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Fig. 4 Family tree of our patient. The arrow shows the proband.
KCNQI mutations were detected in the proband, and her brother,
father, and grandmother

However, only 2 of 62 patients were found to have LQT in
SCN5A-positive LVNC [10]. SCN5A mutations are well
known as a cause of LQT3 syndrome and Brugada syn-
drome. Ogawa et al. [11] reported a KCNH2 mutation in
two patients with LQT and LVNC. KCNH2 mutations have
been known to be the cause of LQT2 syndrome.

KCNQI mutations are known as a cause of LQT [12].
However, to the best of our knowledge there have been no
previous reports on the association of a KCNQ1I mutation
and LVNC, so this is the first report suggesting an asso-
ciation between LQT1 and LVNC.

The association of cardiomyopathy and LQT could
become a new clinical entity in the future. In 2006, the
American Heart Association scientific statement on the
classification of cardiomyopathies formally classified
LVNC as its own disease entity, as a primary cardiomy-
opathy with a genetic origin, in the same category as ion-
channel disorders [13]. Long-term follow-up will be
required to reveal further associations between both
disorders.

Conclusion

The association of LQT with LVNC is extremely rare.
There have been only two patients with SCN5A mutations
and two patients with KCNH2 mutations reported to date.
This is the first report of a KCNQI mutation with LQT and
LVNC. A genetic screening of LQT-related genes is rec-
ommended for patients with a long QT interval and LVNC.
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Background Conventional therapy with B-blockers is incompletely effective in
preventing arrhythmic events ih patients with catecholaminergic polymorphic
ventricular tachycardia (CPVT). We have previously discovered that flecainide in
_addition to conventional drug therapy prevents ventricular arrhythmias in
genotype-positive CPVT patients.

Objective To study the efficacy of flecainide in genotype-negative CPVT
patients. ‘

‘Methods We studied the efficacy of flecainide for reducin ntricular

arrhythmias during exercise testing and preventing arrhythm nts during
long-term follow-up. \
Results Twelve genotype-negative CPVT patients aié&d with flecainide.
Conventional therapy failed to control ventricul ythmias in all patients.
Flecainide was initiated because of significa ular arrhythmias (n=8),
syncope (n=3), or cardiac arrest (n=1). “baseline exercise test before
flecainide, 6 patients had ventricular ta aand5 patients had bigeminal or
frequent ventricular premature beats. Flecainide reduced ventricular arrhythmias

at the exercise test in 8 patien mpared to conventional therapy, similarly to

genotype-positive patients: revious report. Notably, flecainide completely

prevented ventricular ar; mias in 7 of the patients. Flecainide was continued in
all patients excep vho had ventricular tachycardia at the exercise test on
flecainide. D a follow-up of 48+94 months, arrhythmia events (sudden
cardiac h..and aborted cardiac arrest) associated with noncompliance
occurred in"two patients. Flecainide was not discontinued due to side effects in
any of the gatients.

Conclusion Flecainide was effective in genotype-negative CPVT patients,
suggesting that spontaneous Ca®* release from ryanodine channels plays a role

in arrhythmia susceptibility, similarly to genotype-positive patients.

Key words: catecholaminergic polymorphic ventricular tachycardia; arrhythmia;
sudden death; genetics; antiarrhythmic drugs; flecainide; beta-blockers.
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Abbreviations

CPVT = catecholaminergic polymorphic ventricular tachycardia
ICD = implantable cardioverter defibrillators

NSVT = non-sustained ventricular tachycardia

VPB = ventricular premature beats
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Introduction

Catecholaminergic polymorphic ventricular tachycardia (CPVT) is an inherited
arrhythmia syndrome characterized by bidirectional or polymorphic VT induced by
adrenergic stress in the absence of structural heart disease.” Three causative
genes have been identified for CPVT: RYR2, which encodes the cardiac
ryanodine receptor Ca?* release channel, CASQ2, which encodes cardiac
calsequestrin, and TRDN, which encodes triadin, and all of them are constitutive
proteins of the macromolecular Ca®* release complex in the s : plasmic
60-70% of
been linked to

reticulum.*’ A mutation in these genes is identified in approxi
patients with CPVT.2 8 A locus on chromosome 7p14-p22 h
CPVT, but a corresponding gene has not been ide yet.® Furthermore,
mutations in KCNJ2 encoding the potassium inw ectifying channel Kir2.1,
which generally are associated with Andersen
CPVT.™

Treatment with B-adrenergic b

“syndrome, may phenocopy

reduces ventricular arrhythmia

burden and mortality in patients with C However, the efficacy of B-blockers is

not sufficiently protective and a mated 8-year rate of fatal or near-fatal events

on B-blocker therapy is 1¢ 7 Although the beneficial effects of the calcium
channel blocker verag

reported,”"* the

“in combination with a @-blocker have been

i

verapamil has not been well assessed.? Left cardiac

ion has been reported to be highly effective in severely

but requires surgery and is not universally available.'®

dioverter defibrillators (ICDs) are recommended for prevention of
sudden death in patients with CPVT."® However, painful shocks can trigger further
adrenergic stress and arrhythmias, and deaths have occurred despite appropriate
ICD shocks.” ' We have recently discovered that the antiarrhythmic agent
flecainide inhibits Ca®" release from ryanodine receptor'® and that flecainide in
addition to conventional drug therapy prevents ventricular arrhythmias in CPVT
patients carrying a mutation in RYR2 or CASQ2.® Here, we studied the efficacy
and safety of flecainide in CPVT patients with no mutations in RYR2, CASQZ2 and
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KCNJ2, who have similar risk of arrhythmia events to genotype-positive patients.?

Methods
Study population
This study included all consecutive genotype-negative CPVT patients in whom
flecainide was started because of the insufficient efficacy of conventional therapy
with B-blockers + verapamil at 5 tertiary referral centers in the Nétherlands, the
United Kingdom, Israel, Japan, and Germany. All patients had a clini i

of CPVT based on adrenergic stress-induced bidirectional or pelymorphic VT in
the absence of structural heart abnormalities by echocardi y.>> All families
received genetic counseling and all investigated indivi onsented to both
screened for a putative

1d KCNJ2. Only individuals

cardiologic evaluation and genetic testing. Patient
pathogenic mutation in all exons of RYR2, CASQ@

who were not carrying proven or putative
genes were included. Decisions on adm on of flecainide and its dose were
made by the local cardiologist: collection and analysis were done
retrospectively by chart review. ients in whom the dose of B-blocker or

verapamil was increased  initiation of flecainide were not included in this

6éinide on CPVT was compared between the last exercise test
on conventional therapy and the first exercise test on a stable dose of flecainide
after 25 d;ys of the initiation. Exercise testing was performed using treadmill
(standard or modified Bruce protocols) or bicycle ergometer depending on the
institutions. Ventricular arrhythmias during exercise testing were quantified using
the ventricular arrhythmia score defined by the WOrst ventricular arrhythmia
observed: 1=no or isolated ventricular premature beats (VPBs), 2=bigeminal
VPBs and/or >10 VPBs per minute, 3=couplet, 4=NSVT.?® In addition, the
presence of either of the parameters of the ventricular arrhythmia score, sinus
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rate at the onset of ventricular ectopy, most often an isolated VPB, the maximum
number of VPBs during a 10-seconds period, and the ratio of VPBs/sinus beats
during the 10-seconds period with the maximum number of VPBs were analyzed.
The effects of flecainide on arrhythmic events including syncope, aborted cardiac
arrest, appropriate ICD shocks, and sudden cardiac death during follow-up were
also assessed.

Data analysis
Values are expressed as mean+SD. To study the effects o ide during
exercise testing, related data were compared using paired xon signed-rank
t for dichotomous
S, version 20.0 (SPSS

ed statistically significant.

test for continuous and ordinal variables and McNe
variables. All statistical analyses were performed wi
Inc., Chicago, IL). A two-sided P <0.05 was con

Patient characteristics
We identified 12 genotype-nega PVT patients who received flecainide (Table

1). Mean age at baseline w; 1 years and 6 patients were female. Our cohort

detected in 13000 control alleles, whereas the ¢.838+3A>G may affect splicing at
the donorsite of exon 8 and was not detected in 13000 control alleles.‘Before the
initiation of flecainide, B-blockers failed to suppress ventricular arrhythmias in all
patients. In 7 patients, multiple drugs including B-blockers, verapamil, and other
antiarrhythmic drugs failed to suppress ventricular arrhythmias before flecainide

was initiated.
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Effects of flecainide on exercise-induced ventricular arrhythmias

Among genotype-negative patients, 6 patients (50%) had VT and 5 patients (42%)
had couplet or bigeminal VPBs at the baseline exercise testing before flecainide
administration (Tables 1 and 2). In a remaining patient who had syncope during a
combination therapy with propranolol and verapamil (patient #3), there was no
ventricular arrhythmia during the baseline exercise testing. Flecainide improved

the ventricular arrhythmia score at exercise testing in 8 patients (67%) compared

to that during conventional therapy (Figure), while the maximum workload during

flecainide therapy was increased compared to that during onal drug
therapy (Table 2). The effects of flecainide seemed lar 'to that in

genotype-positive patients in our previously report (76% lecainide completely

suppressed ventricular arrhythmias in 7 patients ( 3\suppresssed VT in 4 of

the 6 patients who developed VT during the b e testing. Compared to the

baseline exercise test, flecainide reduced the mum number of VPBs during a

10-seconds period. In one patient (pati 10), flecainide was discontinued

because of VT during exercise te
Effecfs of flecainide on a ia events
A total of 11 patients (92
the further analysi

continued to receive flecainide and were included in
- the incidence of arrhythmic events. During a mean
follow-up of 48+94 r 6nths, arrhythmia events associated with noncompliance
11 genotype-negative patients. Patients #6 died suddenly while
playing soccer. Although flecainide combined with nadolol suppressed ventricular
tachycardias during exercise testing, the patient self-discontinued the drug
therapy after his last visit to the clinic. Patient #1 collapsed and was resuscitated
by his relatives. The patient had not taken flecainide from the night before the
collapse, and the serum level of flecainide was low (0.13 mg/L; therapeutic range,
0.4-0.9 mg/L) at the event. Metoprolol and flecainide were resumed at the
previous doses, and no event occurred thereafter. In the remaining 9 patients,

there was no arrhythmia event during the follow-up period, while 7 of the 9
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patients had arrhythmia events despite conventional drug therapy before the
initiation of flecainide. Flecainide was not discontinued due to side effect in any of

the patients.

Discussion
In this study, flecainide suppressed ventricular arrhythmias during exercise testing
in genotype-negative patients similar to genotype-positive CPVT patients.

Flecainide was highly effective in preventing arrhythmia events durin ong-term

follow-up.
SQ2, and

hannel complex in

CPVT has been associated with mutations in
TRDN.*” Mutations in these genes destabilize the ryanodi
the sarcoplasmic reticulum and result in spontan release through the
ryanodine channel leading to delayed after de ations, triggered activity, and
VT.2"2* Recently, we and others have i the therapeutic effects of
flecainide in CPVT."® 252 Flecainide diré

suppresses delayed afterdepolariza

/ inhibits the ryanodine channel and
ns and triggered activity in mutant
cardiomyocytes in which Ryr2 q2 loci are modified.'® 2% %’ In our mouse
model of CPVT, flecainide ¢
or isoproterenol.'® Ye
CPVT in patients

spontaneous

s spontaneous VT and inducible VT by exercise
- have recently discovered that flecainide prevents

mutation in RYR2 or CASQ2, possibly resulting in
lease.® 2 In this study, flecainide was also effective in

e CPVT patients, similarly in genotype-positive patients in our
Notably, all arrhythmia events during flecainide therapy were
associated with nonéompliance in our present and prior studies.”

The efficacy of flecainide in genotype-negative CPVT patients suggests
that uncontrolled Ca®" release through the ryanodine channel is also important as
the underlying mechanisms in patients without an identified mutation in RYR2 or
CASQ2, that account for 30-40% of patients with CPVT.>? There are a certain
number of CPVT patients with positive family history but negative genotyping
results, suggesting the presence of other causative genes that have not been
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10

identified yet. Unknown genetic backgrounds of CPVT may include genes
encoding the constitutive proteins and the modifiers of macromolecular Ca®*
release complex. For example, homozygosity for mutations in TRDN encoding
triadin, an anchoring protein of calsequestrin to ryanodine channel, has very
recently been identified in families affected by CPVT.” Furthermore, flecainide
may suppress CPVT through sodium channel blocking effects as we and others

have previously proposed.'® %

Genotype-phenotype correlations have been studied

on therapeutic decisions in long QT syndrome; the m
syndrome.? In CPVT, the risk of arrhythmia events a fficacy of B-blocker

CPVT patients in whom B-blockers fail to ¢ eir ventricular arrhythmias or
symptoms.

Our study has several 1s. The number of patients was limited
because CPVT is a very rare di . Therefore, the efficacy of flecainide could
not be systematically as and further studies, probably randomized
controlled studies, ar ded. O patients with CPVT whose arrhythmias are
refractory to the ¢ tional drug therapy were included in this study and our
previous stud erefore, the efficacy of flecainide in patients whose
well responded to the conventional therapy is not known.
Exercise testing is used to assess the effects of therapies in CPVT and our
previous sﬁde showed that ventricular arrhythmia scores at exercise testing are
reproducible measures of drug efficacy in CPVT.?® However, the predictive ability
of ventricular arrhythmia scores for arrhythmia events is not clear. Finally, the
patients in this study were not tested for mutations in TRDN.” Howéver, in this
study, none of the patients were from a consanguineous family, so the possibility
of identifying mutations in TRDN seems very low.

‘In conclusion, we found that flecainide was effective in suppressing
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1

ventricular arrhythmias during exercise and preventing arrhythmia events in
genotype-negative CPVT patients, similarly to genotype-positive patients. Our
results suggest that flecainide can be added, regardless of genotype, to control
ventricular arrhythmias or symptoms, when they are insufficiently controlled by
conventional therapy with B-blockers.
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Figure legends

Figure. Effects of flecainide on exercise-induced ventricular arrhythmias.
~Ventricular arrhythmias during exercise testing were compared between
conventional therapy and flecainide in genotype-negative patients. Green line
indicates suppression of ventricular arrhythmias by flecainide; blue line, no
change. VT denotes ventricular tachycardia; VPB, ventricular premature beat.
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Table 1. Characteristics of genotype-negative CPVT patients who received flecainide

- Cardiac Drug therapy at Flecainide i
Family histol i Effects of flecainide
Patient Age at y i . Presenting arrest Age.at baseline exercise test, Indication for ~ dose, mg Basel!ne
Sex onset, ————————  Negative gene baseline, L exercise
No. years Sudden CPVT 8 mptom years mg (mglkg body flecainide  (mg/kg body test Exercise  Follow-up, Arrhythmia Side
death weight) weight)

test months events effects*

RYR2, CASQ2,
KCNJ2

Metoprolol 400 (4.7), Bigeminal/
Verapamil 240 (2.8)  frequent VPBs

Bigeminal No

Yes 31 VPBs  arhythmia

200 (2.4) 41 No No

RYR2, CASQ2,
KCNJ2

Propranolol 120 (3.0),
Verapamil 120 (3.0)

Bigeminal No

Syncope VPBs  arrthythmia

VT 100 (2.5) 41 No

RYR2, CASQ2,
KCNJ2

Bigeminal

Syncope No . 21 Nad VPBs

20 (2.1) Syncope 150 (2.7) vT

4 Yest No

RYR2, CASQ2, None (positive
KCNJ2 family history)

exercise 150 (3.3) VT No 6 No No

No 20 Propranolol 80°( arthythmia

RYRZ, CASQ2,
KCNJ2

Nadolol 120 (2.1),

oo F 10 No  Yes Bisopolal 10 (0.18)

Syncope No 15 00 (3.6) vT VT Discontinued after exercise testing

No
arrhythmia

RYR2, CASQ2,

KCNJ2 Palpitation No 39 Bisoprolol 5 (0.07) vT

CPVT denotes catecholaminergic polymorphic ventricular tachycardia; VPB, ventricular premature beat. * Side effects requiring discontinuation of flecainide. T Episode occured after noncompliance of flecainide. ¥ The
patient could not tolerate larger dose.
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Table 2. Effects of flecainide on ventricular arrhythmias during exercise testing

Standard therapy Flecainide P-value

Sinus rate at maximal exercise, beats/min 148+26 136423 0.33

Sinus rate at onset of ventricular arrhythmias, beats/min 114+34 117423 0.50

Ratlg of VPBs to sinus beats during 10 seconds with the 15+2.6 0.5+0.6 0.21
maximum no. of VPBs )

Bigeminal VPBs

Couplet

).
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