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ventricular salvos and cycle length of the VT, (2) maximum
number of VAs during a 10-second period, and (3) VA
score (1—4), which is defined as the severity of the worst
VA during exercise as described previously.'® 1 = no or
isolated VA; 2 = bigeminal VA and/or frequent VA (=10
per minute); 3 = couplet; and 4 = VT (>3 successive
VAs). The VA score of 1 was considered to indicate
complete suppression of VAs. Less dramatic improvements
in VA scores were considered to indicate partial sup-
pression.

Follow-up

All patients were followed up at outpatient clinics every 1-3
months, and a 12-lead ECG was recorded. We investigated
the incidence of arrhythmic events, defined as syncope,
aborted cardiac arrest, or sudden cardiac death, and the side
effects of flecainide through examination of medical history,
physical findings, blood tests, 12-lead ECG, chest radio-
graph, and/or echocardiograph.

Statistical analysis

Continuous variables are expressed as mean * SD or
numbers and percentages, as appropriate. The Student ¢ test
was used to compare continuous variables, and the ¥ test
was used to compare categorical variables. A P value of
<.05 was considered statistically significant.

Results

Patient characteristics

The study population consisted of 10 genotype-confirmed
ATS probands who received oral flecainide from 6 Japanese
institutes (Table 1). Seven patients were female probands.
Their mean age at the beginning of flecainide therapy was 27
* 11 years (range 9-47 years). Our cohort includes 5
patients (patients 3—6 and 8) with a family history of ATS,
whose genotypes and phenotypes are presented in the Online
Supplemental Figure. Eight patients (80%) showed

dysmorphic features, and 2 (20%) had a history of periodic
paralysis. Two patients (20%) had both dysmorphic features
and periodic paralysis.

No structural heart disease was observed by echocardiog-
raphy in any patient. All patients had VAs documented by
12-lead ECG, Holter recording, and/or exercise testing.
Bidirectional VT had been documented in all patients. Six
patients were symptomatic, exhibiting syncope (n = 5),
palpitations (n = 2), or dizziness (n = 2). There were no
cases of aborted cardiac arrest or with family history of
sudden cardiac death.

Nine patients were found to have missense mutations in 4
residues (R67G/Q/W, R218Q/W, G300V, and G301T), and
1 has an insertion (76insT) in the KCNJ2 gene. All these are
located in the N or C terminus, and 7 of these mutations have
been previously reported.'®

Medical therapy

A total of 7 patients had been treated with multiple drugs
before flecainide. The drugs previously administered were p-
blockers, namely, bisoprolol (n = 2), atenolol (n = 2),
propranolol (n = 1), and propranolol 4 metoprolol (n = 1);
sodium channel blockers, namely, disopyramide (n = 1),
mexiletine (n = 1), and pilsicainide (n = 1); and the calcium
channel blocker verapamil (n = 1). All of them failed to
suppress VAs.

Flecainide was administered at a dose of 200 mg/d in 3
patients, at 150 mg/d in 2, and at 100 mg/d in 5 (mean dosage
140 = 46 mg/d). In 4 patients, B-blockers were continued
after flecainide.

Twelve-lead ECG

Figure 1 shows representative 12-lead ECGs of a 24-year-old
patient (patient 4) at baseline (Figures 1A and 1B) and after
flecainide therapy (Figure 1C). Although this patient had
been treated with propranolol (60 mg/d) and verapamil (240
mg/d), frequent VAs including bidirectional VT were still

Table 1  Clinical, mutational, and electrocardiographic characteristics of all probands with Andersen-Tawil syndrome
Dysmorphism/ Bi-VT  Flecainide Flecainide Medical treatment at
Patient Age/ BW periodic and/or dose (mg/d, concentration baseline/concomitant
no. Mutation sex (kg) Symptom Syncope FH paralysis poly-VT mg/kg) (ng/mL) with flecainide
1 M301T 27/F 42 + - - +/- + 150, 3.6 278 Bisoprolol/bisoprolol
2 R67W 41/F 57 + + - +/- + 200, 3.5 NA Bisoprolol, disopyramide/
bisoprolol, nicorandil
3 G300V  29/F 47 + + + +/- + 200, 4.3 507 Atenolol/atenolol
4 G300V  24/M 61 + + + /- + 200, 3.3 324 Propranolol, verapamil/
propranolol
5 R218W  13/M 35 — — + +/+ + 100, 2.9 NA Propranolol, metoprolol/
none
6 R67Q 23/M 53 - - + -/ + 100, 1.9 NA Atenolot, mexiletine/
none
7 R218Q 27/F 46 — - - —/- + 100, 2.2 347 None/none
8 R218W  47/F 46 + + + +/+ + 150, 3.3 532 Pilsicainide/none
9 76insT  9/F 26 — - - +/- + 100, 3.8 NA None/none
10 R67G 25/F 45 + + - +/- + 100, 2.2 NA None/none

Bi-VT = bidirectional ventricular tachycardia; BW = body weight; F = female; FH = family history; M = male; NA = not applicable; Poly-VT = polymorphic

ventricular tachycardia; + = presence; — = absence.
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Figure 1

Twelve-lead ECGs recorded from a 24-year-old male proband (patient 4) with KCNJ2 mutations before (panels A and B) and after (panel C)

flecainide therapy. A: Before flecainide therapy (propranolol 60 mg/d and verapamil 240 mg/d), the PR interval (280 ms) indicated first-degree atrioventricular
block, the corrected QT interval was normal (<440 ms), and the U wave was widely distributed in leads II, aVF, and V|-Vs. An enlarged U wave (wave
amplitude >0.2 mV) was observed in leads V, and V3, and the corrected QU interval was 663 ms. B: Bidirectional VT (cycle length 480 ms) in the 12-lead ECG
at baseline (asterisk). The QRS complexes showed alternating polarities, and a right bundle branch block pattern was shown in VT beats. C: Twelve-lead ECG
after the administration of flecainide (200 mg/d) in addition to propranolol (60 mg/d). Verapamil was discontinued after VA suppression by flecainide in this
patient, and the PR interval was reduced. An enlarged U wave persists and remains widely distributed even after VA suppression by the administration of
flecainide. ECG = electrocardiogram; VA = ventricular arrhythmia; VT = ventricular tachycardia.

observed (Figure 1B). After the administration of flecainide,
the total number of VAs was remarkably reduced from
10,767 to 36 per day, although the U-wave amplitude and its
distribution on the 12-lead ECG were unchanged.

Table 2 summarizes the changes in ECG parameters in all
patients with ATS. Flecainide therapy caused no significant
difference in heart rate, PQ interval, QRS duration, QTc
interval, QUc interval, T- and U-wave amplitudes and
durations, frequency of the enlarged U wave, or number of
leads recording U waves. The U/T-wave ratio was also
unchanged after flecainide therapy.

Holter recording

Twenty-four-hour Holter recordings demonstrated that fle-
cainide therapy significantly and consistently reduced the
total number of VAs (38,407 = 19,956 to 11,196 * 14,773
per day; P = .03; Figure 2A) and the number of the longest
ventricular salvos (23 * 19 to 5 = 5 per day; P = .01;
Figure 2B). Flecainide significantly reduced the number of
VT episodes (1175 = 1163 to 60 * 167, P = .008): in 7
patients, the total number of VAs was reduced by more than
70% from the number at baseline; in 4 of these, flecainide
completely eliminated VT. Flecainide therapy did not alter
the cycle length of VAs (458 * 7210 488 = 58 ms; P = .35).

Several Holter recordings or TMTs after flecainide and/or
concomitant medication (f-blockers and verapamil) were
performed in 6 patients (patients 1-5 and 8). As shown in the
Online Supplemental Table, the total number of VAs per day
and the longest ventricular salvos per day of each time were
consistently reduced after flecainide therapy.

T™T

Exercise capacity (peak workload) was not different at
baseline and after flecainide therapy (12.5 = 4.2 METS vs
13.3 = 4.1 METS; P = .68). The peak heart rate during
exercise was also unchanged at baseline and after flecainide
therapy (155 = 19 beats/min vs 160 * 23 beats/min; P =
.60). Figure 3 shows a representative 12-lead ECG of patient
4 during the TMT before (baseline) (Figure 3A) and after
(Figure 3B) flecainide therapy. In this case, flecainide
therapy remarkably suppressed an exercise-induced bidirec-
tional VT. In summary, the VA score during the TMT was
improved in 9 of 10 patients after flecainide therapy. In
particular, VA scores of 7 patients were improved by more
than 2 levels (Figure 4A). Furthermore, the maximum
number of VAs in any 10 seconds during the TMT was
significantly reduced after flecainide therapy (Figure 4B).
Several TMTs after flecainide therapy were also performed
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Table 2  Electrocardiographic changes after flecainide therapy in patients with Andersen-Tawil syndrome

Variable Baseline Flecainide P
Heart rate (beats/min) 68 = 15 69 = 17 .97
PQ interval (ms) 173 £ 41 178 + 24 T4
QRS duration (ms) 93 =19 98 *+ 18 .55
QTc interval (ms) 432 * 26 448 + 34 .26
QUc interval (ms) 667 * 43 679 + 35 .50
T-wave amplitude (mV) 0.55 = 0.25 0.43 * 0.20 24
T-wave duration (ms) 290 * 34 288 * 43 91
U-wave amplitude (mV) 0.21 = 0.05 0.23 + 0.05 49
U-wave duration (ms) 215 * 22 213 + 25 .85
U/T-wave amplitude ratio at the highest amplitude U-wave lead 0.50 = 0.18 0.62 *+ 0.20 17
Enlarged U-wave, no. of patients (%) 8 (80) 9 (90) .53
U-wave distribution, no. of leads 4.6 £ 1.9 47 1.9 91

Values are presented as mean =+ SD or as otherwise indicated.

QTc interval = corrected QT interval by Bazett's formula; QUc interval = corrected QU interval by Bazett's formula.

in 4 patients (patients 1-4), and VA scores and the maximum
number of VAs during 10 seconds were reduced consistently
in 3 patients except for patient 3 (see the Online
Supplemental Table). These findings strongly suggested that
flecainide may suppress exercise-induced lethal VAs in
patients with ATS.

Follow-up

During a mean follow-up of 23 * 11 months after starting
oral flecainide therapy, no patients had arrhythmic events.
No symptoms such as syncope or palpitations were observed
in any patient. One patient experienced leg fatigue after the
administration of flecainide at 200 mg/d; this symptom
was improved after the dose was reduced to 150 mg/d.
No other side effects were observed in any patient during
follow-up.

Discussion

Main findings

There were several findings in this study. First, flecainide
therapy decreased the number of VAs and the maximum
number of VA salvos, although it caused no significant

A (x10%) p=10.003
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Figure 2

changes in any ECG parameters. It was thus effective for the
suppression of VAs in patients with ATS with KCNJ2
mutations. Second, flecainide therapy was safe in patients
with ATS over a middle-term follow-up period. Therefore,
flecainide may reduce the risk of sudden cardiac death in
patients with ATS.

Medication for VAs in patients with ATS

with KCNJ2 mutations

KCNJ2 encodes the o subunit of inward rectifier potassium
channels (Kir2.1), which carry a critical component of the
cardiac inward rectifying K™ current (IK]).2O'21 The Ik,
regulates the terminal phase of repolarization and maintains
the resting membrane potential in cardiomyocytes and
skeletal muscle.??>?3 In this study, we observed 8 muta-
tions (including 3 novel ones) in 5 residues of the KCNJ2
gene. Although we did not perform a functional analysis,
most of these (R67Q, R67W, R218Q, R218W, and G300V)
have been reported as loss-of-function mutations resulting in
dominant-negative suppression of Kir2.1 channel function,¢
which prolongs the action potential duration (APD) across the
ventricular wall and destabilizes the resting membrane

w
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Total number of VAs and number of the longest ventricular salvos per day from a 24-hour Holter recording before (baseline) and after flecainide

therapy. A: The total number of VAs per day was reduced after flecainide therapy in all patients, most notably in 7 patients whose VA counts were reduced by
more than 70% from the baseline level. B: The number of the longest ventricular salvos per day was also reduced after flecainide therapy in all patients.

Abbreviations as in Figure 1.
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1.0 sec

Figure 3 Twelve-lead ECG during the TMT before (bascline) (A) and after (B) flecainide therapy in a patient with ATS (patient 4). A: At baseline
(propranolol 60 mg/d and verapamil 240 mg/d), frequent premature ventricular complexes and nonsustained VTs (the longest ventricular salvo was 6 beats)
(asterisk) were observed during exercise. B: Flecainide (200 mg/d) in addition to propranolol (60 mg/d) suppressed exercise-induced VAs. TMT = treadmill
exercise test; other abbreviations as in Figure 1.

424

potential APD prolongation also elicits an increase in B-Blockers and calcium channel blockers had been

calcium influx, leading to intracellular calcium overload. In
addition, subsequent spontaneous calcium release may depo-
larize the membrane potential to the threshold of L-type
calcium channel via transient inward currents carried by the
Na*-Ca**exchanger.**>*® APD prolongation, instability of
the resting membrane potential, and calcium overload result in
the onset of delayed afterdepolarization.***

regarded as the principal drugs for VAs in patients with
ATS.'127 Stdies on successful therapy using p-blockers
and/or calcium channel blockers in patients with ATS were,
however, limited to case reports, and the efficacy of these
drugs were controversial. Bokenkamp et al'? reported that f-
blockers, the mainstay for other types of long QT syndrome,
are ineffective for the suppression of VAs in patients with
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Figure 4

Effect of flecainide on exercise-induced VAs. A: VAs during the TMT are shown by VA scores: 1 = no or isolated VAs, 2 = bigeminal VAs and/or

frequent VAs (=10 per minute), 3 = couplets, and 4 =VT (>3 successive VAs). VAs during the TMT are compared before (baseline) and after flecainide
therapy in probands with ATS with KCNJ2 mutations. The line thickness indicates the number of patients. The VA score was improved by flecainide therapy in 9
of 10 patients (90%). Flecainide therapy reduced the VA score from 3.6 + 0.7 to 1.6 = 1.1 (P = .008). B: The maximum number of VAs during any 10-second
interval during the TMT at baseline and after flecainide therapy. Flecainide therapy reduced the maximum number of VAs from 16 = 7to 5 = 7 (P = .002)
during any 10-second interval. Abbreviations as in Figures 1 and 3.
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ATS. Similarly, the efficacy of calcium channel blockers is
uncertain; in addition, calcium channel blockers have risk of
torsades de pointes and syncope in patients with ATS.'%! L13
In this study, although B-blockers and/or calcium channel
blockers were administered in 6 patients to prevent VAs, these
drugs could not suppress VAs. Flecainide is a potent antiar-
rhythmic drug that can be used to suppress VAs in patients
with ATS,*"* although a systematic evaluation of its efficacy
and safety during follow-up remained unclear. Delannoy et al’
retrospectively investigated cardiac characteristics and prog-
nosis in patients with ATS, in which the prognosis in patients
with ATS was relatively good, and the combination therapy of
flecainide with P-blockers was efficient to prevent severe
arrhythmic events. A recent case report®® suggested that the
combined use of verapamil and flecainide was effective for the
suppression of VAs in patients with ATS.

Here, we prospectively demonstrated the efficacy of
flecainide in detail by using 24-hour Holter recording and
TMT as well as its safety over a middle-term follow-up period
in patients with ATS. In patient 2, the combination therapy of
flecainide and f-blockers may be more effective for the
suppression of VAs in patients with ATS than was flecainide
or B-blocker treatment alone (see the Online Supplemental
Table). Although we showed that VAs were suppressed by
flecainide treatment in patients with ATS, the reduction of
VAs might not be sufficient in some patients. One possible
explanation was that the dose of flecainide might be smaller in
these patients because flecainide dose-dependently improved
VAs in 3 (patients 1, 4, and 8) of 4 patients, although
flecainide was less effective in 1 patient (patient 3) even at the
higher dose (see the Online Supplemental Table).

Mechanisms of flecainide therapy

The mechanism underlying the suppression of VAs by
flecainide in patients with ATS is not fully understood.
One possible explanation is that the inhibition of the sodium
channel may directly suppress a trigger of arrhythmia and/or
indirectly inhibit the Na"-Ca®" exchange, resulting in
reduced likelihood of intracellular calcium overload and
decreased delayed a\fte:rdepolarization.29 As an alternative
explanation, Caballero et al*' have reported that flecainide
increases Kir2.1 channels, which increase Ik, as recorded in
ventricular myocytes. In this study, however, as flecainide
did not normalize the QU interval or the U-wave amplitude,
the effect of flecainide on increasing Ix; seems to be not
directly involved in the suppression of VAs.

Another possible mechanism underlying the antiarrhyth-
mic effect of flecainide is a direct effect on ryanodine
receptor 2 (RyR2). Some KCNJ2 mutation carriers lack the
ATS phenotype but share the catecholaminergic polymor-
phic ventricular tachycardia (CPVT).!”1%*% Although it is
not clear whether exercise is a trigger of VAs in patients with
ATS,*! 5 of 10 patients had experienced syncope during
exercise in this study.

Similar exercise-induced bidirectional VT is often
observed in both patients with ATS and CPVT. Watanabe

et al*® reported that flecainide not only blocked cardiac
sodium channels but also directly inhibited RyR2, thus
preventing CPVT. These findings suggest that flecainide
may affect calcium leakage from RyR2, resulting in the
suppression of VAs in patient with ATS as well as the
suppression in patients with CPVT.

Study limitations

First, this study have evaluated the efficacy of flecainide in the
suppression of VAs using 24-hour Holter recording and TMT,
but whether this short-term elimination of VAs contributes to
suppress the subsequent cardiac events in this syndrome is still
unclear. In addition, patients with ATS without flecainide
therapy have not been included in this study, which might
raise a bias of patient selection. Therefore, further investiga-
tions are necessary to show the long-term efficacy of
flecainide for cardiac events in patients with ATS.

Second, our study population of KCNJ2-positive patients
with ATS was relatively small because of the rarity. Larger
numbers of patients with KCNJ2 mutations are needed to
evaluate the efficacy and safety of flecainide therapy for VAs
in patients with ATS. There appear to be several “hot spots”
for pathogenic mutations, including, notably, the arginine
amino acids at positions 67 and 218 in the N terminus and C
terminus, respectively'®; these were also included in this
cohort study. Therefore, flecainide may be effective for the
suppression of exercise-induced VAs in many patients with
ATS with KCNJ2 mutations.

Third, approximately 40% of patients with the phenotypic
features of ATS do not have KCNJ2 mutations,>’* suggest-
ing the presence of other causative genes such as KCNJ5.3*
We did not assess the efficacy of flecainide therapy in clinical
ATS cases without KCNJ2 mutations. Finally, a family with
ATS and dilated cardiomyopathy has previously been
reported,® but this study did not include such patients with
left ventricular dysfunction. Therefore, we could not assess
the efficacy and safety of flecainide in ATS with left
ventricular dysfunction.

Conclusion

This multicenter study suggests that oral flecainide therapy is
an effective and safe means of suppressing VAs in patients
with ATS with KCNJ2 mutations, though the U-wave
amplitude remained unchanged by flecainide. Flecainide
with or without conventional drug therapy should be
considered for VA suppression in patients with ATS.

Appendix
Supplementary data

Supplementary material cited in this article is available
online at http://dx.doi.org/10.1016/j.hrthm.2014.12.009.
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CLINICAL PERSPECTIVES

Andersen-Tawil syndrome (ATS) is a heterogeneous, autosomal dominant genetic or sporadic disorder characterized by
ventricular arrhythmias (VAs), periodic paralyses, and dysmorphic features. VAs such as premature ventricular complex,
polymorphic ventricular tachycardia (VT), and bidirectional VT in patients with ATS seem to be benign, but rarely lead to
sudden cardiac death or tachy-induced cardiomyopathy. p-Blockers and calcium channel blockers have been used to treat
VAs in patients with ATS; however, their efficacy is limited. Recently, the sodium channel blocker flecainide has been
reported as an effective means for the suppression of VAs in patients with ATS. This multicenter study systematically
evaluated the efficacy and safety of oral flecainide for VAs in patients with ATS with KCNJ2 mutations. The
electrocardiographic parameters (QT interval, QU interval, U-wave amplitude, and U/T-wave ratio) were not significantly
altered after flecainide therapy, but parameters from the Holter recordings and treadmill exercise test can be used as a
marker for the efficacy of flecainide. Moreover, the exercise-induced bidirectional VT or polymorphic VT is observed not
only in patients with ATS but also in patients with catecholaminergic polymorphic ventricular tachycardia (CPVT). The
clinical and electrocardiographic features including U wave is sometimes similar between ATS and CPVT. Flecainide
therapy has also been useful for the suppression of VAs in patients with CPVT; thus, it should be available for the
prediagnosed patients with ATS or CPVT. Finally, flecainide therapy is safe in patients with ATS without overt left
ventricular dysfunction, although the patients in this study were not followed for a long-term period. Therefore, flecainide
may reduce risk of sudden cardiac death in patients with ATS.
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Electrocardiographic QRS Fragmentation as a Marker for
Myocardial Fibrosis in Hypertrophic Cardiomyopathy
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From the *Division of Cardiovascular Medicine, Kanazawa University Graduate School of Medicine, Kanazawa, Japan; fResearch and
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fQRS Predicts Myocardial Fibrosis in HCM. Introduction: Myocardial fibrosis in patients with
hypertrophic cardiomyopathy (HCM) usually shows a patchy distribution, which may not be detected
by pathological Q waves on 12-lead ECGs. Fragmented QRS complexes (fQRS) reflect intraventricular
conduction delay and can be a marker of myocardial fibrosis. We assessed whether fQRS show better
correlation with myocardial fibrosis than pathological Q waves in HCM.

Methods and Results: This cross-sectional study included 108 patients with HCM who underwent 12-
lead ECG and cardiac magnetic resonance imaging with late gadolinium enhancement (LGE-CMR). The
number of leads with pathological Q waves was not correlated with the extent of LGE measured at any
different standard deviations (SDs) (2, 4, 6, 8, and 10 SD), whereas the number of leads with fQRS showed
the best correlation with LGE at 6 SD (r = 0.32, P = 0.0008). Further, the number of leads with fQRS
was an independent predictor for the extent of LGE at 6 SD. fQRS showed higher accuracy for detecting
myocardial fibrosis defined by LGE at 6 SD than pathological Q waves; the overall sensitivity, specificity,
and accuracy of fQRS were 40%, 80%, and 64 %, respectively, whereas those of pathological Q waves
were 7%, 97 %, and 60 %, respectively. fQRS in lateral leads showed the highest accuracy (75 %), followed
by inferior leads (59%) and anterior leads (57%), for detecting LGE at 6 SD in the corresponding left
ventricular segment.

Conclusions: These findings suggest that fQRS may have a substantially higher sensitivity and diagnostic
accuracy compared with pathological Q waves for detecting myocardial fibrosis in HCM. (J Cardiovasc
Electrophysiol, Vol. 26, pp. 1081-1087, October 2015)

cardiac magnetic resonance, fragmented QORS, fibrosis, hypertrophic cardiomyopathy, pathological Q waves

Introduction ventricular arrhythmias and the development of heart failure
in HCM patients.>->

Hypertrophic cardiomyopathy (HCM) is a primary myocar- Advances in cardiovascular magnetic resonance (CMR)

dial disorder, often transmitted genetically, with a hetero-
geneous clinical expression.! The pathological hallmarks of
HCM include myocardial fibrosis, which reflects expansion
of the interstitial collagen and accumulation of foci of fi-
brotic tissue that arise after premature cardiomyocyte death.?
Recent data demonstrate a correlation between myocardial
fibrosis and unfavorable clinical manifestations such as fatal
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have enabled noninvasive detection of myocardial fibrosis
in vivo with the late gadolinium enhancement (LGE) tech-
nique in HCM and other cardiac diseases.>> However, LGE-
CMR may not be always available and involve significant
cost. Furthermore, intravenous injection of the contrast agent
is contraindicated in patients with renal failure. Therefore,
clinically simple and cost-effective methods to screen for the
presence of myocardial fibrosis in HCM are still required
even when CMR is available. From this point of view, a sim-
ple and cost-effective 12-lead ECG can be used to detect
myocardial fibrosis by the presence of pathological Q waves,
although there are diagnostic limitations in HCM patients.®
Even in patients with coronary artery disease, the overall
sensitivity of pathological Q waves for prior myocardial in-
farction is limited, estimated to be as low as 25% for a lateral
myocardial infarction.”

Fragmented QRS (fQRS) on 12-lead ECG reflects con-
duction delay caused by myocardial infarction.®'® Previ-
ous studies demonstrated that fQRS can be a more sensitive
marker than pathological Q waves for detecting myocardial
fibrosis that was determined by perfusion scintigraphy in
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patients with coronary artery disease.® However, few data
exist regarding the diagnostic value of fQRS for detecting
myocardial fibrosis in HCM, which usually shows a patchy
and nontransmural distribution. Therefore, we investigated
whether fQRS can be used to detect myocardial fibrosis as-
sessed by LGE-CMR, a technique that has been established
as a sensitive modality to detect myocardial fibrosis.

Methods
Study Population

This study has been carried out in accordance with the
Declaration of Helsinki. The study protocol was approved
by the Bioethical Committee on Medical Research, School
of Medicine, Kanazawa University. Written informed con-
sent was obtained from every patient for the administration
of gadolinium-based contrast agents. The study population
comprised 108 consecutive patients with HCM who under-
went LGE-CMR at our institution between 2008 and 2015.
Previously, we have published a study on CMR-determined
right ventricular hypertrophy in 106 HCM patients who un-
derwent LGE-CMR between 2008 and 2014.'! The same 106
patients were included in this study population. HCM was
diagnosed by the presence of a nondilated and hypertrophied
left ventricle (LV) on 2-dimensional echocardiography (LV
wall thickness =15 mm) in the absence of other disease that
could account for the hypertrophy.!?

Electrocardiography

A standard 12-lead ECG (0.5-150 Hz, 25 mm/s,
10 mm/mV) was recorded in the supine position during
quiet respiration. The fQRS was defined as previously
described,®>!? as follows: in patients with QRS duration
<120 milliseconds, (1) an additional R wave (R’ prime), (2)
notching in nadir of the S wave, (3) notching of R wave,
or (4) the presence of more than 1 R prime in 2 contiguous
leads corresponding to the left ventricular (LV) segment; in
patients with right or left bundle branch block (QRS dura-
tion =120 milliseconds), (1) various RsR’ pattern with >2
R’, (2) >2 notches in the R wave, or (3) >2 notches in the
downstroke or upstroke of the S wave, in 2 contiguous leads
corresponding to the LV segment. The criterion for patho-
logical Q waves was defined as follows based on previous
studies:'4 Q wave > 1/4 of the ensuing R wave in depth and/or
>40 milliseconds in duration in at least 2 leads except aVR.
The presence of fQRS or pathological Q waves in =2 con-
tiguous anterior leads (V1-V5), lateral leads (I, aVL, and
V6), or inferior leads (II, III, and aVF) was assigned to de-
tect myocardial fibrosis in the anterior, lateral, or inferior
segments, respectively.®

Echocardiography and CMR

Standard M-mode and 2-dimensional echocardiographic
studies were performed to identify and quantify morpho-
logical features of the LV in accordance with the guide-
line of the American Society of Echocardiography.'®> Eval-
uation of LV outflow tract pressure gradient was performed
by the continuous wave Doppler study. LV outflow tract ob-
struction (LVOTO) was defined as LVOT pressure gradient
230 mmHg.

CMR imaging was performed with a 1.5 Tesla scanner
(GE). Delayed-enhancement images for detection of fibrosis
were obtained 10 minutes after intravenous administration of
gadolinium-DTPA (0.2 mmol/kg). Areas of LGE at different
standard deviations (SDs) (2 SD, 4 SD, 6 SD, 8 SD, and
10 SD) above the normal myocardial signal were quantified
as previously reported and presented as percentage of LV
areas. 618

Statistical Analysis

Values were expressed as the mean £ SD. Compar-
isons between continuous variables were made using the
Student unpaired r-test for parametric variables and the
Mann-Whitney test for nonparametric variables. Categori-
cal data were compared using the chi-square test. Sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), and accuracy were defined as previously
reported.® Spearman rank correlation was used to assess the
relationship between the extent of LGE at different thresh-
old definitions and the number of leads with pathological
Q waves or fQRS. Unadjusted and multivariate-adjusted lo-
gistic regression analyses were used to assess the associations
between the clinical parameters and myocardial fibrosis. A
P value of <0.05 was considered statistically significant,
and all analyses were conducted using JMP software version
9.0.2 for Mac (SAS).

Results
Patients’ Characteristics

Baseline characteristics of the 108 patients are presented
in Table 1. Pathological Q waves in 2 contiguous leads were
present in 11 (10%) patients, and fQRS in 2 contiguous leads
was present in 61 (56%) patients. A representative 12-lead
ECG with pathological Q waves and fQRS is presented in
Figure 1. Patients with pathological Q waves showed the
significantly increased extent of LGE measured at 6 SD and
8 SD compared with those without pathological Q waves
(6 SD; 9.2 & 11.4% vs. 17.3 + 15.2%, P = 0.034, 8 SD;
13.7 & 14.5% vs. 24.0 & 19.7%, P = 0.034). The extent of
LGE was significantly increased only at 6 SD in patients with
fQRS compared with those without fQRS (11.3 & 11.9% vs.
17.4 £ 17.2%, P = 0.039).

Distribution of Pathological Q Waves and fORS in HCM

We first investigated the frequency of pathological
Q waves and fQRS in the 108 HCM patients. fQRS was
observed predominantly in the inferior leads, followed by
the anterior, and lateral leads, whereas pathological Q waves

. were mainly found in lateral leads (Fig. 2A). fQRS was

present more frequently than pathological Q waves in all
segments. LGE was present predominantly in the ante-
rior segments, followed by inferior and lateral segments
(Fig. 2B).

Relationship Between LGE Measured at Different SDs
and the Number of Leads With fORS

We next examined which definition of LGE had the
best correlation with the number of leads with pathologi-
cal Q waves or fQRS in the 108 patients with HCM. The
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TABLE 1
Comparison of Characteristics Between HCM Patients With and Without Pathological Q Waves, and Those With and Without fQRS
No Pathological Q Waves  Pathological Q Waves No fQRS Pattern QRS Pattern
n=97 n=11 P Value n=47 n=61 P Value

Age (years) 62.3 +13.7 53.8+18.1 0.062 623+ 144 60.8 4 14.3 0.58
Male gender, n (%) 62 (64) 8(73) 0.55 43 (91) 27 (44) 0.16
AF, n (%) 19 (20) 2(18) 0.91 817 13 (21) 0.57
QRS axis (degree) 264 £41.5 45.5+176.3 0.19 289 +47.6 278 £45.2 0.9
LVOTO, n (%) 99 2(19) 0.39 6 (13) 5(8) 0.44
CMR measurements

LVMWT (mm) 19.8 £4.5 20.0 £+ 5.1 0.88 19.1+45 204 +4.6 0.14

LVEDV (mL) ‘ 96.8 + 31.0 129.5 £ 40.8 0.0018 97.9 +32.3 101.9 £34.3 0.54

LVEF (%) 729 4 13.7 527 £23.7 <0.0001 74.0 + 13.0 68.4+17.8 0.069

LV mass (g) 145.8 + 50.0 147.9 £+ 39.0 0.89 135.3 + 46.0 154.2 £499 0.046

LGE extent at 10 SD (%) 6.54+9.1 11.8 £ 13.1 0.085 52+74 8.5+ 109 0.084

LGE extent at 8 SD (%) 924114 173+ 15.2 0.034 7.5+93 1204135 0.058

LGE extent at 6 SD (%) 13.7 £ 145 24.0 £19.7 0.034 11.3+11.9 174+ 172 0.039

LGE extent at 4 SD (%) 21.7+19.0 33.7+24.6 0.057 189+ 16.5 26.0 +£21.7 0.064

LGE extent at 2 SD (%) 35.8+£233 46.8 +28.0 0.15 3274215 402 +254 0.1
Conventional risk factors

Family history of SCD, n (%) 20 (21) 6 (55) 0.023 11 (24) 15 (25) 0.9

Unexplained sycope, n (%) 8 (8) 19 0.94 3(7) 6 (10) 0.52

History of VT/VF, n (%) 8(8) 2 (18) 0.34 4(9) 6 (10) 0.82

LVMWT >30 mm, n (%) 4(4) 0 () 0.35 24) 203) 0.79
Medication

Calcium antagonist 33 (34) 327 0.65 14 (30) 22 (36) 0.49

Beta blocker 49 (51) 7 (64) 041 24 (51) 32(52) 0.89

Antiarrhythmics 13 (13) 327 0.26 511 11 (18) 0.28

AF = atrial fibrillation; CMR = cardiac magnetic resonance; fQRS = fragmented QRS; HCM = hypertrophic cardiomyopathy; LGE = late gadolinium
enhancement; LVEDV = left ventricular end-diastolic volume; LVEF = left ventricular ejection fraction; LVMWT = left ventricular maximal wall thickness;
LVOTO = left ventricular outflow tract obstruction; SCD = sudden cardiac death; SD = standard deviation; VF = ventricular fibrillation; VT = ventricular
tachycardia.

Figure 1. A representative electrocardio-
gram with fORS waves and pathological
Q waves in an HCM patient. The different
morphologies of fORS are shown in this
figure; notching of the R wave in leads
11, 111, and aVF, and norching in nadir of
the S wave in leads 1, aVL, V4, V5, and
B V6. Pathological Q waves are observed in
leads I and V6.

number of leads with pathological Q waves was not cor-  Diagnostic Values of fORS for Detecting the Presence of
related with the extent of LGE at any threshold definitions  Myocardial Fibrosis in the HCM Hearts

(Table 2), whereas the number of leads with fQRS showed ) )
the best correlation with LGE measured at 6 SD (r = 0.32, ) Since LGE measured at 6 S_D showed the best corrglatlon
P = 0.0008) (Table 2, Fig. 3). Multivariate adjusted regres- ~ With the number of leads with fQRS, we thought it pru-
sion analyses revealed that fQRS, LV ejection fraction, and ~ dent to assess the diagnostic values of fQRS in 2 contiguous
maximal wall thickness of LV were independent predictors ~ leads for detecting myocardial fibrosis defined by LGE at
for the extent of LGE measured at 6 SD, even after adjust- ~ © SD in the corresponding myocardial segments (Table 4,
ments for clinical cofounders (Table 3). In contrast, patho- ~ Fig. 4). The overall sensitivity, specificity, PPV, NPV, and

logical Q waves did not independently predict the extent of ~ accuracy of pathological Q waves for detecting myocgrdia]
LGE measured at 6 SD in HCM (Table 3). fibrosis were 7%, 97%, 64%, 60%, and 60%, respectively,
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Figure 2. Frequency of pathological Q
waves, fORS, and positive LGE in the 48
HCM patients. A: fORS was found pre-
dominantly in the inferior leads, followed
by the anterior, and lateral leads. Patho-
logical Q waves were mainly found in
the lateral leads. B: Frequency of posi-
tive LGE at different threshold definitions
(2,4, 6,8, and 10 SD). LGE was present
predominantly in the anterior segments,
Jfollowed by inferior and lateral segments.

TABLE 2

Correlation Between LGE Measured at Different Threshold Definitions and the Number of Leads With Pathological Q Waves or fQRS in the HCM Patients

The Number of Leads with Pathological Q

The Number of Leads with fQRS

Spearman Correlation P Value Spearman Correlation P Value
LGE at2 SD 0.16 0.11 0.29 0.0025
LGE at4 SD 0.15 0.11 0.29 0.0022
LGE at 6 SD 0.15 : 0.12 0.32 0.0008
LGE at 8 SD 0.17 0.07 0.31 0.0009
LGE at 10SD 0.16 0.11 0.31 0.0012

fQRS, HCM, LGE, and SD definitions as in Table 1.

and those of fQRS were 40%, 80%, 58%, 66%, and 64%,
respectively. Pathological Q waves in lateral leads showed
the highest sensitivity (19%) for detecting myocardial fibro-
sis in the corresponding lateral LV segment, whereas fQRS
in inferior leads showed the highest sensitivity (51%). The
specificity of pathological Q waves was excellent for detect-
ing myocardial fibrosis in each corresponding LV segment,
whereas the specificity of fQRS in inferior leads was 64%
for detecting myocardial fibrosis in the corresponding infe-
rior LV segment. Examples of concordant fQRS and LGE
findings in an HCM patient are shown in Figure 5.

Discussion

In this study, we demonstrated that the number of leads
with fQRS showed the best correlation with LGE when mea-
sured at 6 SD and was an independent predictive factor for
the extent of LGE in HCM. Further, fQRS showed a better
sensitivity compared with pathological Q waves in HCM for
detecting myocardial fibrosis defined by LGE at 6 SD.

Diagnostic Values of fQRS for Detecting Myocardial
Fibrosis in HCM

Spiewak et al. reported that LGE measured at 6 SD pro-
vided the best agreement with visual assessment in HCM

patients,'” indicating that the number of leads with fQRS,
which was best correlated with LGE at 6 SD in our study
(Table 2, Fig. 3), may be associated with visually interpreted
LGE in clinical practice of HCM. Interestingly, Moravsky
et al. reported that LGE at 4 SD and 5 SD showed the closest
approximation to the extent of total fibrosis (interstitial fibro-
sis and myocardial scarring), whereas LGE at 10 SD showed
the best correlation with myocardial scarring measured by
the histopathological standard of reference in HCM.!® To-
gether, these findings suggest that the number of leads with
fQRS may reflect both interstitial fibrosis and myocardial
scarring in HCM.

ECG abnormalities such as pathological Q waves,”® neg-
ative T waves,?! right bundle branch block,” and deep-
notched QRS in the absence of bundle branch block,?? have
been reported to correlate with myocardial fibrosis in HCM.
Regarding fQRS, although Suwa et al. reported that the pres-
ence of fQRS may be associated with apical aneurysm in
HCM,? it has been unclear whether fQRS can be used to
detect myocardial fibrosis in the corresponding LV segment.
In our study, fQRS showed a higher sensitivity than patho-
logical Q waves for detecting myocardial fibrosis defined
by LGE at 6 SD in the corresponding LV segment in HCM
(Table 4, Fig. 4). However, there is a compromise in the
specificity; fQRS in inferior leads was substantially less spe-
cific than pathological Q waves for detecting LGE at 6 SD. In
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Figure 3. Correlation between the number of leads with fQRS and LGE measured ar different threshold definitions. The number of leads with fORS showed
a positive correlation with the extent of LGE measured at 2 SD, 4 SD, 6 SD, 8 SD, or 10 SD. The number of leads with fORS was best correlated with the
extent of LGE at 6 SD (i = 0.32, P = 0.0008).

TABLE 3
Predictors of the Extent of LGE at 6 SD in the HCM Patients (Unadjusted and Multivariate-Adjusted Regression Analysis)
Univariate Adjusted (Model 1) Adjusted (Model 2) Adjusted (Model 3)

Variable B +SE P Value B+ SE P Value B+ SE P Value B+ SE P Value
Leads with fQRS 045 £ 0.040 <0.0001 045 £+ 0.041  <0.0001 041 £ 0.043  <0.0001 0.27 & 0.045 0.0015
Leads with pathological Q 0.23 + 0.085 0.015 0.11 £ 0.090 0.22 0.031 £ 0.093 0.71
Male gender —0.0063 + 0.20 0.51 0.021 + 0.021 0.82  —0.00043 £ 0.21 0.99 0.0019 + 0.22 0.82
Age —0.090 + 0.0067 0.35 —0.045 £ 0.0069  0.62 —-0.03 £ 0.0070  0.74  -0.0022 + 0.0074 0.98
MWT 0.26 + 0.021 0.007 0.30 + 0.022 0.0002
LVEF —0.50 £ 0.0060 <0.0001 —0.38 £ 0.0068 <0.0001
QRS axis 0.22 + 0.0020 0.025 0.18 + 0.0026  0.029

fQRS, HCM, LVEF, MWT, and SD definitions as in Table 1.

TABLE 4
Diagnostic Values of Pathological Q Waves or fQRS for Detecting LGE at 6 SD in Each Corresponding LV Segment
Sensitivity Specificity PPV NPV Accuracy
Overall segments Pathological Q 7% 97% 64% 60% 60%
fQRS 40% 80% 58% 66% 64%
Inferior segments Pathological Q 3% 99% 50% 64% 63%
fQRS 51% 64% 44% 70% 59%
Anterior segments Pathological Q 5% 95% 60% 39% 40%
fQRS 38% 88% 83% 47% 57%
Lateral segments Pathological Q 19% 98% 1% 78% 8%
fQRS 30% 90% 50% 79% 75%

NPV = negative predictive value; PPV = positive predictive value. fQRS, HCM, and SD definitions as in Table 1.

this respect, both massive myocardial scarring and micro foci Diagnostic values of fQRS for detecting myocardial fi-
of fibrosis have been histologically demonstrated in HCM.? brosis defined by LGE at 6 SD varied among different LV
Micro foci of fibrosis are not identifiable by LGE-CMR or  segments; fQRS in the inferior leads showed the highest sen-
pathological Q waves; however, these small fibrotic tissues sitivity (51%) but the lowest specificity (64%), whereas fQRS

may cause conduction delay and thus result in fQRS,>!® pre-  in the lateral leads showed the lowest sensitivity (30%) but
sumably contributing to the lower specificity of fQRS than  the highest specificity (90%) (Table 4, Fig. 4). Such differ-
pathological Q waves in HCM. ences in diagnostic values of fQRS were reported to be small
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LGE at 6 SD in HCM patients (Table 3), indicating that
fQRS can be used to both qualitatively and quantitatively
detect myocardial fibrosis in HCM. Such correlations be-
tween fQRS and myocardial fibrosis raise important issues
in terms of the pathophysiology of LV remodeling and ar-
rhythmogenicity in HCM. Although the underlying mech-
anism by which myocardial fibrosis progresses in HCM
remains unclear, it has been demonstrated that premature
myocyte death due to regional ischemia and impaired my-
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Figure 4. Diagnostic values of pathological Q waves or QRS fragmentation
Sor detecting myocardial fibrosis defined by LGE at 6 SD in HCM patients.
The sensitivity of pathological Q waves was 3%, 5%, and 19% for inferior,
anterior, and lateral segments, respectively; and that of fORS was 51%,
38%, and 30% for inferior, anterior, and lateral segments, respectively. The
specificity of pathological Q waves was 99%, 95%, and 98% for inferior,
anterior; and lateral segments, respectively; and that of fORS was 64%,
88%, and 90% for inferior; anterior, and lateral segments, respectively.

in patients with coronary artery disease.® Because HCM
characteristically exhibits a more heterogeneous and patchy
appearance of myocardial fibrotic tissues'* than coronary
artery disease, we postulate that different diagnostic values
of fQRS among LV segments in HCM may be attributed to
differences in the amount of patchy myocardial fibrosis and
micro foci of fibrosis in each of the inferior, anterior, and
lateral segment.

Relationships Between the Number of Leads With fORS
and the Extent of Myocardial Fibrosis

Of note, our data demonstrated that the number of leads
with fQRS was independently associated with the extent of

ocardial metabolism? may lead to replacement fibrosis. Stud-
ies in HCM mouse models and in pressure overload models
in mice have shown that fetal cardiac genes are re-expressed
in the myocardium around replacement fibrosis,? which may
further lead to myocyte death. Increased myocardial fibro-
sis not only results in LV systolic dysfunction and heart
failure, but also may provide further structural substrates
for arrhythmogenicity.> These considerations are consis-
tent with recent studies which demonstrated associations be-
tween fQRS and heart failure progression®> or the occurrence
of arrhythmic events in HCM patients.?5?® Indeed, Femenfa
et al. demonstrated that fQRS at implantable cardioverter
defibrillator (ICD) implant can predict arrhythmic events us-
ing appropriate therapy delivered by the ICD as a surrogate.?
Additionally, inclusion of fQRS in conventional risk factors'?
could improve the predictive value for sudden cardiac death
in HCM patients.?”-*® Further study will be needed to clar-
ify whether fQRS can be used in risk stratification in
HCM.

Limitations

One limitation of this study was the small sample size.
The significant correlations between fQRS and myocardial
fibrosis observed in this study should be validated in a larger
HCM patient cohort. Additionally, the study population was
enrolled in a tertiary referral center, thus creating a selection
bias regarding the stage of the disease.

Leads with QRS fragmentation
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Figure 5. Association of fORS with ven-
tricular LGE in an HCM patient. A
43-year-old female patient with HCM
exhibited fORS in anterior leads (V3,
V4, and V5), and in a lateral lead
(aVL). CMR demonstrated LGE on an-
terior to lateral segments of LV. For
a high quality, full color version of
this figure, please see Journal of Car-
diovascular Electrophysiology’s website:
www.wileyonlinelibrary.com/journal/jce
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Conclusion

The presence of fQRS on a 12-lead ECG showed a better

sensitivity and diagnostic accuracy compared with patholog-
ical Q waves for detecting myocardial fibrosis determined
by LGE at 6 SD in HCM. Even when CMR is available,
the 12-lead ECG can be used as a screening modality for
myocardial fibrosis in HCM because of its simplicity and
cost-effectiveness.
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Evaluation of the Necessity for Cardioverter-Defibrillator
Implantation in Elderly Patients With Brugada Syndrome
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Background—The clinical characteristics and prognosis of elderly patients with Brugada syndrome (B1S) are largely
unknown. The purpose of this study was to evaluate the risks and benefits of implantable cardioverter defibrillator ICD)

in elderly patients with BrS based on a long follow-up.

Methods and Results—A total of 120 BrS patients with ICD (90 for aborted sudden cardiac arrest or syncope, mean age,
46.6+12.2 years; 50 with age 260 years at the last follow-up) were included in this study. During 102+68 months of
follow-up, 31 patients (26%) experienced appropriate shocks. Age at the first attack of ventricular fibrillation (VF) was
<70 years in all patients (mean, 45.0+12.1 years), the incidence of VF decreased with age, and VF did not recur after
70 years of age except in 2 patients with ischemic heart disease. Eleven of 28 pétients with supraventricular tachycardia
experienced inappropriate shocks. These inappropriate shocks increased with age and reached a peak in patients who
were in their sixties. Lead failures occurred in later stages after implantation in 10 of 120 patients (8%).

Conclusions—Iong-term follow-up of high-risk BrS patients with ICD showed a low incidence of VF in those aged >70 years.
Considering the increasing risk of inappropriate shocks because of the relatively late onset of supraventricular tachycardia
and lead failures, avoidance of ICD implantation, or replacement may be considered in elderly BrS patients who remain free
from VF until 70 years of age. (Circ Arrhythim Electrophysiol. 2015;8:785-791. DOI: 10.1161/CIRCEP.114.002705.)

Key Words: Brugada syndrome ® death, sudden, cardiac m defibrillators, implantable
m myocardial ischemia m syncope

mplantable cardioverter defibrillator (ICD) is considered to

be the main therapy for prevention of sudden cardiac death
in patients with Brugada syndrome (BrS). However, there have
been several reports suggesting a higher prevalence of compli-
cations, such as inappropriate shocks, lead failure, and device
infection compared with the incidence of lethal ventricular
arthythmia.' BrS is mainly diagnosed =40 years of age in men,>*

and sudden death is likely to be eliminated after ICD implanta- .

tion. Meanwhile, the clinical characteristics and prognosis of
elderly patients with BrS are largely unknown, and there are
no reports on the incidence of ventricular fibrillation (VF) or
the evaluations of the necessity for ICD in elderly patients.
Provided that BrS is caused by depolarization abnormality,*
ventricular arrhythmias may conceivably increase with age.

The purpose of this study was to investigate the incidence
of appropriate shocks and ICD complications in patients with
BrS during long-term follow-up after ICD implantation and
to assess the risk and benefit of ICD implantation in elderly
patients with BrS.

Methods
Study Population

The study population consisted of 120 consecutive BrS patients who
were admitted to National Cerebral and Cardiovascular Center, Suita,
Japan, between 1992 and 2013, and had undergone ICD implantation
(115 men; mean age, 46.6x12.2 years). All patients except 1 were
index cases. None of all the patients had structural heart disease,
including arrhythmogenic right ventricular cardiomyopathy, which was
confirmed by noninvasive studies (physical examination, 12-lead ECG,
87-lead body surface ECG, exercise stress test, signal-averaged elec-
trocardiography, and cardiac magnetic resonance imaging or computed
tomography), and invasive studies consisting of coronary angiography
including ergonovine/acetylcholine injection and right or left ven-
tricular cineangiography. This study was approved by the Institutional
Research Board of National Cerebral and Cardiovascular Center.

Diagnosis of Brugada Syndrome

BrS was diagnosed when a type 1 ST-segment elevation was observed
either spontaneously or after intravenous administration of a sodium
channel blocking agent in at least 1 right precordial lead (V, and
V,), which was placed in a standard or a superior position (up to the
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WHAT IS KNOWN

Brugada syndrome is mainly diagnosed around
40 years of age in men, and sudden death can be
effectively prevented after implantable cardioverter
defibrillator implantation.

¢ The clinical characteristics and prognosis of older
patients with Brugada syndrome is largely unknown.

WHAT THE STUDY ADDS

¢ This study included 120 patients with Brugada syn-
drome after implantable cardioverter defibrillator
implantation with a mean follow-up >8 years. Of the
total, 90 had sudden death or syncope. The incidence
of ventricular fibrillation (VF) decreased with age; the
first VF did not occur after age of 70 years in all pa-
tients, and no VF recurrences occurred after age of
70 years in patients without ischemic heart disease.

¢ The inappropriate shocks because of supraventricu-
lar tachycardia increased with age, and the risk of
lead failure also increased over time.

¢ Considering the risk of implantable cardioverter de-
fibrillator-related complications and low risk of VF
events associated with advancing age, avoidance of
implantable cardioverter defibrillator implantation,
or replacement may be considered in elderly Brugada
syndrome patients who remain free from VF until 70
years of age.

second intercostal space).” Type 1 ECG was defined as coved-type
J-point or ST elevation 22 mm followed by a negative T-wave.? Drug
provocation tests were conducted with pilsicainide (up to 1 mg/kg
body weight injected at a rate of 5-10 mg/min), disopyramide (1.5
mg/kg, 10 mg/min), or flecainide (2 mg/kg, 10 mg/min) during stan-
dard and high costal (second and third) ECG recordings. All ECGs
were recorded at 25 mm/s and 10 mm/mV and were analyzed by 2
independent cardiologists (T. Kamakura and S.K). Consensus was
reached about the diagnosis.

Clinical Data, ECG, and Electrophysiological
Testing

Clinical data including age at diagnosis, age at the first episode of
VF, sex, family history of sudden cardiac death at <45 years of age,
history of supraventricular tachycardia (SVT; atrial fibrillation [AF],
atrial flutter, and atrial tachycardia) and ventricular tachyarrhythmia

(VF or ventricular tachycardia) lasting >30 s, indications for ICD
implantation, and oral therapy were collected for all patients.
Electrophysiological study (EPS) was conducted in 100 patients as
previously described.® ICD was implanted in patients with an episode
of VF or syncope judged to be likely caused by ventricular arrhyth-
mias. ICD was also implanted in asymptomatic patients with induced
VF at EPS or a family history of sudden death.? Vasovagal syncope
was excluded by head-up tilt test using isoproterenol infusion and
oral nitroglycerin. Genetic testing for mutations in SCN5A gene was
performed in 80 patients (67%), as previously described.’

Follow-Up

All patients were followed up routinely every 3 to 6 months mainly
for device interrogation. During follow-up, patients were considered
to have an arrhythmic event if ICD interrogation revealed that appro-
priate shocks or antitachycardia pacing were delivered in response to
VF or ventricular tachycardia. The beginning of the follow-up period
was at the time of the first VF event in patients with a history of VF
and at the time of admission in patients without VF. All the data about
VF/ventricular tachycardia episodes, SVT, ICD shocks, and ICD
complications were collected during follow-up periods. Electrical
storm was defined as >3 episodes of VF within 24 hours. Lead failure
was defined as a severe lead defect that required surgical correction,
which did not include acute lead complications, such as lead perfora-
tions and lead dislodgements. Device programming was left to the
individual physician’s preference but was typically set with a single
VF zone with shock only therapy. The medical therapy was decided
by the patient’s physician.

Statistical Analysis

Data were analyzed with JMP10 software (SAS Institute Inc, Cary,
NC). Numeric values are presented as mean+SD or median (with in-
terquartile range), depending on the normality of distribution. The %>
test, Student ¢ test, 1-way ANOVA, or Mann—Whitney test was per-
formed as appropriate to test for statistically significant differences.
The incidence of VF was calculated on the basis of the age of incident
cases at VF occurrence by a person-year method, stratified according
to age, which was expressed as a number per 100 person-years of
observation. Survival curves were constructed by the Kaplan-Meier
method and compared using the log-rank test. A probability value of
P<0.05 was considered statistically significant.

Results

Clinical Characteristics and Indication for ICD
Implantation

The clinical characteristics of the 120 patients (115 men;
mean age at diagnosis, 46.6x12.2 years) are shown in
Table 1. Seventeen patients were 260 years at diagnosis.
Before ICD implantation, 36 patients (30%) had a his-
tory of VF (VF group), 54 patients (45%) had an episode

Table 1. Clinical Characteristics in Brugada Patients With VF, Syncope, and Without Symptoms

VF Syncope Asymptomatic P Value Comparing Total
(n=36) (n=54) (n=30) 3 Groups (n=120)
Age at diagnosis, y 42.5+11.1 49.5+13.4 46.1x10.3 0.02 46.6+12.2
Male (%) 35(97) 51(94) 29(97) 0.78 115 (96)
FH of SCD (%) 3(8) 13 (24) 12 (40) 0.01 28 (23)
SCN5A mutation 5/22 (23) 11/36 (31) 4/22 (18) 0.55 20/80 (25)
Spontaneous type 1 (%) 26(72) 38 (70) 21 (70 0.98 85 (71)
Induction of VF by EPS (%) 15/21 (71) 37/49 (76) 26/30 (87) 0.36 78/100 (78)

Numeric values are expressed as mean+SD. EPS indicates electrophysiological study; FH of SCD, family history of sudden

cardiac death before 45 years of age; and VF, ventricular fibrillation.
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of syncope (syncope group), and 30 patients (25%) were
asymptomatic. Among the 30 asymptomatic patients, indi-
cations for ICD implantation included inducible VF at EPS
and a family history of sudden death (n=12), inducible VF
(n=14), no inducible ventricular arrhythmia but a family
history of sudden death (n=2), and a spontaneous type 1
Brugada ECG pattern along with electrophysiologist or
patient preference for ICD (n=2).

Clinical Outcome

Follow-up data are shown in Table 2. Mean follow-up period
was 102+68 months. Seventeen patients were 270 years at
the last follow-up. The mean follow-up period of these 17
patients aged >70 years at the last follow-up was 131.6+87.6
months. Their average age at the last follow-up was 74.8+4.4
years. After they reach 70 years, they were followed for
63.5+52.6 months on average. Two patients died by suicide.
Thirty-one patients (26%) experienced appropriate shocks
because of VF. There was no documentation of shocks by
sustained monomorphic ventricular tachycardia. The inci-
dence of VF during follow-up was significantly higher in
the VF group (Figure 1). Among 50 patients who had VF
before and during the follow-up period (VF group, 36; syn-
cope group, 13; asymptomatic, 1), the peak age of VF onset
was between 30 and 39 years, the age at the first VF was
<70 years in all patients (mean age, 45.0+12.1 years; range,
27-69 years; Figure 2A and 2B), and the incidence of VF (VF
events per 100 person-years) decreased with age (Figure 2C).
Although no patients had new onset of VF after 70 years of
age, 2 patients who were suspected to have myocardial isch-
emia experienced VF recurrence after 70 years of age. The
first case was an 83-year-old man who was diagnosed with
BrS and underwent ICD implantation because of a spontane-
ous type 1 ECG and a history of syncope during night at the
age of 67 years. He developed new onset angina pectoris and
underwent percutaneous coronary intervention at the age of

Table 2. Clinical Outcomes and ICD Gomplications in the 3 Groups

ICD in Elderly Patients With BrS 787

68. He experienced several VF recurrences after the first VF
attack at the age of 69 years. However, no VF recurred after
the age of 82, when he underwent coronary artery bypass
graft surgery. The second case was an 80-year-old man who
had undergone ICD implantation because of a spontaneous
type 1 ECG and a history of syncope at the age of 63. The first
VF attack occurred 8 months after ICD implantation, when
he started to take nifedipine and quinidine because he was
suspected to have vasospastic angina. However, VF recurred
at the age of 80.

After ICD implantation, antiarrhythmic drugs were admin-
istered in 4 middle-aged patients in the VF group, and patients
in the syncope and asymptomatic group were followed with-
out drug at first. Although antiarrhythmic drugs (quinidine,
200-300 mg/d; denopamine, 15-30 mg/d; cilostazol, 100
mg/d, etc) were started in 5 patients in the VF group and 5
patients in the syncope group who experienced VF recurrence,
6 of 10 developed VF. Only 2 patients were treated with anti-
arrhythmic drugs (1: quinidine 200 mg/d and 1: quinidine 300
mg/d) during follow-up in the 17 patients who lived beyond
70 years of age. No patients underwent epicardial catheter
ablation.

Twenty-eight patients (23%) experienced SVT (Table 2)
including AF in 22 patients, atrial flutter in 5 patients, and
atrial tachycardia in 1 patient as of the last follow-up. Mean
age at the onset of SVT was 52.3+12.7 years.

Mutations of SCN5A gene were identified in 20 of 80
patients (25%). There were no statistically significant differ-
ences in the clinical parameters, including family history of
sudden death, spontaneous type 1 ECG, history of AF, VF
induction by EPS, and VF recurrence, between patients with
and without a SCN5A mutation.

ICD Complications
Device-related complications occurred in 39 patients (33%)
during the follow-up period (Table 2). The incidence of

VF Syncope Asymptomatic PValue Comparing Total
(n=36) (n=54) (n=30) 3 Groups (n=120)
Follow-up period, mo 116+76 98+69 92+53 0.45 102+68
Age at the last follow-up, y 52.4+12.8 57.7x14.8 53.9+11.0 0.08 55.2+13.3
Age 260 y at the last follow-up (%) 12 (33) 30 (56) 8(27) 0.018 50 (42)
Age =70 y at the last follow-up (%) 4(11) 20) 2(7) 0.19 17 (14)
VF recurrence (%) 17 (47) 24) 1(3) 0.0002 31 (26)
Electrical storm (%) 7(19) 7) 0(0) 0.02 11(9)
No. of appropriate shocks (total, median, 1QR) 161,0,0-6.5 106, 0, 0-0.25 1,0,0-0 0.0002 268, 0, 0-1
Death (%) 1(3) 12 0(0) 0.67 2(2)
Supraventricular tachycardia
At the time of diagnosis {%) 3(8) 5(9 3(10) 0.97 11(9)
At the last follow-up (%) 8(22) 11 (20) 9(30) 0.60 28 (23)
Atrial fibrillation (%) 8(22) 8(15) 6 (20) 0.65 22 (18)
Patients with ICD complications (%) 16 (44) 16 (30) 7(23) 0.16 39(33)
Patients with inappropriate shocks (%) 7(19) 9(17) 5(17) 0.94 21(18)
No. of inappropriate shocks (total, median, IQR) 8,0,0-0 27,0,0-0 8,0,0-0 0.98 43,0,0-0

Numeric values are expressed as mean=SD. ICD indicates implantable cardioverter defibrillator; IQR, interquartile range; and VF, ventricular fibrillation.
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complications among the 3 groups was not significantly differ-
ent. A total of 43 inappropriate shocks occurred in 21 patients.
The number of inappropriate shocks was higher than appropri-
ate shocks in the asymptomatic group. Reasons for inappropriate
shocks were SVT (n=26), sinus tachycardia (n=0), lead failure
(n=5), T-wave oversensing (n=3), and others (n=3). Fifteen
patients experienced trouble with a lead 98+41 months after
ICD implantation: 10 patients with lead failure, 3 patients with

s \F {n=36)
Syncope {n=54}
Asymptomatic {(n=30}

Figure 1. Kaplan—-Meier analysis of freedom
from lethal arrhythmic events (documented
ventricular fibrillation [VF]) during follow-up
in 3 groups (VF, sycope, and asymptomatic)
of patients with Brugada syndrome. The
incidence of VF during follow-up was sig-
nificantly higher in the VF group than in the
syncope and asymptomatic groups.

lead perforation, and 2 patients with lead dislodgement. The
incidence of lead failure per 145 leads increased over time and
reached 13% at the 10-year follow-up (Figure 3). Twenty-one
leads (15%) were involved in a device recall or advisory (St.
Jude Medical Riata or Medtronic Sprint Fidelis); however, the
incidence of such lead failure was not statistically significantly
different from ICD leads not involved in a recall process. New
lead implantation was performed in all 10 patients including 2
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Figure 2. The age distribution of the first ventricular fibrillation (VF); in total (A), and according to the clinical subgroups (VF group, 36;
syncope group, 13; and asymptomatic group, 1; B), and the incidence of VF depending on each age category (C). Among 50 patients who
had VF before and during follow-up period, the peak age of VF onset was between 30 and 39 years, the age at the first VF was <70 years
in all patients (range, 27-69 years), and the incidence of VF decreased with age after reaching a peak between 20 and 39 years of age.
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Figure 3. Kaplan-Meier analyses of lead failures during follow-
up. The incidence of lead failure per 145 leads increased over
time.

patients who required lead extraction. Another 10 patients had
infection related to the ICD that required lead extraction in all
patients including surgical approach in 3 patients. Three patients
needed to change the location of generator because of pain.

Inappropriate shocks because of SVT occurred in 11 of 28
patients (39%) with SVT (10: AF and 1: atrial flutter). Eight
cases of AF were newly detected when inappropriate shocks
occurred. These shocks increased with age in accordance with
increasing number of SVTs (Figure 4A) and reached a peak in
patients who were in their sixties (Figure 4B).

Discussion

Main Findings

It is thought, albeit with uncertainty, that ICD implantation
may provide less benefit to elderly patients with Brugada
syndrome, although there is no definite evidence. This study,
long-term (about 100 months) follow-up of 120 BrS patients
with ICD including 90 high-risk patients, showed that the inci-
dence of VF decreased with age, the first VF never occurred
after age of 70 years in all patients, and no VF recurrences
occurred after age of 70 years in patients without ischemic
heart disease. The inappropriate shocks because of SVT
increased with age, and the risk of lead failure also increased
over time. Considering the higher risk of ICD complications
with age, BrS patients who remain free from VF until 70 years
of age might not benefit from an invasive procedure, such as
ICD or lead implantation, and lead extraction after 70 years.
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Prognosis of Elderly Patients

With Brugada Syndrome

There is a considerable number of reports on the clinical char-
acteristics and prognosis of the adult patients with BrS.2*$9
However, several case reports'®'' and only 1 systemic study™
exist about the clinical characteristics of the elderly patients
with BrS. Conte et al'"? retrospectively analyzed 74 BrS patients
aged >60 years, among whom 31 patients had ICD, and con-
cluded that the BrS patients aged >70 years might be a lower
risk category of patients compared with younger individuals
because none of the elderly patients who were >70 years had
aborted sudden death. However, the characteristics of their
cohort were different from the previous reports of BrS,*#913
that is, only 3% of the patients had a history of VF and only
13% of the patients had a spontaneous type 1 ECG. In addition,
the mean follow-up period of their study was <55 months, and
among 25 patients >70 years, no patients had a history of VF
and only 9 patients had syncope. This means that their conclu-
sion was drawn from the cohort consisting of a small number
of high-risk patients who were followed for a shorter period
than in this study. However, in this study, all the 120 patients
including 50 patients who were aged 260 years had received
ICD. Among them, 70% showed type 1 ECG spontaneously,
30% had a history of VE and 45% had experienced an epi-
sode of syncope. The mean follow-up time was 102 months
and 15 of 17 (88%) patients who were >70 years had a history
of VF or syncope. Thus, the cohort in this study included a
large number of patients not only with higher risk features but
also with a much longer follow-up. Furthermore, contrary to
the study by Conte et al, in which ventricular arrhythmias of
elderly patients were incompletely tracked by a limited num-
ber of ICDs (31 patients with age >60 years, about 10 with
age 270 years), this study showed the decennial VF incidence
based on a more thorough arrhythmia tracking with a larger
number of ICDs (50 patients with age 260 years, 17 with age
270 years). Although, every patient without a prior history of
VF before 70 years of age and most patients with a history of
VF experienced no VF after 70 years of age, whereas 2 patients
>70 years were taking low-dose quinidine. In 2 elderly patients
with VF recurrence, newly developed myocardial ischemia was
suspected to trigger VF episodes although there was no ECG
evidence showing acute coronary syndrome. This means that
BrS patients aged >70 years without ischemic heart disease

A B
number of number of
patients patients
9 9
n=28 n=11

Figure 4. The age distribution of the first supra-

ventricular tachycardia (SVT; A) and of the

inappropriate shocks because of SVT (B). Inap-
propriate shocks because of SVT occurred in

11 of 28 patients (39%) with SVT. The number

of SVT and inappropriate shocks increased with
age.

years
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might belong to a lower risk group of VF patients than younger
BrS patients. Actually, as far as we know, there exist no reports
of ECG documentation of new onset VF or electrical storm in
patients with BrS after 70 years of age.

The decreasing incidence of VF with age in the middle-aged
to elderly, which was first demonstrated using person-years
analysis in this study, might give clues to the understanding of
the mechanism of BrS (Figure 2C). Supposing that VF attack
in BrS is caused by a depolarization abnormality only,* the
number of ventricular arrhythmias would not decrease with
age because structural changes would continue to contribute to
arrhythmias. Yet the decreasing incidence of VF after reaching
a peak between 20 and 39 years of age may indicate that the
repolarization abnormality plays a major role in the pathogene-
sis of VF in patients with BrS. One of the possible background
factors that influence ventricular repolarization is the level of
sex hormone that can increase the outward potassium current
or decrease the inward calcium current. There have been sug-
gestions that Brugada phenotype has a relationship to the level
of sex hormones,"*" and the decrease in blood level of testos-
terone with aging'® might contribute to the low incidence of VF
in elderly patients. Further studies will be needed to investigate
the role of sex hormone in ventricular arrhythmias in BrS.

ICD Complications in Patients With Brugada
Syndrome
This study showed a high incidence of inappropriate shocks,
lead troubles, and ICD-related infections with increasing age of
patients, some of which were reported by previous studies."""
Moreover, as the second novel finding, we observed that the
mean age at the onset of SVT was after middle age (52.3+12.7
years), and that inappropriate shocks because of SVT increased
with age (Figure 4). This means optimal programming of ICD
including single high-rate VF zone (210-220 beats per minute)
and long VF detection interval, and the lead positioning with
adequate R-wave discrimination might become essential for the
prevention of inappropriate shocks in the elderly BrS patients.
Furthermore, catheter ablation can also be effective to reduce
inappropriate shocks in patients with AF>

ICD generator/lead has been routinely implanted or
exchanged in patients with a history of VF or syncope
because they have been shown to have a poor prognosis.'*%!7
However, it is difficult to decide not to implant an ICD in
asymptomatic patients with multiple risk factors of sudden
death (induced VF, strong family history, etc) because we
still have no reliable data for predicting a future VF event.
This study indicated that the BrS patients who had only syn-
cope or remained asymptomatic until 70 years of age may
be spared from a future VF event. In addition, given our data
that none of the BrS patients without ischemic heart disease
experienced further VF recurrence after 70 years of age, and
the increasing risk of inappropriate shocks because of SVT
or lead failure with aging, avoidance of an invasive proce-
dure, such as new ICD implantation, or ICD generator/lead
exchange may be advisable for such patients. Nevertheless,
the device-guided management for patients with low or
intermediate risk still remains controversial. Subcutaneous
ICD?' can be implanted as substitute for transvenous ICD for
such patients.

Study Limitations

This was conducted at a single-center using retrospective
analysis. The small number of patients might limit the inter-
pretation of the results, yet, it should be pointed out that no
other reports with a significant number of high-risk elderly
BrS patients exist. In addition, the number of VF patients is
larger, and the follow-up period in this study is much longer
than that of the worldwide multicenter registry of BrS patients
with ICD."” Furthermore, prospective multicenter studies with
larger numbers of patients will be needed to confirm these
results.

Conclusions

Long-term follow-up of high-risk BrS patients with ICD
showed a low incidence of VF in the elderly patients. Con-
sidering the increasing risk of inappropriate shocks because
of the relatively late onset of SVT and lead failures, avoid-
ance of ICD implantation or replacement may be consid-
ered in elderly BrS patients who remain free from VF until
70 years of age.
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