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Figure 2 Summuary of acute ind subscquent chronic treatment in the

seven patients associated with electrical storm of ventriculap tibrilkation.

of SCD. duration after ICD placement. SCN3A mutation.
and scrum potassium level among the three groups. There
were no significant differences in previous VF or aborted
cardiac arrest before diugnosis and previous syncope alone
before diagnosis between groups | and 1. Four patients had
a history of VF or aborted cardiac arrest before diagnosis.
and 3 patients in group [ had previous syncope alonc before
diagnosis. An ICD was implanted before electrical storm of
VF in all 7 patients.

No significant differences were observed among the
three groups in the electrocardiographic characteristics at
diagnosis with regard to J-point amplitude. QRS duration.
PQ interval, and incidence of spontaneous coved-type ST
elevation, late potentials, and augmentation of ST elevation
at early recovery phase after excrcise lesting.

No signiticant differences in the frequency and mode of
VF induction and HV interval during electrophysiologic
study were observed among the three groups.

No significant differences were observed among the
three groups during follow-up after diagnosis. Howcver.
arthythmic cvents during follow-up after diagnosis and
number of arrhythmic cvents/patients were significantly
higher in group I vs groups Il and 11I. Average duration
between diagnosis and first clectrical storm in group I was
4.6 = 4.7 ycars. Subsequent arrhythmic events after clec-
trical storm were observed in 5 of the 7 group I patients.,

Acute and chronic treatment for electrical storm
of VF
At the electrical storm in the 7 group | patients. no intrave-
nous antiarrhythmic agents (e.g.. lidocaine or amioduronc)
or scdation had been used before starting isoproterenol
infusion. ST-scgment clevation was augmented at the elec-
trical storm compared with that at bascline (V,: 0.14 * 0.07
vs 0.09 = 0.04 mV; V,: 0.38 = 0.09 vs 0.29 = 0.07 mV).
However. this difference did not reach statistical signifi-
cance.

Figure 1 shows the acute effect of isoproterenol infusion
on the electrical storm of VF in a representative patient with
Brugada syndrome. Continuous infusion of isoproterenol

(0.002 pg/kg/min) decreased the J-point amplitude and
changed coved-type to saddleback-type ST-segment eleva-
tion in lead V,. Increasing dose of isoproterenol (0.004
ug/kg/min) normalized ST-segment elevation in lead V,
and completely suppressed repetitive episodes of VF. .

Figure 2 summarizes the acute and subsequent chronic
treatment of the 7 patients with electrical storm of VF.
Isoproterenol infusion was used as acute treatment in 5 of
the 7 patients with electrical storm. Average dose of iso-
proterenol infusion was 0.003 * 0.003 pg/kg/min. Average
term of isoproterenol infusion (24 * 13 days) was required
because of difficulty in discontinuing or ‘decreasing isopro-
terenol infusion because of VF recurrence. Isoproterenol
completely suppressed electrical storm of VF in all 5 pa-
tients. The remaining 2 patients were prescribed oral med-
ication (denopamine 30 mg/day and quinidine 300 mg/day,
respectively) because no additional VF episodes occurred
after admission.

Isoproterenol infusion was successfully replaced with oral
medication in the first 5 patients: 3 with denopamine (30
mg/day), 1 with a combination of denopamine (30 mg/day),
quinidine (400 mg/day), and isoproterenol (45 mg/day), and 1
with a combination of denopamine (30 mg/day) and quinidine
(300 mg/day).

Average follow-up duration after electrical storm in the 7
group I patients was 5.0 * 1.5 years. In the 3 patients
discharged with denopamine alone following isoproterenol
infusion, two' VF episodes were recorded in ICD memory
for 68 months in 1 patient but no VF episodes in the
remaining 2 patients (51 months and 77 months, respec-
tively). Four VF episodes were recorded for 76 months in
the patient who was discharged with a combination of
denopamine, quinidine, and isoproterenol. The last patient,
who was discharged with a combination of denopamine and
quinidine, experienced another electrical storm of VF 6
months later after discontinuation of denopamine due to
palpitation. Isoproterenol infusion was used again after re-
admission, and a combination of quinidine (300 mg/day),
cilostazol (200 mg/day), and bepridil (200 mg/day) could
successfully replace the isoproterenol infusion. VF did not
recur for 18 months after readmission in this case. In the 2
patients in whom isoproterenol infusion was not used as an
acute treatment, 1 patient who was discharged with deno-
pamine experienced 6 VF episodes for 47 months, and the
other patient who was discharged with quinidine had 7 VF
episodes for 72 months.

Discussion

The major findings of this study were as follows: (1) no
specifically clinical, laboratory, electrocardiographic, and
electrophysiologic characteristics were recognized in pa-
tients with Brugada syndrome associated with electrical
storm of VF, (2) continuous infusion of isoproterenol nor-
malized ST-segment elevation and completely suppressed
the electrical storm of VF as an acute treatment, and (3) oral
medications including denopamine, quinidine, isoprotere-

-136-



Ohgo et al  VF Storm in Brugada Syndrome

699

nol. cilostazol. and bepridil successtully replaced isoproter-
cnol infusion as a chronic treatment.

Characteristics of Brugada patients associated

with electrical storm of VF

Identification of high-risk patients with Brugada syndrome
associated with cleetrical storm of VF and clucidation of
their clinical characteristics are important issucs. Brugada
syndrome usually manifests during adulthood. with a mean
age at sudden death of 41 = 15 years.'* It is reported that
a family history of unexplained sudden death is present in
approximately 20%—40% of Brugada Probands in West-
ern countries and less (15-20%) in Japan, and that
SCN5SA mutations account for only 18%-30% of clini-
cally diagnosed Brugada patients.*'*~'® Low serum po-
tassium level is suggested to be a predisposing factor for VF
in patients with Brugada syndrome.'* However, no signifi-
cant differences in these clinical characteristics were ob-
served between patients with and without a history of elec-
trical storm of VF. Moreover, 12-lead electrocardiographic
parameters and HV interval during electrophysiologic study
were no different between patients with and those without
an electrical storm of VF. Approximately 60%-70% of
patients with Brugada syndrome show late potentials de-
tected by signal-averaged ECG.'*'” During treadmill exer-
cise testing, augmentation of ST-segment elevation in the
right precordial leads compared with that at baseline occa-
sionally is recorded at early recovery phase after exercise (1
or 2 minutes) in Brugada patients. VF or sustained poly-
morphic VT is induced in approximately 50%-70% of Bru-
gada patients during electrophysiologic study.®'*'*'® How-
ever, in the present study, frequency of late potentials and
ST-segment augmentation after exercise, and inducibility of
VF were no different between patients with and those with-
out a history of electrical storm of VF. Although triggering
or predisposing factors for electrical storm of VF and char-
acteristics of Brugada patients associated with an electrical
storm of VF remain unclear, in this study all 7 patients who
experienced electrical storm of VF had arrhythmic events
during follow-up after diagnosis. Therefore, our data pro-
vided further support for the requirement of ICD placement
in Brugada patients with previous episodes of arrhythmic
events.

Acute management of Brugada patients
associated with electrical storm of VF

Experimental studies have suggested that isoproterenol, a
B-adrenergic agonist, decreases ST-segment elevation and
suppresses VF by strongly augmenting I, in an experi-
mental model of Brugada syndrome.'®*® Several clinical
studies reported the protective effect of isoproterenol in
normalizing ST-segment elevation and suppressing epi-
sodes of VF.*~'?> Watanabe et al®' systematically reported
that isoproterenol suppressed repetitive ventricular arrhyth-
mia in patients with Brugada syndrome. In the present
study, continuous infusion of isoproterenol attenuated ST-
segment elevation and completely prevented repetitive ep-

isodes of VF in all 5 patients treated and therefore is con-
sidered to be first-line acute treatment of electrical storm of
VF in Brugada syndrome.

Adjunctive chronic oral treatment

Although isoproterenol infusion is effective in preventing re-
petitive episodes of VF at electrical storm, discontinuation or
decrease of isoproterenol infusion often is difficult because of
VEF recurrence. In such cases, chronic oral medication usually
is required to decrease and discontinue isoproterenol infusion.
Several oral agents can be candidates as adjunctive chronic
treatment to replace isoproterenol infusion and reduce the in-
cidence of VF episodes subsequently in patients with Brugada
syndrome associated with electrical storm of VF.

In the present study, several oral agents, including
denopamine, quinidine, isoproterenol, cilostazol, and be-
pridil alone or in combination, were effective in replacing
isoproterenol infusion. Especially, oral denopamine, an
a+ fB-adrenergic stimulant, was effective as a chronic
treatment, probably by increasing I,,. Quinidine, a
class IA sodium channel blocker, has a relatively strong
effect in blocking 1, and has been proved effective in
suppressing a spontaneous episode of VF in patients with
Brugada syndrome.*"*® Cilostazol, a phosphodiesterase
I inhibitor that increases I, is reported to be effec-
tive in suppressing VF in Brugada syndrome.?>~’ More
recently, bepridil is reported to suppress the incidence of
VF episodes, probably by blocking I,,.>~* Although there
was small number of Brugada patients associated with
electrical storm of VF in whom adjunctive chronic effect
of these agents could be examined, each agent alone or in
combination was effective as an oral chronic treatment,.
Further systematic evaluation of the usefulness of these
oral agents in larger numbers of Brugada patients is
required to make a definitive conclusion.
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Comparison of Long-Term Follow-Up of Electrocardiographic
Features in Brugada Syndrome Between the SCN5A-Positive

Probands and the SCNSA-Negative Probands

Miki Yokokawa, MD, Takashi Noda. MD, PhD. Hideo Okamura. MD. Kazuhiro Satomi. MD, PhD.

Kazuhiro Suyama, MD, PhD, Takashi Kurita, MD. PhD., Naohiko Aihara, MD.
Shiro Kamakura, MD, PhD. and Wataru Shimizu, MD. PhD*

To investigate changes of electrocardiographic parameters with aging and their relation to
the presence of SCNSA mutation in probands with Brugada syndrome (BS), we measured
several electrocardiographic parameters prospectively during long-term follow-up (10 £ 5
years) in 8 BS probands with SCNSA mutation (SCN5A-positive group, all men; age 46 =
10 years) and 36 BS probands without SCNSA mutation (SCN5A-negative group, all men;
age 46 * 13 years). Throughout the follow-up period, depolarization parameters, such as
P-wave (lead I1), QRS (leads 1, V,, V), S-wave durations (leads 11, V), and PQ interval
(leads IT) were all significantly longer and S-wave amplitude (Il, V) was significantly
deeper in the SCN5A-positive group than in the SCN5A-negative group. The SCN5A-
positive group showed a significantly longer corrected QT interval (lead V,) and higher ST
amplitude (lead V,) than those in the SCN5A-negative group. The depolarization param-
eters increased with aging during the follow-up period in both groups; however, the PQ
interval (lead 1I) and QRS duration (lead V,) were prolonged more prominently and the
QRS axis deviated more to the left with aging in the SCN5A-positive group than in the
SCNS5A-negative group. In conclusion, conduction slowing was more marked and more
progressively accentuated in Brugada probands with SCN5SA mutation than in those

without SCN5SA mutation. © 2007 Elsevier Inc. All rights reserved. (Am J Cardiol 2007;

100:649-655)

Brugada syndrome (BS) is characterized by a ST-segment
clevation in the right precordial leads V| to V5 and is
associated with sudden cardiac death (SCD) secondary to a
rapid polymorphic ventricular tachycardia (VT) or ventric-
ular fibrillation (VF).'-¥ It has been suggested that a tran-
sient outward current-mediated action potential notch and a
loss of action potential dome in the epicardium of the right
ventricular outflow tract (RVOT) give rise to a transmural
voltage gradient, resulting in ST-segment elevation in the
right precordial lead in BS.? Conversely, the SCN5A gene
encoding the cardiac sodium channel has been reported to
be linked to BS,!° and mild conduction abnormalities and
QRS prolongation have been described.>!! Smits et al!2
have compared these electrocardiographic parameters be-
tween SCNSA mutation carriers and those who do not carry
the mutation. Probst et al'? meticulously studied aging-
associated electrocardiographic parameters in SCNS5A-

Division of Cardiology, Department of Internal Medicine, National
Cardiovascular Center, Suita, Osaka, Japan. Manuscript received February
6, 2007, revised manuscript received and accepted March 15, 2007.

Dr. Shimizu was supported by the Uehara Memorial Foundation, To-
kyo; the Hoansha Research Foundation, Osaka; Japan Research Foundation
for Clinical Pharmacology, Tokyo; Ministry of Education, Culture, Sports,
Science and Technology Leading Project for Biosimulation, Tokyo; and
health sciences research grants (H18-Research on Human Genome-002)
from the Ministry of Health, Labor and Welfare, Tokyo, Japan.

*Corresponding author: Tel: 81-6-6833-5012; fax: 81-6-6872-7486.

E-mail address: wshimizu@hsp.ncve.go.jp (W. Shimizu).

0002-9149/07/$ ~ see front matter © 2007 Elsevier Inc. All rights reserved.

doi:10.1016/j.amjcard.2007.03.078

related BS.!3 However, progressive changes of the depolar-
ization and repolarization parameters on the electro-
cardiogram (ECG) with aging during long-term follow-up
in relation to the SCN5SA mutation have not been fully
evaluated. In the present study, we prospectively measured
several electrocardiographic parameters during long-term
follow-up periods and compared them between patients
with BS with and without SCN5A mutation.

Methods

The study population consisted of 44 probands with BS
admitted to the National Cardiovascular Center in Suita,
Japan, due to history of aborted SCD, syncope, or evalua-
tion of electrocardiographic abnormality, who could be pro-
spectively followed up for >5 years (average 10 * 5 years)
at regular outpatient clinics in our hospital. All probands
were men, and their age on admission (i.e., at early period)
ranged from 20 to 72 years (mean 46 * 12 years). BS was
diagnosed when a type 1 coved-type ST-segment elevation
(=0.2 mV at J point) was observed in >1 of the right
precordial leads (V, to V,) in the presence or absence of a
sodium channel blocker in conjunction with 1 of the fol-
lowing: (1) documented VF or polymorphic VT, (2) a fam-
ily history of SCD at <45 years of age, type 1 ECG in
famity members, (3) inducibility of VF or polymorphic VT
with programmed electrical stimulation, and (4) history of
aborted cardiac arrest with or without documentation of VF,

www.AJConline.org
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Table 1
SCNS5A mutations, common variants and promotor haplotype
Coding* No. of Patients Type Coding No. of Patients Type
SCNSA Positive Group SCNS5A Negative Group
(n=8) (n = 36)
Mutation
A735V 1 Missense
P1719fsX1786 | Frameshift
L276Q 1 Missense
V1764fsX1786 1 Frameshift
L136P 1 Missense
R367H 2 Missense
T1709M 1 Missense’
Common variant
HS58R 1 Missense H558R 4 Missense
Promotor haplotype
AA 5 AA 12
AB 2 AB 4
BB 0 BB 1

* The numbers and letters refer to the amino acid coding of the mutant channel protein.
AA = haplotype A (common alieles) homozygotes; AB = haplotype A/haplotype B (minor alleles) heterozygotes; BB = haplotype B homozygotes. See

detail in Bezzina et al.“

syncopal cpisodes of unknown origin, or nocturnal agonal
respiration.?

We divided the 44 Brugada probands into 2 groups
according to the presence or absence of an SCN5A coding
region mutation: SCNSA-positive group (n = 8) and
SCNSA-negative group (n = 36).

The standard 12-lead ECGs were recorded at least every
6 months prospectively at regular outpatient clinics with a
paper speed of 25 mm/s and an amplitude of 10 mm/mV.
The ECGs were magnified to 150%, and several electrocar-
diographic parameters were measured manually by an in-
vestigator (MY) blinded to clinical and genetic information.
As depolarization parameters, P-wave duration (lead II), PQ
interval (lead II), QRS duration (leads II, V,, and V),
S-wave duration and amplitude (leads II, V), and QRS axis
were measured. Conversely, corrected QT interval (QTc,
leads 11, V,, and V), corrected JT interval (JTc, leads II, V,,
and V;), and ST amplitude at the J point and 40 ms after
thel point (STJ and STJ40, lead V,) were measured as
repolarization parameters. The absolute values of these pa-
rameters and the change of each parameter between early
and late periods were compared between the 8 probands in
the SCN5A-positive group and the 36 in the SCN5A-neg-
ative group.

In all patients, we screened SCN5SA mutation in all 28
exons of SCNSA gene by a direct sequencing method using
an ABIl 3700 system (Applied Biosystems, Foster City,
California). An SCN5SA mutation was defined when the
mutation was not identified in any of the 100 control sub-
jects. We also screened the SCNSA promoter haplotype,
which we have recently identified in an Asian population,'*
in 7 recent SCN5A-positive probands and 17 SCN5A-neg-
ative probands.

Numeric values were expressed as means * SD. Com-
parisons of each electrocardiographic parameter between
the SCNSA-positive group and the SCNSA-negative group
and between the early and the late periods were made using

2-way repeated-measures analysis of variance (ANOVA)
followed by the Scheffe multiple-comparison test. Compar-
isons of changes in each parameter between the SCN5A-
positive group and the SCN5A-negative group were made

- using 1-way ANOVA followed by Scheffe test. Compari-

sons of the clinical, electrophysiologic, and follow-up data
between the SCN5A-positive group and the SCN5A-nega-
tive group were made using chi-square test or 1-way
ANOVA followed by Scheffe test. A p value <0.05 was
considered significant.

Results

The SCNSA mutations, which were identified at a coding
region in the SCNSA-positive group, are shown in Table 1.
Five missense mutations and 2 frameshift mutations were
identified. A missense mutation, R367H, was identified in 2
unrelated Brugada probands. The common variant and
SCNS5A promoter haplotype!* in both groups are also shown
in Table 1. There were no significant differences in the
frequency of the common variant and the promoter haplo-
type between the 2 groups.

The comparison of the clinical and electrophysiologic
characteristics between the 8 SCN5A-positive probands and
the 36 SCN5A-negative probands are shown in Table 2.
There were no significant differences in the age on admis-
sion, when the clinical diagnosis of BS was made, between
the 2 groups. No significant differences were observed in
the incidence of spontaneous type 1 ECG, documented VF
until the early period, family history of SCD, implantation
of implantable cardioverter defibrillator, complete right
bundle branch block (RBBB) at the early period and the
latest follow-up period (i.e., late period), and late potentials.
The HYV interval during the electrophysiologic study was
significantly longer in the SCNSA-positive group than in the
SCNSA-negative group. There were no significant differ-
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Table 2

Clinical and electrophysiologic characteristics and follow-up

Characteristic SCNS5A-Positive Group SCN5A-Negative Group p Value

(n=28) (n = 36)

Clinical characteristics .
Age on admission (yrs) 46 = 10 46 £ 13 0.938
Spontaneous type 1 ECG 6 (75%) 25 (69%) 0.755
Documented VF until early period 2(25%) 17 (47%) 0.251
Family history of SCD 3 (38%) 4(11%) 0.065
ICD implantation 8 (100%) 26 (72%) 0.090
Complete RBBB at early period 1 (13%) 2(5%) 0.481
Complete RBBB at late period 1 (13%) 6(17%) 0.771
Late potentials 777 (100%) 24/33 (73%) 0.117

Electrophysiologic characteristics
Induction of VF 5/8 (63%) - 25/33 (76%) 0.658
Mode (triple/double/single) 1/3/1 12/11/2 -
HYV interval (ms) 65%5(n=17) 418 (n=27) <0.001

Follow-up .
Follow-up period (yrs) 105 10+4 0.993
Arrhythmic events during follow-up periods 4/8 (50%) 12/36 (33%) 0.375

Previous VF 2/2 (100%) 8/17 (47%) 0.156
No previous VF 2/6 (33%) 4/19 (21%) 0.539

EPS = electrophysiological study; HV = His-ventricular interval; ICD = implantable cardioverter-defibrillator.

ences in the frequency and mode of VF induction between
the 2 groups.

Figure | illustrates the standard 12-lead ECGs at early
and late periods during the follow-up period in representa-
tive patients with BS in the SCN5A-positive group (Figure
1) and the SCN5A-negative group. Table 3 shows compos-
ite data of the electrocardiographic parameters at the early
and late periods in the 8 SCN5A-positive probands and 36
SCN5A-negative probands during the follow-up period.

As depolarization parameters, the P-wave duration (lead
1), PQ interval (lead ), and QRS duration (lead II) signif-
icantly increased with aging from early to late periods in
both groups and were all significantly longer in the SCNSA-
positive group than in the SCN5A-negative group at both
early and late periods. The QRS duration (lead V,) in the
SCNS5A-positive group and the S-wave duration (leads II
and V;) in the SCN5A-negative group significantly in-
creased with aging. The QRS duration (leads V, and V)
and the S-wave duration (leads II and V) were significantly
longer, and the S-wave amplitude (leads II and V) was
significantly deeper in the SCN5A-positive group at early
and late periods. The QRS axis was not different between
the 2 groups at the early period; however, it was signifi-
cantly smaller (i.e., deviated to the left) at the late period in
the SCN5A-positive group.

As a repolarization parameter, the corrected QT interval
(lead V,) was significantly prolonged from the early period
to the late period in the SCN5A-positive group, and was
significantly longer in the SCN5A-positive group than in the
SCNS5A-negative group at the early and late periods. How-
ever, the QTc intervals (leads II and V) did not change
from the early period to the late period in both groups and
were not different between groups at the early and late
periods. Conversely, no JTc intervals (leads II, V,, and Vs)
changed from the early period to the late period in both
groups, and the JTc interval (lead V,) at the late period was
significantly longer in the SCN5A-positive group. The STJ

amplitude (lead V,) and STJ40 amplitude (lead V,) did not
change throughout the follow-up period in both groups, but
were significantly greater in the SCN5A-positive group than
in the SCN5A-negative group at the early and late periods.
Even if we eliminated probands with BS with complete
RBBB (1 SCN5A-positive proband and 2 SCNS5A-negative
probands at the early period, | SCN5A-positive proband
and 6 SCN5A-negative probands at the late period), the
main results and statistical differences were not significant.

Table 4 depicts comparison of the change of the electro-
cardiographic parameters from early to late periods between
the SCN5A-positive group and the SCN5A-negative group.

The changes in PQ interval (lead II) and QRS duration
(lead V,) were significantly longer in the SCN5A-positive
group than in the SCN5A-negative group. The change in
QRS axis was greater (i.e., deviated more to the left) in the

" SCN5A-positive group than in the SCNSA-negative group.

There were no significant differences in the duration of
follow-up period and the incidence of arrhythmic events
during the follow-up period between the 2 groups (Table 2).
Because a history of documented VF (until the early period)
was proven to be the strongest predictor for subsequent
arthythmic events, arrhythmic events were compared be-
tween the 2 groups separately in probands with previous VF
and those without previous VF, but no significant differ-
ences were observed (Table 2).

Discussion

The present study includes what is, to our knowledge, the
longest follow-up of changes of electrocardiographic pa-
rameters in SCN5A-positive probands and SCN5A-negative
probands with BS.

Mild conduction abnormalities, such as widening of
the P wave, prolongation of QRS duration and PQ and
HYV intervals, and higher incidence of RBBB, have been
described in patients with BS, especially those with
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(a) Early period: 1992 (1) Late period: 1999

18 Set] e

I-P: 120 ms V2-QRS: 142 ms V5-dS: 114 ms I-P: 137 ms V2-QRS: 157 ms VS-dS: 130 ms
A I -PQ: 200 ms v2-QTc: 440 ms il -PQ: 229 ms V2-QTec: 464 ms
(a) Early period: 1996 (b) Late period: 2005

I-P: 114 ms V2-QRS: 114ms  V5-dS: 34 ms I-P: 114 ms V2-QRS:114ms  V5-dS:36ms
B I-PQ:186ms V2-QTc: 380 ms 1.PQ: 186 ms V2-QTc: 390 ms

Figure | Standard 12-lead ECG at early and late periods during follow-up in representative cases of BS. AL inan SCNS5A-positive proband (follow-up period.
7 yeurs). the P-wave (ead 11, QRS (lead V). and S-wave (icad V) durations and PQ interval (lead 1) were prolonged even at the carly period (47 years
of age. @), The S-wave amplitude (ead V) was also deep. and the QRS axis deviated to the left. The QTe interval thead V) was borderline prolonged. At
the late period (h). all these parameters Further inereased. B, in an SCNSA-negative proband (follow-up period. 9 vears), the P-wave dead ). QRS (lead V).
and S-wave (lead V) durations. PQ interval (lead 1), and QTc interval (fead V) were Tess prolonged compared with those in an SCNSA-positive proband
at the carly period (51 years of age. ). Al the late period (h). these parameters did not change significanly. V¢-dS = S-wave duration in lead Vs,
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Table 3
Electrocardiographic parameters during follow-up period
ECG Parameter (leads) Early Period Late Period

SCN5A- SCNS5A- p Value SCNSA- SCNSA- p Value

Positive Group Negative Group Positive Group Negative Group

n=28) (n = 36) (n =8) (n = 36)
Heart rate (beats/min) 66 =11 64 = 10 0.924 606 67 =12 0.194
P-wave duration (1) (ms) 137 * 21 10 > 12 <0.001 155 + 19* 119 = 16" <0.001
PQ interval (II) (ms) 227 £ 3] 179 = 18 <0.001 257 * 22% 190 = 221 <0.001
QRS duration (II) (ims) 125 * 22 102 = 18 <0.001 142 £ 413 111 = 19* <0.001
QRS duration (V,) (ms) 13515 110+ 13 <0.001 157 = 28% 115* 16 <0.00]
QRS duration (V) (ms) 130 = 28 101 = 15 <0.001 147 = 42 108 = 17 <0.001
S-wave duration (I1) (ms) 65 * 38 3524 <0.001 77 £ 54 43 + 26% <0.001
S-wave duration (Vs) (ms) 69 * 40 3719 <0.001 78 * 50 49 * 17* <0.00!
S-wave amplitude (II) (mV) 0.37 £0.23 023 024 0.005 043 +0.24 021 =0.17 <0.001
S-wave amplitude (V) (mV) 0.83 = 0.47 0.34 £ 025 <0.001 0.88 + 048 047 £ 027" <0.001
QRS axis (°) 44 + 81 49 + 43 0.954 10 = 76} 43 * 41 0.001
QTc interval (II) (ms) 409 £ 37 396 = 28 0.535 432 * 40 410 + 34 0.164
QTc interval (V,) (ms) 427 £ 51 392 + 37 0.038 471 * 38* 405 = 38 <0.001
QTc interval (V) (ms) 401 *+ 43 389 29 0.593 408 * 39 398 + 36 0.746
JTc interval (1) (ms) 279 £ 32 290 = 30 0.554 292 * 44 293 *+ 34 0.100
JTc interval (V,) (ms) 285 x 39 279 + 35 0.960 316 * 42 283 * 38 0.044
JTe interval (V) (ms) 265 * 26 286 + 30 0.108 262 = 42 283 £ 32 0.105
STJ amplitude (V,) (mV) | 042 +0.19 029 *0.13 0.014 0.37 = 0.23 024 = 0.17 0.011
STJ40 amplitude (V,) (mV) 0.38 £ 0.14 023 +0.12 <0.001 0.34 = 0.17 021 £0.15 0.006

Data are presented as means * SD.

* p <0.001 versus early period.

*p <0.01 versus early period.

*p <0.05 versus early period.

ECG = electrocardiographic; JTc = corrected JT; QTc = corrected QT; STJ amplitude = ST amplitude at J point; STJ 40 amplitude = ST amplitude
40 ms after J point.

Table 4

Comparison of the change of electrocardiographic parameters during follow-up

Change in ECG Parameter SCNS5A-Positive Group SCNSA-Negative Group p Value
(leads) (n=8) (n = 36)

Heart rate (beats/min) -7=x10 3%213 0.046
P-wave duration (II) (ms) 19 *12 9+13 0.077
PQ interval (II) (ms) 3022 11 *14 0.004
QRS duration (II) (ms) 1722 815 0.163
QRS duration (V,) (ms) 2220 6*11 0.003
QRS duration (V) (ms) 17+ 29 8+ 14 0.161
S-wave duration (II) (ms) 1217 ) 8§+ 13 0.423
S-wave duration (Vs) (ms) 9+15 12*x14 0.604
S-wave amplitude (II) (mV) 0.06 * 0.10 -0.02 *0.14 0.152
S-wave amplitude (V) (mV) 0.05 * 0.27 0.13+0.18 0.331
QRS axis (°) —34 £ 55 -6*16 0.010
QTc interval (II) (ms) 22+ 32 15+ 34 0.562
QTc interval (V,) (ms) 44 * 49 13 %40 0.064
QTec interval (V) (ms) 6 *+ 37 9+30 0.845
JTc interval (1) (ms) 13+27 3+28 0.339
JTc interval (V,) (ms) 3148 . 538 0.094
JTc interval (V) (ms) -3+29 -3*29 0.990
STJ amplitude (V,) (mV) -0.05+0.18 - —-0.05*0.12 0.949
STJ40 amplitude (V,) (mV) -0.04 = 0.16 —0.02 + 0.11 0.642

Abbreviations as in Table 3.

SCNSA mutation.5!'" Smits et al'? observed significantly tions. Age-dependent variability in the conduction pa-
longer PQ and HV intervals at baseline and a larger rameters was evidenced in SCN5A-positive patients with
increase in PQ and QRS intervals after administration of BS.'3-!5 Moreover, this concept has been mechanistically
sodium channel blockers in patients with BS with investigated in vivo in heterozygous SCN5A mice, which
SCNS5SA mutations than in those without SCN5SA muta- showed progressive impairment with aging of atrial and
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ventricular conduction associated with myocardial rear-
rangements and fibrosis.'® Meregalli et al'? showed pro-
longation of S-wave duration in leads II and III after
administration of sodium channel blockers. Their group
suggested that these electrocardiographic signs included
reciprocal changes in the inferior leads, mirroring the
conduction slowing in the RVOT,'”-'* which may
progress with aging and relate to the pathogenesis of BS.
In the present study, the P-wave, QRS, S-wave durations,
and PQ intervals were all significantly longer, and the
S-wave amplitude was significantly deeper in the
SCNSA-positive group than in the SCNS5A-negative
group. In addition, the PQ interval and QRS duration in
lead V, were more markedly prolonged, and the QRS
axis deviated more to the left with aging in the SCNSA-
positive group than in the SCN5A-negative group during
the follow-up period. The results of previous clinical
studies and the present study suggest that progressive
depolarization abnormalities (i.e., conduction slowing)
with aging may play a key role in the pathogenesis of BS.

It has been argued recently that arrhythmic events may
occur when a sufficient degree of cell damage has been
reached as a result of the severity of ion channel protein
mutation. Frustaci et al'® showed that myocyte apoptosis at
the right and left ventricular myocardium was significantly
higher in patients with BS with SCN5SA mutations than in
control subjects on histologic study. They suggested that
abnormalities in the function of sodium channels may lead
to cellular damage because intracellular sodium homeosta-
sis has a relevant role in myocellular function.'® Experimen-
tally, Aiba et al*® used a high-resolution optical mapping
system in a pharmacologic BS model and demonstrated that
depolarization abnormalities (i.e., conduction slowing) is
required for the maintenance of VF in BS, although the
initiating premature beats were a result of a phase 2 reentry
mechanism. These histologic and experimental studies also
support that progressive conduction abnormalities with ag-
ing may explain why an initial VF episode appears at
middle to older ages, usually 40 to 50 years, in BS. It is
generally accepted that SCNSA mutation is not associated
with a higher risk of cardiac events, suggesting that genetic
analysis is a useful diagnostic parameter but is not helpful
for risk stratification.” Similarly, in the present study, the
presence of SCN5A mutation did not predict subsequent
arrhythmic events (Table 2). Most clinical studies have
reported that induction of VF by programmed electrical
stimulation did not predict the clinical outcome or clinical
severity in patients with BS 621.22 If the progressive con-
duction slowing with aging often observed in patients with
BS, especially SCNS5A-positve patients, are really linked to
VF appearance, conduction parameters, such as QRS wid-
ening, late potentials, or inducibility of VF, may still have a
potential to predict new or subsequent cardiac events.?* A
much larger patient population is required to make a defin-
itive conclusion regarding the predictive value of SCNSA
mutation and the conduction parameters for cardiac events.

Several clinical studies have suggested a localized QT
prolongation, a repolarization parameter, in the right pre-
cordial leads (mainly lead V,) in patients with BS.24.25
Castro Hevia et al?5 have suggested that a QTc >460 ms in
lead V, was a significant risk factor for subsequent cardiac

events. We recently used 87-lead body surface ECGs and
reported that a corrected recovery time, another repolariza-
tion parameter, was significantly longer in the right precor-
dial body surface ECGs, reflecting the potentials of the
RVOT, than in other body surface ECGs.?¢ Similarly, in the
present study, the longest QTc interval was observed in lead
V, in most patients with BS with SCN5SA mutation, who
usually also had a coved-type ST-segment elevation and a
terminal negative T wave. The fact that the QTc interval in
lead V, was significantly longer in the SCNSA-positive
patients than in the SCN5A-negative patients at the early
and late periods can be explained by more frequent and
higher coved-type ST-segment elevation with a terminal
negative T wave in the SCN5A-positive patients. The QTc
interval in lead V, was significantly prolonged from the
early period to the late period in the SCNSA-positive pa-
tients; however, the JTc interval in lead V, did not change
from the early period to the late period, suggesting that the
significant QTc prolongation in lead V, with aging occurred
mainly as a result of a significant prolongation of the QRS
duration in lead V,. '

There are several limitations to the present study. First,
because a small number of patients with BS with SCNSA
mutation could be included in a single-center study, a larger
number of patients with SCNSA mutation will be required
to make a definitive conclusion. Second, the study popula-
tion included 44 Brugada probands who could be prospec-
tively followed up for average of 10 * 5 years in our
hospital. Therefore, the probands represent a severely af-
fected population, but not a consecutively referred popula-
tion. Third, Veltmann et al?? recently reported the preva-
lence of fluctuations between diagnostic and nondiagnostic
ECGs in patients with BS, which may influence the mea-
surement of some electrocardiographic parameters, espe-
cially QT, JT interval, and ST amplitude, and should be
taken into account. However, the influence of the fluctua-
tions on depolarization parameters such as QRS duration is
expected to be less pronounced.
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The Common Long-QT Syndrome Mutation KCNQ1/A341V
Causes Unusually Severe Clinical Manifestations in Patients
With Different Ethnic Backgrounds

Toward a Mutation-Specific Risk Stratification

Lia Crotti, MD; Carla Spazzolini, DVM: Peter J. Schwartz, MD; Wataru Shimizu, MD:;
Isabelle Denjoy, MD: Eric Schulze-Bahr, MD; Elena V. Zaklyazminskaya, MD. PhD;
Heikki Swan. MD; Michael J. Ackerman, MD, PhD; Arthur J. Moss, MD; Arthur A.M. Wilde, MD;
Minoru Horie, MD; Paul A. Brink, MD, PhD; Roberto Insolia, PhD:

Gaetano M. De Ferrari, MD; Gabriele Crimi, MD

Background—The impressive clinical heterogeneity of the long-QT syndrome (LQTS) remains partially unexplained. In
a South African (SA) founder population, we identified a common LQTS type 1 (LQTI)-causing mutation
(KCNQI-A341V) associated with high clinical severity. We tested whether the arrhythmic risk was caused directly by
A341V or by its presence in the specific ethnic setting of the SA families.

Methods and Results—Seventy-eight patients, all with a single KCNQI-A341V mutation, from 21 families and & countries
were compared with 166 SA patients with A341V and with 205 non-A341V LQT! patients. In the 2 A341V populations (SA
and non-SA), the probability of a first event through 40 years of age was similar (76% and 82%). and the QTc was 484+42
versus 485245 ms (P=NS). Compared with the 205 non-A341V patients with the same median follow-up (30 versus 32
vears), the 244 A341V patients were more likely to have cardiac events (75% versus 24%), were younger at first event (6
versus |1 years), and had a longer QTc (485243 versus 46538 ms) (all P<0.001). Arrhythmic risk remained higher
(P<0.0001) even when the A34V patients were compared with non-A341V patients with mutations either localized to
transmembrane domains or exhibiting a dominant-negative effect. A341V patients had more events despite B-blocker therapy.

Conclusions—The hot spot KCNQ/I-A341V predicts high clinical severity independently of the ethnic origin of the
families. This higher risk of cardiac events also persists when compared with LQT| patients with either transmembrane
or dominant-negative mutations. The identification of this high-risk mutation and possibly others may improve the risk
stratification and management of LQTS. (Circulation. 2007;116:2366-2375.)

Key Words: arrhythmia m death. sudden m genetics m long-QT syndrome m risk factors

Heterogeneity of clinical manifestations is a well-known
feature among patients affected by the long-QT syndrome
(LQTS). The extent of this phenomenon becume evident with
the furst large survey of LQTS as indicated by the presence
within the same families of symptomatic and asymptomatic
atfected family members.! Tt was, however, only in the molec-
ular era that scientific attempts were initiated to explain this

puzzling clinical observation that also carries implications for
patient management.

Clinical Perspective p 2375

The identification of the 3 main genes for LQTS prompted,
within a few years, a series of relevant observations. On the
basis of a relatively small number of genotyped patients, it

Continuing medical education (CME) credit is available for this article. Go to http://cme.ahajournals.org to take the quiz.
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was first suggested that LQTS type 3 (LQT3) was associated
with less frequent but more lethal events.? Subsequently, in a
larger number of genotyped families, it was shown that
patients with either LQT2 or LQT3 were more likely to
develop cardiac symptoms, but lurgely because of the higher
incidence of LQT1 patients having a normal resting QTc (ie,
<440 ms).* The shift of focus from the genes to the actual
position of the various mutations within a given gene was the
consequence of a study by Moss et al® that called attention to
the fact that LQT?2 patients with mutations in the pore region
had a higher risk for cardiac events. However, the possibility
that a discrete mutation could be assoctated with significantly
higher risk for life-threatening cardiac events has so far
remained unexplored or unproven. in part because the vast
majority of LQTS-causing mutations are private, family-
specific mutations. In LQTS, relatively few so-called muta-
tional hot spots exist.

In 2005, we reported an L.QTI-causing mutation, KCNQI-
A341V,in a South African (SA) founder population that was
associated with unusual clinical severity.® Originated from a
Dutchman who traveled to South Africa in 1670. this founder
mutation comprises 22 KCNQ/-A341V genotype-positive
SA families.S Although we assumed that this unexpected
clinical phenotype was caused directly by this particular
missense mutation, we could not exclude the possibility that
the clinical severity was mediated not by the KCNQ/-A341V
mutation per se but by some other probably genetic or
epigenetic factors present in these families all living in South
Africa for >300 years.

To answer this question and to determine whether the high
arrhythmic risk observed in the SA families was indeed due
solely to the KCNQ1-A341V mutation. one of relatively few
“hot spot”™ missense mutations, we performed the present
study on non-SA patients with LQT1 secondary to A341V.

Methods
Study Population

The study population was obtained through an international collab-
orative projcct involving 10 centers from 8 countrics worldwide
(Finlund, France. Germany, Naly. Japan, the Netherlands, Russia,
and the United States). Genetic and chnical data. collected on
prespecificd forms, included genotype status. demographic informa-
tion, personal and family history of disease, type and timing of
symptoms, ECG measurements, treatment, and response to therapy.

Data were recorded for a total of 84 patients from 24 unrelated.
non-SA families harboring the KCNQI-A341V muiation. Among
them, 6 individuals from 3 families were compound heterozygotes
(A341V plus an additional mutation on LQTS-related genes) and
were excluded from analysis because individuals with 2 independent
mulations are more hikely to be symptomatic.s?

A341V genotype-positive paticnts were classified as cither symp-
tomatic or asymptomatic on the basis of a previous experience of
cardiac events (syncope, cardiac arvest {CA], sudden cardiac death
[SCDD as defined previously.® SCDs that cccurred through 40 years
of age in first-degree relatives and were judged to be LQTS-related
according 1o an established policy® were assumed to have occurred in
A341IV mutation carriers and consequently were included, even in
the absence of direct genotyping and/or ECG documentation.

Clinical Severity

The main objective of the study was to evaluate the clinical severity
of LQTS among A341V genotype-positive patients with a hetero-
geneous ethnic background (non—-SA-A341V) and to compare it with
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that of the SA founder population (SA-A341V) previously reported
In addition, we compared the clinical course of all A341V patients
with that of an LQT! population derived from the LQTS database
maintained at our institution in Pavia, Italy. As markers of chnical
severity, we considered the proportion of symptomatic mutation
carriers, the incidence of life-threatening arrhythmias, age at first
cardiac event, QTc interval duration. and event-free survival by
Kaplan-Meier cumulative estimates. The cumulative probability of a
first event was considered, both for any event and for CA/SCD,
before the institution of B-blocker therapy and through 40 years
of age. ‘

Furthermore, we took into account the disparity in the extent of
genetic testing and clinjcal evaluation among the family members of
the 2 A341V populations under study (non-SA and SA) because the
SA pedigrees underwent extensive genctic testing. The inclusion of
small nuclear families could have biased the results toward an
overestimate of the clinical seventy, so we also performed 3 different
sensitivity analyses according o a prion established exclusion
criteria to limit this potential selection bias. Specifically, all the
analyses were repeated by (1) limiting the study population to 54
non-SA mutation carriers from 9 unrelated families and to 146 SA
mutation carriers from 14 families with at least 4 alfected individuals
cach; (2) excluding all probands. rcgardless of the number of
affected individuals per family: and (3) combining these 2 criteria.

On the basis of recent findings that both transmembrane muta-
tions® and dominant-negative functional mutations in KCNQI¥ were
associated with increased disease severity, we also considered the
possible effect of the mutation site (transmembranc-spanning or
pore-forming domains versus C- and N-terminal domains) and the
possibility that the clinical severity of A341V might be a conse-
quence of its dominant-negative nature. Therefore, we compared all
A341V genotype-positive patients with the LQT1 population strat-
ificd for mutation sitc and the LQT1 patients with dominant-negative
mutations,

Therapy

Data were collected on the administration and effectiveness of the
treatment modalitics applied to these LQTS patients: S-blockers. Teft
cardiac sympathetic denervation. pacemaker. and implantable
cardioverter-defibrillator. The assessment of the effectiveness of
B-blockers was limited to those subjects with precise information on
therapy and outcome and with at least 1 year of follow-up after
initiation of treatment. To avoid the confounding rolc of possible
comorbiditics, we excluded from analysis those patients who started
B-blocker therapy after 40 years of age. With the only exception of
long-standing withdrawals (defined as a withdrawal of B-blocker
therapy >1 week) or refusal of the prescribed B-blocker by the
patieat. all the events occurring during sporadic omission of the
treatment were counted.

Statistical Analysis

The clinical characteristics of the genotyped groups were compared
by Student 1 test or the Mann-Whitney U test as appropriate for
continuous variables, which were expressed as mean and SD or as
median and interquartile range (IQR). Categorical variables were
presented as absolute and relative frequencies and compared by x°
test with Yates continuity correction. Event-free survival was de-
scribed by Kaplan-Mcier cumulative estimates, with comparisons
performed by the log-rank test. Time from birth to first event through
40 years of age was considered both for any event and for CA/SCD.
Survival analyses also were performed by gender. To represent the
natural history of the disease and to avoid the confounding role of
B-blockers, observations were censored at initiation of B-blocker
therapy in survival analyses. Multivariate Cox proportional-hazards
model was used to evaluate the significant and independent contri-
bution of clinical and genetic factors to the risk of a first cardiac
cvent. SPSS version 13 (SPSS Inc, Chicago, 1) was used for
computation. Values of P<<0.05 (2 sided) were considered statisti-
cally significant.
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Table 1. Clinical Characteristics of the Study Population and Comparison Between the 2
A341V Groups
Non-SA-A341V Poputation SA-A341V Popuiation P
Genotype-positive patients, n 78 166
Families. n 21 22 .
Female gender, n (%) 43 (55) 89 (54) 0.9
Symptomatic (any first event before 53 (68) 131 (79) 0.09
40 y of age}, n (%)
Median age at onset, y (IQR) 6 (5-9) 6 (4-10) 0.82
CA/SCD, n (%) 19 (24) 55 (33) 021
SCD, n (%) 10(13) 24 (14) 0.88
Asymptomatic, n (%) 25(32) 35{21)
=15y of age, n (%) 13(17) 9(5) <0.01
ECG off 3-blocker therapy, n 63 30
QTc, ms 48442 485:+45 0.89
=440 ms, n (%) 5(8) 11(12) 0.56
=500 ms, n (%) 15 (24) 30 (33) 0.27
Median follow-up, vy (IQR) 21.5 (11-40) 33 (17-56) 0.001

The authors had full access to and take full responsibility for the
intcgrity of the data. All authors have rcad and agree to the
manuscript as written.

Results

Clinical Severity

We report data on 78 KCNQ/-A341V genotype-positive
patients originating from 21 worldwide families with a mean
of 3.7x2.8 affected subjects per tamily.

Table | displays the clinical characteristics of this popula-
tion. A slight but nonsignificant female gender predominance
(55%) was present. During a median observation time of 21.5
years (IQR, 11 to 40 years) from birth to last contact, 53
patients (68%) became symptomatic before 40 years of age.
Among these, 35 (45%) had syncope only, 9 (11.5%) had CA.
and 10 (13%) suffered SCD. All the SCDs occurred while
patients were oft therapy; 7 occurred before 20 years of age.
Exercise was the triggering fuctor for all (4 of 4) the episodes
of witnessed SCD with available information on the circum-
stances associated with the terminal event. Overall, 19 pa-
tients (24%) suffered fatal or near-fatal events. Only 25
A341V patients (32%) were asymptomatic during the first 4
decades. Importantly. approximately half of these individuals
are still =15 years of age and thus are too young to be
considered truly asymptomatic with certainty because they
are still at risk of a first cardiac event.

Table 1 also compares the occurrence of symptoms during
tollow-up from birth between the non-SA A341V patients
and the SA-A341V population. The proportion of patients
who experienced at least | cardiac event was not significantly
different (68% in the non-SA population versus 79% in the
SA population, P=0.09). However. the mean age at last
contact was significantly different, with the non-SA popula-
tion being younger (median, 21.5 years [IQR. 11 to 40 years]
versus 33.5 years [IQR, 17 to 56 years]: P=0.001); further-
more, a higher number of asymptomatic subjects =15 years
of age were in the non-SA population compared with the SA

group (13 [17%] versus 9 [5%]; P<0.01). For this reason, the
clinical status between the 2 groups also was compared
following the exclusion of all A341V patients =15 yeurs of
age. The proportions of patients very likely to remain asymp-
tomatic during comparable lengths of their clinical course
remained small and very similar between the 2 A341V groups
(25% and 19%. respectively. for non-SA versus SA group;
P=0.5).

The median age at first event through 40 years of age was
the same (6 years [IQR. 5 to 9 years] and 6 years [IQR, 4 to
10); P=0.82), as was the incidence of LQTS-related fatal or
near-fatal events (24% and 33%. respectively; P=0.21).

An ECG recorded in the absence of B-blocker therapy was
available in 63 (81%) of the 78 non-SA A341V patients and
in 90 (54%) of the 166 SA-A341V. Basal QTc¢ was almost
identical between the 2 groups (484 £42 versus 48545 ms,
respectively: P=0.89). The QTc was =440 ms for 8% and
12% (P=0.56) of the 2 populations, respectively, whereas
24% and 33% had a QTc =500 ms (P=0.27).

Kaplun-Meier curves describing the cumulative survival to
any first cardiac event (syncope, CA. SCD) before the
institution of B-blocker therapy and through 40 years of age
are shown for the entire non-SA population compared with
the SA cohort in Figure 1. The median survival time (ie. the
time by which at least 50% of the population has already had
a first cardiac event) was 8 and 9 years, respectively (all
together, 8 years; 95% confidence interval, 6.9 10 9.1). By 5
years of age, the cumulative event-free survival was 76% and
70%, respectively: by 10 years of age, it dropped to 38% and
35%. By the end of the observation period, no significant
difference in survival was observed (24% versus 18%.
P=0.25). However. because a slight trend toward a lower
probability of a first cardiac event after 10 years of age was
observed in the non-SA population. we also focused on those
patients who had no cardiac events until 10 years of age and
who were followed up through 40 years of age. Once again,
no significant difference existed in event-free survival be-
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Figure 1. Unadjusted Kaplan-Meier
estimate of the cumulative event-free
survival in the non-SA and SA-A341V
groups. Any cardiac event (syncope,
CA, or LQTS-related SCD), whichever
occurred first, was considered from
birth through 40 years of age and
before p3-blocker therapy. Numbers at
risk are indicated.

Age (yrs)
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tween the 2 populations (data not shown; P=0.11). Notably,
by 20 years of age. regardless of ethnic subgrouping, all
A341V patients destined to become symptomatic had already
experienced a first cardiac event, with very few events
occurring after 20 years of age. No significant difference was
observed between male and female patients among both the
non-SA (P=0.61) and the SA A341V carriers (P=0.19).

When the end point for the comparison of the cumulative
survival was limited to CA/SCD (Figure 2). Kaplan-Meier
curves described an almost identical pattern between the 2
A341V populations. By 40 years of age. the cumulative
probability for combined fatal/near-fatal events was 35% and
31%. respectively (P=0.93). The 3 sensitivity analyses con-
firmed the results reported above. and no significant differ-
ences were observed between the SA and non-SA
populations.

Comparison Between A341V and Non-A341V
LQT1 Populations

Because the SA and non-SA populations showed no signifi-
cant difference in any of the markers of severity analyzed. all

..........

patients genotype positive for A341V were combined to
compare the clinical expression of this specific mutation with
that of a genetically heterogeneous non-A341V LQTI group
derived from our own LQTS database in Pavia (Table 2). The
LQT! A341V population (n=244) had a significantly greater
percentage of symptomatic patients, earlier age at first cardiac
event. higher incidence of life-threatening arrhythmias, more
prolonged mean QTc. lower frequency of silent mutation
carriers, and twice the proportion of subjects with a QTc¢
2500 ms compared with the non-A341V L.QTI group
(n=205).

When the combined A341V population was plotted against
the LQT! non-A341V group, a significant difference in the
cumulative event-free survival emerged in that by 40 years of
age. 80% of the A341V population (SA and non-SA) but only
30% of the LQT1 non-A341V group had already experienced
a first cardiac (P<<0.0001; Figure 3). A multivariate Cox

* model adjusted for gender and QTc showed that A341V

patients were at higher risk of a first cardiac event compared
with the LQT1 non-A341V group, with a hazurd ratio of 4

Non SA- A1V (n= 78)

e SA- ATV (n=164)

-~ Figure 2. Unadjusted Kaplan-Meier esti-
& mate of the cumulative survival in the
= non-SA and SA-A341V groups. Only life-
T threatening cardiac events (CA or LQTS-
c related SCD) were considered from birth
a through 40 years of age and before
o B-blocker therapy. The SA group com-
I prises 164 patients because of the lack
= of precise information on the exact time
= of the event in relation with therapy in 2
g 0 subjects. Numbers at risk are indicated.
o
. Age (yrs
N° at risk e 1 » M ge (yrs)
.......... % 4 x» k) 15
— 194 13 93 7 L
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Table 2. Clinical Characteristics of the Entire A341V Population and Comparison

With a LQT1 Non-A341V Group

All A341V LQT1 Non-A341V -P

Genotype-positive patients, n 244 205
Female gender, n (%) 132 (54) 122 (59.5) 0.29
Symptomatic (any first event before 184 (75) 49 (24) <0.001
40 y of age), n (%)

Median age at onset, y (1QR) 6 (5-10) 11 (4-17) 0.001

CA/SCD, n (%) 74 (30) 14 (7} <0.001
ECG, n (%) 153 (63) 190 (93)
QTc, ms 48543 465+38 <0.001

=440 ms, n (%) 16 (10.5) 45 (24) 0.002

=500 ms, n (%) 45 (29) 26 (14) 0.001
Median follow-up, y (IQR) 30 (15-51) 32 (14-46) 0.35

(95% confidence mnterval, 2.7 to 5.8; P<<0.001). QTc was a
significant and independent (P=0.004) predictor of cardiac
events with a 6% increase in risk for each 10-ms increase in
QTec. This pattern was confirmed when the comparison with
the LQT1 population was performed according to the specific
intragenic site of mutations and their functional effect.
KCNQI-A341V was associated with a much higher proba-
bility of experiencing a first cardiac event compared with the
group comprising all other LQT! non-A341V mutations,
regardless of their being located in the transmembrane do-
main or in the C- and N-terminal regions of the protein
(P<20.0001; Figure 4).

We then compared our 2 A341V populations with the
non-A341V group comprising only mutations with a
dominunt-negative effect functionally demonstrated (Figure
5). Even in this case. patients with the dominant-negative
A341V mutation had a significantly higher probability of
becoming symptomatic than patients with other dominant-
negative LQTI-causing mutations (P<0.0001). We also
wanted to compuare the A341V mutation with another
dominant-negative mutation (KCNQ/7-G3148) producing a
significantly greater (P<<0.05) loss in repolarizing current
(==55% versus 70%)* and found that the probability of

experiencing a first cardiac event was still significantly
higher for A341V (P=0.03; Figure 6).

B-Blocker Therapy

For 67 of the 78 non-SA A341V patients (86%), adequate
information on therapy and outcome was available. Of them,
34 (51%) received B-blocker therapy and fulfilled the pre-
specified criteria for the evaluation of the response to treat-
ment. Their median age at initiation of therapy was 7.5 years
(IQR, 6 to 27 years).

During a median observation time on B-blocker therapy of
7.5 years (IQR, 5 to 11 years). 14 A341V genotype—positive
patients (41%) suffered at least | cardiac event, including 3
CAs but no SCD. Six patients also received an implantable
cardioverter-defibrillator. and 1 of them received appropriate
shocks. Thus, life-threatening events on S-blocker therapy
occurred in 4 of 34 LQT1 patients with A341V (12%).

When the same inclusion criteria for analysis were applied
to the SA group, it was observed that 70 of 150 patients
(47%) were on B-blocker therapy, with a median age at
initiation of therapy of 10 years (IQR, 4 to 18 years). During
a median follow-up on B-blocker therapy of 12.5 years (IQR,
6.5 to 22.5 years), 34 of 70 carriers (49%) suffered at least 1

---------- LQTI non-A341V (o= 205)

Cumulative event-free survival (%)

17 . r ;
N° o risk o 19 » x o
.......... 08 146 109 % &
[N, RR) 8 8 35 "

— All AJ41V (n=233)

Figure 3. Unadjusted Kaplan-Meier esti-
mate of the cumulative event-free sur-
vival {any first event) in the whole (non-
SA+SA) A341V population plotted vs the
LQT1 non-A341V group. Any cardiac
event, whichever occurred first, was
considered from birth through 40 years
of age and before g-blocker therapy.
Numbers at risk are indicated.

P<0.0001

Age (yrs)
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Figure 4. Unadjusted Kaplan-Meier esti-
mate of the cumulative event-free sur-
vival (any first event) in the entire A341V
and in the LQT1 non-A341V groups
according to specific mutation site. Any
cardiac event, whichever occurred first,
was considered from birth through 40

P<0.0001 years of age and before S-blocker ther-
apy. Numbers at risk are indicated.
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cardiac event, including 15 CAs and 5 SCDs, for a twtal of 20
life-threatening events on therapy (29%).

Among the 104 patients with A341V who were on
B-blocker therapy, 19 (189%) life-threatening events occurred
(18 CA and | implantable cardioverter-defibrillator shock)
and 5 SCDs (5%). In comparison, among the 76 non-A341V
assessuble patients, a 7% incidence was shown of any cardiac
event while on S-blockers; of note, no CAs and only 1 SCD
(1%) occurred.

Discussion
We previously reported that KCNQ-A341V, a mutation with
a mild dominant-negative effect,® was associated with an
unusually severe clinical phenotype in an SA founder popu-
lation. To determine whether this clinical severity was
specific to the SA families or was related directly o the
A341V mutation per se, we have collected data on A341V

mutation carriers from 2| unrelated families originating from
difterent parts of the world and having a different ethnic
background.

We assume that the A341V mutation arose independently
in different and unrelated families for 2 main reasons. First,
this mutation was found in families living for centuries in
very ditferent parts of the world. Second, this mutation occurs
in the context of a CpG dinucleotide, a known molecular hot
spot for transition mutations.'?

The major findings of the present study are that (1) the hot
spot A341V on the KCNQ! gene is indeed associated with an
unusual clinical severity independently of the origin of the
tamilies, (2) patients with this mutation are at higher risk for
cardiac events compared with a more general LQTI popula-
tion, and (3) this clinical phenotype is not fully explained by
the biophysical properties of the mutation. This evidence
should now be taken into account in the risk stratification

m = = Dominant negative LQT1 non-AMI1V(n=69)

sereeeses non-SA -A341V(n=72)

Cumulative event-free survival (%)

P<0).0001
................. -
"""" eemeuese
ag T T T 1‘»\
N®at risk » ~ » -
- 59 4 3 2 2
---------- 72 b3 I} 1" 9
—— 111} o1 » -t b3

SA -A341V (n=161)

Figure 5. Unadjusted Kaplan-Meier esti-
mate of the cumulative event-free sur-
vival (any first event) only in patients with
LQT1 secondary to dominant-negative
KCNQ1 mutations; the 2 A341V groups
are plotted vs the LQT1 non-A341V
group. Any cardiac event, whichever
occurred first, was considered from birth
through 40 years of age and before
B-blocker therapy. Numbers at risk are
indicated.

Age (yrs)
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process. We also unexpectedly found that recurrences of
cardiac events despite B-blocker therapy were more frequent
among KCNQI-A341V patients than among LQT1 patients
without this specific mutation.'=* Accordingly. we recom-
mend careful follow-up and management of the A341V
patients.

Mutation Site. Functional Effects,

and Clinical Severity

Risk stratification for LQTS is important for the therapeutic
decision-making process, especially when dealing with young
asymptomatic patients, but despite significant progress com-
pared with 20 to 30 years ago,'-1¢ it is still in a developmental
phase. In 2003, a risk stratification approach was proposed?
thut was based on gender, genotype, and degree of QT
prolongation. However, this approach could not take into
account the by-then only initial evidence that within the same
genetic subgroup, important differences in the phenotypic
manifestations of the disease may reflect the specific site of
the mutations.

The first reports in this area came in 1997 by Donger et al'’
and in 2001 by Piippo et al'® who called attention to the tact
that the KCNQ/-R555C and KCNQ1-G589D mutations. re-
spectively, both located in the C-ternmnal region, were
assoclated with a somewhat less severe clinical phenotype. In
2002, Moss et al.* in a relatively large colluborative study.
indicated that LQT2 patients with a mutation in the pore
region of KCNH2 were at higher risk for cardiac events
compared with patients with a mutation on the same gene but
in different regions of the protein. This was followed in 2003
and 2004 by 2 studies® ¥ on the clinical impact of mutation
site in LQT1 patients that reuched opposite conclusions, thus
complicating the attainment of a uniform interpretation.

Zareba et al'” reported on 294 LQTI patients from the
Tuternational LQTS Registry*" who had been classified into 3
groups according to their mutation site (prepore. pore, post-
pore) and found no significant ditferences in clinical presen-

All (SA+ non-SA) A4V (n=233)

Figure 6. Unadjusted Kaplan-Meier
estimate of the cumulative event-free
survival (any first event) among
patients with a mild (A341V) and strong
(G314S) dominant-negative mutation.
The entire A341V population (mild
dominant-negative effect) is compared
with a G3148S population (strong
dominant-negative effect) and the
LQT1 non-A341V group. Numbers at
risk are indicated.

Age {yrs)

tation, ECG parameters, and cardiac events. Relevant here is
the fact that in this cohort, KCNQ/-A341V, considered a pore
mutation, represented only 6% (6 of 101 cases) of the entire
“pore-region” population.

Shimizu et al” reported on 95 LQT1 Japanese patients from
37 different families who were classitied according to the
mutations being part of the transmembrane or of the
C-terminal regions. Their main finding was a statistically
significant greater risk of cardiac events for patients with
mutations in the transmembrane region. Relevant here is the
fact that in this investigation. at variance with the Zareba et al
study, KCNQ1-A341V represented an impressive 29% (19 of
66 cases) of the entire “transmembrane” population.

We believe that an important contributing factor to the
appurently very different results reported by Zareba et al and

" Shimizu et al lies in the large and significantly different

representation of KCNQI-A341V in their 2 reports (6%
versus 29%; P<0.001). The striking clinical severity of this
mutation, demonstrated in the present study. is probably
sufficient to explain the more severe clinical picture associ-
ated with the Shimizu et al transmembrane mutations that
included KCNQI-A341V. Indeed. when following the same
classification used by Shimizu et al, we divided our non-
A341V LQT! population according to the mutation site
(transmembrane domain versus N and C terminal) and still
observed a large difference between both these 1LQT1 genetic
subgroups and the entire A341V population (P<0.000D.

Very recently. Moss et al® demonstrated in 600 LQT]I
patients that both the transmembrane location of the muta-
tions and their dominant-negative effect are independent risk
factors for cardiac events. Accordingly, we took into consid-
eration the biophysical properties of KCNQI-A34iV to
verity whether they could explain our findings.

Initially, A341V had been regarded as a simple loss-of-
function mutation without dominant-negative effect.”!??
Later, Brink et al® demonstrated that this mutation was
assoctated with a mild dominant-negative effect with a loss in
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Figure 7. Unadjusted Kaplan-Meier
estimate of the cumulative probability
of a cardiac event (syncope, CA, or
LQTS-related SCD, whichever occurred
first) in the LQT1 population from the
US-Netherlands-Japan collaborative
study.® Carriers of A341V mutation are
compared with all the other LQT1 non-
A341V patients. Superimposed is the
curve representing the cumulative
probability of a first cardiac event in

0.00 4 . Age (yrs) the entire (SA-+non-SA) A341V popula-
N. Atri 0 L) 10 -] 20 25 30 3B 40 tion from the present study. Numbers
. At risk . Lo
19 7 3 2 1 at risk are indicated.
—_ 573 456 338 309 273
......... 233 81 38 35 30

repolarizing current slightly exceeding 50% when coex-
pressed with wild type. When A341V was compared with our
non-A341V LQT1 mutations with a dominant-negative ef-
fect. it was evident that A341V was associated with a
significantly higher arrhythmic risk. Furthermore, when
A341V wus compared with a stronger dominant-negative
mutation, G3148, that produced a loss of current of =70%,3
the pattern indicating a higher risk among patients with
A341V was again documented.

Because our own non-A341V population appeared to be
somewhat less symptomatic than other LQT! populations
previously reported, for the sake of safety, we also made a
comparison with the largest non-A341V population available
to us, namely the 573 patients who were part of the recent
study by Moss et al.3 Figure 7 shows Kaplan-Meier curves for
these 573 patients, for the 19 A341V patients from the same
study, and for our own 233 A341V patients. Two important
points become apparent. The first is that the probability of
arthythmic symptoms is twice as large (80% versus 40%;
P<0.0001) among the A341V compared with the non-
A341V patients. The second is the very impressive and
practically identical Kaplan-Meier curves of the 19 A341V
patients studied by Moss et al® and of the 233 A341V patients
from our study.

These data conclusively demoustrate the striking clinical
severity associated with the A341V mutation and, at variance
with a major recent publication ® prove that cellular electro-
physiological studies cannot always predict the clinical phe-
notype. Indeed, in the A341V patients, neither the location
(transmembrane) nor the functional consequence of the mu-
tation (dominant-negative effect) fully explains the unusually
high clinical severity. We surmise that the current biophysical
assessments of the electrophysiological effects of LQTS-
causing mutations do not provide the whole gamut of infor-
mation necessary to make a complete genotype-phenotype
correlation.

Response to 3-Blocker Therapy

In agreement with the evidence that among LQT] patients,
most cardiac events occur under conditions of increased
sympathetic activity,'* treatment with  B-blockers is ex-

tremely eftective in these LQTS patients who represent the
largest genetic subtype.!'-'* Indeed. in LQTI study popula-
tions with a percentage of symptomatic patients between 50%
and 70%, the combined incidence of CA and SCD during
rather long follow-up periods is only 19%.'33

We were therefore surprised by observing what appears to
be a rather incomplete protection for patients with A341V. A
degree of caution is necessary in the interpretation of these
data for which we do not have a ready explanation. It seems
appropriate, however, to assess these patients very carefully
with frequent follow-up visits to ensure that B-blockers are
administered at full dose and to stress the importance of
compliance. In addition, with QTc¢ duration factored in as a
known risk factor, the responsible physicians should be ready
to consider the additional preventive steps represented by left
cardiac sympathetic denervation?? and by implantable
cardioverter-defibrillators.

A341V Patients

The present data on 4 uniquely lurge population of patients
carrying the same genetic defect (KCNQ1-A341V) demon-
strate that within LQTS patients, mutation-specific behaviors
exist independently of different genetic backgrounds and
ethnicities. When we compared the clinical severity present in
the SA and in the non-SA A341V population, we found that
it was very similar. The sensitivity analyses, performed by
excluding the probands and by including only those families
with at least 4 affected individuals, confirmed these findings.
Therefore. all A341V genotype—positive patients (n=244)
were compared with a genetically heterogencous LQTU

likely to have longer QT intervals, to suffer more arrhythmic
events, and to be somewhat less protected by B-blockers from
life-threatening events. Clearly, they represent a group at
much higher risk compared with other LQT! patients.

Study Limitations

The study had 2 potential limitations that we tried to obviate.
In general. the SA families are. larger than the non-SA
families. For this reason. we performed sensitivity analyses
that confirmed the validity of the data. The study of the SA
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families goes back many more years and includes periods
when the data collection cannot be accurately verified.
Accordingly, we have excluded from the analysis of
B-blocker therapy those older patients for whom precise
information on dosage, compliance, and severity of the
cardiac events could not be obtained with sufficient
reliability.

Conclusions

The present study provides the largest data set on patients
affected by LQTS who carry the exact same mutation. The
data unequivocully show that KCNQI-A341V is a mutation
associated with unusual clinical severity. This finding, to-
gether with the recent evidence that genetically mediated
neural control of heart rate muy modulate arrhythmic risk in
LQT1 patients,* begins to unravel the old and puzzling
observation of the large heterogeneity in the clinical mani-
festations of LQTS. We do not believe that this mutation is
unique in its clinical phenotype. and we believe that other
mutations, more likely to be located in functionally important
areas probably within the transmembrane region and close to
the pore or in the $4 domain, confer a risk for life-threatening
arrhythmias higher than that associated with other mutations.
Thus, one can envision not only genotype-specific treatment
algorithms but even mutation-specific considerations.

We were able to document these features because of the
observations in the large SA founder population and because
A341V is a relatively common LQT1-causing mutation. This
has allowed us to pull together an adequate number of
patients with this mutation from different parts of the world
and to confirm the initial observation.5 The severity of other
specific mutations has probably escaped notice so far because
they are less common and therefore their clinical impact has
been lost within the large series of patients with more
frequent mild mutations. The clinical message from our study
is that in the future attention should be paid to families with
a high percentage of symptomatic individuals and that, once
the disease-causing mutations have been identified, collabo-
rative studies similar to ours should be undertaken to test the
possibility of identifying other clinically severe mutations.
This will contribute to the development of a more accurate
risk stratification grid for patients affected by LQTS.
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CLINICAL PERSPECTIVE

The impressive clinical heterogeneity characteristic of the long-QT syndrome (1.QTS) remains puzzling and hinders
accurate risk stratification and targeted management. In a South African founder population, we identified a common
LQTS type | (LQTI)-causing mutation (KCNQI-A341V) associated with high clinical severity. We have now tested
whether the arrthythmic risk was caused directly by A341V or by its presence n the specific ethnic setting of the South
African familics. We compared 78 patients from 10 countries, all with a single KCNQ7-A341V mutation, with 166 South
African patients with A341V and 2 different populations of non-A341V LQTTI patients. In the 2 A341V populations, the
probability of a first event before 40 years of age was similar (76% und 82%), and the QTc¢ wus similar. Compared with
the LQTI1 non-A341V patients, the A341V subjects were significantly more likely to have cardiac events, to be younger
at first event, and to have a longer QTc. Arrhythmic risk remained higher even when the A341V group was compared with
573 LQTI non-A341V patients. Thus. the hot spot KCNQ/-A341V predicts high clinical severity independently of the
ethnic origin of the families. Neither the location (transmembrane) nor the functional consequence of the mutation
(dominant-negative effect) fully explains the clinical phenotype. The identification of this high-risk mutation and possibly
others may improve risk stratification aund management of LQTS.
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