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Prognostic Significance of Late Potentials in Outpatients with
Type 2 Brugada Electrocardiogram
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Brugada syndrome is characterized by distinguishing electrocardiogram (ECG) patterns (coved and saddle-
back types with day-to-day variation) and occurrence of lethal tachy-arrhythmias. The appearance of coved
type ECG (type 1) is required for the diagnosis of Brugada syndrome, whereas the significance of saddle-
back type ECG (type 2), which is inadequate for the diagnosis, has not been fully established. We enrolled
34 consecutive patients with type 2 ECG on outpatient-clinic. Among them, 7 patients were ventricular
fibrillation (VF) survivors who were diagnosed as Brugada syndrome with transient appearance of type 1
ECG, and showed type 2 ECG on their first outpatient-clinic visit after the VF event (VF group). The
remaining 27 were asymptomatic and never showed type 1 ECG on repeated ECG examinations (control
group). The VF group showed significantly longer RJ intervals in leads V1 and V2 and QTc intervals in lead
V2 compared with the control group (P < 0.030, P < 0.017, and P < 0.030, respectively). Late potentials,
detected on the signal-averaged ECG (SA-ECG), reflect conduction abnormalities and are known as one of
the risk markers of arrhythmic events. Among the 34 patients, late potentials were negative in 12 patients
belonging to the control group. In conclusion, the SA-ECG could be helpful to identify high-risk patients for
its high negative predictive value as the first step, and ECG parameters, including RJ intervals in leads V1
and V2 and QTc interval in lead V2, could be useful for further risk stratification in patients with type 2

Brugada ECG.
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Introduction

Brugada syndrome is characterized by ST-segment
elevation in the right precordial leads and sudden death due
to fatal ventricular arrhythmia, such as ventricular fibrilla-
tion (VF) and polymorphic ventricular tachycardia, in spite
of lack of structural heart disease (Antzelevitch 2006).
Since some cases are presented with sudden cardiac death
as their first manifestation, it is important to establish risk
classification strategy for patients with Brugada syndrome.
Coved type (type 1) electrocardiogram (ECG) is necessary
for diagnosis of Brugada syndrome, and it has been demon-
strated that spontaneous type 1 Brugada ECG and pro-
longed QRS duration in precordial leads could be one of the
markers for high-risk patients with Brugada syndrome
(Gehi et al. 2006; Takagi et al. 2007). However, it is also
the fact that in clinical setting that a number of patients are
presented with saddle-back type (type 2) Brugada ECG,
which does not have enough power to diagnose Brugada
syndrome, on their first visit (Sakabe et al. 2003). Indeed,
the risk classification strategy for patients with type 2

Brugada ECG remains to be established. Drug challenge
test with sodium channel blocking agents would be useful
for unmasking type 1 ECG for patients with type 2 ECG,
however, it does not play any role in risk stratification in
asymptomatic patients with Brugada ECG (Zorzi et al.
2012; Dobbels et al. 2016). In addition, it would be imprac-
tical to perform drug challenge test for all the patients with
type 2 ECG. Although inducibility of VF during electro-
physiological study (EPS) is considered to be one of the
risk stratification tools in patients with Brugada syndrome,
its usefulness has been controversial (Brugada et al. 2002;
Priori et al. 2002). Moreover, EPS is an invasive examina-
tion, which does not suit for the initial examination for risk
classification at outpatient clinic, especially for those with-
out type 1 Brugada ECG. Therefore, non-invasive exami-
nation would be needed to detect high-risk cases with type
2 ECG, who should receive further invasive examination.
Late potentials on the signal-averaged ECG (SA-ECG)
are known as one of the risk markers of arrhythmic events
in patients with organic heart disease (Kuchar et al. 1987,
Ikeda et al. 2000). Late potentials are also frequently seen
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in patients with Brugada syndrome, especially among those
with type 1 ECG, and they also could be associated with
their arrhythmic risk stratification (Huang et al. 2009).
However, their roles in patients with type 2 ECG remain to
be elucidated. In the present study, we thus examined the
ECG parameters and late potentials in order to identify
high-risk cases among patients with type 2 Brugada ECG.

Methods

Study population

From January 2007 to February 2013, we retrospectively
enrolled 34 consecutive patients who showed type 2 Brugada ECG at
the fourth and third intercostal space and no structural heart disease
on their first visit at our outpatient-clinic (male/female 33/1, mean
age, 48.1+13.9 [SD] years old). ECGs were reviewed independently
by two physicians according to the consensus report of ECG criteria
for diagnosis of Brugada syndrome in 2005 (Antzelevitch et al. 2005).
Structural heart diseases were diagnosed by transthoracic echocardio-
gram and if present, the cases were excluded from the present study.
Among the 34 enrolled patients, 7 patients, categorized as VF group,
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Coved (Type 1)

were diagnosed as Brugada syndrome with documented type 1 ECG
spontaneously or in response to drug challenge test during hospital-
ization for VF events. The patients in the VF group showed type 2
ECG on their first outpatient clinic visit after the VF event. The
remaining 27 patients who were asymptomatic and never showed
type 1 ECG on repeated ECG examinations belonged to the control
group (Fig. 1).

In the present study, in order to develop rapid risk stratification,
we analyzed 12-lead ECG and late potentials on SA-ECG examined
on their first visit. This study was approved by ethical committee in
Tohoku University of Graduate School of Medicine.

Twelve-lead ECG

12-lead ECG was recorded at a paper speed of 25 mm/sec and
amplitude of 1 cm/mV. We measured PR, RJ and corrected QTc
intervals (calculated by Bazett’s method) in both groups (Fig. 2)
(Tatsumi et al. 2006). All of these parameters were measured in V1,
V2 and V6 leads at the fourth intercostal space. J points in V1 and
V2 were measured by extrapolation from that in V6. These parame-
ters were measured independently by two experienced cardiologists
who did not know patient information. When the measured values

B

Saddle-bac

(Type 2)
s

Fig. 1. Representative ECGs of coved (type 1) and saddle-back (type 2) Brugada ECG.
Coved type (type 1; A) ECG is necessary for diagnosis of Brugada syndrome. On the other hand, saddle-back type (type
2; B) ECG in itself does not have enough power to diagnose Brugada syndrome.
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Fig. 2. Measurement points of 12-lead ECG.
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The parameters were measured in lead V2 (A) and lead V6 (B). PR interval; interval from the onset of P wave to QRS
onset. RJ interval; interval from QRS onset to J point, which is flexion point from S wave to T wave. QT interval; in-

terval from QRS onset to the end of T wave.
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were not identical, the mean values of the two measurements were
used for analysis.

Signal-averaged ECG

Late potentials were analyzed using a SA-ECG system
(FP-705LP System, Fukuda Denshi, Tokyo, Japan). The filtered QRS
duration (fQRS), the root mean square voltage of the terminal 40
msec in the filtered QRS complex (RMS40), and the duration of low-
amplitude signals (< 40 xV) in the terminal filtered QRS complex
(LAS40) were measured using the SA-ECG system in both groups.
Late potentials were considered as positive when two criteria were
met (RMS40 < 20 x«V and LAS40 > 38 msec) (Tatsumi et al. 2006;
Huang et al. 2009).

Statistical analysis

Statistical analysis was performed using Mann-Whitney U-test
to compare the ECG parameters between the two groups. All results
are expressed as mean + SD. To quantify the classification ability of
the covariates, the area under the curve (AUC) of the receiver-opera-
tor characteristic (ROC) curve was used. The univariate and multi-
variate logistic regression models with forward selection/backward
elimination stepwise variable selection were also applied to analyze
the association between arrhythmic risks and the covariates. The P
value < 0.05 was considered to be statistically significant.

Results

Patients characteristics

There was no significant difference in the prevalence
of family history of Brugada syndrome or sudden cardiac
death between the two groups. In the VF group, one patient
(VF 7) had family history; a sister of the patient had been
diagnosed as Brugada syndrome by coved-type ECG and
family history of sudden death (Table 1). The control group
had 4 patients with family history (control 8, 14, 15 and
17); all of them had relatives who died suddenly in their
twenties. In the VF group, 5 patients (VF 1, 2, 3, 5 and 6)
suffered from VF attacks during night, suggesting typical
clinical situation of fatal arrhythmic attacks in patients with
Brugada syndrome. The remaining 2 patients in the VF
group (VF 4 and 7) had VF attacks during daytime. One
patient in the control group (control 8) had history of syn-
cope, which was diagnosed as neurally mediated syncope
by detailed history taking (Table 1). All patients in the VF
group underwent implantation of implantable cardioverter-
defibrillator (ICD) after the first VF attack, whereas no
patient in control group had ICD. During the mean follow-
up period of 41.1 + 16.1 months, three patients in the VF
group (VF 1, 2 and 6) had recurrence of VF attacks, all of
which were successfully terminated by ICD shocks. In
contrast, all patients in the control group had no arrhythmic
events in their clinical course.

12-lead ECG analysis

There was no difference in PR intervals in lead V1, V2
or V6 between the two groups in 12-lead ECG measure-
ments. In the RJ interval measurement, patients in the VF
group showed significantly longer duration in leads V1 and

V2 compared with the control group (RJ in lead V1 121 +
18.6 vs. 106 £+ 10.1 msec, P < 0.030; RJ in lead V2 130 +
27.7 vs. 105 = 11.6 msec, P < 0.017) (Table 2), whereas
there was no significant difference in RJ intervals in lead
V6 between the two groups. Moreover, in the QTc interval
measurement, patients in the VF group also demonstrated
significantly longer duration in lead V2 compared with the
control group (417 £ 30.9 vs. 398 + 21.7 msec, P < 0.030)
(Table 2), although we found no differences in QT interval
in lead Vlor V6 (Table 2). Next, we quantified the ability
of useful variables (RJ intervals in lead V1 and V2 and QTc
interval in lead V2) to detect patients with high arrhythmic
risks using ROC curve analysis. Each value of area under
the ROC curve of RJ intervals in lead V1 and V2 and QTc
interval in lead V2 was 0.751, 0.783, and 0.772, respec-
tively (Table 2).

Late potentials by signal-averaged ECG analysis

In SA-ECG analysis, averaged noise level of these
data was 0.30 = 0.14 ©V. SA-ECG analysis showed that all
12 patients with negative late potentials belonged to the
control group (Table 1). In contrast, voltage of RMS40 in
patients in the VF group was lower compared with the con-
trol group (12.1 £4.9 vs. 17.6 +£9.0, P=0.187) (Fig. 3). In
addition, duration of LAS40 in the VF group was also lon-
ger than in the control group (53.7 = 14.1 vs. 42.5+ 12.5, P
= 0.061) (Fig. 3), whereas there was no significant differ-
ence in fQRS duration between the two groups (Fig. 3).
Next, we examined the risk stratification ability of late
potentials. RMS40 showed sensitivity of 100%, specificity
of 40.7%, positive predictive value of 30.4%, and negative
predictive value of 100%. LAS40 showed sensitivity of
100 %, specificity of 44.4%, positive predictive value of
31.8 %, and negative predictive value of 100% for detect-
ing high-risk patients (Table 3). Finally, positive late poten-
tial (both RMS40 and LAS40 were positive) showed sensi-
tivity of 100%, specificity of 44.4%, positive predictive
value of 31.8%, and negative predictive value of 100%
(Table 3).

Univariate regression analysis

Finally, the univariate and multivariate logistic regres-
sion models were analyzed. The multivariate model with
all covariates failed to fit because probabilities 0 or 1
occurred. The best subset of the covariates was selected
with only V2RJ by forward selection/backward elimination
stepwise procedure (Table 4).

Representative cases

We demonstrated representative cases in Fig. 4.
Although ECG of both cases appeared almost normal or
type 2 changes on the fourth or third intercostal space, we
were able to find the differences between the two cases on
SA-ECG; the patient in the control group had negative late
potentials and that in the VF group had positive late poten-
tial with lower voltage in RMS40 and longer duration of
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Table 1. Clinical characteristics of the patients.

Group P?\t;:m Sex Age FH Symptom (situation or diagnosis) LPs
VF 1 M 60 - VF (night, after dinner) +
VF 2 M 44 - VF (night, after dinner) +
VF 3 M 38 - VF (night, sleeping, after drinking alcohol) +
VF 4 M 42 - VF (morning, after breakfast) +
VF 5 M 61 - VF (night, sleeping) +
VF 6 M 41 - VF (night, sleeping, after drinking alcohol) +
VF 7 F 60 + VF (daytime, during activity) +

control 1 M 64 - - -

control 2 M 38 - - +

control 3 M 38 - - -

control 4 M 34 - -

control 5 M 39 - -

control 6 M 54 - - -

control 7 M 70 - -

control 8 M 24 + Syncope (neurally mediated syncope) -

control 9 M 59 - - +

control 10 M 064 - - +

control 11 M 38 - - +

control 12 M 36 - - +

control 13 M 42 - - +

control 14 M 22 - -

control 15 M 64 - +

control 16 M 37 - -

control 17 M 33 + - -

control 18 M 35 - -

control 19 M 63 - -

control 20 M 76 - - -

control 21 M 44 - - +

control 22 M 52 - - -

control 23 M 40 - -

control 24 M 56 - -

control 25 M 40 - - -

control 26 M 60 - - -

control 27 M 68 - - -

Sex; M, male; F, female; FH, Family History; VF, ventricular fibrillation; LPs, late

potentials.

In FH, symptom and LPs, +; positive, —; negative.

LAS40 than in the control group patient. Moreover, we
were also able to detect the difference in RJ intervals in
leads V1 and V2 and QTc interval in lead V2; the patient in
the VF group showed longer duration in RJ intervals in
leads V1 and V2, and QTc interval in lead V2 than in the
patient in the control group.

Discussion

The novel findings of the present study are that (1) the
patients in the VF group showed significantly longer dura-
tion in RJ intervals in leads V1 and V2, and in QTc interval

in lead V2 compared with the control group (2) all patients
with negative late potentials belonged to the control group
and (3) the patients in the VF group showed lower tendency
in voltage of RMS40 and longer tendency in duration of
LAS40 compared with the control group. To our best
knowledge, this is the first study that demonstrates the use-
fulness of ECG parameters and late potentials on SA-ECG
for the risk stratification of patients with type 2 Brugada
ECG.
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Table 2. 12-lead ECG findings of the 2 groups.

VF group Control grou P

n=7) (n= 2g7) ’ value AUC
PR (msec) 165 + 16. 155 + 215 0.6 0.677
V1 RJ (msec) 121 + 186 106 + 101  0.03 0.751
V1 QT (msec) | 390 = 224 391 + 271 0913 0.516
V1 QTc (msec'?) | 424 = 694 397 & 27 0.371 0.614
V2 RJ (msec) 130 + 277 105 + 116  0.017 0.783
V2 QT (msec) 417+ 309 398+ 217 0.149 0.677
V2 QTc (msec) | 457  + 698 405 + 231 0.03 0.772
V6 RJ (msec) 11+ 227 101+ 129 0266 0.368
V6 QT (msec) 396+ 27 393+ 237 081 0.532
V6 QTc (msec'®) | 429  + 594 400 + 263 0335 0.624

AUC, area under the receiver-operator characteristic curve.
P values of interval of VIRJ, V2RJ and V6QTc were underlined because of
their significant difference between patients in VF group and control group.
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Fig. 3. Results of late potentials (RMS40, LAS40, fQRS)
detected by signal-averaged ECG analysis in the VF and

control groups.

A. Voltage of RMS40. B. Duration of LAS40. C. Dura-
tion of fQRS. Results are expressed as mean + SD.
Voltage of RMS40 in patients in the VF group was lower
compared with the control group (A). Duration of
LAS40 in the VF group was also longer than in the con-
trol group (B). There was no significant difference in
fQRS duration between the two groups (C).

Late potentials by SA-ECG

Since late potentials detected by SA-ECG reflect con-
duction abnormalities, they are considered to be a predic-
tive marker of arrhythmic events in organic heart disease
(Kuchar et al. 1987; Ikeda et al. 2000). On the other hand,
the mechanisms of developing late potentials in Brugada
syndrome are considered as being based on both repolariza-
tion and depolarization abnormality theory (Antzelevitch
2002; Huang et al. 2009). In general, it is known that
action potential duration in endocardial cells is longer than
that in epicardial cells and that epicardial cells show a notch
on the first phase of action potential, which was not
observed in endocardial cells (Antzelevitch 2006).
Moreover, transient outward potassium channel, which is
known to be expressed especially on myocardial cells in the
right ventricular outflow tract (RVOT), mainly contribute to
the deeper notch on epicardial cells, resulting in larger
transmural dispersion between endocardial and epicardial
cells on the RVOT (Antzelevitch 2006). Such distinct elec-
trophysiological differences between endocardial and epi-
cardial cells especially in the RVOT cause transmural dis-
persion of repolarization (Antzelevitch 2006). Recent
reports showed abnormal potentials developed by such
repolarization abnormality, including concealed phase 2 re-
entry, contributing to the generation of late potentials on
SA-ECG (Antzelevitch 2002).

On the other hand, depolarization abnormality could
also play a role in pathogenesis of Brugada syndrome.
Recent studies demonstrated that in patients with Brugada
syndrome who suffered from repetitive ICD discharges due
to VF attacks, catheter ablation of fractionated potentials in
the epicardial RVOT could eliminate VF attacks and nor-
malize their type 1 ECG (Nademanee et al. 2011;
Sunsaneewitayakul et al. 2012). Fractionated potentials are
supposed to reflect conduction abnormality, which are
caused by separation of myocardial fibers by scar or fat tis-
sue (de Bakker et al. 1993; Corrado et al. 2005). Some
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Table 3. Sensitivity, specificity, positive predictive value, and negative predictive value

of late potentials.

sensitivity  specificity positive negative
(%) (%) predictive value (%) predictive value (%)
RMS40 100 40.7 30.4 100
LAS40 100 44.4 31.8 100
Late potentials 100 44.4 31.8 100

RMS40; the root mean square voltage of the terminal 40 msec in the filtered QRS complex

(RMS40 < 20 uV; positive).

LASA40; the duration of low-amplitude signals (< 40 #V) in the terminal filtered QRS

complex (LAS40 > 38 msec; positive).

Late potentials were considered as positive when 2 criteria were met (RMS40 <20 4V and

LAS40 > 38 msec).

Table 4. Results of univariate analysis.

Odds ratio  lower 95% CI  upper 95% CI p-value
PR 0.977 0.935 1.017 0.257
VIRJ 0.914 0.829 0.978 0.025
V1QT 1.002 0.971 1.039 0.891
V1QTc 0.984 0.961 1.004 0.125
V2RJ 0.921 0.838 0.974 0.023
V2QT 0.969 0.933 1.002 0.077
V2QTc 0.968 0.926 0.992 0.052
VO6RJ 0.960 0.904 1.013 0.142
Vo6QT 0.995 0.961 1.032 0.784
V6QTc 0.981 0.955 1.002 0.090
age 0.991 0.931 1.055 0.776
RMS40 1.106 0.984 1.300 0.142
LAS40 0.937 0.869 0.999 0.061
fQRSd 0.979 0.913 1.053 0.546

Abbreviations are the same as Tables 2 and 3.

fQRSd; the filtered QRS duration.

patients with type 1 ECG could show fractionated QRS as a
result of conduction abnormality (Morita et al. 2008). A
recent report showed that such fractionated QRS may have
some relationship with their arrhythmic events in patients
with type 1 ECG (Morita et al. 2008). Other study also
showed that right ventricular conduction is delayed in
patients with Brugada syndrome (Tukkie et al. 2004).
Depolarization abnormalities noted in these studies may
contribute to the development of late potentials in patients
with Brugada syndrome. It was previously reported that
late potentials detected by SA-ECG play some roles in risk
stratification for patients with type 1 ECG, in whom espe-
cially measurement of RMS40 in late potentials is useful to
predict their arrthythmic events (Kuchar et al. 1987; Ikeda et
al. 2000; Ajiro et al. 2005; Huang et al. 2009). However,
the risk stratification strategy for patients with type 2 ECG
remains to be established (Ikeda et al. 2001; Ajiro et al.
2005; Huang et al. 2009).

Risk stratification strategy for patients with Type 2 Brugada
ECG

In the present study, we were able to demonstrate that
patients with negative late potentials were all asymptomatic
in their first visit to our hospital and had no arrhythmic
events in their clinical course. We also were able to dem-
onstrate that patients in the VF group showed significant
longer duration in RJ intervals in leads V1 and V2 and in
QTc intervals in lead V2 compared with the control group.
Furthermore, patients in the VF group tended to have low
voltage of RMS40 and long duration of LAS40 compared
with the control group. A recent study showed that pro-
longed QRS duration in precordial leads could be useful for
risk stratification of patients with Brugada syndrome
(Takagi et al. 2007). Although there were some differences
in patient characteristics between the previous study (Takagi
et al. 2007) and our present study, both studies showed that
depolarization abnormality could play some roles in
arrhythmogenesis in patients with Brugada ECG. In addi-
tion, the present results showed that QTc interval in lead V2



Risk of Type 2 Brugada ECG 197
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Fig. 4. Representative ECGs, ECG parameters and late potentials (RMS40, LAS40, fQRS) detected by signal-averaged

ECG.

Representative ECGs, and their parameters and late potentials detected by signal-averaged ECG of a patient in the VF

group (A) and that in the control group (B).

Although ECG of both cases appeared almost normal or saddle-back (type 2) changes on the fourth or third intercostal
space, the patient in the control group (B) had negative late potentials and that in the VF group (A) had positive late
potential with lower voltage in RMS40 and longer duration of LAS40 than in the control group patient. On 12-lead
ECG Analysis, the patient in the VF group (A) showed longer duration in RJ intervals in lead V1 and V2, and QTc inter-

val in lead V2 than in the patient in the control group (B).

is important as it reflects the repolarization abnormality
related to type 2 ECG. This notion is supported by the
present results of late potential analysis. Both depolariza-
tion and repolarization abnormalities could contribute to
pathophysiology and electrophysiology of Brugada syn-
drome (Antzelevitch 2006), not only in type 1 ECG but also
in type 2 ECG. The present study demonstrates that in clin-
ical settings, first we are able to identify patients with type
2 Brugada ECG at high arrhythmic risks by checking late
potentials, followed by checking RJ intervals in leads V1
and V2 and QTc interval in lead V2 as the markers of
patients at high arrhythmic risks.

Study limitations

Several limitations should be mentioned for the pres-
ent study. First, the number of patients examined in the
present study was relatively small, and period of follow-up
was also relatively short. Second, the present study was a
retrospective study. Third, we analyzed 12-lead ECG and
late potentials on SA-ECG examined on their first visit to
develop simple risk stratification as a first step; however,
parameters in patients with Brugada syndrome sometimes
show daily fluctuation. Thus, the present findings need to
be confirmed in future prospective studies with a large
number of patients with type 2 Brugada ECG.

Conclusions

In the present study, we were able to demonstrate that
diagnostic strategy based on the combination of ECG
parameters and late potentials would be helpful among
patients with type 2 Brugada ECG. The late potentials with
high negative predictive value could be helpful to identify
high-risk patients as the first step, and among them, RJ
intervals in leads V1 and V2 and QTc interval in lead V2
could be the markers of patients with high arrhythmic risk
as the second step. The present findings could be useful for
risk stratification of patients with type 2 Brugada ECG,
although they need to be confirmed in future prospective
studies with a large number of patients.
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