Original article

Rev Esp Cardiol. 2013;66(4):275-281
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Juan Jiménez-Jaimez,>* Miguel Alvarez,® Maria Algarra,® Rosa Macias Ruiz,® Rocio Pefias,?
Francisca Valverde,® Gustavo Tortajada,® Jose Antonio Lorente,” Rafael Melgares,® and Luis Tercedor?

aServicio de Cardiologia, Hospital Universitario Virgen de las Nieves, Granada, Spain
b Departamento de Medicina Legal y Toxicologia, Universidad de Granada, GENYO-Centro Pfizer-Universidad de Granada-Junta de Andalucia de Genémica y Oncologia, Granada, Spain

Article history:

Received 6 May 2012

Accepted 20 September 2012
Available online 21 December 2012

Keywords:

Channelopathies

Long QT syndrome

Brugada syndrome

Sudden cardiac death

Idiopathic ventricular fibrillation
Genetic mutation

Palabras clave:

Canalopatias

Sindrome de QT largo

Sindrome de Brugada

Muerte sibita cardiaca
Fibrilacién ventricular idiopatica
Mutacion genética

ABSTRACT

Introduction and objectives: Cardiac channelopathies are genetic alterations that can cause sudden death.
Long QT syndrome and Brugada syndrome are 2 such conditions. Both are diagnosed according to
previously published criteria. Our objective was to determine the sensitivity of these criteria in a
consecutive series of patients carrying the mutations that cause them.
Methods: We enrolled 15 families and 31 causal mutation carriers with a high pathogenic probability of
having long QT syndrome and Brugada syndrome. We conducted clinical and electrocardiographic
studies to analyze the extent to which these patients fulfilled the diagnostic criteria. Statistical analysis
was with SPSS 17.0.
Results: Some 48.3% of the subjects met the criteria indicating a high probability of long QT syndrome or
Brugada syndrome. Among those with the mutation for long QT syndrome, only 10 out of 21 had a
Schwartz index score>4. Both the median Schwartz score and the cQT interval were lower in relatives
than in probands. Of those with the mutation for Brugada syndrome, 60% failed to meet current
diagnostic criteria, which were more frequently fulfilled in relatives. Pharmacological tests with
epinephrine and flecainide helped establish the diagnosis in 2 mutation carriers with negative
phenotype.
Conclusions: Current diagnostic criteria for long QT syndrome and Brugada syndrome had low sensitivity
in our sample of genetic carriers. Genetic tests supported by pharmacological tests can increase
diagnostic sensitivity, especially in asymptomatic relatives.

© 2012 Sociedad Espafiola de Cardiologia. Published by Elsevier Espafia, S.L. All rights reserved.

Baja penetrancia clinica en sujetos portadores de mutacion patogénica para las
canalopatias cardiacas

RESUMEN

Introduccion y objetivos: Las canalopatias cardiacas son trastornos genéticos que pueden causar muerte
sabita. Entre ellas se encuentran el sindrome de QT largo y el sindrome de Brugada. Ambos se
diagnostican seglin unos criterios previamente publicados. Nuestro objetivo es evaluar la sensibilidad de
esos criterios en una serie consecutiva de sujetos portadores de mutacion patogénica para sindrome
de QT largo y sindrome de Brugada.

Meétodos: Se incluy6 a 15 familias y 31 sujetos portadores de mutaciones con alta probabilidad
patogénica de sindrome de QT largo o sindrome de Brugada. Realizamos estudio clinico y
electrocardiografico para analizar el cumplimiento de los criterios diagnosticos. El estudio estadistico
se realiz6 con el programa estadistico SPSS 17.0.

Resultados: El 48,3% de los sujetos cumplian criterios de alta probabilidad de sindrome de QT largo o
sindrome de Brugada. Entre la poblaciéon con mutacién para sindrome de QT largo, sdlo 10 de 21 sujetos
mostraron un indice de Schwartz > 4. Tanto la mediana de la puntuacion de Schwartz como el intervalo
QTc fueron menores en familiares que en probandos. En la poblacion con mutacion para sindrome de
Brugada, el 60% no cumplia los criterios diagnoésticos vigentes, algo que fue mas frecuente en familiares.
El test farmacoldgico con epinefrina y flecainida ayud6 a establecer el diagnéstico en dos familias
portadoras de mutacion con fenotipo negativo.

Conclusiones: Los criterios diagndsticos actuales para sindrome de QT largo y sindrome de Brugada
tuvieron baja sensibilidad en nuestra muestra de portadores genéticos. El test genético apoyado por
tests farmacol6gicos puede incrementar la sensibilidad diagnéstica, especialmente en familiares
asintomaticos.

© 2012 Sociedad Espariola de Cardiologia. Publicado por Elsevier Espafia, S.L. Todos los derechos reservados.
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Abbreviations

BS: Brugada syndrome

ECG: electrocardiogram

IVF: idiopathic ventricular fibrillation
LQTS: long QT syndrome

INTRODUCTION

Sudden death in persons with a structurally normal heart
(arrhythmic sudden death syndrome) is usually arrhythmic in
origin and is primarily caused by channelopathies or alterations
of the cardiac ion channels.! The most prevalent of these are long
QT syndrome (LQTS), Brugada syndrome (BS), catecholaminergic
polymorphic ventricular tachycardia and idiopathic ventricular
fibrillation (IVF).?2 Characteristics common to channelopathies
are a defined genetic origin, a structurally normal heart,
predisposition to ventricular arrhythmias and sudden death,
and usually incomplete clinical penetrance.®> Exhaustive cardio-
logical evaluation with surface electrocardiogram (ECG) and
pharmacological tests with flecainide and epinephrine success-
fully identify the underlying etiology of an arrhythmic episode in
a high proportion of cases.*™® Cases of sudden death without a
final diagnosis despite the performance of conventional tests are
classified as IVF.

Table 1
Long QT Syndrome and Brugada Diagnostic Criteria

Diagnosis of channelopathies—specifically diagnosis of LQTS
and BS—is performed according to existing criteria that remain
current at the time of writing (Table 1). The Schwartz criteria,
published in 1985 and modified in 1993,” consider diagnosis of
LQTS as probable when the score is>4 and take into account
electrocardiographic, clinical and family history data (Table 1A).
For BS, the criteria applied since 20052 require the presence of
Brugada type 1 pattern in at least 2 precordial leads of the baseline
surface ECG or after intravenous infusion of a sodium blocker
(Table 1B).

Neither of these criteria takes account of genetic study data.
Recent research points to the importance of the genetic study
combined with the phenotype-oriented pharmacological test in
diagnosing cases that are dubious because of the incomplete
clinical penetrance of these alterations, especially in asymptomatic
relatives.®~! The objective of our study was to analyze the validity
of the diagnostic criteria in patients diagnosed as having a
high probability of a channelopathy on the basis of genetic test
results and to study the value of these diagnostic criteria in the
proband and relatives, supported by the pharmacological test in
genetic mutation-carriers with negative phenotype.

METHODS

We studied index cases suspected of having a channelopathy
because they had 1 or more of the following characteristics: a
history of polymorphic ventricular arrhythmias of uncertain
etiology or cardiogenic syncope, an ECG suggestive of LQTS or
BS, or they were a close relative of someone who died of probable

Points

A) LQTS diagnostic criteria

ECG findings

cQT calculated using Bazzet’s formula>480 ms

460-40 ms

450 ms, men

Torsade de pointes

T wave alternans

Bifid T wave in 3 leads

Baseline heart rate<2 centiles of the level corresponding to age

Ol= =N |=NlWw

Clinical history

Syncope with stress

N

Syncope without stress

Congenital deafness

Family history

First-degree relatives with definitive LQTS according to Schwartz criteria

First-degree relatives with sudden death at less than 30 years

0.5

B) BS diagnostic criteria

ECG criteria (necessary)

One of the following must be present

Brugada type 1 pattern in 2 or more leads (V,-V3) in presence
or absence of an Na channel blocker

Documented VF

Documented polymorphic VT

Family history of sudden death at less than 40 years

Type 1 ECG pattern in close relatives

VT induced in EPS

Syncope

Nocturnal agonal respiration

BS, Brugada syndrome; ECG, electrocardiogram; EPS, electrophysiologic study; LQTS, long QT syndrome; VF, ventricular fibrillation; VT, ventricular tachycardia.
LQTS>4 points: high probability; LQTS 2-3 points: intermediate probability; LQTS<1 point: low probability.
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Ventricular arrhythmias with or without syncope
Sudden death of a relative
Pathologic ECG

Suspected channelopathy
in index case
(initial n=27 index cases,
17 LQTS, 10 BS)

Directed genetic study

Inclusion «——— Positive Negative (n=5 LQTS and 7 BS) —— Exclusion

Final n=31 (n=12LQTS
21LQTS and 3 BS)
and 10 BS

Genetic study of mutation
in first-degree relatives

—

—Positive  Negative

Figure 1. Patient enrollment algorithm. We excluded index cases and relatives with negative genotype. Note that the mutational prevalence was similar to that of
previous studies, with 70.5% for long QT syndrome and 30% for Brugada syndrome. BS, Brugada syndrome; ECG, electrocardiogram; LQTS, long QT syndrome.

arrhythmic sudden death or arrhythmic sudden death syndrome
(autopsy with no findings of structural abnormalities and context
of death indicating sudden cardiac death). All subjects underwent a
genetic study to sequence the genes most prevalent in LQTS and BS.
We only included those probands who were causal mutation
carriers. Close relatives underwent ECG and genetic testing to
identify or exclude the presence of the same mutation as that
found in the proband. We enrolled those relatives who were
mutation carriers and excluded noncarriers and those with a
reversible secondary cause of prolonged cQT interval (Fig. 1).

The mutation found had to be associated with a high probability
of LQTS or BS either because it had been previously described or
because it showed molecular characteristics—such as the location
in the protein, resulting amino acid change or described effects of
mutations in zones near the same gene—indicating that it had a
high probability of being pathogenic.!*

All subjects underwent 25 and 50 mmy/s ECGs, the cQT interval
being measured with the Bazzet formula'® and signs of Brugada
type 1 pattern (>1mm ST segment elevation in at least
2 precordial leads with typical morphology) being sought. All
subjects underwent transthoracic echocardiography to rule out
structural heart disease. Those with no phenotype in the ECG
underwent pharmacological tests with epinephrine and/or flecai-
nide!>'® depending on the genotype and/or suspected epidemio-
logical factors (for BS, sudden death in a relative at rest; for LQTS,
situations involving a high level of physical effort, physical or
emotional stress leading to syncope, syncope or ventricular
arrhythmias in response to auditory stimuli or in relation to
bathing for different LQTS subtypes, etc.). We calculated the
Schwartz index in carriers of the genetic mutation causing LQTS
and classified them in 3 groups according to whether or not they
met the diagnostic criteria for BS.

Statistical Analysis

The statistical analysis was performed with SPSS 17.0 (Chicago,
United States). Descriptive variables were used to study the
proportion of subjects who met the diagnostic criteria for each
illness (measures of central tendency, such as mean and median,
and of proportion, such as percentages). We later conducted a
statistical comparison using nonparametric tests (the Mann-
Whitney U test and the Fisher exact text) between probands
and close relatives to find differences in the variables of phenotype
expression.

This study was approved by the hospital ethics committee and
all patients gave signed informed consent for the genetic
sequencing study.

RESULTS

Initially, we evaluated 27 index cases with suspected channelo-
pathy (Fig. 1); 17 with suspected LQTS and 10 with suspected BS.
We excluded 5 patients with LQTS and no genetic confirmation of
the diagnosis (70.5% mutational prevalence) and 7 index cases
with a clinical diagnosis of BS showing no mutations in SCN5A (30%
mutational prevalence). Of the 12 index cases with LQTS,
consultation had been motivated by syncope in 6 and cardiac
arrest by ventricular fibrillation in 4; 2 were diagnosed after they
underwent investigation due to the sudden cardiac death of a close
relative. Of the 3 probands with BS, 2 had had a cardiac arrest and
1 was asymptomatic.

The mutations found in patients with LQTS were principally
located in the KCNH2 gene; we found 1 mutation in KCNQ1; in
2 subjects the gene affected was SCN5A. These mutations have
already been described by our group elsewhere.'®!” In BS, the
3 mutations found had not previously been described and are
shown in Table 2. Of all the positive cases, 2 had undergone genetic
study for IVF, with normal results of ECG and pharmacological tests.

Some 20% of the mutations found had previously been
described as associated with LQTS; in another 2 patients, our
group studied the electrophysiological properties of the mutated
channel in a cellular model. We based the pathogenicity of the
other mutations on the aforementioned data.!*!”

After including first- and second-degree relatives who showed
the same mutation considered highly likely to be pathogenic, we
finally included 31 mutation carriers (21 carriers of LQTS,
12 probands and 9 relatives; and 10 carriers of BS, 3 probands
and 7 relatives).

Fifteen of the 31 met the diagnostic criteria for the channelo-
pathy in question (Table 1), representing 48.3% of the total; 11 of
15 probands (73.3%) and 4 of 16 relatives (25%). The genetic study
identified the underlying channelopathy in 4 probands with
indeterminate phenotype and detected silent carrier status
in 12 relatives with no phenotypic expression. Below, and in
Tables 3 and 4, we present our results by channelopathy type
together with our comparison of phenotypic expression in
probands and relatives.
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Table 2

Mutation Spectrum in Probands With Brugada Syndrome
Mutations in SCN5A  Nucleotide code Amino acid code  Effect
Family 1 g39846G>A V281M Missense
Family 2 g98747-g98748insT  D1816fs Frameshift
Family 3 g93141A>C Y1449S Missense

Table 3

Phenotype Evaluation in Long QT Syndrome Mutation Carriers

Probands (n=12) Relatives (n=9) P

Clinical variables

Syncope, % 7 (58.3) 0 .01
Cardiac arrest, % 9 (75) 0 .001
Congenital deafness, % 1(8.3) 0 ns
Electrocardiographic variables
cQT interval, ms 523.1+92.3 451.2+48.3 .02
HR, bpm 62 68 ns
T wave alternans 1(8.3) 0 ns
Torsade de pointes 1(8.3) 0 ns
Schwartz score, median 4 1.5 .02

HR, heart rate; ns, not significant.
The data are expressed as mean+standard deviation or no. (%).

Table 4
Phenotype Evaluation in Brugada Syndrome Mutation Carriers
Probands Relatives ®
(n=3) (n=7)
Asymptomatic, % 1(33.3) 6 (85.7) ns
Syncope, % 1(33.3) 1(14.3) ns
Ventricular fibrillation, % 2 (66.6) 0 ns
Type 1 pattern spontaneous or 1(33.3) 2 (28.6) ns
after flecainide, %
Positive diagnostic criteria, % 1(33.3) 2 (28.6) ns

ns, not significant.

Long QT Syndrome

Of 21 subjects with the LQTS genotype, only 12 (10 probands
and 2 relatives) met the Schwartz diagnostic criteria with high
probability of LQTS (57.1%). Two had an intermediate probability of
LQTS (9.5%) and 7 (33.3%) a low probability. Figure 2 presents the
differences in Schwartz scores between probands and relatives.
The mean age was 24.1 (17) years; 41.7% were men. We found no
differences in phenotypic expression as a function of age or sex.

1001
754
[l High probability
o Intermediate
50 probability
[ Low probability
25+
0- T d

Probands Relatives

Figure 2. Likelihood of having long QT syndrome according to the Schwartz
index in probands and relatives. Note the high proportion of asymptomatic
relatives with low or intermediate probability of long QT syndrome by
comparison with probands. LQTS, long QT syndrome.
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Figure 3. A: graph of cQT interval distribution in probands (red) and relatives
(blue); note the good correlation between cQT interval values and the
Schwartz index; the dotted line represents a score of 4 on the index above
which diagnosis of long QT syndrome is probable; note the high number of
relatives who score<4 and the 2 index cases, both with a history of ventricular
fibrillation, who score<2. B: comparison of cQT interval length of probands and
relatives.

As Figure 3A shows, the high proportion of subjects who did not
meet LQTS criteria indicated cQT interval values that were
generally normal or at the upper limit of normality, giving them
final Schwartz scores of <4. Spearman'’s rho correlation coefficient
for both variables was 0.89, indicating a high correlation between
the parameters. Subgroup analysis (Fig. 3A) showed that the
proportion of subjects presenting Schwartz scores<4 was signifi-
cantly greater among close relatives, who were usually asymp-
tomatic, than among index cases. The median Schwartz score for
probands was 4 vs 1.5 (P=.02) among relatives. Most (7 out of 9)
asymptomatic relatives had a Schwartz score<4.

Among index cases, the mean cQT interval was 523.1
(92.3) ms vs 451.2 (48.3) ms among relatives (P<.05) (Fig. 3B).
Not all probands had a prolonged cQT interval or a Schwartz
score>4. Indeed, 2 index cases who had presented episodes of
ventricular fibrillation showed normal baseline ECGs and
Schwartz scores indicating a low probability of LQTS. In these
2, the adrenalin test was negative and the diagnosis of LQTS was
given by the genetic test.

Brugada Syndrome

The mean age was 43.5 (12.5) years; 72.1% were men. We found
no differences in phenotypic expression as a function of age or sex.
Of the 10 subjects who carried a mutation causing BS in SCN5A,
only 3 met the current diagnostic criteria for this channelopathy.
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The percentage was greater among probands than among close
relatives (Table 4). Of the 3 index cases, 2 did not meet the
diagnostic criteria as they did not even show Brugada pattern after
intravenous flecainide administration; 1 of them had presented
with ventricular fibrillation (Family 2 in Table 2). In this patient,
diagnosis was given by the genetic study and the pharmacological
test in 2 close relatives who did meet diagnostic criteria as they
showed the Brugada type 1 pattern after flecainide administration
(Fig. 4). In the other, the ECG showed the type 1 pattern in 1 lead
only and therefore the patient did not meet the diagnostic criteria
either.

We compared the baseline ECGs of 6 carriers of a genetic
mutation in SCN5A who did not show the Brugada type 1 pattern at
baseline or after flecainide administration with those of close
relatives who did not have the mutation and found that PR (186.2
[34] vs 153.6 [26] ms) and QRS (109.1 [23] vs 88.4 [13] ms)
intervals were significantly prolonged in those who carried the
muatation in SCN5A compared with the control subjects (P<.05).
We found no ECG showing Brugada type 2 pattern, and the cQT
interval was similar in both groups.

Pharmacological Tests

In probands and/or relatives with normal ECGs or who did not
meet the diagnostic criteria, the pharmacological test with
epinephrine and/or flecainide was performed as a result of clinical
suspicion. We conducted 3 epinephrine tests in carriers of
mutations in LQTS genes (2 in KCNH2 and 1 in SCN5A) and 8
flecainide tests in carriers in SCN5A. Of these, the epinephrine test
helped to confirm the diagnosis in 1 family with a mutation in
KCNH2; all members of this family were asymptomatic and were
related to a patient with sudden death at 25 years (Fig. 4A). In BS,
the flecainide test revealed type 1 pattern in 2 close relatives of the
proband with IVF and 1 mutation in SCN5A; the diagnosis was
confirmed in all 3 relatives (Fig. 4B). In the remaining cases, the
results of the pharmacological test were negative.
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DISCUSSION

Diagnosing alterations of the cardiac ion channels is not always
simple. Consequently, years ago, diagnostic criteria were estab-
lished which remain current today (Table 1).”® The finding that
numerous patients with a confirmed genetic diagnosis of LQTS and
BS did not meet the diagnostic criteria is not recent, although no
specific study has verified the sensitivity of these criteria in a
genotyped sample of causal mutation carriers.>'8 In BS, a recent
study indicated the need for a review to include those cases
showing the type 1 pattern in a single lead, which would increase
the diagnostic sensitivity in our series as 1 genotyped proband
showed the pattern in a single lead.!®

We present a series of LQTS and BS causal mutation carriers in
whom we studied each diagnostic criterion. Our main finding was
that fewer than half of the carriers would be identified if we did not
have access to the genetic study supporting the pharmacological
tests. This finding was most marked in asymptomatic relatives
since >70% did not fulfill the diagnostic criteria, confirming that
penetrance—ie, phenotypic expression in carriers of a mutation
that is probably causal—is low. However, not all of these
asymptomatic relatives can be considered patients simply because
they carry a genetic mutation since some carriers never express
the phenotype and others do so only in situations that alter
repolarization, such as taking drugs or ion alterations (silent
carriers). It is difficult to identify the genetic carriers who will
express the phenotype and those who will not and pharmacologi-
cal tests can prove to be essential, as our study shows. The
dysfunction generated in the ion channel can be of a different level
in each case and, moreover, its functional repercussion depends
on whether it can be partly or wholly compensated by other ion
currents. The finding that relatives who are genetic carriers of a
mutation in SCN5A, despite having a negative phenotype for BS,
show prolonged PR and QRS intervals compared with relatives who
are noncarriers, indicates a certain degree of sodium channel
dysfunction.

Postepinephrine
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Figure 4. Pharmacological test in dubious cases (electrocardiogram at 50 mm/s). A: corresponds to a family member who is a carrier of the mutation in KCNH2, and
the brother of a man with sudden death and autopsy without pathologic findings; note the notched T wave in the ascending branch after adrenalin infusion, a
characteristic sign of type 2 long QT syndrome.'® B: flecainide test in a close relative of a woman with ventricular fibrillation and normal surface electrocardiogram;

the baseline electrocardiogram already indicates Brugada syndrome.
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Having a silent channelopathy or low penetrance does not
rule out the risk of ventricular arrhythmias or sudden death.2°-22
Priori et al. reported that in some families with a history of
sudden death clinical penetrance can be extremely low for LQTS.
Similarly, the CASPER registry of IVF showed that the combined
use of pharmacological and genetic tests revealed a subclinical
channelopathy in 24 of 63 patients with normal baseline ECGs.®
In our study, 2 probands with LQTS and 2 with BS did not meet
the diagnostic criteria; 3 of them had presented as IVF. This
finding reinforces the diagnostic value of genetic testing in
symptomatic probands in whom conventional tests fail to
identify the causal channelopathy. Although a cQT inter-
val>500 ms and spontaneous Brugada type 1 pattern appear
to increase the risk of sudden death,2>?4 the absence of these
alterations in the surface ECG reduces the risk of arrhythmias
but does not completely rule it out. Hence the importance of
detecting cases in asymptomatic relatives to establish preven-
tative measures, such as avoiding drugs and situations that
could potentially induce arrhythmias, and considering beta
blocker administration in LQTS.

Identifying a mutation in a subject with a suspected channelo-
pathy should be interpreted appropriately, especially all in
asymptomatic relatives. Our study suggests that genetic testing
can be decisive in diagnosing a hidden channelopathy in probands.
However, a genetic finding without clear repercussions or family
cosegregation with the disease can lead to error.'*?> A team of
experts in cardiovascular genetics should therefore evaluate and
interpret the genetic mutations found. All mutations present in our
series showed a very high probability of causing LQTS or BS. We
base this argument on the position of the affected amino acid in the
protein, the resulting type of amino acid change, and the expected
alteration of the protein structure.'® In some cases, the mutation
had been previously described in the literature, sometimes with an
in vitro study of the electrophysiological properties of the channel,
and the conclusion about its possible pathogenic effects in these
cases was more obvious.!”?527

Current diagnostic criteria do not take account of genetic
findings when establishing the probability of having a particular
channelopathy. In our series of genetic carriers, the sensitivity of
current criteria was <50%, even though, as previously mentioned,
not all carriers are likely to have the phenotype in the future.
Although sodium channel blocker response is included in the
diagnostic criteria for BS, in LQTS, the epinephrine test is not.
The latter, validated in protocols by Shimizu et al. and the Mayo
Clinic,'?82% increases the diagnostic precision of dubious or
difficult-to-interpret genetic findings, especially in LQTS type 1.
These authors suggest that the epinephrine test contributes a high
negative predictive value (<96%) to rule out any chances that the
genetic finding may be coincidental and to clearly identify a
phenotype hidden in the baseline ECG. In our series (Fig. 2A), we
found carriers of mutations in SCN5A and KCNH2 with normal cQT
interval. Using the epinephrine test in 1 of these families—even
though the mutation was not in KCNQI1, but in KCNH2—led to
successful diagnosis in 3 affected relatives (Fig. 4B). As our final
results show, pharmacological testing with epinephrine or
flecainide should be considered in negative phenotype probands
and in relatives. Occasionally, as in the case of BS shown in
Figure 4A, the index case showed the negative phenotype and did
not fulfill the diagnostic criteria and therefore a diagnosis was not
obtained. Studying relatives through the flecainide test enabled us
to diagnose BS in the proband who shared the mutation with the
silent carriers. However, in light of our results, pharmacological
test findings should be interpreted with caution: the absence of an
alteration in response to epinephrine or flecainide in a subject who
is a genetic carrier does not imply the absence of disease since the
epinephrine test is difficult to interpret and sensitivity can be low

depending on the underlying genotype and flecainide test results
can be inconsistent in a single patient.>°

Limitations

The low number of cases means we cannot extrapolate our
conclusions to wider populations. Studies with larger samples and,
fundamentally, multicenter studies are needed. Another limitation
is the use of flecainide instead of ajmaline to reveal BS; the latter is
known to have greater sensitivity. Finally, even when appropri-
ately interpreted, genetic study is not a 100% guarantee of the
presence of the disease if a mutation is found that has not
previously been described, nor does it rule out disease if genetic
variation goes undetected. Hence, given that we excluded patients
with probable channelopathy because they had no mutation in the
genes sequenced (KCNQI1, KCNH2 and SCN5A principally), we
cannot rule out the presence of mutations of other genes such as
ryanodine or calsequestrin in patients with negative genotype and,
even, in those with a probable pathogenic mutation. Therefore, we
consider that the cross sectional design of the study, using the
genetic test as the reference for diagnosis, is limited as it excludes
patients with a negative genotype in whom the disease cannot be
ruled out.

CONCLUSIONS

Current diagnostic criteria for channelopathies had low
sensitivity in our sample of patients and relatives carrying
pathogenic mutations. This finding was more noticeable in the
group of asymptomatic relatives, who showed very low pene-
trance, with a high prevalence of normal baseline ECGs. If
channelopathy is suspected (IVF, unexplained sudden death or
cardiogenic syncope with no apparent heart disease), the
combined use of genetic and pharmacological tests in patients
and relatives improves the diagnostic protocol’s performance in
detecting LQTS and BS in patients with a nondiagnostic baseline
phenotype.
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