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Table 3 Parameters evaluated using grayscale and virtual histology intravascular ultrasound

Elderly (n = 72)

Non-elderly (n = 47)

Baseline Follow-up p value Baseline Follow-up p value

EEM volume index (1mn3/mm) 17.27 &= 5.49%* 17.12 & 5.55%* 0.19 14.95 + 4.71 14.52 & 4.54 0.007
% change —0.9 £ 5.1 —24 £6.3

Plaque volume index (mm’/mm) 9.49 £ 3.63% 9.43 £ 3.52%% 0.57 8.11 + 2.56 7.80 & 2.40 0.007
% change 0.0 +9.1" —3.1 £ 8.9

Lumen volume index (mm’/mm) 7.78 4= 2.53% 7.69 4 2.63* 0.43 6.83 4+ 2.63 6.72 £ 2.61 0.3
% change —1.0 £ 125 —1.0 &£ 10.5

Percent atheroma volume (%) 545+ 7.1 54.8 +7.0 0.58 547 £70 542 +£7.0 0.35
Nominal change (%) 03445 —~0.5+3.6

Fibrous volume index (mm?*/mm) 349 £+ 2.01 3.48 4+ 1.83%*F 0.94 3.00 4 1.48 2.61 £+ 1.17 0.0004
Change (mm*/mm) —0.01 4 0.84% —-0.39 £ 0.70

FF volume index (mm?/mm) 1.26 =+ 1.10%* 0.96 £ 0.77* 0.0006 0.79 £ 0.59 0.62 £ 0.63 0.1
Change (mm?/mm) —0.30 =+ 0.71 —0.17 = 0.70

NC volume index (mm’/mm) 0.75 4 0.54 0.87 & 0.56 0.06 0.73 £ 0.59 0.88 + 0.63 0.1
Change (mm?’/mm) 0.11 4 0.50 0.15 £ 0.63

DC volume index (1n1n3/1111n) 0.47 4 0.45 0.59 4+ 0.54 0.002 0.38 £ 0.36 0.49 4+ 0.44 0.01
Change (mmslmm} 0.12 £ 0.32 0.11 £ 0.29

Average length (mm) 257 £ 149 22.8 £ 15.0

Data are expressed as mean = SD

EEM external elastic membrane, FF fibro-fatty, NC necrotic-core, DC dense-calcium

* p < 0.05, ¥¥p < 0.01 compared to non-elderly. #p = 0.07 compared to non-elderly

y =-17.055 +0.237%
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p=0.004
30
20 ¢ ° ¢
e
[} @ @
10 4 & :@ :@ & e

=10 4

Percentage change in plaque volume (%)
5 o

-30

46 45 50 55 60 65 70 75 80 85 90
Age (years)

Fig. I Comrelation between age and percentage change in plaque
volume during statin therapy. Age and percentage change in plaque
volume during statin therapy showed a significant positive
correlation

Table 4 Predictors of percentage change in plaque volume

Univariate Multivariate

r p value B p value
Age 0.265 0.004 0.223 0.02
Gender -0.127 0.17 0.012 09
Coronary artery disease status  —0.066  0.48
Hypertension 0.163  0.08 0.063 0.53
Diabetes mellitus 0.137 0.14 0.06 054
Smoking 0.088 0.34
eGFR —-0.035 071
Type of statin —-0.074 0.43
Percentage change in LDL-C  —0.001 0.99
Percentage change in sd-LDL —0.097 0.34
Percentage change in HDL-C —0.114 0.22
Percentage change in hs-CRP 0.056 0.56
Change in EPA + DHA/AA  —024  0.02 —0.209 0.04

Male gender, unstable angina pectoris, hypertension, diabetes melli-
tus, smoking, and pitavastatin use were assigned a value of 1. Female
gender, stable angina pectoris, normal blood pressure, absence of
diabetes and smoking, and pravastatin use were assigned a value of 0

eGFR estimated glomerular filtration rate, LDL-C low-density lipo-
protein cholesterol, hs-CRP high-sensitivity C-reactive protein,
EPA eicosapentaenoic acid, DHA docosahexaenoic acid, AA arachi-
donic acid
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the percentage change in plaque volume was different
between the elderly and non-elderly patients. Furthermore,
age showed a significant positive correlation with the
percentage change in plaque volume and a significant
predictor associated with the percentage change in plaque
volume during statin therapy.

Glagov et al. [12] described vascular remodeling as a
compensatory enlargement of the coronary artery in
response to an increase in plaque area. In histological
studies, expansion in vessel size is associated with an
increase in inflammatory cells and proteolytic enzymes [13,
i4]. In clinical IVUS studies, expansive remodeling is
associated with plaque instability and unstable clinical
presentation [15-17]. Consistent with previous findings
from human autopsies [2] and IVUS [3-5, 18], our results
demonstrated that coronary atherosclerosis was more
advanced with expanding remodeling and greater atheroma
volume in the elderly patients. Furthermore, a significant
negative vessel remodeling and regression in plaque vol-
ume during statin therapy were observed only in the non-
elderly patients. Thus, atherosclerosis accelerated with age
[1], even in patients who received statin therapy.

According to VH-IVUS, the fibro-fatty plaque compo-
nent is associated with development of acute coronary
syndrome [19]. As reported in the main TRUTH trial [8], a
decrease in the fibro-fatty plaque component and an
increase in the calcified component were observed in both
the elderly and non-elderly patients. Consistent with pre-
vious studies [20, 21], statins induced significant changes
in the composition of coronary atherosclerosis without a
significant regression in coronary artery plaques in the
elderly patients, which illustrated the potential effects of
statin against coronary events even in these high risk
patients with elderly. Statin therapy reduces matrix
metalloproteinase activity, apoptosis, and macrophages,
and increases collagen content [22]. These changes could
explain the qualitative changes observed in coronary artery
plaque composition without a regression in plaque volume.
However, a large amount of atheroma volume, particularly
the fibro-fatty plaque component, before and during statin
therapy may affect the development of coronary events in
the elderly patients. As several studies have reported that
statins have no effect on necrotic-core accumulation [8, 23,
241, statin therapy could not halt the progression of the
necrotic-core component in this study.

Current lipid-lowering guidelines focus on LDL-C
reduction as a principal target for primary and secondary
prevention of cardiovascular disease [25]. Indeed, clinical
trials using statins have demonstrated reductions in car-
diovascular events and atheroma progression [6-8, 26].
However, not only serum LDL-C but also serum HDL-C,
the LDL-C/HDL-C ratio, and other parameters are useful
markers of atheroma regression and/or inhibition of
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progression in coronary artery plaques [27-29]. Recently,
we reported that >40 % of patients receiving statin therapy
continued to demonstrate atheroma progression [30]. Thus,
not all patients show reductions in cardiovascular events
and regression in coronary atherosclerosis under statin
therapy. Bayturan et al. [31] reported that residual risk
factors associated with atheroma progression in patients
who achieve very low LDL-C levels (<70 mg/dl) included
baseline percent atheroma volume, presence of diabetes
mellitus, increase in systolic blood pressure, less increase
in HDL-C, and a smaller decrease in apolipoprotein B
levels. This suggests the need for intensive control of
global atherosclerotic risk factors to produce regression in
coronary atherosclerosis. However, although serum LDL-
C, apolipoprotein B, and sd-LDL levels were significantly
lower in the elderly patients, a significant regression in
plaque volume was observed only in the non-elderly
patients. Considering of change in the EPA + DHA/AA
ratio was a significant predictor of the percentage change in
plaque volume, the residual risk for cardiovascular events
during statin therapy can be explained in part by n-3 to n-6
polyunsaturated fatty acids ratios {32]. More recently, Puri
et al. [33] reported that greater baseline atheroma volume
was associated with less disease progression while older
age was a significant predictor of atheroma progression
with potent statin therapy. Although coronary atheroscle-
rosis was more advanced in the elderly patients, statin-
induced regression in plaque volume and negative vessel
remodeling were attenuated. This suggests that atheroma
regression in older individuals in general may be more
difficult to achieve.

A meta-analysis demonstrated that effects of statin on
major vascular events were similar among patients with
age <65, >65 to <75, >75 years [34]. However, a large-
scale, prospective, uncontrolled study performed in Japan
reported that incidence of cardiovascular events during
statin therapy was highest in patients aged >65 years old in
the secondary prevention cohort [35]. Therefore, statin
therapy may have less impact on the secondary prevention
in Japanese patients with elderly.

Study limitations

The present study had several limitations. First, it is a post
hoc subanalysis of the TRUTH trial. Second, although we
excluded patients with angiographically apparent thrombi,
an intramural thrombus might have influenced the study
results. Third, IVUS examinations were performed only in
the culprit vessel. Mechanical interventions might have
affected the atheroma measurements because target seg-
ment of interest was located in the proximal site of culprit
lesion in some patients and maximum necrotic-core area
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has been often located proximal of the most severe stenosis
site [36]. Finally, the small number of patients meant that
the study’s statistical power was insufficient to evaluate
differences between the elderly and non-elderly patients.
Therefore, a prospective multicenter study involving more
patients is required to confirm our conclusions.

Conclusions

Coronary atherosclerosis was more advanced and vascular
responses to statin therapy were attenuated in the elderly
patients compared to the non-elderly patients.

Conflicts of interest None.
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The new ECG telemedicine system using a smart phone; Comparison of Holter ECG
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Abstract : We have developed a new wireless ECG monitoring system (ABS-1) which transmits data via a
Bluetooth-equipped smartphone. The quality of ABS-1 ECG was compared against the Holter ECG's in
healthy volunteers. At the lowest heart rate of each individual, ABS-1 and Holter devices recorded identical
waveforms of ECG. The results suggest that this new Bluetooth wireless ECG monitoring system can become
a future compact and inexpensive ECG monitoring tool for health care management at home.
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Genetic Background of Catecholaminergic Polymorphic
Ventricular Tachycardia in Japan

Mihoko Kawamura, MD; Seiko Ohno, MD, PhD; Nobu Naiki, MD; Iori Nagaoka, MD, PhD;
Kenichi Dochi, MD; Qi Wang, BSc; Kanae Hasegawa, MD; Hiromi Kimura, MD, PhD;
Akashi Miyamoto, MD, PhD; Yuka Mizusawa, MD, PhD; Hideki Itoh, MD, PhD;
Takeru Makiyama, MD, PhD; Naokata Sumitomo, MD, PhD; Hiroya Ushinohama, MD;
Kotaro Oyama, MD, PhD; Nobuyuki Murakoshi, MD, PhD; Kazutaka Aonuma, MD, PhD;
Hitoshi Horigome, MD, PhD; Takafumi Honda, MD, PhD; Masao Yoshinaga, MD, PhD;
Makoto Ito, MD, PhD; Minoru Horie, MD, PhD

Background: The genetic background of catecholaminergic polymorphic ventricular tachycardia (CPVT) has been
extensively investigated for the last decade in Western countries, but it remains unstudied in the Asian population.

fflethods and Resulis: In 50 Japanese probands from unrelated families who satisfied clinical criteria for CPVT,
genetic testing was conducted in all exons on 3 CPVT-related genes: cardiac ryanodine receptor 2 (RYR2), calse-
questrin 2 (CASQ2) and inward rectifier potassium channel 2 (KCNJ2), and the clinical features between RYR2-
genotyped and -non-genotyped patient groups were compared. Genetic and clinical evaluation was also done in 46
family members. In the genetic screening, 28 (18 novel) RYR2 (56.0%), 1 compound heterozygous CASQ2 (2.0%)
and 1 KCNJ2 (2.0%) mutation carriers were identified. In the RYR2 mutation-positive group, the frequency of bidi-
rectional ventricular tachycardia and the use of B-blockers were significantly higher than in the mutation-negative
group. In contrast, there was no significant difference in supraventricular arrhythmias between the 2 groups. With
regard to disease penetrance, the number of family members of RYR2-genotyped probands with a clinical diagnosis
of CPVT was high.

Conclusions: Thirty gene mutation carriers were found for 3 genes in 50 probands clinically diagnosed as having
CPVT. The penetrance of CPVT phenotype was significantly higher in RYR2 mutation carriers, thus RYR2 gene
screening in CPVT patients would be indispensable to prevent unexpected cardiac sudden death of young family
members. (Circ J 2013; 77: 1705-1713)

Key Words: Beta-blockers; Calsequestrin; Catecholaminergic polymorphic ventricular tachycardia; Flecainide;
Ryanodine receptor

atecholaminergic polymorphic ventricular tachycardia dycardia and atrial arrhythmias have been associated with
C (CPVT) is a form of inherited cardiac arrhythmia, CPVT.>5
characterized by polymorphic or bidirectional ven-
tricular tachyarrhythmia (pVT or bVT) induced by physical Editorial p1684
exercise, emotional stress or catecholamine use.'* CPVT pa-
tients have autosomal dominant or recessive traits. The QTc The first gene locus mapped to chromosome 1q42-43* was
interval is generally within the normal range, but sinus bra- an autosomal dominant form of CPVT (CPVT1), and muta-
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Figws 1. Representative 12-lead electrocardiogram showing
exercise-induced bidirectional ventricular tachyarrhythmia
recorded in a patient (30p; Tabie 1) carrying inward rectifier
potassium channel 2 (KCNJ2) mutation, p.G144D.

15

tions were identified in a gene encoding a cardiac ryanodine
receptor (RYR2; MIM 180902).%4-1¢ Homozygous or compound
heterozygous mutations in calsequestrin 2 (CASQ2; MIM
114251) were then reported to cause the second variant of
CPVT (CPVT2).241 CASQ2 encodes a Ca-binding protein
in the sarcoplasmic reticulum and plays a key role in maintain-
ing cytosolic Ca?* concentration, in collaboration with RYR2.
In 2009, the third variant of CPVT was reported to result from
a mutation in KCNJ2 (MIM 600681), which encodes Kir2.1,
a subunit for inward-rectifier potassium channels.** The KCNJ2
mutation (p.V227F) produced no functional defects on Kir2.1
channels at rest but an unusual latent loss of function regard-
ing the cAMP-dependent protein kinase A (PKA)-dependent
phosphorylation of Kir2.1 channel proteins.’ This in turn
leads to the loss of response in Kir2.1 function to -adrenergic
stimulation. More recently, Bhuiyan et al reported a new ma-
lignant variant of CPVT in an inbred family with autosomal
recessive inheritance. They have mapped this recessive CPVT
locus to chromosome 7p14—p22.%° Roux-Buisson et al identi-
fied triadin (TRDN) as a new gene responsible for an autoso-
mal recessive form of CPVT.1#

To date, there are a substantial number of reports on the
genetic background in CPVT cohorts from Western coun-
tries,246-21-13.17.18 [yt few in Asian populations.®-2 In the pres-

ent study, we therefore conducted genetic testing on 3 CPVT-
related candidate genes — RYR2, CASQ2, and KCNJ2 - in 50
CPVT probands from unrelated Japanese families and their 46
family members and examined their correlation with clinical
phenotypes.

Methods

Subjects

Fifty clinically diagnosed CPVT probands and their 46 family
members (total, 96) were included in genetic analysis. The
entry criteria were the presence of the following arrhythmias
documented on exercise stress testing and/or Holter monitor-
ing electrocardiogram (ECG) in the absence of structural heart
abnormalities: bVT (Figure 1); pVT; or ventricular fibrillation
(VF). The characteristic QRS morphology of bVT or pVT is
a change in QRS axis every other beat, with 2 or more types
of patterns, during more than 4 consecutive beats. We also
included a 2-year-old boy without typical arrhythmias but
whose father was symptomatic and genetically diagnosed as
CPVT and who died suddenly in his 30s (Table 1; 13-p). We
excluded patients who suffered bVT or pVT due to prominent
electrolyte imbalance, drug treatment, or organic heart disease
such as cardiomyopathy, ischemic heart disease, or congenital
heart disease. Primary electrical diseases such as long QT syn-
drome (LQTS) were also excluded. Bradycardia was defined
as follows: in children aged <16 years, heart rate below the
second percentile of established age- and sex-appropriate
norms;? in adults, <60 beats/min on resting ECG without in-
take of S-blocker.

Mutation Analysis
The protocol for genetic analysis was approved by the Institu-
tional Ethics Committee and was performed under its guid-
ance. All subjects gave written informed consent before genetic
analysis. Genomic DNA was isolated from peripheral white
blood cells. Intronic primers amplifying the RYR2, CASQ2
and KCNJ2 coding regions were used for polymerase chain
reaction (PCR) amplifications as previously reported.5717.23
PCR products were analyzed on direct sequencing. The cDNA
sequences of RYR2, CASQ2 and KCNJ2 were based on the
GenBank reference sequence NM_001035.2, NM_001232.3
and NM_000891.2, respectively. Regarding RyR2 mutation-
negative probands, we also searched for large genomic rear-
rangements affecting exon 3 and 97, as reported previously.*
In addition to these 3 genes, we examined the entire coding
sequence for KCNQI, KCNH2, SCN5A, and KCNEI-5 to ex-
clude an unexpected presence of compound mutations related
to primary electrical diseases.

All novel putative pathogenic variants were examined and
confirmed to be absent in 400 chromosomes from 200 Japanese
controls.

Statistical Analysis

All continuous variables are reported as mean*SD. Differ-
ences between continuous variables were evaluated using un-
paired Student’s t-test, and categorical variables using chi-
squared analysis. Statistical significance was set at P<0.05.

Resulls

Genetic Analysis

RYRZ {CPVT1) The genetic analysis for RYR2 identified
26 different missense heterozygous mutation carriers and 2
carriers with large DNA deletions including exon 3 in 50 pro-
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Mutation Family history

Other . . . Exercise Pharmacologic iaq-
medicine  '°°  Gene  Exon Nucleotide Protein Previous stress test stress tes? Sudden nl:g:gd
change change report death CPVT

- 3 Deletion  exon3  Bhulyaneta  Mulifocal 0 = F +

. delelion . couplets PVC ' '
- 3 . Deletion  exon3  Bhuiyanstal® _ Bifocal i = . S +
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Age at onset, age at which patients experienced the first symptomatic arrhythmic attack or were recorded as having physical stress-induced
ventricular tachycardia. @BNM_001035.2; ®NM_001232.3; °NM_000891.2. AF, atrial fibrillation; AFl, atrial fluiter; AT, airial tachycardia; bVT,
bidirectional ventricular tachyarrhythmia; CASQ2, calsequestrin 2; CFR, cardiopulmonary resuscitation; CPVT, catecholaminergic polymor-
phic ventricular tachycardia; HR, heart rate; ICD, implantable cardioverter-defibrillator; KCNJ2, inward rectifier potassium channel 2; NA, not
available; PM, pacemaker; PVC, premature veniricular contraction; pVT, polymorphic ventricular tachyarrhythmia; QTc, corrected QT interval;
RYR2, cardiac ryanodine receptor; VF, ventricular fibrillation.
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Figure 2. Schematic diagram of mutation sites on (&) cardiac ryanodine receptor (RYRZ2), (8) calsequestrin 2 (CASQ2) and ()
inward rectifier potassium channel 2 (KCNJ2). Red, mutation sites identified in the present study; purple, those previously re-
ported. FKBP, 12.6 (calstabin) binding domain; TMD, transmembrane domain.

Family 19 B Family 29

Figere 3. Pedigrees in 2 catechol-

aminergic polymorphic ventricular

tachycardia (CPVT) families with com-

— pound heterozygous mutations. (&)

cgsi:«;?a‘xmx Family 19 and (B) family 29. Circle,

female; square, male. Solid symbol,

~ compound heterozygote; half-filled,

Mutation heterozygote; open, genetically neg-

GASQZpW3E1X ative. P with arrow, symptomatic pro-
band in each family:

Mutation
RYR2 p.Ma002i

futation
RYRZ pK4362R

bands (incidence: 56.0%): exon3 deletion, p.R169Q, p.R407S, p.- V47711, p.L4865V and p.LA919S (Table 1; Figure 24). All
p.R420Q, p.NI1551S, p.M2192L, p.S2246L, p.A2387V, patients were heterozygous and 18 of the mutations were novel.
p.G2400T, p.R2474G, p.G2628E, p.D3638A, p.Q3861H, Table 1 lists genetic and clinical data of all the individuals
p.D3876E, p.G3946S, p.M4002I, p.K4392R, p.L4105F, who carried genetic mutations, including the family members.
p.S4124R, pN4178S, pJ4587V, p.Y4725C, p.K4750Q, We examined 46 relatives of 28 probands with RYR2 muta-
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Total (n=47) RYR2-positive  RYR2-negative P-value
CPVT (n=27)  CPVT (n=20)
Male 19 (40.4) 11 (40.7) 8(400) NS
Mean age at onset (years) 10.2+7.3 8.6+4.7 12.6+9.9 NS
Family history of sudden death 7,(1‘4.9)" 6 (22.2) 1 (5.0) NS
Clinically diagnosed CPVT family members 10 (21.3) 9 (33.3) 1(5.0) 0.018
* Mean HR (beats/min) : 62414 59+14 67+13 NS
Mean QTc (ms) 424128 426+21 420+39 NS
;'More'severe‘s‘ymptom;y ' : e : : . . -
Life-threatening arrhythmias 17.(36.1) 9(33.3) 8(400)  Ns
- Exercise-induced syncope - 37.(78.7) 23(85.2) 14(700) = NS
Ventricular arrythmia
bVT 17 (36.2) 13 (48.1) 4 (20.0) 0.043
pvT 31 (66.0) 19 (70.4) 12 (60.0) NS
VF 16 (34.0) 8 (29.6) 8 (40.0) NS
 Atrial arthythmia Ll 6(12.8) 4(14.8) 2(10.0) NS
AF o L 121 1(37) D NS
AT - 2 (4.3) 2(7.4) 0 NS
PSVT 2(4.3) 0 2 ‘(10x0)‘ NS
Sinus bradycardia 22 (46.8) 18 (66.7) 4(20.0) 0.014
Exercise-stress test 31 (64.8) o o :
_ Posiive o  30(63.8) 19(708)  11(50 NS
~ Negative 1@ 0 160 Ns

Data given as mean=SD or n (%). Mean age at onset, mean age at which patients experienced the first symptomatic

arrhythmic attack or were recorded as having physical stress-induced ventricular tachycardia. Exercise stress test
was considered positive for bigeminal PVCs, PVC couplets, bVT, pVT, or VF. PSVT, paroxysmal supraventricular

tachycardia. Other abbreviations as in Table 1.

tions and identified 14 mutation carriers (29.2%). Two of the
family members with RYR2 mutations experienced exercise-
induced syncope (5-f,23-f; Table 1). To confirm whether the
RYR2 mutations were inherited from the parents or not, we
conducted genetic screening of the parents in 14 probands
with RYR2 mutations, and found that 8 probands were consid-
ered to carry de novo RYR2 mutations (57.1%). In 1 patient
(19-p, Table 1, arrow, Figore 34), we identified compound
heterozygous RYR2 mutations: p.M4002I and p.K4392R. This
patient was a 3-year-old boy who lost consciousness while
taking a bath. His parents and siblings were all asymptomatic,
and his father and sister were negative on genetic analysis. In
contrast, the boy’s mother (19-f1) and brother (19-f2) carried
p.K4392R. Concerning p.K4392R, we identified this variant
in 1 control sample from 200 normal controls. Therefore,
p-M40021 was considered to be a de novo mutation and the
cause of CPVT in this patient.

CASQ2 (CPVT2) In one of 50 probands, we identified
the compound heterozygous CASQO2 mutations p.K87X and
p-W361X (Figure 28). Both were nonsense mutations. The
index patient (29-p; Table i; Figure 3B) was a 4-year-old boy
(arrow, Figue 3B) who lost consciousness at his nursery
school while playing with other children and was found to
have pulseless pVT in the emergency room. His parents (29-f
1 and 29-f 2) and elder brother (29-f 3) were all asymptom-
atic although they carried either of these 2 CASQ2 mutations
in a heterozygous trait (Figure 38).

KCNJ2 (CPVT3) We also identified a heterozygous mis-
sense KCN.J2 mutation, p.G144D (¥Figure 2C) in one of the
present probands. The proband (30-p; Table 1) was a 31-year-

Circulation Journal

old woman who had exercise-induced syncope since the age
of 6. Her ECG at rest showed considerably frequent premature
ventricular contractions (PVCs), which hindered the accurate
measurement of U-wave. Exercise tolerance test induced bVT
(Figure 1). She and her family members had neither periodic
paralysis nor dysmorphic features. This patient then under-
went catheter ablation therapy for PVCs and received bisopro-
lol fumarate (5mg/day). The drug was not effective and was
replaced with verapamil (240mg/day). After treatment the
PVCs were suppressed, and ECG showed prolonged QU in-
tervals with prominent U-waves in the right precordial leads,
suggesting phenotypic similarity with Andersen-Tawil syn-
drome.*

Proband Clinical Characteristics

Of 50 probands consecutively referred for genetic tests under
the clinical diagnosis of CPVT, we excluded an asymptom-
atic 2-year-old proband (13-p; Table 1) and 2 with CASQ2
and KCNJ2 mutations. All the remaining probands were symp-
tomatic and complained of syncope or palpitation on exercise
(Table Z). Their mean age at symptom onset was 10.247.3
years (range, 0-39 years). Seventeen of them experienced life-
threatening ventricular arrthythmias that required resuscitation,
and 37 experienced repetitive exercise-induced syncope. Base-
line ECG showed a normal sinus rhythm with normal QTc
interval (except for 15-p in Table 1; mean QTc¢, 424 ms). Pro-
band 15 had a relatively longer QTc (479 ms). We excluded
this proband from the analysis of QTc interval because we
suspected an additional gene mutation to cause LQTS although
we failed to identify it. Regarding the dysrhythmias, bVT
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Total (n=47) RYR2-positive  RYR2-negative p-value
- ; ~ CPVT (n=27) CPVT (n=20)
f-blockers o 43(915) 27 (100.0) 16 (80.0) 0.027
 Bblockersonly - o7 (574 16 (59.3) 11.(55.0) NS
Flecainide 8 (17. 6 (22.2) 2 (10.0) NS
Verapamil ' 9 (19. 6(22.2) L .3(150) NS
Verapamilonly = 12 00F = i 1B NS
Amiodarone 1(2.2) 0(0) 1(5.0) NS
Combination S Claisi
B-blockers +verapamil . 4 (85 31 160
B-blockers+iCD. 384 167 ""fl'2'(1(10)~"”
B-blockers +flecainide - . 2 (4.3) 2({7.4) L e
B-blockers +verapamil+ (CD i@z 1(8.7) (R
B-blockers +flecainide +ICD : 3.(64) 2(7.4) 1(5.0)
B-blockers s verapamil+flecainide 2(4.3) 1(3.7) 1 (5.0)
B4blcckers+vefapami['+ﬂecainide+ICD‘ 1R2)y 1{3.7) 0(0)
Ich 8{ 5 (18.5) 3 (15.0)
No medication 242 0(0) 2(10.0)

Data given as n (%). CPVT, catecholaminergic polymorphic ventricular tachycardia. Other abbreviations as in Table 1.

(Figure 1) was documented in 17 cases (36.2%), pVT in 31
(66.0%) and VF in 16 (34.0%) on ECG in the absence of
medication. Atrial fibrillation was noted in 1 proband (2.1%),
atrial flutter in 1 (2.1%), atrial tachycardia in 2 (4.3%) and
supraventricular tachycardiain 2 (4.3%). All types of arthyth-
mias were paroxysmal and induced by exercise.

Clinical Characteristics of RYRZ Mulation-Positive vs.
-Negative CPYT

In order to characterize the clinical features of CPVT patients,
we divided them into 2 groups (Tabie 2): RYR2 mutation pos-
itive (n=27) and negative (n=20). Among 27 RYRZ mutation
carriers, there were only 11 male carriers (40.7%). The num-
ber of probands whose family members were clinically diag-
nosed as having CPVT was significantly larger in the RYRZ
mutation-positive group (P=0.018). Exercise-induced bVT
(P=0.043) and sinus bradycardia (P=0.021) were significantly
more frequent in the RYRZ mutation-positive patients. In con-
trast, atrial arrhythmias were detected at a similar frequency in
both groups (P=0.261).

Exercise Siress Test

Thirty-one probands of 47 underwent exercise stress tests. The
remaining 16 subjects were not examined because of cerebral
palsy, hypoxic brain damage at the first attack or diagnosis on
other examinations such as Holter monitoring ECG. Thirty
probands of 31 developed various arrhythmias during exercise
stress test and were judged as positive probands; 19 of them
were found to carry RYRZ mutations (Tabie 1). The preva-
lence of positive stress test was not statistically different be-
tween the mutation-positive and -negative groups (Table 2).

Treatment

There were 47 symptomatic probands, and 45 of them received
medical treatment (Table 3). Two probands who were not gen-
otyped had no medication. Beta-blockers were prescribed in
43 patients (91.5%); 27 of them (57.4%) were treated with
B-blockers alone, and the other 16 probands took them in com-
bination with other medication and/or implantable cardiovert-

er-defibrillator (ICD) implantation. Beta-blocker treatment was
significantly more prevalent (P=0.027) in the RYRZ mutation-
positive probands (Tabie 3), and there was a tendency for
more of them to receive combination therapy with -blockers
and verapamil or flecainide or ICD. ICD was used in 5 RYR2-
positive and 3 mutation-negative probands, and all received
B-blockers simultaneously, which appeared to partially protect
against subsequent ICD shock delivery (mean follow-up pe-
riod, 63 months). Two of them (1-p, 23-p; Table 1) received
appropriate ICD therapy. Flecainide was prescribed in 6 RYR2
mutation-positive patients, which was frequently more pre-
scribed in the RYRZ mutation-positive than negative group and
in all cases it suppressed ventricular tachycardia or ventricular
extrasystoles on exercise test.

Among RYRZ-positive probands first treated with f-blockers
alone, 5 (19%) were refractory to f-blockers with recurrent
syncope (mean follow-up, 48 months), and additional flecainide
therapy was then introduced, which was successful in all cases.
The detailed clinical outcome is reported elsewhere.”

Discussion

In the present study, we first screened for gene mutations in a
considerable number of Japanese CPVT patients and sum-
marized the clinical data. The major findings are as follows:
(1) in 50 clinically diagnosed CPVT probands, we identified
26 different RYR2 mutations in 28 probands (CPVTI; inci-
dence, 56.0%); (2) we identified probands with compound
heterozygous RYRZ mutations, compound heterozygous CASQZ
mutations and heterozygous missense KCNJZ2 mutation in 1
family each, respectively; (3) the number of probands whose
family members were clinically diagnosed as having CPVT
was significantly larger in the RYRZ mutation-positive group,
and exercise-induced bV'T was significantly more prevalent in
the RYRZ mutation-positive patients; and (4) S-blocker treat-
ment was significantly more prevalent (P=0.027) in RYRZ mu-
tation-positive probands, and there was a tendency for more
of them to receive combination therapy with -blockers and
verapamil or flecainide or ICD.

Cireuiation Journg!  Vol77, July 2013

— 404 —



1712

KAWAMURA M et al.

In the beginning of 2000, genetic testing of the RYR2 gene
was performed only in some of the 105 exons of the RYR2
gene.®*%26 Yano et al summarized more than 30 RYR2 muta-
tions between 2001 to 2005 and showed that most mutations
were clustered in 3 main regions (3 hotspot regions: N-termi-
nal domain; FKBP12.6 binding region of central domain; chan-
nel region).?”?8 Therefore, we first started the analysis on the
34 RYR2 exons in the reported hotspots and then changed the
protocol to examine all the exons of the RYR2 gene. We could
identify 6 additional RYR2 mutations outside of the hotspots.
The positive rate for RYR2 mutations was increased from
41.6% to 56.0%. Similar to a previous report,** we found most
of the RYR2 mutations in the 3 main regions (70%).

The RYRZ2 mutation site appeared not to be associated with
phenotype differences, probably because of the relatively small
number of genotyped patients. Van der Werf et al, however,
extensively examined family members of RYR2-positive CPVT
probands and found that those carrying mutations in the chan-
nel pore-forming domain had a higher prevalence of non-sus-
tained VT than those carrying mutations in the N-terminus or
central domains.*

In the present cohort, we identified a proband with com-
pound heterozygous CASQ2 mutations. To our knowledge,
this is the second report of a compound heterozygous subject
in the world.*® Thus, CASQ?2 mutations can be causative of
CPVT even under non-consanguineous conditions. In the first
report, family members who carried either of 2 different CASQ2
mutations also remained asymptomatic (¥igure 38).% More
recently, van der Werf et al reported that the phenotype of
homozygous CASQ2 mutation carriers tends to be more ma-
lignant than those of RYR2 mutation carriers.?” By analogy to
Jervell and Lange-Nielsen syndrome,* homozygous or com-
pound heterozygous CASQ2 mutations may cause very severe
functional damage in cellular Ca-handling and thereby fatal
phenotypes in probands, but not in their heterozygous rela-
fives.

The percentage of the probands whose family members
were clinically diagnosed as having CPVT was significantly
larger in the RYR2 mutation-positive group (Tzble Z; 33.3%
vs. 5%). Van der Werf et al reported that 50% of relatives car-
rying an RYR2 mutation with no CPVT phenotype at the initial
cardiac evaluation developed the phenotype later during fol-
low-up.?* When RYR2 mutations are identified in CPVT pro-
bands, the presence of RYRZ mutation in the family members
should be investigated, especially if young, even if there is an
absence of clinical phenotype.

Because LQTS type 1 patients may also have exercise-re-
lated syncope,* and some have borderline or normal QT in-
tervals, the clinical presentation resembles that of CPVT.?
Medeiros-Domingo et al found that the presence of bVT or
pVT was of critical importance for differential diagnosis be-
tween CPVT and LQTS.* In the present study, exercise-in-
duced bVT was significantly more prevalent in the RYR2 mu-
tation-positive patients compared to the mutation-negative
patients, indicating that the exercise tolerance test would be a
useful differential diagnostic tool.

Beta-blocker treatment was significantly more prevalent
(P=0.027) in RYR2 mutation-positive probands, and there was
a tendency for more of them to receive combination therapy
with S-blockers and verapamil or flecainide or ICD. More re-
cently, Watanabe et al found that flecainide, a potent sodium
channel blocker, prevented cardiac events in CPVT by directly
inhibiting RYR2 receptor channels.®** Chan et al found that
multiple pharmacological approaches targeting the Na*/Ca*
exchanger (INaCa) may be potentially useful as adjunctive

therapy to ff-adrenergic blockers in suppressing CPVT-related
arthythmias.® Although preliminary, combination therapy with
oral flecainide and f3-blocker appeared to be most effective in
preventing symptomatic arrhythmia events.

Conclusion

We identified 28 RYR2 mutation carriers, 1 compound hetero-
zygous CASQO?2 and 1 novel KCNJ2 mutation carriers in 50
CPVT probands. This is the first report in Japan to analyze 3
different types of CPVT gene and the clinical characteristics
of the genotyped CPVT patients. The penetrance of the CPVT
phenotype was significantly higher in RYR2 mutation carriers,
thus RYR2 gene screening in CPVT patients would be indis-
pensable to prevent unexpected cardiac sudden death of young
family members.
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Gouty Tophus of the Second Metacarpal
Simulating a Malignancy With
Pathologic Fracture

To the Ediror:

We report on an intraosseous gouty tophus in the
second metacarpal causing a pathologic fracture and
simulating a malignancy.

A 5-year-old girl with a swollen hand was re-
ferred with a diagnosis of a bone tumor. She had
been treated for hypoplastic left heart syndrome
with protein-loosening enteropathy. She has had 5
surgical interventions, including a fenestrated Fon-
tan procedure. She took many medications, includ-
ing enalapril maleate. She had generalized edema,
hepatosplenomegaly, and ascites. A 2 X 2 cm mass
was palpable over the second metacarpal. Slight
redness, local heat, and swelling without tender-
ness were noted. The blood urea nitrogen and uric
acid levels were 75.5 mg/dL and 19.1 mg/dL,
respectively, much higher than usual, whereas the
creatine 1evel was normal, 0.7mg/dL. Total protein
was 4.4 g/dL; albumin was 2.8 g/dL; and immu-
noglobulins were IgG, 128mg/dL; IgA, 30mg/dL
and IgM, 56mg/dL, lower than usual. Radiographs
showed an ill-marginated lytic and sclerotic legion
with a pathologic fracture and periosteal reaction
(Fig. 1). Magnetic resonance imaging showed a
low-signal-intensity mass on T1-WI and marked
high signal intensity on T2-WI surrounding the
metacarpus. A needle biopsy was performed. The
birefringent crystals suggesting gouty tophus were
seen without distinctive inflammatory cellular in-
filtration histologically. Because of progressively
deteriorating renal function, the enalapril maleate
was discontinued. Consequently, her renal dysfunc-
tion improved, and the uric acid level decreased to
6.4mg/dL.. The gouty tophus decreased in size.

The authors thank Dr. Gamalial Tan Yu Heng for permission to proceed
with the study.
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FIGURE 1: Posteroanterior x-ray of the left hand showing a
poorly marginated lytic and sclerotic lesion in the second
metacarpal associated with periosteal reaction and a pathological
fracture.

Enalapril maleate might have caused hyperurice-
mia and the gouty tophus, which was painless. Hypo-
v-globlinemia might have been responsible for the
patient’s lack of pain. The immunoglobulin G was
strongly absorbed from serum to monosodium urate
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