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Methods: Fifteen consecutive ERS patients (14 males, median age of 47 years) with a
history of VF were retrospectively reviewed. The Shanghai Score System points were
calculated, and the presence of fQRS was evaluated.

Results: During the median follow-up period of 79.2 months, five patients experi-
enced VF recurrence. In the VF recurrence group, two patients showed augmented
amplitude of J waves with horizontal ST-segment, while the other three patients had
dynamic changes in J-wave amplitude. The Shanghai Score System points in the VF
recurrence group were higher than those in the VF non-recurrence group (6.5 [range:
5.8-6.8] vs. 4.5 [range: 4.0-4.5], p = 0.002). The presence of fQRS on standard 12-
lead ECG was more frequently observed in the VF recurrence group compared with
the non-recurrence group (100% vs. 10%, p = 0.002).

Conclusions: The present study demonstrated that the Shanghai Score System could
effectively identify ERS patients at high risk for VF recurrence. The results also sug-
gested that the presence of fQRS, a marker of depolarization abnormalities, may be

useful for predicting VF recurrence in ERS patients.
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1 | INTRODUCTION

The Shanghai Score System has been proposed as a diagnostic scor-
ing system for early repolarization syndrome (ERS; Antzelevitch
et al., 2017). The scoring system consists of clinical history, 12-
lead electrocardiogram (ECG), ambulatory ECG monitoring, family
history, and genetic test results. For 12-lead ECG findings, two
points are given for early repolarization (ER) 20.2 mV in two or
more inferior and/or lateral ECG leads with horizontal/descending
ST-segment. One and a half points are given for dynamic changes
in J-point elevation (0.1 mV) in two or more inferior and/or lat-
eral ECG leads. One point is given for J-point elevation (0.1 mV)
in at least two inferior and/or lateral ECG leads. These 12-lead
ECG findings reflect repolarization abnormality. However, based
on a multicenter study to evaluate mapping and ablation of ven-
tricular fibrillation (VF) substrates or VF triggers in ERS patients,
Nademanee et al. recently demonstrated that there are two dis-
tinct phenotypes: ERS patients with and without late depolariza-
tion abnormalities (Nademanee et al., 2019). These observations
led to a hypothesis that 12-lead ECG findings reflecting depolar-
ization abnormalities such as fragmented QRS (fQRS) could also be
useful for identifying ERS patients at high risk for VF recurrence
in addition to the Shanghai Score System. The present study thus
retrospectively evaluated the predictive value of the Shanghai
Score System and the presence of fQRS in VF recurrence in VF-

experienced ERS patients.

2 | METHODS

2.1 | Study design and patients

We performed a retrospective chart review of 15 consecutive
ERS patients with a history of spontaneous VF who were ad-
mitted to Oita University Hospital between 2005 and 2020. All
patients were diagnosed with ERS according to the 2013 HRS/
EHRA/APHRS expert consensus statement (Priori et al., 2013).
Implantable cardioverter-defibrillators (ICDs) were implanted in
all patients. Probable pathogenic ERS susceptibility gene mu-
tations (AKAP9, KCNH2, KCNJ8, KCNQ1, CACNA1C, CACNB2,
CACNA2D1, SCN5A, and SCN10A) were analyzed. Of these 15
patients, eight patients agreed to genetic testing. Therefore, all
of the patients were scored using the Shanghai Score System
(Shanghai ERS score) excluding genetic test results (Antzelevitch
et al.,, 2017). The 15 patients were divided into the VF recur-
rence group that received appropriate ICD shock delivery due to
VF (n = 5) and the VF non-recurrence group (n = 10). Patients
were followed up every 3-6 months for regular clinical review
and device interrogation with a median of 79 months (range 43-
107 months). Patient characteristics including medical history,
laboratory data, 12-lead ECG, and coronary angiography (CAG)
were collected from the medical records. No patient had organic

heart disease based on physical examination, chest radiography,
12-lead ECG, echocardiography, treadmill exercise ECG, 2017 car-
diac scintigraphy, and CAG (including coronary spasm provoca-
tion test). This study was approved by Oita University Faculty of
Medicine Ethics Committee.

2.2 | Twelve-lead ECG findings

The ER pattern was defined as “notch” or “slur” with an amplitude
>0.1 mV on the terminal QRS portion in two or more inferior (ll,
I, V) or lateral (I, V|, and V,_,) leads as previously proposed
(Macfarlane et al., 2015; Priori et al., 2013). The J-wave amplitude
in notch was measured at the peak of the positive deflection rela-
tive to the QRS onset. In slur, it was measured at the inflection
point of the QRS complex relative to the QRS onset. Late poten-
tials on signal-averaged ECG were defined as positive when two
of the following criteria were satisfied: (1) filtered QRS duration
>105 ms; (2) root mean square voltage of the signals in the last
40 ms of the total filtered QRS complex <15 uV; and (3) duration of
low-amplitude signals <40 pV of the filtered QRS complex >39 ms.
The fQRS in 12-lead ECG was defined as the presence of spikes
within the QRS complex of two or more consecutive leads (QRS
<120 ms) according to the ECG criteria for fQRS (Das et al., 2006).
With the subject lying supine, standard 12-lead surface digital
ECGs (with leads I, II, IIl, \V, .V, .V and V) and right precordial
ECGs (V4R to V(R) were recorded using Cardiofax (Nihon Kohden,
Tokyo, Japan) with a 150 Hz low-pass filter. ECGs were analyzed
at 400% size, and each parameter and fragmentation of the QRS
complex were measured. Patients with a short QT interval (cor-
rected QT interval using Bazett's formula <340 ms) or long QT
interval (corrected QT interval using Bazett's formula >440 ms)
were excluded. All patients underwent drug provocation tests
using intravenous pilsicainide (1 mg/kg per 10 min) and standard
and high intercostal (2nd and 3rd intercostal). ECGs were recorded
to exclude Brugada syndrome (BrS). This study did not include any
patients with type 1 Brugada ECG (coved type ST elevation) in the

right precordial leads.

2.3 | Statistical analysis

Data were expressed as median (25th-75th percentile) for con-
tinuous variables or as numbers and percentages for categorical
variables. Univariate analysis was performed with Fisher's exact
test. The Shapiro-Wilk test was performed to determine whether
the continuous variables were normally distributed. Normally dis-
tributed continuous variables were compared using the unpaired
Student's t test. Otherwise, continuous variables were compared
using the Mann-Whitney U test. Sensitivity and specificity for
predicting VF recurrence were calculated using receiver operat-

ing characteristic (ROC) analysis. A p-value <0.05 was considered
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statistically significant. All statistical analysis was performed with
JMP v9.0.0/Windows software (SAS).

3 | RESULTS
3.1 | Baseline clinical characteristics and VF
recurrence

The baseline clinical characteristics of all 15 patients are listed in
Table 1. The median age was 47 years (range: 35-58 years) and 14
of them (93%) were male. None of the patients had a family history
of sudden cardiac death (SCD) before the age of 45 years. None of
the patients took any medications, including antihypertensive drugs.
During the median follow-up period of 79.2 months (range: 43.0-
107.1 months), five patients experienced appropriate ICD shock
delivery due to the recurrence of VF (VF recurrence group). The
recurrence of VF was observed 17.7 months (median, range: 5.5-
33.3 months) after the ICD implantation. Three patients (20%) de-

veloped newly atrial fibrillation (AF) during follow-up period.

WI LEYﬂ

3.2 | Comparison of Shanghai Score between VF
recurrence and VF non-recurrence groups

Table 2 shows a detailed comparison of the Shanghai Scoring
System between VF recurrence and VF non-recurrence groups.
Based on the 12-lead ECG findings in the VF recurrence group,
two patients showed augmented amplitude of the J waves with a
horizontal ST-segment, while the remaining three patients showed
dynamic changes in the J-wave amplitude without a horizontal ST-
segment (Figure 1A and B). In intracardiac electrograms of ICD re-
cordings and ECG monitoring, short-coupled PVCs often preceded
the development of VF in patients with the VF recurrence group
than in the non-recurrence group (80 vs. 10%, p = 0.02). As a result,
the Shanghai Scoring System scores in the VF recurrence group
were significantly higher than those in the VF non-recurrence
group (6.5 [range: 5.8 to 6.8] vs. 4.5 [range: 4.0 to 4.5] points,
p = 0.002). Figure 2 illustrates the distribution of the Shanghai
scores in all of the patients. Four patients in the VF recurrence
group had a score of 26.5 points. None of the patients with a score

<5.0 points had VF recurrence. In order to predict the recurrence

TABLE 1 Comparison between VF recurrence and non-recurrence groups

VF recurrence VF non-recurrence

All

(n=15)
Age, years 47 (35-58)
Male, n (%) 14 (93)
Family history of SCD, n (%) 0(0)

Physiological parameters

Systolic blood pressure, mmHg

Diastolic blood pressure, nmHg

Heart rate, bpm

Left ventricular EF, %

Late potential positive, n (%)
Electrocardiographic parameters

PR interval, ms

RR interval, ms

PQ interval, ms

QRS duration, ms

QT interval, ms

QTc interval (Bazett), ms

QTc interval (Fridericia), ms
Clinical outcome

Follow-up period, months

AF occurrence during follow-up, n (%)

VF recurrence, n (%)

ICD implantation to VF recurrence time,
months

109 (103-121)
71 (60-85)
73(57-77)

67 (59-73)
5(33)

154 (139-168)
869 (800-1036)
144 (140-160)
101 (96-105)
388 (359-409)
406 (387-431)
397 (385-422)

79.2 (43.0-107.1)
3(20)

5(33)

N/A

(n=15) (n=10) p Value
38(29-48) 48 (40-56) .36
5(100) 9 (90) 1.00
0(0) 0(0)

114 (100-137) 109 (103-120) .75
74 (63-90) 69 (58-78) .30
75 (63-100) 68 (53-75) .10
59 (55-69) 70 (62-73) 14
2 (40) 3(30) 1.00
154 (147-169) 152 (138-170) .62
800 (612-955) 913 (809-1162) 13
150 (142-170) 144 (138-165) .67
98 (95-103) 102 (95-116) .39
388 (339-416) 390 (360-409) .76
410 (398-435) 399 (381-412) .13
413 (389-432) 389 (383-423) .24
107.1 (46.5-144.9) 77.2 (41.6-89.5) .30
2 (40) 1(10) .24
5 (100) 0(0)

17.7 (5.5-33.3) N/A

Note: Data were expressed as median (25th to 75th percentile) for continuous variables, or as numbers and percentages for categorical variables.

Abbreviations: AF, atrial fibrillation; EF, ejection fraction; ICD, implantable cardioverter-defibrillator; N/A, not applicable; SCD, sudden cardiac death;

VF, ventricular fibrillation.
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TABLE 2 Comparison of Shanghai Score System between VF recurrence and non-recurrence groups.

Overall
(n=15)
I. Clinical History
A. Unexplained cardiac arrest, documented VF or 15 (100)

polymorphic VT

B & C. Suspected arrhythmic syncope & Syncope of 0(0)
unclear mechanism

1. Twelve-lead ECG

A. ER 20.2 mV in 22 ECG leads with horizontal/ 2(13)
descending ST-segment
B. Dynamic changes in J-point elevation (20.1 mV) 8 (53)
C. 20.1 mV J-point elevation in at least 2 ECG leads 5(33)
III. Short-coupled PVCs with R on ascending limb or 5(33)
peak of T wave
IV. Family History 0(0)
V. Genetic Test Result Probable pathogenic ERS 1(13)
susceptibility mutation (n=8)
Shanghai Score System
Shanghai ERS score excluding genetic test, points 4.5 (4.0-6.5)

VF recurrence VF non-recurrence

(n=5) (n =10) p Value
5(100) 10 (100)
0(0) 0(0)
2 (40) 0 (0) .06
3(60) 5(50)
0(0) 5(50)
4(80) 1(10) .02
0(0) 0(0)
1 (50) 0 (0) 25

(h=2) (n=6)
6.5(5.8-6.8) 4.5 (4.0-4.5) .002

Note: Data were expressed as median (25th to 75th percentile) for continuous variables, or as numbers and percentages for categorical variables.

Abbreviations: ECG, electrocardiogram; ER, early repolarization; ERS, early repolarization syndrome; PVC, premature ventricular contraction; VF,

ventricular fibrillation; VT, ventricular tachycardia.

of VF in ERS patients, ROC curve analysis was performed to evalu-
ate the discriminating power of the Shanghai score while excluding
genetic test results. A Shanghai score of 5 points while excluding
genetic test results was the pivot point (the area under the ROC
curve was 0.98), while the cutoff value had 100% sensitivity and
90% specificity. The incidence of VF recurrence was significantly
higher in patients with =5 points (probable/definite ERS in ERS di-
agnosis) than in those with scores of 3-4.5 points (possible ERS in
ERS diagnosis; p<0.01). Of the eight patients who were genetically
analyzed, only one patient in the VF recurrence group had an ERS
susceptibility genetic mutation (CACNA2D1).

3.3 | Comparison of QRS fragmentation between
VF recurrence and VF non-recurrence groups

All five patientsin the VF recurrence group had spikes within the QRS
complex on two or more consecutive standard 12 leads. When this
criterion was applied, the presence of fQRS was significantly higher
in the VF recurrence group compared with the VF non-recurrence
group (Table 3; 100% vs. 10%, p = 0.002). The total number of leads
with QRS fragmentation on standard 12-lead ECG was greater in
the VF recurrence group than in the VF non-recurrence group (4.0
[range: 2.5 to 4.5] vs. O [range: O to 0.25] points, p = 0.001). Of the
15 ERS patients, thirteen patients underwent ECG including right
precordial leads (V4R to V,R). The fQRS at right precordial leads was
observed more frequently in the VF recurrence group than in the
non-recurrence group (Table 3; 80% vs. 13%, p = 0.03). The fQRS on

the right precordial leads could only be confirmed with V3R and V4R
leads (Figure 1C). All five patients in the VF recurrence group had
QRS fragmentation on V3R lead.

4 | DISCUSSION

4.1 | Main findings

The main findings of the present study are as follows: First, the
Shanghai Score System, which has been proposed as a diagnostic
scoring system for ERS, could effectively identify ERS patients
at high risk of VF recurrence. Second, the presence of fQRS on
standard 12-lead ECG and right precordial ECG was associated
with VF recurrence. To the best of our knowledge, this study is
the first to evaluate the role of the Shanghai Score System and
the presence of fQRS in VF recurrence in VF-experienced ERS
patients.

4.2 | Shanghai ERS score for predicting
VF recurrence

The 2016 HRS/APHRS/EHRA/SOLAECE J-wave syndrome ex-
pert consensus conference report proposed a point scoring
system for diagnosis of ERS and BrS (Antzelevitch et al., 2017).
Kawada et al. reported that scoring with the Shanghai Score
System can not only diagnose BrS, but also be a useful tool for
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FIGURE 1 J-wave dynamicity and fragmented QRS on 12-lead ECG. a: Twelve-lead ECG showing clear accentuation of early
repolarization (ER) pattern in inferior (Il I, and ,V;) and lateral (V,_,) leads. Red arrowheads indicate augmentation of J waves. b: Twelve-
lead ECG without ER patterns. c: Fragmented QRS was identified in anterior (V,_,), lateral (,V,), and right precordial (V,_,R) leads. Red arrows

indicate spikes within QRS complex

® VF recurrence group
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FIGURE 2 Distribution of Shanghai ERS score in VF recurrence
and non-recurrence patients with ERS. Patients in VF recurrence
group have higher Shanghai ERS scores excluding genetic test
results. ERS =early repolarization syndrome; VF =ventricular
fibrillation

stratification of SCD risk (Kawada et al., 2018). However, its value
in ERS patients remains unknown. The Shanghai ERS score at-
taches weight to ECG findings reflecting repolarization abnormal-
ities. In this regard, Tikkanen et al. showed that J-point elevation
20.2 mV had a markedly elevated risk of SCD (Tikkanen et al.,
2009). Furthermore, a horizontal or descending ST-segment was
reportedly associated with SCD compared to an ascending ST-
segment (Tikkanen et al., 2011). We have previously reported a

case of ERS with diurnal and day-to-day variations of the J wave

and a marked increase in J-wave amplitude toward the onset of
VF (Shinohara et al., 2006). In that case, the J-wave amplitude was
accentuated by intravenous injection of verapamil and proprano-
2006). Thereafter, using Holter ECG record-

ings, it was demonstrated that ERS patients have larger circadian

lol (Shinohara et al.,

variations in the J-wave amplitude (i.e., higher at night and lower
during the day) compared with healthy subjects (Miyazaki et al.,
2013). The slope of the J-wave amplitude/(low frequency [LF]/
high frequency [HF]) relationship was significantly steeper in ERS
patients compared with healthy subjects. These observations
suggest that the exaggerated dynamic change in repolarization
abnormality in response to cardiovascular autonomic tone may
play an important role in the occurrence of VF in ERS patients.
Family history of SCD has also been identified as a risk factor for
VF in ERS patients (Gourraud et al., 2013). However, Watanabe
et al. demonstrated that only 10% of Japanese ERS patients had
a family history of SCD (Watanabe et al., 2012). In fact, no pa-
tient in this study had a family history of SCD before the age of
45 years. Moreover, among the eight patients who underwent
genetic testing, only one patient was positive for the ERS suscep-
tibility gene mutation. Thus, the difference in the Shanghai ERS
score between VF recurrence and VF non-recurrence groups in
the present study is mainly based on the scores of J-wave find-
ings, which may reflect repolarization abnormality, and the pres-
ence of short-coupled PVCs.
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TABLE 3 Comparison of QRS fragmentation between VF recurrence and non-recurrence groups

All
(n=15)

Standard 12-lead ECG

fQRS (QRS fragmentation in 22 consecutive 6 (40)

leads), n (%)

QRS fragmentation on any of the standard 12- 7 (47)
lead ECG, n (%)

Total number of leads with QRS fragmentation, 0(0-3.0)
n
Right precordial leads
fQRS at right precordial leads (V;R to V,R), n (%) 5(38)
(n=13)
QRS fragmentation at VR lead, n (%) 7 (54)
(n=13)

Total number of leads with QRS fragmentation
including right precordial leads, n

1.0 (0-5.0) (n = 13)

VF recurrence VF non-recurrence

(n=5) (n =10) p Value
5(100) 1 (10) .002
5(100) 2(20) .007

4.0(2.5-4.5) 0(0-0.25) .001
4(80) 1(13) .03

(n=15) (n=28)
5(100) 2(25) .02
(h=5) (n=8)
6.0(3.5-6.5) (n = 5) 0.5(0-1.8) (n = 8) .006

Note: Data were expressed as median (25th to 75th percentile) for continuous variables, or as numbers and percentages for categorical variables.

Abbreviations: fQRS, fragmented QRS; VF, ventricular fibrillation.

4.3 | Fragmented QRS on 12-lead ECG for
predicting VF recurrence

Since the 2008 Haissaguerre et al. report (Haissaguerre et al.,
2008), various ECG markers have been proposed as risk factors
for VF in patients with ERS. From the viewpoint of depolarization
abnormality, Morita et al. reported that fQRS is a marker for the
substrate for spontaneous VF in patients with BrS (Morita et al.,
2008). Additionally, regarding the generation mechanism of fQRS,
they demonstrated that activation delay in the epicardium could
reproduce similar fQRS in the transmural ECG using canine right
ventricular tissues (Morita et al., 2008). Accordingly, they proposed
that fQRS might represent delayed conduction on the epicardium
in patients with BrS. The same group thereafter demonstrated that
the progression of fQRS appearance was associated with the oc-
currence of VF in patients with BrS (Morita et al., 2018). However,
to the best of our knowledge, the significance of fQRS on a 12-lead
ECG for the risk stratification of VF occurrence in ERS patients has
not been reported. Nademanee et al. recently demonstrated that
ERS has two phenotypes with and without late depolarization ab-
normalities in the epicardium. The findings of late depolarization
abnormalities contribute to the underlying mechanism in some pa-
tients with ERS (Nademanee et al., 2019). Thus, it is conceivable
that fQRS in ERS patients represents a conduction delay in the
epicardium, contributing to the genesis of VF. The repolarization
and depolarization hypotheses have been widely discussed as the
mechanisms for BrS or ERS (Haissaguerre et al., 2019). Some re-
ports suggest that depolarization abnormality plays an important
role in VF occurrence in patients with BrS or ERS (Nademanee et al.,
,2011, 2019; Pappone et al., 2017). Tokioka et al. showed that the
combination of inferolateral ER pattern and fQRS is useful for pre-
dicting VF occurrence in BrS patients (Tokioka et al., 2014). In the
present study, all five patients with VF recurrence had inferolateral

ER pattern and fQRS in anterior (V,, V,) and right precordial leads
(V4R), which suggested the presence of depolarization abnormality
in right ventricular outflow tract as reported in BrS (Nademanee
et al,, 2011; Pappone et al., 2017). Although an electrophysiologi-
cal study was not carried out in our patients, the present study
suggested that findings of depolarization abnormality reflected in
the presence of fQRS may be useful for predicting VF recurrence
in ERS patients, at least in those with a history of VF. As shown
in Table 1, there was no significant difference between the two
groups in the positive late potential, which was another abnormal
depolarization finding. Priori et al. demonstrated in the PRELUDE
registry that fQRS is the strongest predictor of VF in patients with
BrS (Priori et al., 2012). Our findings are consistent with previous
reports (Morita et al., 2008; Tokioka et al., 2014) that fQRS and
not positive late potential can predict VF events in BrS patients.
Therefore, even in ERS patients, fQRS may be more useful than the

positive late potential to predict a substrate for VF.

4.4 | Limitations
This study was a retrospective single-center study and was re-
stricted to ERS patients with a history of VF. Therefore, there may

be patient selection bias.

5 | CONCLUSIONS

The present study demonstrated that the Shanghai Score System
could effectively identify ERS patients at high risk for VF recurrence.
The results also suggested that the presence of fQRS, a marker of
depolarization abnormalities, may be useful for predicting VF recur-
rence in ERS patients.
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