, Brugada FEBE
B CIRMEE 7 A b AT 0 Y VU BERIZE
ZEBEEINT WA,

2. RIKE

45 BAR T DRI, %7213 Brugada FEMRER
ORIERE2E T 2EHOHES, Bk HEOR
L TIRAE R L. BROHEIRAFZE
&, LRINCERFEORKEREZFT BiE
W% <, FDHIEIZ 25~55% 12 DIX %2429,
—%, K CHKIHEBEZTENRE L TRET S
X, BRWORKERE2ETL2H0R UK LY
¥ 220, Z O{EIZ Priori & B HEIGH DEHT
W7z 209% L IFIZT—BT 52,

3. AEHESh

Brugada JSEIRREE CIIBIZZRMERIBC L D, L
B CaBREPBAOLTST LR3I IT, X
72, BRI ED L, BHEL/EMLT, ST2E5
wEFRER¥ 3, Z0Ok®, Brugada ERFETI
EAC AR D RIERE, o R RBHBRORRET
iz VF RIEBE LR TV, KHRTHREE
BRRBIRET I E U T L ONEHT, 20K, §
e#e PVC B8 5 520, PVC 13 SCN5A &
EFEEROZWHITIHIEE A EPEEIR L
ETH2H, EEFTREEEEPVCHBEZ{F
ETDEHEINT S, EPSTR2EFRE
T2k 3 EF D 0L E B HB AR T 50~80% D H
W VEFREBEVT 8ZERSh, TOFHFR
MEREL D VEERBETERICRWY,

4. DEHE), tofth

DEIET(AF) 3 156~30% OEFICHHL T8
D, 0% IREN AF Th 5705, BERE,
B VE BECEBEENSL 2 L RGa Ty
%, %7z, SCNSAZRHFTIXEPS TAF#H
BuHkshPd v, BRKR AF 4 L33
BLEBEVWEREINTWVE®, ThIZMZT
Brugada fEEEE C 3 BB EPOLE, MR
MO ESHEY, FhEFh 20~30% DERIC R
LoLsb.,
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100 Fem
90 +
L 8ot
@ 70r
[
p 60
2 s0f —— Asymptomatic
1
‘qc'; 40F | =---- Syncope
D 30F — VF
20t p<0.0001
10
0 12 24 36 48 60
Months Inclusion 12 24 36 48 60

Asymptomatic 82 81 69 45 26 1
Syncope 51 45 40 33 21 3
VF 33 28 24 18 10 2

®3 J-IVF FETOBREGLEDERAORRL
ISR (LY £V 5|A)

BREL*OER

1. FHBREBRRE

Brugada FEREED R D W 5 R I21T 5 FEREER
BELLT, RHFEBLERGRUMETO V,-V,
FHETFEE0), EHATLEN, EMARL
EX, MEEHLEN, TWATEA VS S
2), BEFHREZ DS, RLFEHLENT
W, V,-V.ZHEOSTESR, T, QRSEGC-]
B % & 1), PQKifE, Tpe RffH, Tpe dis-
persion, QRS ¥ fragmentation®V 7% ¥ 23T &
h, EFAFLEN CER R 2 IEHED
V-V, ZH BT 5 STELVFERONGR &%
%, %7, BYEALBEMTREVY A =R
YD Na ¥ v ANVEHERERDO V.-V, FHO
ST FEODEEEHERT2LEND S, 1272, &
EhE T L AL Type 1/.L0ERX( R T2mm
BE® coved B ST ER) 2EEMTE L 2E
HE L-BETHDHD, BIS 7% Typel ST
FEMSBEICTRIN T IHRARLT U B HET
LB TEwET2ER DL, —F4, METY
LHER R TWA IE, Brugada fEER#EOFHROTF
AR 0BRE?BH Y, EHEFTPEYA

HTo ST EREERS, 5%, THHEFCRSH
BEMELTERE R T\ B,
BEFHREL Brugada IEEBEEOZKICE VT
BSLEHETEIREBELVLE, LLLEYES,
BEFRELBTCE 2HRIIMBEINTEY,
SCN5A 7z ¥ DBEFERSBRE SN BRI 2
EFO YU T L5 mB85 0 ED20ORA
THH3, ZOft, Brugada EEHOBKIICHE
AnkEe U CHEATRE, wE7 A, CT,

MRI % ¥ OEGBEL PHRET oG, UL

BHS, ThETIBRRIZIF LA EOHEEIIAHR
BEBGIRIC BT, RATE L OBRISARIZE
BHIh TR WIBELFEET 5.

2. BREBRFRE (EPS)

Brugada JERF DO RENRE L UTIX EPS
b3, FREIZ, 1998 FEEHD 5 Brugada 59T
BFHCEHERELIZUD, 2005 F 0 second
consensus & I BT L IBEEMICbEEH S N
Fo 128, BT % THEIEEHF O ICD #ISER E I 2
HOBBEEEZONRTW, LLLAWS, £D
%, ABREOEZCHEL (EENERAPEE -
Twb, Paul 5%, EPSH{THRIOTFHRE A 5
MU R, EPS TO VEFHRE X LERET
T 2EERIETE P o T BT RS,

IHETCEPSHERATHZ EHELIZODIZ
Brugada 72} T% % %%, Brugada 5 OEERE
SRR 1 v FT» SFFL, SNSRI
200 msec L ETH B, —F, OE L OHFE
TRAED 2 AF»oFHEFKL, HSPREERES —
FELTuRY, ZOFREOZESRBRICEEL
eI B T & 2w, Brugada 5 O
iREBAAEICERLIERABSEEh, N
7 ADEAET B alEetE e a h T w5, B,
R LEMETEES TR, F—L 7o ba—
T EPS 21T U 1ERORBREN 2SN T
BY, FEBICIEPS OEHRCHL THlRSE
xHansEEbh3.

F #

Z % T Brugada FEEERC BT, JHRT2
mmM EOBEME2ET 5covedBIST EF
(Type 1 LERDBI72 T 2 34R & U TEERHFRH
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a. b.
10 e qm=mmmme--
08 F o8l
¥ M
; ]
% 06| o 06
B &
W "
204 p<0.0001 @A 04  p<0.0013
e i
B | | e EAEREE (h=154) B | |- AR (n=53)
0.2 — kB (n=46) 02 | e setl® (h=21)
— VF/SCD & (n=45) — VF/SCD & (n=11)
ol o} ‘
0 10 20 30 40 50 60 70(H) 0 10 20 30 40 50 60 70(H)
4 FEERSEEIMEOBEL (FRiEE) OFE
a. Type 1 BOFERE O R OEHIEREE, b, 7 Type 1 EOGER B O RHOHi EEEE
a. b.
08} oa—t::%;—————l______
B W ,
# &)
@ 06} m 06
& B
o p<0.0001 i p<0.0013
2 04t @ 04
ﬁ —— REHE SD<AL (n=209) ﬁ —— SHIEMESL (n=219)
02 | —— REKESD<LHD (h=36) 02F |—— BREBFESD (n=26)
0 i 1 1 i 1 i L 1 i 0 i 1 i 1 1 1 1 1 — |
0 10 20 30 40 50 60 70(A) 0 10 20 30 40 50 60 70(H)

5 TERERELHIRD Typel BB 3EFOFE&
a. BRERKELET 20 L B2 2 WHlORBOERERE, b. RHEEMIBE2E T LES ZHORBLE

HERER

RaN, TOTESRTINTE ., Ll
5, HEREE2SOT, 2 TOEADOFELE N
EWIEERE, 2TOFRIEIRFTHL LI,
LMK T 2/RBEE I, Bzl Tawdhy
IELWOLBARETH- 24, i, 1o
DFRERCE T TIREN A F 74 vflEahT
WD, ZRHBHAAEL T3 REHT
Hol:, ZOr®, 2001 FEH» S BEEFBEDONE
REBWREHR L, BB OEHBFRESICL S
J-IVF B9 236844 & 11, Brugada fEREE O F&

DR & THET S hu iz 270,

ZDEER, WTLOWMRCBWTHLBESREL
KHWHOFRIREFT, VFHOFRIEITRT
b-o7z(E3, 4), FHMFETIIIE Type 1 LEX
(Type2, Type3, J A T1lmm LA L 2mm K
® coved % 7z i saddleback L ST L&) 2 F 7
LEFOTFHROBRETI I, ek b L, F
Type 1 #d Typel LRtk FEERL, VF
BEF T 10%/FEOHEE TLEREEL T
7= (X 4).



28 HEEfE-584%15 201011

95A1:

DMELE - DERER), BABIETAVR/SEMVTIREBSNTVSE
S rSIH

BrugadaBEREA Y 26 (BYEH. 1B LOOERERE
BHE0) T, L, FEE, VFERDSS, 2D EOEEHSN
[Fla, 1DEETIbETSD

Coved(type 1)2 (B2orEW)

S + + + + - - -
RRFEREE O+ + - - + + -
VPR + - 4+ -+ - 4+
TSR Oa Oa Oa IOIb ITa Ob 0Ob

6 QT EEREBREE(%XM « ZKM) & Brugada
EBRBEOZECETAITIANIf YCBT S
Brugada fEBEEED ICD HEA A8 G & D 5/

DEHFRIEF

1. EEEREE & AHBOTRRF
INETRKXTIREM, LM, BERORET
Type 1 DEMSEHS A4, EPS TD VF/%
T VT SRS, BEREEAMBICITS
TREFHZTFH T 2HET E IR T 52472834,
—F, BRIFOKERITHRTFLIN TR
Motz IHREROMEBRAF % FLT
Hiz, FEBEEET 2H LB I ZORIOMICES
ThholtELS5Nn5, J-IVF IR TIIELE
BREE L RMBRC B L TOLERETHIL 5 W
Bomdiedr iz 08, FEEWISE T 70 KM I
B 22RO FKEREILEROHI LT TR
FTHo1, —hH, BEERRLAMECIBNT
peRmE I AT (M, BRD Typel LE
B, EPS T® VF/ZEHEVTHFERH &, KFHT
FFHECERTE Lo Tz,

2. @ THEICEITZTFHRET
VEEREDLSENOSEEFRTCEL T
X, BEEFSETCIE, BRFEORIKRE L, THRES
HTOFRHEMEOSHS TR TFROMILL T
FHERFCHY @5, Typel BT, ZEA
WDORKRE L BEESBED, JE Typel#H T
I ERFEDOREENERE L LERTFHRFTH -
tz. —H, J-IVE W% T, AF OBEFICLE
WRERSEL, LV, FETO - JER290
msec LI E ¥, V,FH T O QRS E=90 msec 3
DEROERZTFHIRFTH - 7239,

HEZDOWTIE, R TEIERBERD Th7R
W kS FMAEETH - fo. i Benito 5
i3, EEEMTcsL TAERBEEEERT
FHEMNE L, PREBOER L 7FICLERNE
URdholedy, BEBRBNT CREEIIMMIZLT
FHRF T > EMEL TV, 50
HE W RREROBKOHE L FRCRRPANSHE
FhTws, 20k, EESEOTFRTHRT
PE»IR, FEEHEOAEREELL, JOREEO
AREBREM R TORAILBEERbI 5.

Brugada fEEEVBEUHERTH S Z L2 o,
BEFERSTFRICEET HAREEEREY, h
% T SCN5AZEREH T AT, Goflhcthr
T PQHR, HVISEBERE L TBD, Mk &
b2 PQREFHE & QRS RIS EER T %9, X 7s,
EEATCROENGERENIERICRL, AF&#
HELBEODEREINTWS2Y, EH5KQRSHW
DED spike(fragmentation) 2 H 3 5HTl,
Bk b SCN5A BREFHBHOMER <,
FHEPBOEDHREZINTWSEY, Ll
5, BEFEESFEOTFHICEBLTEHTH 3
roWMERELERINTHERZWL, ZORKFAEL
T, Brugada EBEEOEZEF BT HREED
BanEFohTnsd, BETFERLTFHREOHE
FBEL T, EEERERC, ZROFEREICE
BRI SHLBEERS D,

" &

1. FrEERPAHE

APic BT 5 FHRAEER» S, Brugada fie
BT VF 0BG H 2581, LVERERE
B ICDHEAADBLEEEZ OND,

—F, REDOHA BRI 4 >Tix, RHfF, VT
BT 265 ICDEAADOHEL(Z 7 A 2a) &£ &
nNTEYY, MEBRBCELTSY, »2TRH
EPS iz & 3 VF Z&%##To ICD 2 4 D LEME
BTSN T WD, ULhLass, WEOOH
kRS &5 Rkix VF ERBREHFE->TH &
Vs, FRUAOEMIZE I RERBEIBELO
ERHH L, FUCEBOFERT TIIRMFED
FRIBHTRIFTH > 72, %7, BrugadaIE
BETEDONE VT, SEHEVT TR,
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BREOMHBEEROBBEHIERRE VT Tbh
BBENEL, FREOBEELFRHETH S, &5
WwWEPSIZL 2 VFBERILEETEHZFDOEENSR
I Tws, BIEXOERBCRICK L &R
DIMBHENNBELEE L SN TS,

D, 2007 FE 12 HZRFRI NI HARER
WULDBESA RT AL TR, MR, &
EREICBEVL TR, VEFERLEME ICD A
AEEETTTHEMOEFE L X3, KM, 2R
SEFEERE, EPSTOVEFFEFRDSI 2O %
WledBEE2 77X 2a, FRUMNEZ 2D OFEG
YLTWE, KFA N4 VIZEREE TR ZY
g e Bbh b5, —ATHER%E Typel flic
FRELTWEZ &k, RMEIDOHED HF» EPS
DERFBCHELT, ETFRERBORMEZERL TS
(=6).

2. FMaRE

VF S REBEOEMBR-LTEAY a7y
/= NVORRRRENSERTH S, VF PO
e LT, ThETaRBED, L, F v
EHTEHOD 28 Y (F =Y, RV INVZG
¥), CaBlaEmMIEsary V- Langa
EqREINTW3, LLLEEs, ZhsDEA
X VF 2 Z2cilil T 2 2 CizE SR wiz,
EREREED— R TR AV SR T,

—7, Brugada fEREE T AF & 8 HE M0
iE, fERMERMEES 2Py, &
DR, Na F ¥ 2 VEMES Ca @M%, gEN
3, MR EBERINSTRENSD S D,
s DEF TR LD A VEREE(LE Y
T, STRERZHZIEPHEEINTVS,
D § TS Brugada FEREFBIIC VF 2 HE S ¥
L5 TRWY, BEOBICIZZDOERC+H
BEBVLEL S,

Brugada fEI&EF & FHABDHRERE & 0FLls

BWHRMEVE TR, V-V, FETOST LRI
s, II, III, aVFFEHE2E V,-VFET
JEBEE~HEL Tz Y, saddleback iz
VST EROROWAFIBHmES N T, &
7z, ] #¥E & Brugada E (coved) LEX D A5
0B, B S5TEHORL - HEERMN TR DN

2FbHY, Fh ok Brugada IEREEOER T
BBy, 12X VF OREE S Brugada fERE &
R ZERALIC b B AIBEESIRBR S T Wi,

T4, Haissaguerre 5 X5 F M VF 206 5] %
EEL, V-V, FEER THREFHEJL 101,
aVF, I, aVL, V,-Vo)T0.1mV I ED J
BEE RHHSBRFAIOBRKNERE2®RSE L
7239, ZOFMIHFECES L, R, TREb
iZ Brugada SEMRE ML, BAEOD Brugada fiE
BEELEINEBERGEEEL T,

Haissaguerre 51X V-V, 3 E T D Type 1l L
EMBAEBRAL TR, REBRER
Brugada fEMREEEE BELZZFLVESELEZS
NTws, LrLidns, JE Typel LEMEER
¥ % Brugada SEREESR Z DR PICEHENTW3
AJREE R BETE K\, 5% Brugada IEREE &
OEMEEED T, EORHHIBERFORRE
DOFEEIEEI NS,

X #&
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