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Tanım

• QT intervali = QRS Dalgasının Başından T Dalgasının Sonuna Kadar 
Olan Süre.
• Ventrikül Miyokardının Aktivasyon ve İstirahat Süresinin Toplamıdır. 
• Bazett formülü: QT/ √RR
• Ortalama Tanı Yaşı:14
• Tedavi Edilmemiş Hastalarda Yıllık AKÖ oranı:%0,9-0,33
• Senkop Geçiren Hastalarda AKÖ oranı %5
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The hereditary long QT syndrome (LQTS) is a genetic channelopathy with variable penetrance that is associated
with increased propensity to syncope, polymorphous ventricular tachycardia (torsades de pointes), and sudden
arrhythmic death. This inherited cardiac disorder constitutes an important cause of malignant ventricular ar-
rhythmias and sudden cardiac death in young individuals with normal cardiac morphology. Risk assessment in
affected LQTS patients relies upon a constellation of electrocardiographic, clinical, and genetic factors. Adminis-
tration of beta-blockers is the mainstay therapy in affected patients, and primary prevention with an implantable
cardioverter defibrillator or left cervicothoracic sympathetic denervation are therapeutic options in patients who
remain symptomatic despite beta-blocker therapy. Accumulating data from the International LQTS Registry have
recently facilitated a comprehensive analysis of risk factors for aborted cardiac arrest or sudden cardiac death in
pre-specified age groups, including the childhood, adolescence, adulthood, and post-40 periods. These analyses
have consistently indicated that the phenotypic expression of LQTS is time dependent and age specific, warrant-
ing continuous risk assessment in affected patients. Furthermore, the biophysical function, type, and location of
the ion-channel mutation are currently emerging as important determinants of outcome in genotyped patients.
These new data may be used to improve risk stratification and for the development of gene-specific therapies
that may reduce the risk of life-threatening cardiac events in patients with this inherited cardiac disorder.
(J Am Coll Cardiol 2008;51:2291–300) © 2008 by the American College of Cardiology Foundation

This review focuses on the inherited form of the long QT
syndrome (LQTS) and will not cover acquired causes of QT
prolongation. Hereditary LQTS is a familial disorder in
which most affected family members have delayed ventric-
ular repolarization as manifest on the electrocardiogram
(ECG) as QT prolongation. This genetic channelopathy
has variable penetrance, with affected individuals having an
increased propensity to syncope, polymorphous ventricular
tachycardia (torsades de pointes), and sudden arrhythmic
death. The estimated overt prevalence of this disorder is in
the range of about 1:5,000 subjects. However, because the
number of genotyped LQTS patients having 2 LQTS
mutations is approximately 10%, the prevalence of LQTS
patients with overt or subclinical disorders is likely to be
considerably greater than the currently estimated prevalence.

The first family with LQTS, described by Jervell and
Lange-Nielsen in 1957, consisted of 4 children with deaf-
ness, recurrent syncope, sudden cardiac death, and QT
prolongation on the ECG (1). Subsequently, this disorder
was found to be due to homozygous mutations of the
KCNQ1 gene, with the deafness being a recessive manifes-
tation of the reduced potassium current (IKr). Romano et al.
in 1963 (2) and Ward in 1964 (3) described families in

which affected members had QT prolongation, recurrent
syncope, and sudden death without deafness with an auto-
somal dominance pattern of inheritance. The first therapy
for this disorder was reported in 1971 with the introduction
of left cervicothoracic sympathetic denervation (LCSD) (4).
The usefulness of beta-blockers in the treatment of this
disorder was appreciated in the mid-1970s. The Interna-
tional Long QT Syndrome Registry was established in
1979, and extensive clinical and genetic studies have been
and are derived from this Registry (5). The Registry
currently involves 1,276 proband-identified LQTS families
involving over 3,600 clinically or borderline affected family
members with about 2,000 of these family members with
genetically confirmed LQTS mutations. Publications from
the International LQTS Registry have provided insight into
risk mechanisms; genotype-phenotype associations; risk
stratification by age, gender, and genotype; and the impor-
tance of syncope as a cardiac event that frequently precedes
aborted cardiac arrest (ACA) or sudden cardiac death
(SCD).

Genetic and Molecular Understanding

Clinically, LQTS is identified by abnormal QT interval pro-
longation on the ECG. The QT prolongation may arise from
either a decrease in repolarizing potassium currents or an
inappropriate late entry of sodium into the myocyte (6). Most
commonly, QT prolongation is produced by delayed repolar-
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Diagnosis

The diagnosis of LQTS relies mainly on ECG findings and
clinical history. When marked corrected QT (QTc) prolon-
gation is present, the diagnosis is straightforward. For less
clear cases, a scoring system has been introduced in which
other characteristics are taken into account.
ECG assessment. An accurate measurement of the QT
interval is valuable for the diagnosis of LQTS. The QT
interval should be determined as a mean value derived from
at least 3 to 5 cardiac cycles (heart beats), and is measured
from the beginning of the earliest onset of the QRS
complex to the end of the T-wave. The QT measurement
should be made in leads II and V5 or V6, with the longest
value being used. The QT interval is usually corrected for
heart rate using the Bazett formula (QTc ! QT/RR0.5,
with all intervals in seconds) which remains the standard for
clinical use despite some limitations at particularly fast or
slow heart rates (in which the formula may overcorrect or
undercorrect, respectively). Based on analysis of digitized
data for QT and RR interval measurements in healthy
individuals, a simple 3-level ECG classification was devel-
oped (Table 1) (19).
Clinical assessment. When a prolonged QTc is identified
after a syncopal event in the absence of acquired causes of
QT prolongation (see subsequent text) the diagnosis of
LQTS can be made, and ECGs should be obtained on all
first-degree family members to determine whether others
are affected. Unexplained sudden death in a young individ-
ual should trigger a similar evaluation to determine if LQTS
is present in the family. Rarely, an asymptomatic individual
is identified with LQTS by QTc prolongation on an ECG
obtained for another reason.

Gathering detailed information regarding family history
in a suspected individual is essential because careful ques-
tioning may reveal a long-term pattern of similar episodes
(syncope, sudden death), not only in first-degree relatives
(mother, father, siblings, children), but also in more remote
relatives in the family. Data on comorbidities in evaluated
individuals or family members (such as congenital deafness)
should also be acquired.

It is important to distinguish acquired factors that result
in QT prolongation from the inherited form of LQTS
through careful history. Causes of abnormal prolongation of
the QT interval include myocardial ischemia, cardiomyop-
athies, hypokalemia, hypocalcemia, hypomagnesemia, auto-
nomic influences, drug effects, and hypothermia.

When the diagnosis is not clear, a clinical scoring system
based on personal and family history, symptomatology, and
ECG has been developed (Table 2) (20). Additional meth-
ods of testing, including Holter and exercise testing, have
been suggested to improve diagnosis in borderline cases.
Holter monitoring is not sufficiently well standardized to
serve in the primary assessment for ventricular repolariza-
tion analysis. However, this method can sometimes be used
for the detection of extreme QT interval events that occur
infrequently during the day (21). Exercise testing, with a
standard activity protocol, can be used for the evaluation of
QT prolongation during the exercise and recovery periods
(22). However, the adaptation of QT interval duration to
heart rate is not instantaneous, and substantial errors may be
introduced if nonstationary episodes are analyzed. A differ-
ential response of LQT1 and LQT2 patients to epinephrine
infusion has been reported, and epinephrine challenge was
suggested to be a significant provocative test in the unmask-
ing of low-penetrance KCNQ1 mutation carriers (23).
Role of genetic testing. Genetic testing has so far largely
been used for research purposes, making the phenotypic
assessment cited in the preceding text the mainstay in the
diagnosis of this genetic disorder. The recent commercial
marketing of short-turnaround-time (approximately 6
weeks) LQTS genetic diagnostic testing, and increasing
availability of testing through university-affiliated laborato-
ries, may establish genetic testing as a clinical tool. How-
ever, before widespread use, the clinical validity of LQTS
genetic testing needs to be more widely established. In a
recent study of 541 consecutive unrelated patients referred
to the Mayo Clinic’s Sudden Death Genomics Laboratory
for LQTS genetic testing (24), the yield of genetic testing
was shown to be highest (72%) among tested individuals
with the highest clinical probability. Thus, the current
genetic test can be expected to capture approximately
three-fourths of phenotypically affected LQTS individuals,
whereas a negative genetic test in a subject with clinical
LQTS (i.e., genotype-negative/phenotype-positive LQTS)
provides no basis for removing the diagnosis (25). Despite
this, a positive genetic test may influence treatment deci-
sions (see subsequent text) and may provide the means for
precise “carrier” status classification of potentially at-risk
relatives. Furthermore, genetic testing may be important in
the identification of concealed LQTS, because a significant
minority (25% to 50%) of individuals with genetically
proven LQTS have a nondiagnostic QTc (26).

Clinical Course

The clinical course of patients with LQTS is variable, owing
to incomplete penetrance. It is influenced by age, genotype,
gender, environmental factors, therapy, and possibly other
modifier genes (27–29). Importantly, the clinical risk in
LQTS is age specific. Therefore, continuous risk assessment
is warranted in patients with this genetic disorder. The main

Suggested Bazett-Corrected QTcValues for Diagnosing QT Prolongation

Table 1 Suggested Bazett-Corrected QTc
Values for Diagnosing QT Prolongation

Rating 1–15 yrs Adult Male Adult Female

Normal "440 "430 "450

Borderline 440–460 430–450 450–470

Prolonged #460 #450 #470

Values are given in ms. Reprinted, with permission, from Goldenberg et al. (19 ).
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Tanı

• Tekrarlanan EKG’lerde QTc≥ 480 %&'
• Yada 3 den fazla Risk Faktörünün Varlığı
• Kanıt Düzeyi Ic



Risk Skor(Schwartz Skor)

≤1.0 Puan = Düşük ihtimal LQTS
1.5-3.0 Puan = Muhtemel LQTS
≥3.5 Puan = Yüksek İhtimalle LQTS



Edinsel Nedenler
•Metabolik
• Hipopotasemi
• Hipomagnezemi
• Hipokalsemi
• Anoreksia
• Hipotiroidi

• İlaçlar
• Antiaritmikler (Sotalol, Amiodaron, vb.)
• Antibiotikler (Makrolidler, Fluoroquinolonlar)
• Psikotropik İlaçlar (Halodol, TCAs, Thioridazin)
• SSRI (Risperidon, Methadon, Droperidol) Proteaz inhibitörleri



Edinsel Nedenler

•Miyokard İskemisi ve İnfarktüsü
• İntrakraniyal Kanamalar
• Hipotermi
• HIV



İyon Kanallarının Hastalığı

• 13 Gende Mutasyon, Potasyum, Sodyum, Kalsiyum Voltaj
Bağımlı Kanallar.
• Aksiyon Potansiyelinin uzaması
• Erken After Depolarizasyon

• Artmış Sempatik Aktivite
• Kalbin Sempatik İnervasyonundaki Dengesizlik.
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transmembrane portion of the K+ channel with a mild dom-
inant-negative functional effect; in these patients, we dem-
onstrated a strikingly higher clinical severity among LQT1 
carriers of A341V compared with LQT1 non-A341V patients, 
with mutations either localized to transmembrane domains or 
exhibiting a dominant-negative effect.13

The second most common gene harboring LQTS mutations 
is KCNH2 , encoding the α-subunit of the K+ channel conduct-
ing the IK rectifier (IKr) current. The rapid IKr (KCNH2 ) and 
the slow IKs (KCNQ1 ) are 2 independent components of the 
delayed rectifier IK current, the major determinant of the phase 
3 of the cardiac action potential. Mutations in KCNH2  cause 
a reduction in IKr current, through mechanisms similar to the 
effects exhibited by KCNQ1  mutations on IKs current.7 Up to 
10% of genotyped cases may harbor compound heterozygous 
mutations on the same or on 2 of the main LQTS genes.14,15 
Not surprisingly, a more severe cardiac phenotype accompa-
nies compound mutations.14–16

The third major LQTS gene, identified at the end of 
March 1995,8 is SCN5A, encoding the α-subunit of the car-
diac sodium channel and conducting the depolarizing sodium 
inward current. A ground-breaking in vitro expression study 
by Bennett et al17 in September 1995 showed that the SCN5A-
∆KPQ mutation produces the LQTS phenotype by increasing 
the delayed Na+ inward current and, therefore, prolonging the 

action potential duration. Within a few months, in December 
1995, this was followed by our report that the genetic defects 
in LQTS may be linked to differential responses to heart rate 
changes and to Na+ channel blockers18 and to the first evidence 
that mexiletine reduces the late Na+ current.19 This finding 
paved the way to the search for gene-specific therapies.

Several genetically heterogeneous disorders are also associ-
ated with alterations in the sodium current, including Brugada 
syndrome, atrial fibrillation, sick sinus node syndrome, and 
the Lev-Lenègre disease. As a further complexity, some 
SCN5A mutations show a pleiotropic behavior and are asso-
ciated with >1 phenotype, the so-called overlap syndrome.20 
When a single mutation can have opposite functional effects 
(ie, increase and decrease of the Na+ current), what matters 
clinically is the phenotype.

Given the large and growing number of genetic variants 
identified so far, to distinguish pathogenic mutations from 
rare variants is critically important. Based on almost 400 defi-
nite cases and 1300 controls,21 the probability for a missense 
mutation to be pathogenic appears to depend largely on loca-
tion. In general, genetic variants located in the pore and trans-
membrane regions are much more likely to be pathogenic. 
Whenever a functional study of the specific mutation has been 
performed, the results may help in assessing its clinical rel-
evance. When these data are missing, as is often the case, it is 
important to establish whether within the family the mutation 
cosegregates with either symptoms or QT prolongation. An 
important take-home message is that the laboratory finding of 
an aminoacidic substitution should not be automatically taken 
as an indication of a disease-causing mutation.

Minor LQTS Genes
After the identification of the first 3 LQTS genes,8–10 several 
others were and are being identified; the list will continue to 
grow for a while.

KCNE1  and KCNE2  encode the minimal K+ ion channel and 
the minimal K+ ion channel–related peptide 1, which represent 
the main ancillary single-transmembrane β-subunits associ-
ated with the α-subunits of KCNQ1  and KCNH2 . Mutations 
in KCNE1  may cause either the dominant RW (LQT5) or, if 
present in homozygosity or compound heterozygosity, the 
recessive JLN.7 The cases of KCNE2  mutations associated 
with LQTS are few, and some of them represent acquired 
LQTS associated with specific drugs, almost all IKr blockers.7

Among the sodium channel interacting proteins, the CAV3 , 
SCN4B, and SNTA1  genes are regarded as additional LQTS 
genes (LQT9, LQT10, and LQT12).22–24 The AKAP9  is 
involved in the phosphorylation of KCNQ1 , and its mutations 
have been described in LQT11.25 Two missense mutations in 
CACNA1C, encoding a voltage-gated calcium channel, are 
linked to Timothy syndrome (TS; LQT8), a rare and extremely 
malignant variant.26 Finally, in a large Chinese family, a het-
erozygous mutation was identified in the inwardly rectifying 
K+ channel subunit Kir3.4, encoded by KCNJ5. The variant 
was present in all the 9 affected family members and was 
absent in >500 ethnically matched controls, suggesting a role 
in the pathogenesis of the novel LQT13 variant.27

On the other hand, the ANKB and KCNJ2  genes, often 
referred to as LQT4 and LQT7, are associated with complex 

Table 1. LQTS Genes

Gene Syndrome Frequency Locus
Protein 

(Functional Effect)

KCNQ1 (LQT1) RWS, JLNS 40–55 11p15.5 Kv7.1 (↓)

KCNH2 (LQT2) RWS 30–45 7q35–36 Kv11.1 (↓)

SCN5A (LQT3) RWS 5–10 3p21–p24 NaV1.5 (↑)

ANKB (LQT4) RWS <1% 4q25–q27 Ankyrin B (↓)

KCNE1 (LQT5) RWS, JLNS <1% 21q22.1 MinK (↓)

KCNE2 (LQT6) RWS <1% 21q22.1 MiRP1 (↓)

KCNJ2 (LQT7) AS <1% 17q23 Kir2.1 (↓)

CACNA1C (LQT8) TS <1% 12p13.3 L-type calcium 
channel (↑)

CAV3 (LQT9) RWS <1% 3p25 Caveolin 3 (↓)

SCN4B (LQT10) RWS <1% 11q23.3 Sodium 
channel-β4 (↓)

AKAP9 (LQT11) RWS <1% 7q21–q22 Yotiao (↓)

SNTA1 (LQT12) RWS <1% 20q11.2 Syntrophin α1 (↓)

KCNJ5 (LQT13) RWS <1% 11q24 Kir3.4 (↓)

LQTS indicates long-QT syndrome; KCNQ1, potassium voltage-gated channel, 
KQT-like subfamily, member 1; RWS, Romano-Ward syndrome; JLNS, Jervell and 
Lange-Nielsen syndrome; KCNH2, potassium voltage-gated channel, subfamily 
H, member 2; SCN5A, sodium voltage-gated channel, type V, α subunit; ANKB, 
ankyrin B; KCNE1, potassium voltage-gated channel, ISK-related subfamily, 
member 1; MinK, minimal K+ ion channel; KCNE2, potassium voltage-gated 
channel, ISK-related subfamily, member 2; MiRP, MinK-related peptide 1; KCNJ2, 
potassium channel, inwardly rectifying, subfamily J, member 2; AS, Andersen 
syndrome; CACNA1C, calcium voltage-dependent channel, L type, α-1C subunit; 
TS, Timothy syndrome; CAV3, caveolin 3; SCN4B, sodium voltage-gated channel, 
type IV, β subunit; AKAP9, A-kinase anchor protein 9; SNTA1, syntrophin α1; 
KCNJ5, potassium channel, inwardly rectifying, subfamily J, member 5.

Functional effect: (↓) loss-of-function or (↑) gain-of-function at the cellular 
in vitro level.

Downloaded from http://ahajournals.org by on January 24, 2019



Otozomal Dominant LQTS
• LQTS7 (Andersen–Tawil sendromu), 

• Uzamış QT interval
• Belirgin U dalgası
• Polimorfik yada Bidireksiyonel VT
• Fasiyal dismorfizim
• Hiper/Hipokalemik periyodik Paralizi

• LQTS8 (Timothy Sendromu), 
• Uzamış QT 
• Sindaktili
• Kardiyak Malformasyonlar
• Otizim
• Dismorfizim

• Romano–Ward sendromu
• Prevalans:1/2500
• QT intervalinde uzama
• LQT1–6 ve LQT9–13



Otozomal Resesif  LQTS

• Jervell and Lange–Nielsen Sendromu
• Uzamış QT İntervali
• Konjenital Sağırlık. 



Fenotiplerin Genlerle Korelasyonu

Gen Fenotip
Ortalama 

QTc
ST-T-Dalga 
Morfoloji

Kardiyak
Olay 

İnsidansı

Kardiyak Olay 
Tetikleyici

Ani Ölüm 
Riski

KCNH2 LQTS tip 2

480 msn

Bifid T-dalgası %46

Ses, 
Emosyonel

Stres, 
Ekzersiz, Uyku

6%-8%

KCNQ1 LQTS tip 1 Geniş T-dalgası %63
Eksersiz, 

Emosyonel
Stres

6%-8%

SCN5A LQTS tip 3 ~490 msn Uzun ST, Küçük T %18 Uyku 6%-8%



Uzun QT Tip 1

V6.15 Because heart rate can affect QT intervals, a
correction formula for QT interval is proposed.16

The Bazzett correction formula (QTc 5 QT/ORR,
expressed in seconds) is most commonly used.
However, this correction is not as accurate at heart
rates greater than 100 beats/min or less than 60
beats/min.17 At present, the guideline recom-
mends a linear regression formula for QT
correction.11

The morphologies of T wave differ among LQT
subtypes. In LQT1, the T wave appears broad
and is not shortened with exercise (Fig. 2). A bifid
or notched T wave is observed in LQT2 (Fig. 3),
and the T wave in LQT3 is narrow and tall with a

long isoelectric segment (Fig. 4).18 In addition,
macroscopic T-wave alternans, defined as a
beat-by-beat variation in amplitude in T wave, is
a marker of electrical instability.19

QT interval is the most powerful predictor of car-
diac events.20–23 Priori and colleagues20 demon-
strated that patients with LQT mutations, who
had QTc of less than 440 milliseconds, had a
less than 20% risk of cardiac events, whereas for
those with QTc greater than 498 milliseconds the
risk for cardiac events was greater than 70%.
This study concluded that the features predicting
high risk (>50%) for sudden death include QTc of
more than 500 milliseconds in carriers of LQT1 or

Fig. 2. Electrocardiogram (ECG) of a patient with LQT1. Note the long and broad T wave. (Courtesy of S. Priori,
MD, Pavia, Italy and A. Mazantti, MD, Pavia, Italy.)

Ventricular Arrhythmia in Inherited Channelopathies 421



Uzun QT Tip 2

LQT2, and in male carriers of LQT3. On the other
hand, patients carrying LQT1, and male carriers
of LQT2 with QTc of less than 500 milliseconds,
are considered low risk. Current expert consensus
suggests that high risk presents when QTc is
greater than 500 milliseconds, and becomes
extremely high when QTc is greater than 600 milli-
seconds. Overt T-wave alternans represents elec-
trical instabilities and needs protective measures.
Patients with syncope or SCA in the first year of
life, and patients suffering from cardiac events
despite medical therapies, are considered as
high risk. Patients with low risk include those
with concealed mutations and asymptomatic
LQT1 males.24

Syncope in patients with LQTs usually is a result
of polymorphic VT, also described as torsades de
pointes (TdP) (Fig. 5). It is commonly preceded by
a pause followed by an extrasystole (short-long-
short RR interval).25 Bradycardia can be respon-
sible for syncope in patients with LQT3.26,27

Clinical Manifestation and Diagnosis

Patients with LQTS commonly present with palpi-
tations, presyncope, syncope, or SCA. Most pa-
tients develop ventricular arrhythmia by physical
stress or emotional stress, triggered especially
by loud noises or occurring while sleeping.28–30

Triggers in LQTS are gene-specific.31 IKs channels
in LQT1 are adrenergic-sensitive.32 The

Fig. 3. ECG of patient with LQT2. Note the notched and bifid Twave. (Courtesy of S. Priori, MD, Pavia, Italy and A.
Mazantti, MD, Pavia, Italy.)

Methachittiphan et al422



Uzun QT Tip 3

LQT2, and in male carriers of LQT3. On the other
hand, patients carrying LQT1, and male carriers
of LQT2 with QTc of less than 500 milliseconds,
are considered low risk. Current expert consensus
suggests that high risk presents when QTc is
greater than 500 milliseconds, and becomes
extremely high when QTc is greater than 600 milli-
seconds. Overt T-wave alternans represents elec-
trical instabilities and needs protective measures.
Patients with syncope or SCA in the first year of
life, and patients suffering from cardiac events
despite medical therapies, are considered as
high risk. Patients with low risk include those
with concealed mutations and asymptomatic
LQT1 males.24

Syncope in patients with LQTs usually is a result
of polymorphic VT, also described as torsades de
pointes (TdP) (Fig. 5). It is commonly preceded by
a pause followed by an extrasystole (short-long-
short RR interval).25 Bradycardia can be respon-
sible for syncope in patients with LQT3.26,27

Clinical Manifestation and Diagnosis

Patients with LQTS commonly present with palpi-
tations, presyncope, syncope, or SCA. Most pa-
tients develop ventricular arrhythmia by physical
stress or emotional stress, triggered especially
by loud noises or occurring while sleeping.28–30

Triggers in LQTS are gene-specific.31 IKs channels
in LQT1 are adrenergic-sensitive.32 The

Fig. 3. ECG of patient with LQT2. Note the notched and bifid Twave. (Courtesy of S. Priori, MD, Pavia, Italy and A.
Mazantti, MD, Pavia, Italy.)

Methachittiphan et al422



Egzersiz Testi
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andrepresent70–75%ofall cases [4]. The inheritance
of LQT shows an autosomal-dominant pattern with
the exception of Jervell–Lange-Nielsen syndrome
(JLN) which is autosomal-recessive. JLN is a very rare
condition with an estimated prevalence of 1 : 1–4
Mio. Individuals with JLN suffer from congenital
neurosensorial deafness and have severe QT-pro-
longation with early onset and a poor prognosis.
The genotype of JLN is characterized by a homozy-
gous defect of the KCNQ1 gene including three pos-
sible genotypes (KCNQ1/KCNQ1, KCNQ1/KCNE1,
KCNE1/KCNE1). The diagnostic yield of genetic test-
ing in LQT is highly dependent on the clinical prob-
ability (including the Schwartz score) and the tested
population. Overall, genetic testing will provide a

positive test result in up to 70–80% of individuals
with LQT [4,48].

Genetic testing may also provide prognostic
information depending on the type of mutation.
For example, the A341 V missense mutation of
KCNQ1 is associated with a more aggressive pheno-
type and increased risk of ventricular arrhythmia
compared with many other LQT-1 mutations [49–
51]. Other studies have shown that disease-causing
variants of the cytoplasmatic loops of the IKs

channel are also associated with a more severe
phenotype that is less responsive to beta-blockers
[52–54]. Prognostic differences depending on the
location of mutation have also been demonstrated
for LQT-2. Genetic defects of the pore region and the

FIGURE 3. Exercise stress test in LQT. (a) Exercise stress test of a 40-year-old female with LQT-1 (KCNQ1). Note the
paradoxical QTc prolongation at stage 2 and the inappropriate QTc shortening at peak exercise. Marked QTc prolongation is
also present during immediate recovery (QTc¼465ms) with subsequent prolongation to 482 ms at 1 min of recovery. QTc
prolongation at least 460 ms within the first minute of recovery is highly suggestive of LQT-1 [37]. (b) Shown is the treadmill
test of a 44-year-old female with LQT-2 (KCNH2). QTc shortening during exercise is often normal or near normal as shown
in this example. At peak exercise the QTc is 404 ms. Normal QTc during early recovery (1 min) with progressive QTc
prolongation during later recovery. The QT dynamics during the recovery phase shown in this case are typical for LQT-2 and
reflect the underlying abnormal QT-hysteresis. (c) Stepwise ECG testing to assess for LQT phenotype: the first step includes
repeat supine resting ECGs and ECG recording during postural changes (supine! standing). Although postural QTc changes
are highly specific, the overall sensitivity is modest. Exercise treadmill test represents the gold standard for the diagnosis of
LQT phenotype. A prolonged recovery period of at least 5 min is recommended, because abnormal QT dynamics are often
only evident during recovery. For further explanations regarding cutoff values, please see text. #ECG findings typically blunted
by concurrent beta-blocker use. §For normal QTc values, see Supplementary Table 2, http://links.lww.com/HCO/A45.
Abnormal QTc values in males are defined as at least 460 ms. $DQT at least 5 min recovery¼QTc3-min recovery – QTcrest). A
DQTc "30 ms has a positive predictive value of 75% and a negative predictive value of 95% for LQT—typically LQT-1 [40].
LQT, long-QT syndrome; QTc, corrected QT interval.

Arrhythmias
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Epinefrin Testi

• 0.025 mg/(kg x dk) -0.2 mg/(kg x dk). 

• QT interval en az 30 msn uzama 0.1 mg/(kg x dk). 
• Yüksek Kalp Hızında Yalancı Pozitif test (%25). 

• ! Bloker Sonucu Etkiliyor.



Risk stratification for life-threatening cardiac events in
LQTS patients. Based on published mortality rates, LQTS
risk groups may be categorized as high (history of aborted
cardiac arrest and/or ECG-documented episodes of torsades
de pointes), intermediate (time-dependent syncopal history
and/or QTc prolongation !0.50 s), and low (affected subjects
without history of prior syncope and with QTc duration !0.50
s) risk (Fig. 4) (52). It should be remembered, however, that
these risk groups represent a simplified approach, because risk
factors in LQTS are time dependent and age specific. More
specific data from recent Registry studies regarding high-risk
subsets for life-threatening cardiac events in each age group are
presented in Table 3 (28,29,33,53).

Therapeutic Consideration

Owing to the low prevalence of LQTS, it is not possible to
assess the benefit of suggested therapies through prospective
randomized trials. Therefore, data regarding therapeutic effi-
cacy in affected patients are based on observational long-term
studies in heterogeneous risk subsets, necessitating complex
statistical analyses to avoid possible bias related to nonran-
domized administration of proposed LQTS-related thera-
pies to high-risk patients. Medical, device, and surgical
therapies have been evaluated for the primary and secondary
prevention of LQTS-related cardiac events. These are
considered separately in the following sections.
Beta-blockers. Medical therapy with beta-blockers is con-
sidered to be first-line prophylactic therapy. These drugs
should be administered to all intermediate- or high-risk
affected individuals and considered on an individual basis in
low-risk patients (Fig. 4). An alternative therapeutic ap-
proach, recommended by some physician-investigators, is to
administer beta-blockers in all LQTS patients, even those at

very low risk, unless there is a contraindication. Their
mechanism of action is probably related to the attenuation
of adrenergic-mediated triggers in this disorder, especially
in individuals with the LQT1 and LQT2 genotypes (43). In
a study of 139 genotyped patients, beta-blocker therapy was
associated with a significant reduction in the rate of cardiac
events in patients with LQT1 and LQT2 mutations, but no
evident reduction in those with LQT3 mutations (52).
More recent analyses from the International LQTS Registry
have attempted to adjust for the fact that in an observational
cohort, beta-blockers are given at the discretion of each
subject’s attending physician to those considered to be at
high risk by assessing the benefit of time-dependent beta-
blocker therapy in pre-defined risk subsets for each age
group (28,29,33). The results of these studies have consis-
tently demonstrated that beta-blocker therapy is associated
with a significant and pronounced reduction in the risk of
life-threatening cardiac events in high-risk LQTS patients
(Table 3). However, despite these beneficial effects, a high
rate of residual cardiac events has been reported in patients
receiving beta-blocker therapy (28,29,33,52,54). Priori et al.
(54) recently showed that, in a cohort of 335 genotyped
LQTS patients receiving beta-blocker therapy, cardiac
events occurred in 10%, 23%, and 32% of LQT1, LQT2,
and LQT3 patients, respectively. Therefore, patients who
remain symptomatic despite treatment with beta-blockers
should be considered for other, more invasive, therapies.
Implantable cardioverter-defibrillator (ICD). Implanta-
tion of an ICD was shown to be highly effective in high-risk
LQTS patients (55,56). In a study of 125 LQTS patients with
ICDs (55), there was 1 death (1.3%) in 73 high-risk ICD
patients, compared with 26 deaths (16%) in 161 non-ICD
patients during mean 8-year follow-up (p " 0.07). Further

Figure 4 Suggested Risk-Stratification Scheme for ACA or SCD in LQTS Patients

Risk stratification categories for LQTS patients based on published event rates; more specific risk subsets by age group are detailed in Table 3. Kaplan-Meier (K-M)
estimates are based on a series of 869 LQTS patients (52). CPR " cardiopulmonary resuscitation; TdP " torsades de pointes; other abbreviations as in Figure 2.
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The hereditary long QT syndrome (LQTS) is a genetic channelopathy with variable penetrance that is associated
with increased propensity to syncope, polymorphous ventricular tachycardia (torsades de pointes), and sudden
arrhythmic death. This inherited cardiac disorder constitutes an important cause of malignant ventricular ar-
rhythmias and sudden cardiac death in young individuals with normal cardiac morphology. Risk assessment in
affected LQTS patients relies upon a constellation of electrocardiographic, clinical, and genetic factors. Adminis-
tration of beta-blockers is the mainstay therapy in affected patients, and primary prevention with an implantable
cardioverter defibrillator or left cervicothoracic sympathetic denervation are therapeutic options in patients who
remain symptomatic despite beta-blocker therapy. Accumulating data from the International LQTS Registry have
recently facilitated a comprehensive analysis of risk factors for aborted cardiac arrest or sudden cardiac death in
pre-specified age groups, including the childhood, adolescence, adulthood, and post-40 periods. These analyses
have consistently indicated that the phenotypic expression of LQTS is time dependent and age specific, warrant-
ing continuous risk assessment in affected patients. Furthermore, the biophysical function, type, and location of
the ion-channel mutation are currently emerging as important determinants of outcome in genotyped patients.
These new data may be used to improve risk stratification and for the development of gene-specific therapies
that may reduce the risk of life-threatening cardiac events in patients with this inherited cardiac disorder.
(J Am Coll Cardiol 2008;51:2291–300) © 2008 by the American College of Cardiology Foundation

This review focuses on the inherited form of the long QT
syndrome (LQTS) and will not cover acquired causes of QT
prolongation. Hereditary LQTS is a familial disorder in
which most affected family members have delayed ventric-
ular repolarization as manifest on the electrocardiogram
(ECG) as QT prolongation. This genetic channelopathy
has variable penetrance, with affected individuals having an
increased propensity to syncope, polymorphous ventricular
tachycardia (torsades de pointes), and sudden arrhythmic
death. The estimated overt prevalence of this disorder is in
the range of about 1:5,000 subjects. However, because the
number of genotyped LQTS patients having 2 LQTS
mutations is approximately 10%, the prevalence of LQTS
patients with overt or subclinical disorders is likely to be
considerably greater than the currently estimated prevalence.

The first family with LQTS, described by Jervell and
Lange-Nielsen in 1957, consisted of 4 children with deaf-
ness, recurrent syncope, sudden cardiac death, and QT
prolongation on the ECG (1). Subsequently, this disorder
was found to be due to homozygous mutations of the
KCNQ1 gene, with the deafness being a recessive manifes-
tation of the reduced potassium current (IKr). Romano et al.
in 1963 (2) and Ward in 1964 (3) described families in

which affected members had QT prolongation, recurrent
syncope, and sudden death without deafness with an auto-
somal dominance pattern of inheritance. The first therapy
for this disorder was reported in 1971 with the introduction
of left cervicothoracic sympathetic denervation (LCSD) (4).
The usefulness of beta-blockers in the treatment of this
disorder was appreciated in the mid-1970s. The Interna-
tional Long QT Syndrome Registry was established in
1979, and extensive clinical and genetic studies have been
and are derived from this Registry (5). The Registry
currently involves 1,276 proband-identified LQTS families
involving over 3,600 clinically or borderline affected family
members with about 2,000 of these family members with
genetically confirmed LQTS mutations. Publications from
the International LQTS Registry have provided insight into
risk mechanisms; genotype-phenotype associations; risk
stratification by age, gender, and genotype; and the impor-
tance of syncope as a cardiac event that frequently precedes
aborted cardiac arrest (ACA) or sudden cardiac death
(SCD).

Genetic and Molecular Understanding

Clinically, LQTS is identified by abnormal QT interval pro-
longation on the ECG. The QT prolongation may arise from
either a decrease in repolarizing potassium currents or an
inappropriate late entry of sodium into the myocyte (6). Most
commonly, QT prolongation is produced by delayed repolar-
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QTc duration. A baseline QTc interval of !500 ms has
consistently been shown to be associated with a high risk of
cardiac events (comprising syncope ACA or SCD) in LQTS
patients (37–41). More recent data regarding risk factors for
life-threatening cardiac events (ACA or SCD) have confirmed
the role of baseline QTc duration as a major risk factor for this
end point (28,29,33). In the study by Hobbs et al. in LQTS
adolescents (age 28), a baseline QTc duration of !530 ms was
shown to be independently associated with a 2.3-fold (p !
0.001) increase in the risk of ACA or SCD compared with
shorter QTc values. Consistently, Sauer et al. (29) demon-
strated that in LQTS adults, baseline QTc durations between
500 and 549 ms were associated with a 3.3-fold increase in the
risk of ACA or SCD compared with shorter QTc values, and
QTc !550 ms was associated with a 6.3-fold increase in the
risk. These studies, however, assessed only the risk associated
with QTc duration that was measured at the baseline, first
recorded ECG. We have recently shown that follow-up
ECG recordings provide important incremental prognostic
information in LQTS patients (42). In a study of 375
children with ECG follow-up data, we showed that there is
considerable variability in QTc interval duration when serial
ECGs are recorded, and that the maximum QTc duration
measured at any time during follow-up is the most powerful
predictor of subsequent cardiac events, regardless of baseline
QTc values (42). These findings further demonstrate that
the phenotypic expression of LQTS is dynamic and suggest
that QTc data from follow-up ECG recordings should be
incorporated into the risk assessment of LQTS patients.

Time-dependent syncope. Early LQTS studies have tradi-
tionally assessed the combined end point of a first cardiac event
(comprising syncope, ACA, or LQTS-related SCD). In these
studies, the predominant component in the combined end
point was syncope, mainly owing to sample size limitations.
Recent data from the International LQTS Registry have
facilitated a comprehensive analysis of risk factors for the more
severe end point of ACA or SCD that is clinically more
important in the affected population (28,29,33). These studies
have consistently demonstrated that a history of syncope,
assessed as a time-dependent factor, is the most powerful
predictor of subsequent life-threatening cardiac events in
LQTS patients. Furthermore, the timing and frequency of the
syncopal events were also shown to affect outcome. Thus, in
LQTS adolescents (age 10 to 20 years), patients with 2 or more
syncopal episodes in the last 2 years were shown to have an
18-fold increase in the risk of subsequent life-threatening
cardiac events (p " 0.001), those with 1 syncopal episode in
the last 2 years had a 12-fold increase in the risk (p " 0.001),
and those with 1 or 2 or more episodes of syncope 2 to 10 years
before (but none in the last 2 years) had a 3-fold increase in the
risk compared with patients without a history of syncope in the
past 10 years (Table 3) (28). Similarly, in LQTS adults (age 18
to 40 years) time-dependent syncope after age 18 years was
shown to be associated with #5-fold increase in the risk of
subsequent life-threatening cardiac events, whereas more dis-
tant syncopal history (before age 18 years) was not a significant
risk factor (29). These findings further stress the importance of
dynamic risk assessment in LQTS patients.

Age-Specific Risk Factors for Life-Threatening Cardiac Events in LQTS Patients*

Table 3 Age-Specific Risk Factors for Life-Threatening Cardiac Events in LQTS Patients*

Age Group (Ref. #) Risk Factor
Hazard Ratio

(p Value)
Beta-Blocker Efficacy,
% Reduction (p Value)

Childhood (1–12 yrs) (33) Male gender 3.96 ("0.001) 73% (0.002)

QTc #500 ms 2.12 (0.02)

Prior syncope

Recent ("2 yrs) 14.34 ("0.001)

Remote (!2 yrs) 6.45 ("0.001)

Adolescence (10–20 yrs) (28) QTc #530 ms 2.3 ("0.001) 64% (0.01)

Syncope

!2 syncopal events in past 2 yrs 18.1 ("0.001)

1 syncopal event in past 2 yrs 11.7 ("0.001)

!2 syncopal events in past 2–10 yrs 5.8 ("0.001)

1 syncopal events in past 2–10 yrs 2.7 ("0.001)

Adulthood (18–40 yrs) (29) Female gender 2.68 ("0.05) 60% ("0.01)

QTc duration

QTc !500 ms 6.35 ("0.01)

QTc 500–549 ms 3.34 ("0.01)

Prior syncope 5.10 ("0.01)

Adulthood (41–60 yrs) (53)† Recent syncope ("2 yrs) 9.92 ("0.001) 42% (0.40)‡

QTc #530 ms 1.68 (0.06)

LQT3 genotype 4.76 (0.02)

*Findings are from separate multivariable Cox models in each age group for the end point of aborted cardiac arrest or sudden cardiac death.
†Because long QT syndrome (LQTS)–related events are more difficult to delineate in the older age group, the end point in the 41 to 60 years age
group comprised aborted cardiac arrest or death from any cause. ‡Lack of a statistically significant beta-blocker effect in this age group may relate
to the broad end point of death from any cause.

QTc ! corrected QT interval.
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N-terminal region of the channel displayed a signif-
icantly greater risk of arrhythmia [55].

Over the past decade, genetic testing has been
characterized by rapid evolution of laboratory tech-
nology resulting in faster analysis of broader panels
with increased sensitivity at significantly lower
costs. Although this trend has largely facilitated
genetic testing, the interpretation of test results
and determination of phenotype–genotype correla-
tion has gained in complexity [56]. Genetic
VUS are relatively common illustrating the large
field of genetic background noise in a given popula-
tion [56].

It is therefore important to understand that
genetic testing is a complementary diagnostic tool
in the workup of LQT and test results should always
be interpreted within a given clinical context. It also
highlights the importance that genetic testing
should only be performed by specialized cardioge-
netic clinics to provide adequate expertise for the
interpretation of test results [14].

Family screening

Once the diagnosis of LQT is established, it is impor-
tant to screen other family members for the same
condition. Diagnostic work-up in family is similar to
index patients.

CLINICAL MANAGEMENT
All individuals with suspected or established LQT
should be referred to a specialized, multidisciplinary
cardiogenetic clinic [14]. In addition to diagnostic
confirmation, designated cardiogenetic clinics are
designed to function as a central hub for the clinical
management and risk stratification of LQT individ-
uals, genetic counselling, and orchestration of fam-
ily screening [14].

Risk assessment
Despite improved insights in the molecular and
genetic mechanisms, risk stratification in LQT
remains challenging – even for experts in inherited
arrhythmia. Risk stratification is traditionally
focused on the probability of a cardiac event before
age 40 years and the generation of risk groups are
phenotype–genotype guided [4,57,58]. Table 2 out-
lines an updated version of current risk prediction in
LQT. Important clinical risk factors include QTc
duration, number of cardiac events before age 18,
age of first cardiac event, and recurrence of ventric-
ular arrhythmia on appropriate beta-blocker treat-
ment [57–61]. Increased probability of cardiac
events is given for a QTc at least 500 ms [57–61].
In addition, age and sex play some role for the

Table 2. Phenotype–genotype-related risk stratification

Clinical risk factorsa Combined risk factorsa Genetic risk factorsa

Extremely high risk (!80%)

QTc ! 600 ms Timothy syndrome (LQT-8)

!10 cardiac events < age 18 years Jervell–Lange-Nielsen syndrome

High risk (!50%)

QTc ! 550 ms LQT-1 þ male 0–14 years old Compound or digenic heterozygosity

!2 but <10 cardiac events before age 18 years LQT-2 þ female 15–40 years old Certain LQT-1 mutations

Cardiac event <age 7years C-loop mutations

Cardiac event on appropriate beta-blocker treatment A341V

Certain LQT-2 mutations

Pore mutations

CALM1 or CALM2 mutations

Intermediate risk (30–49%)

QTc ¼ 500–549 ms LQT-3

<2 cardiac events < age 18years

Female sex

Low risk (<30%)

QTc < 500 ms LQT-1 þ female 0–14 years old LQT-1 minor genotypes

No cardiac event < age 18 years LQT-2 þ male 0–40 years old

LQT, long-QT syndrome; QTc, corrected QT interval.
aIn the absence of an overlapping risk marker of one of the two other columns.
Risk stratification has been traditionally categorized according to the probability of a first cardiac event (arrhythmogenic syncope, documented sustained
ventricular arrhythmia, cardiac arrest or sudden cardiac death) before the age of 40 years [4,56,57]. Modified and extended from Giudicessi et Ackerman 2013.
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clinical disorders in which the prolongation of the QT interval 
is modest and, in our opinion, should not be strictly consid-
ered as part of LQTS.7

Prevalence
Even though it is customary, when dealing with any cardiac 
disease of genetic origin, to provide its prevalence, almost 
always what is presented is largely an educated guess. LQTS 
represents an exception. For too long, the prevalence of LQTS 
was assumed to be anywhere between 1/5000 and 1/20 000, 
without any supporting data. The first data-driven indication 
of the prevalence of LQTS was published in 2009, on the basis 
of the largest prospective study of neonatal electrocardiogra-
phy ever performed.28 In 18 Italian maternity hospitals, an 
ECG was performed in 44 596 infants who were 15 to 25 days 
old; in this cohort, 0.07% had a QTc >470 ms, and 0.47% had 
a QTc between 451 and 470 ms. Molecular screening allowed 
the identification of a disease-causing mutation in 43% of the 
neonates with a QTc >470 ms and in 29% of those screened 
with a QTc between 461 and 470 ms. In total, 17 of 43 080 
white infants were affected by LQTS, demonstrating a preva-
lence of at least 1:2534 apparently healthy live births (95% 
CI, 1:1583–1:4350).28 Considerations based on the number 
of infants with a QTc >450 ms who were not molecularly 
screened actually suggest that the prevalence of LQTS is 
close to 1:2000. This prevalence concerns only infants with 
an abnormally long QTc and cannot estimate the additional 
incidence of silent mutations carriers (individuals who carry a 
disease-causing mutation but who have a normal QT interval).

Clinical Presentation
The clinical manifestations of LQTS have been described in 
detail too often to deserve additional repetitions here. The 
reader unfamiliar with LQTS can find these descriptions in 
previous publications.6,7,29 Here, we will mention only a few 
specific aspects that carry, in our opinion, special significance.

The ventricular tachyarrhythmia that underlies the cardiac 
events of LQTS is Torsades-de-Pointes, a curious type of 
ventricular tachycardia that most of the time is self-limiting 
and produces transient syncope but that can also degenerate 
into ventricular fibrillation and cause cardiac arrest or sudden 
death.7 It would be extremely important to know what causes 
Torsades-de-Pointes to stop after a limited number of seconds 
or to continue, with devastating consequences, but we do not.

The morphology of the T wave is often useful for the diag-
nosis, and the precordial leads are especially informative when 
they reveal biphasic or notched T waves.30 T-wave alternans in 
polarity or amplitude (Figure 1), when observed, is diagnostic 
as we proposed ≈40 years ago.31 T-wave alternans is a marker 
of major electric instability and identifies patients at particu-
larly high risk; its presence in a patient already undergoing 
treatment should alert the physician to persistent high risk and 
warrants an immediate reassessment of therapy. Sinus pauses, 
unrelated to sinus arrhythmia, are an additional warning signal 
especially in patients with SCN5A mutations.7,32

Diagnosis and Genetic Testing
Typical cases present no diagnostic difficulty for physicians 
aware of the disease. However, borderline cases are more 
complex and require the evaluation of multiple variables 
besides clinical history and ECG. The diagnostic criteria for 
LQTS proposed in 19856 remain essentially valid for a quick 
assessment; however, a more quantitative approach to diagno-
sis became possible with the presentation of a diagnostic score 
in 1993 that became known as the Schwartz score, which was 
updated in 2006.33,34 The last update has just been made on the 
basis of the report on the diagnostic role of QT prolongation in 
the recovery phase of an exercise stress test35,36 (Table 2). The 
persistent use of the old scoring system by some investigators 
leads to an underestimation of the patients identified as prob-
ably affected and should be discontinued; a score of 3.5 points 
is sufficient for a high probability of LQTS.

Figure 1. Examples of T-wave alternans from a 2-year-old long-QT syndrome patient with multiple episodes of cardiac arrest. Tracings 
are from a 24-hour Holter recording.
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• QT Uzatan Ajanlardan Kaçınmak
• ICD



Proflatik ICD

• ICD Tedavisi Bireyselleştirilmelidir
• Yüksek Riskli Hastalar 
• Kadınlarda LQT2 ve QTc 500 msn, 
• QTc 500 ms ve elektriksel Düzensizlik Bulguları (T dalga Alternans) 

ve  Yüksek Riskli Genetik Profil (İki Mutasyonla beraber , Jervell ve 
Lange–Nielsen Sendromu veya Timothy Sendromu). 
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Conditional models of Prentice, Williams, and Peterson were utilized for the analysis of recurrent appropriate
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ment (HR 1.87, CI 1.28–2.72; P = 0.001), QTc 500–549 ms (HR 1.68, CI 1.10–2.81; P = 0.048), and QTc >_ 550 ms
(HR 3.66, CI 2.34–5.72; P < 0.001) were associated with increased risk for recurrent appropriate shocks, while
b-blockers were not protective (HR 1.03, CI 0.63–1.68, P = 0.917). LQT2 (HR 2.10, CI 1.22–3.61; P = 0.008) and
multiple mutations (HR 2.87, CI 1.49–5.53; P = 0.002) were associated with higher risk for recurrent shocks as
compared with LQT1.
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risk. These data can be used for risk stratification in high-risk patients evaluated for primary prevention with ICD.
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Introduction

Implantable cardioverter-defibrillators (ICD) are a well-established
treatment modality for patients with long QT syndrome (LQTS)
patients that survived aborted cardiac arrest (ACA).1,2 The role of
ICD in patients that did not experience ACA is very limited and is

mostly based on expert opinion and prior secondary prevention
studies.3–9 Currently, ICD is recommended for primary prevention in
patients that had syncope or ventricular tachycardia (VT) while re-
ceiving b-blocker (Class IIa indication), and may be considered in
patients with risk factors for sudden cardiac death (SCD).1
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Inappropriate implantable cardioverter-
defibrillator shocks and consequences
There were 88 inappropriate ICD shocks, 41% were caused due to
T-wave oversensing, 14% due to trial flutter/fibrillation, 22% due to
supraventricular tachyarrhythmias, and 20% were caused by electro-
magnetic interference. The event rates were not different between
ICD manufacturers. The only predictor of inappropriate shock was
age <_20 years (log rank P-value = 0.029); other variables including
gender, baseline heart rate, QTc and genetic data were insignificant
(P > 0.05). Most of the inappropriate shocks ended without further
consequences. Two patients (2%) had appropriate shocks preceded
by inappropriate shocks.

Discussion

This study provides several important clinical implications for the use
of ICD in high risk LQTS patients who did not experience ACA. First,
QTc duration is the most important predictor for appropriate shock.
Second, syncope while on b-blockers treatment was significantly pre-
dictive of both the first and recurrent appropriate shocks in the multi-
variate models and this provides further strength to the current
knowledge. Third, b-blocker therapy remains an important treatment
for the prevention of the first shock even in this very high-risk

population, however, in patients that had appropriate shock on
b-blocker therapy, it is not protective for subsequent shocks. Lastly,
inappropriate shocks are very prevalent in this group of patients,
mostly due to T-wave oversensing, however, we showed most of
which are terminated without further sequelae.

During a mean follow-up of 9 years, the cumulative probability of
the first appropriate shock was 23% and none of the study patients
died from LQTS related causes. We recognize the possibility that not
all shocks are necessarily lifesaving. To put this finding in perspective
we explored the mortality rate in patients from the Rochester LQTS
registry that had LCSD but did not have ICD placement. Among 41
patients that we identified, the mortality rate was 17%, and 7% had
ACA (from birth to the age of 50). This finding demonstrates the ef-
fectiveness of ICD to prevent SCD, as we demonstrated in a previous
study.3

As expected, the duration of the QTc was shown to be highly as-
sociated with the risk for appropriate shock. This is in agreement
with previous studies in which the QTc duration was associated with
increased risk for cardiac events in LQTS patients in general and par-
ticularly in those implanted with ICD.7,23–25

.................................................................................................

Table 3 Multivariable model for the risk of recurrent
appropriate ICD shocks

Variables Hazard
ratioa

95% CI P-value

QTc 500–549 ms vs. QTC <500 ms 1.68 1.01–2.81 0.048

QTc >_550 ms vs. QTC <500 ms 3.66 2.34–5.72 <0.001

Prior syncope while on b-blockers 1.87 1.28–2.72 0.001

Time dependent b-blockers treatment 1.03 0.63–1.68 0.917

LQT2 vs. LQT1b 2.10 1.22–3.61 0.008

LQT3 vs. LQT1b 0.37 0.08–1.60 0.183

Multiple mutations vs. LQT1b 2.87 1.49–5.53 0.002

CI, confidence interval; ICD, implantable cardioverter-defibrillator; LQT, Long
QT.
aThe model is stratified by gender and adjusted for the age of implantation.
bThe hazard ratios for genotype were acquired when the same model was ap-
plied for patients with known genotype.

.................................................................................................

Table 4 Risk score calculation

Risk variables 0 points 1 point 2 points

QTc <_499 ms 500–549 ms >_550 ms

Prior syncope while on

b-blockers

No Yes

LQT2 No Yes

Multiple mutations No Yes

The calculated score is the sum of the points of all four risk variables categories.
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Figure 4 The Kaplan–Meier curves of first appropriate shocks in
patients that were treated with different types of b-blockers (A) and
event rate of recurrent appropriate ICD rendered shocks by differ-
ent types of b-blockers (B). Event rate of all the appropriate shocks
(either first or recurrent) per 100 patients-years were calculated by
dividing the total number of appropriate shocks during the period
of follow up by person-years and multiplying the results by 100.
ICD, implantable cardioverter-defibrillator.
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Figure 4 The Kaplan–Meier curves of first appropriate shocks in
patients that were treated with different types of b-blockers (A) and
event rate of recurrent appropriate ICD rendered shocks by differ-
ent types of b-blockers (B). Event rate of all the appropriate shocks
(either first or recurrent) per 100 patients-years were calculated by
dividing the total number of appropriate shocks during the period
of follow up by person-years and multiplying the results by 100.
ICD, implantable cardioverter-defibrillator.
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2, and 35 patients with score of >_3, the cumulative probabilities of
the first appropriate shock were 0%, 15%, 23%, and 50%, respectively
after 10 years, P-value < 0.001. Consistently, the risk score was highly
predictive of the rate of appropriate shocks per 100 patient years,
P < 0.001 (Figure 3).

b-Blocker treatment
Overall b-blockers trended to be protective for the first appropriate
shock. As expected patients with cardiac events on b-blockers be-
fore the ICD placement had appropriate shocks while on b-blockers.
Importantly, even patients without a history of events on b-blockers
still had appropriate shocks while on treatment. b-Blockers were not
protective for recurrent ICD appropriate shocks. Thus, if a patient
had an appropriate shock on b-blocker, he had a high risk for subse-
quent shocks on b-blocker.

We further analysed the role of specific subtypes of b-blockers.
There were 63 patients that were treated with atenolol (median
dose and interquartile range at start of follow-up, respectively: 50 mg,
25 mg; median dose and interquartile range at end of follow-up, re-
spectively: 50 mg, 50 mg). Forty-eight patients were treated with met-
oprolol (50 mg, 25 mg; 100 mg; 100 mg), 53 with nadolol (40 mg,
20 mg; 40 mg; 60 mg), and 22 with propranolol (60 mg, 50 mg;
120 mg, 110 mg). Patients that were treated with nadolol had the
lowest cumulative probability of first appropriate shock and those
who were treated with metoprolol had the highest probability (Figure
4A). The rate of recurrent shocks was highest with metoprolol and
similar among other b-blockers (Figure 4B).

Sensitivity analyses
As some of the post-implantation shocks may be theoretically associ-
ated with the mechanical stimulation of the newly implanted lead, we
performed a sensitivity analysis with the follow-up starting at 11 days
after the implantation. The results were similar (see Supplementary
material online, Tables S1 and S2, Figures S1 and S2).

To test our risk score in a subpopulation without a history of TdP,
we excluded this sub population and the results were similar (see
Supplementary material online, Figure S3).
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Figure 2 The Kaplan–Meier curves of appropriate shocks by the
M-FACT risk score all study patients (A) M-FACT score only
patients with known genotype (B) and the new risk score (C). ICD,
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Aims Prospective data regarding the role of implantable cardioverter-defibrillator (ICD) for the primary prevention of
sudden cardiac death in patients with long QT syndrome (LQTS) is scarce. Herein, we explore the prospective
Rochester LQTS ICD registry to assess the risk for appropriate shock in primary prevention in a real-world
setting.
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Methods
and results

We studied 212 LQTS patients that had ICD implantation for primary prevention. Best-subsets proportional-haz-
ards regression analysis was used to identify clinical variables that were associated with the first appropriate shock.
Conditional models of Prentice, Williams, and Peterson were utilized for the analysis of recurrent appropriate
shocks. During a median follow-up of 9.2 ± 4.9 years, there were 42 patients who experienced at least one appro-
priate shock and the cumulative probability of appropriate shock at 8 years was 22%. QTc >_ 550 ms [hazard ratio
(HR) 3.94, confidence interval (CI) 2.08–7.46; P < 0.001) and prior syncope on b-blockers (HR 1.92, CI 1.01–3.65;
P = 0.047) were associated with increased risk of appropriate shock. History of syncope while on b-blocker treat-
ment (HR 1.87, CI 1.28–2.72; P = 0.001), QTc 500–549 ms (HR 1.68, CI 1.10–2.81; P = 0.048), and QTc >_ 550 ms
(HR 3.66, CI 2.34–5.72; P < 0.001) were associated with increased risk for recurrent appropriate shocks, while
b-blockers were not protective (HR 1.03, CI 0.63–1.68, P = 0.917). LQT2 (HR 2.10, CI 1.22–3.61; P = 0.008) and
multiple mutations (HR 2.87, CI 1.49–5.53; P = 0.002) were associated with higher risk for recurrent shocks as
compared with LQT1.

...................................................................................................................................................................................................
Conclusion In this prospective ICD registry, we identified clinical and genetic variables that were associated appropriate shock

risk. These data can be used for risk stratification in high-risk patients evaluated for primary prevention with ICD.
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
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Introduction

Implantable cardioverter-defibrillators (ICD) are a well-established
treatment modality for patients with long QT syndrome (LQTS)
patients that survived aborted cardiac arrest (ACA).1,2 The role of
ICD in patients that did not experience ACA is very limited and is

mostly based on expert opinion and prior secondary prevention
studies.3–9 Currently, ICD is recommended for primary prevention in
patients that had syncope or ventricular tachycardia (VT) while re-
ceiving b-blocker (Class IIa indication), and may be considered in
patients with risk factors for sudden cardiac death (SCD).1
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Left Cardiac Sympathetic Denervation
LCSD, ideally performed by an extrapleural approach that 
makes thoracotomy unnecessary, requires removal of the 
first 3 to 4 thoracic ganglia. The cephalic portion of the left 
stellate ganglion is left intact to avoid the Horner syndrome. 
An alternate surgical approach is represented by thoracos-
copy.67 For small infants or whenever the local surgeons do 
not have adequate experience, we recommend the traditional 
and easy approach represented by an opening in the third 
left intercostal space, which allows a clear visualization of 
the stellate ganglion with the sympathetic chain. The techni-
cal details of our favored extrapleural approach have been 
recently described.68 The rationale for LCSD, largely based 
on its rather striking antifibrillatory effect,69 has also been 
recently reviewed.70

The latest clinical data on LCSD were published in 2004 
and included 147 LQTS patients who underwent sympathec-
tomy during the past 35 years.66 They represented a group at 
high risk (99% symptomatic, with an extremely long mean 
QTc [563±65 ms], previous cardiac arrest in 48%, a recur-
rent syncope despite full-dose β-blockers in 75%). During 
a mean follow-up of 8 years, there was a 91% reduction in 
cardiac events. In 5 patients who underwent LCSD because 
of multiple implantable cardioverter-defibrillator (ICD) 
shocks and electrical storms, during a 4-year follow-up 
there was a 95% decrease in the number of shocks, with a 
dramatic improvement in the quality of life of the patients 
and of their families. Interestingly, LCSD produced a mean 
QTc shortening of 39 ms, pointing to an action on the sub-
strate as well as on the trigger. The unavoidable conclusion 
is that whenever syncopal episodes recur despite a full-dose 
β-blocker therapy, LCSD should be considered and imple-
mented without hesitation. Also, failure by the physician to 
provide the family with adequate information of the pros 
and cons of LCSD versus ICD implant may carry medico-
legal consequences.71

Implantable Cardioverter-Defibrillator
The decision to implant an ICD is relatively easy for the clini-
cal cardiologist. In the case of appropriate shocks, the cardi-
ologist will have saved the life of the patient; in case of no 
shocks and possibly of complications, the cardiologist will 
have done the best for the patient’s protection. On the other 
hand, the decision to not implant an ICD could, in the case of 
a tragic outcome, lead to medicolegal consequences if such a 
decision was not supported by a valid rationale. Even though 
these considerations should play no or a minimal role in medi-
cal decisions, they actually do. In light of this, physicians 
should analyze the current state of knowledge.

There is an overall consensus for immediately implanting 
an ICD in cases in which there has been a documented cardiac 
arrest, either on or off therapy. Some exceptions exist, such as 
in a clear case of a drug-induced event in an otherwise asymp-
tomatic patient with modest QT prolongation. In contrast, 
opinions differ strongly regarding the use of ICDs in patients 
without cardiac arrest.

The current knowledge is essentially based on the largest 
ICD study ever published, which provided information on 
233 LQTS patients.72 In this publication, it is disquieting that 

the majority of ICDs were implanted in patients who had not 
had a previous cardiac arrest, and many had not even failed 
β-blocker therapy. Asymptomatic patients, almost absent 
among LQT1 and LQT2, reached the staggering number of 
45% among LQT3 patients, indicating that the mere pres-
ence of an SCN5A mutation, even in a totally asymptomatic 
individual, was deemed sufficient for ICD implant. During a 
mean follow-up of 4.6 years, at least 1 appropriate shock was 
received by 28% of patients, and adverse events occurred in 
25% of the study population.

Given the practical importance to identify in advance those 
patients with the highest probability to receive appropriate 
shocks, which represents the justification for the ICD implant, 
we developed72 a score (M-FACT) based on simple clini-
cal variables available in a doctor’s office during a first visit 
(Table 3). M-FACT considers QTc duration, age at implant, 
and cardiac events, despite therapy.

Appropriate ICD therapies were predicted by age <20 
years, a QTc >500 ms, prior cardiac arrest, and cardiac events, 
despite therapy; within 7 years, appropriate shocks occurred 
in no patients with none of these factors and in 70% of those 
with all factors (Figure 5A and 5B).

Our current policy is to implant an ICD in (1) all those 
who survived a cardiac arrest on therapy; (2) most of those 
who survived a cardiac arrest off therapy, except those 
with a reversible/preventable cause; (3) those with syncope 
despite a full dose of β-blocker, whenever the option of 
LCSD is either not available or discarded after discussion 
with the patients; (4) all patients with syncope, despite a 
full dose of β-blocker and LCSD; and (5) exceptionally, the 
rare asymptomatic patients with a QTc >550 ms, who also 
manifest signs of high electric instability (eg, T-wave alter-
nans) or other evidence of being at high risk (eg, long sinus 
pauses followed by abnormal T-wave morphologies), despite 
β-blockade and LCSD.

For patients with JLN or TS who appear incompletely 
protected by antiadrenergic therapies, we usually consider, 
in a case-by-case approach, the possibility of triple therapy, 
namely β-blockers plus LCSD plus ICD.

Gene-Specific Therapy and Management
There has been major progress in understanding the geno-
type-phenotype correlation, and specifically, several of the 
gene-specific triggers for life-threatening arrhythmias have 
been identified.41 This has made LQTS the first disease for 

Table 3. M-FACT Risk Score

−1 Point 0 Point 1 Point 2 Points

Event free on therapy 
for >10 y

Yes

QTc, ms ≤500 >500 to ≤550 >550

Prior ACA No Yes

Events on therapy No Yes

Age at implant, y >20 ≤20

M-FACT indicates M for Minus 1 point for being free of cardiac events while 
on therapy for >10 y; F for Five hundred and Five hundred and Fifty millisecond 
QTc; A for Age ≤20 y at implant; C for Cardiac arrest; T for events on Therapy; 
ACA, aborted cardiac arrest. Modified from Ref 72.
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which gene-specific management has become possible, and it 
is opening previously unforeseen preventive and therapeutic 
strategies.

LQT1 patients are at higher risk during sympathetic activa-
tion, such as during exercise and emotions.41 They should not 
participate in competitive sports. Swimming is particularly 
dangerous, because 99% of the arrhythmic episodes associ-
ated with swimming occur in LQT1 patients.41

LQT2 patients are exquisitely sensitive to serum K+ levels, 
which should not be allowed to fall. When reasonable levels 
are not maintained by diet or by oral K+ supplements, a combi-
nation with K+ sparing agents should be considered. Because 
these patients are at higher risk especially when aroused from 
sleep or rest by a sudden noise,7,41 we recommend that tele-
phones and alarm clocks are removed from their bedrooms. 
Also, when parents in the morning have to wake up their chil-
dren, they should do it gently and without yelling. This com-
bines good manners and gene-specific management.

The demonstration that LQT3-causing SCN5A mutations 
have a gain-of-function effect17 led to test sodium channel 
blockers as possible adjuvants in the management of LQT3 
patients.18 Among these drugs, flecainide is seldom used by 
our group.50 There is growing interest for ranolazine because 

of its specific effect on the delayed current, but clinical data 
are still scanty, and most of the current clinical experience 
is with mexiletine. The effect of mexiletine is mutation-spe-
cific,73 and this is why we always test its effectiveness in all 
LQT3 patients under continuous ECG monitoring by the acute 
oral drug test technique, performed in the hospital in an outpa-
tient basis, using half of the daily dose. Within 90 minutes, the 
peak plasma concentration is reached, and if the QTc is short-
ened by >40 ms, then we add mexiletine to β-blocker therapy. 
Even though there is no conclusive evidence for a beneficial 
effect and definite failures have occurred, there is also grow-
ing evidence of significant benefit in many individual cases. 
We observed highly malignant forms manifesting in infancy 
because of mutations causing extremely severe electrophysi-
ological dysfunctions, which were corrected by the combina-
tion of mexiletine and propranolol.74

Independent of genotype, all LQTS patients should avoid 
any cardiac or noncardiac drug that blocks the IKr current. A 
list of such drugs is available at www.torsades.org and should 
be given to every patient because their family physician may 
not be aware of these electrophysiological actions. This is a 
precise responsibility of the cardiologist who follows these 
patients.

Asymptomatic LQTS Patients and Patients With  
Normal QTc
β-Blocker treatment should be initiated in all patients includ-
ing those still asymptomatic because in 10% to 12% of LQTS 
cases the first clinical manifestation is sudden death. Among 
these, reasonable exceptions appear to be LQT1 men aged 
>40 years because they seldom have a first event after this age 
and possibly individuals aged >50 years with a QTc <480 ms. 
LQT2 women remain at risk throughout life, and it is wise to 
always treat them, with few exceptions.

Patients with a normal QTc (<440 ms) constitute ≈25% 
of the LQTS population and have a markedly lower risk for 
life-threatening events compared with phenotypically affected 
patients but are at higher risk compared with unaffected fam-
ily members.75 We usually do not treat them, but an individual 
assessment, including age evaluation and family history, is 
appropriate. In addition, follow-up visits are recommended 
to monitor the stability of their condition. Finally, among 
LQT1 and LQT3 patients with a normal QT interval, those 
with missense mutations in the transmembrane regions have a 
nonnegligible risk of life-threatening arrhythmias75; therefore, 
a mutation-specific evaluation should integrate the clinical 
evaluation whenever possible.
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Figure 5. Cumulative event-free survival for a first appropri-
ate implantable cardioverter-defibrillator shock according to 
an increasing risk score (M-FACT) in (A) all patients and (B) in 
patients with no prior aborted cardiac arrest (modified from  
Ref 72). M-FACT indicates M for Minus 1 point for being free of 
cardiac events while on therapy for >10 years; F for Five hundred 
and Five hundred and fifty millisecond QTc; A for Age ≤20 years 
at implant; C for Cardiac arrest; T for events on Therapy.
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2, and 35 patients with score of >_3, the cumulative probabilities of
the first appropriate shock were 0%, 15%, 23%, and 50%, respectively
after 10 years, P-value < 0.001. Consistently, the risk score was highly
predictive of the rate of appropriate shocks per 100 patient years,
P < 0.001 (Figure 3).

b-Blocker treatment
Overall b-blockers trended to be protective for the first appropriate
shock. As expected patients with cardiac events on b-blockers be-
fore the ICD placement had appropriate shocks while on b-blockers.
Importantly, even patients without a history of events on b-blockers
still had appropriate shocks while on treatment. b-Blockers were not
protective for recurrent ICD appropriate shocks. Thus, if a patient
had an appropriate shock on b-blocker, he had a high risk for subse-
quent shocks on b-blocker.

We further analysed the role of specific subtypes of b-blockers.
There were 63 patients that were treated with atenolol (median
dose and interquartile range at start of follow-up, respectively: 50 mg,
25 mg; median dose and interquartile range at end of follow-up, re-
spectively: 50 mg, 50 mg). Forty-eight patients were treated with met-
oprolol (50 mg, 25 mg; 100 mg; 100 mg), 53 with nadolol (40 mg,
20 mg; 40 mg; 60 mg), and 22 with propranolol (60 mg, 50 mg;
120 mg, 110 mg). Patients that were treated with nadolol had the
lowest cumulative probability of first appropriate shock and those
who were treated with metoprolol had the highest probability (Figure
4A). The rate of recurrent shocks was highest with metoprolol and
similar among other b-blockers (Figure 4B).

Sensitivity analyses
As some of the post-implantation shocks may be theoretically associ-
ated with the mechanical stimulation of the newly implanted lead, we
performed a sensitivity analysis with the follow-up starting at 11 days
after the implantation. The results were similar (see Supplementary
material online, Tables S1 and S2, Figures S1 and S2).

To test our risk score in a subpopulation without a history of TdP,
we excluded this sub population and the results were similar (see
Supplementary material online, Figure S3).
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Figure 2 The Kaplan–Meier curves of appropriate shocks by the
M-FACT risk score all study patients (A) M-FACT score only
patients with known genotype (B) and the new risk score (C). ICD,
implantable cardioverter-defibrillator.
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Aims Prospective data regarding the role of implantable cardioverter-defibrillator (ICD) for the primary prevention of
sudden cardiac death in patients with long QT syndrome (LQTS) is scarce. Herein, we explore the prospective
Rochester LQTS ICD registry to assess the risk for appropriate shock in primary prevention in a real-world
setting.

...................................................................................................................................................................................................
Methods
and results

We studied 212 LQTS patients that had ICD implantation for primary prevention. Best-subsets proportional-haz-
ards regression analysis was used to identify clinical variables that were associated with the first appropriate shock.
Conditional models of Prentice, Williams, and Peterson were utilized for the analysis of recurrent appropriate
shocks. During a median follow-up of 9.2 ± 4.9 years, there were 42 patients who experienced at least one appro-
priate shock and the cumulative probability of appropriate shock at 8 years was 22%. QTc >_ 550 ms [hazard ratio
(HR) 3.94, confidence interval (CI) 2.08–7.46; P < 0.001) and prior syncope on b-blockers (HR 1.92, CI 1.01–3.65;
P = 0.047) were associated with increased risk of appropriate shock. History of syncope while on b-blocker treat-
ment (HR 1.87, CI 1.28–2.72; P = 0.001), QTc 500–549 ms (HR 1.68, CI 1.10–2.81; P = 0.048), and QTc >_ 550 ms
(HR 3.66, CI 2.34–5.72; P < 0.001) were associated with increased risk for recurrent appropriate shocks, while
b-blockers were not protective (HR 1.03, CI 0.63–1.68, P = 0.917). LQT2 (HR 2.10, CI 1.22–3.61; P = 0.008) and
multiple mutations (HR 2.87, CI 1.49–5.53; P = 0.002) were associated with higher risk for recurrent shocks as
compared with LQT1.

...................................................................................................................................................................................................
Conclusion In this prospective ICD registry, we identified clinical and genetic variables that were associated appropriate shock

risk. These data can be used for risk stratification in high-risk patients evaluated for primary prevention with ICD.
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Introduction

Implantable cardioverter-defibrillators (ICD) are a well-established
treatment modality for patients with long QT syndrome (LQTS)
patients that survived aborted cardiac arrest (ACA).1,2 The role of
ICD in patients that did not experience ACA is very limited and is

mostly based on expert opinion and prior secondary prevention
studies.3–9 Currently, ICD is recommended for primary prevention in
patients that had syncope or ventricular tachycardia (VT) while re-
ceiving b-blocker (Class IIa indication), and may be considered in
patients with risk factors for sudden cardiac death (SCD).1
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Role of implantable cardioverter defibrillator
therapy in patients with acquired long QT
syndrome: A long-term follow-up
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Aims The use of implantable cardioverter defibrillators (ICD) in patients with torsade de pointes (TdP) and ventricular
fibrillation in the presence of acquired long QT syndrome (aLQTS) is under debate, partly due to the fact that
aLQTS is potentially reversible and currently no long-term follow-up data are available. We aimed to evaluate the
long-term follow-up of patients with acquired long QT syndrome (aLQTS) who had received an implantable cardi-
overter defibrillator (ICD) for secondary prevention of sudden cardiac arrest (SCA).

Method and
results

Over a 10 year period, 43 patients with an ICD after survived cardiac arrest (SCA) due to an aLQTS were included
[female n ¼ 27 (63%); mean age 61 + 16 years]. There was no clinical evidence for congenital LQTS (Schwartz score
1.25 + 0.8). Structural heart disease was present in 29 patients (47%; ischaemic n ¼ 13; dilated cardiomyopathy
n ¼ 9; mean EF 41% + 12). The most common proarrhythmic trigger happened to be antiarrhythmic drugs
(n ¼ 34; 79%). Other triggers included contrast agent (n ¼ 1), haloperidol (n ¼ 2), severe hypokalaemia (n ¼ 2),
drug abuse/alcohol (n ¼ 2), and mere severe bradycardia (n ¼ 2). Under trigger QTc interval measured 536 + 58
vs. 438 + 33 ms without trigger (P , 0.001). During a mean follow-up of 84+55 months, appropriate shocks
occurred in 19 patients (44%); inappropriate shocks in 13 patients (30%; only inappropriate n ¼ 3). Appropriate
shocks were almost as common in patients without as in those with structural heart disease (35 vs. 48%;
P ¼ 0.32). None of the patients were re-exposed to the initial trigger during the follow-up period. Beta-blocker
medication did not prevent ICD shocks (12 of 19 vs. 11 of 24 on medication).

Conclusion Appropriate ICD shocks are a common finding in patients with aLQTS and SCA irrespective of the underlying cause
or structural heart disease. Thus, even in the presence of relevant acquired proarrhythmia ICD may be beneficial.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Acquired long QT syndrome † Implantable cardioverter defibrillator † Outcome † Long-term follow-up

Introduction
The acquired form of long QT syndrome (aLQTS) has many causes
of which the most likely is proarrhythmc drug therapy.1,2 There are
steadily increasing numbers of cardiac as well as non-cardiac drugs
that may cause QT prolongation, torsade de pointes (TdP)

tachyarrhythmias, or sudden cardiac death (www.qtdrugs.org).
Most of these drugs block the rapid component of the delayed rec-
tifier current (IKr). However, QT prolonging and proarrhythmia are
patient-specific responses illustrated by the concept of a reduced
repolarization reserve inpatients with TdP or ventricular fibrillation
(VF) due to aLQTS.3– 5 The major therapeutic option is avoidance of
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Background: Long QT syndrome (LQTS) is a potentially lethal cardiac channelopathy, but with the appropriate
treatment strategy, such as beta-blockers, left cardiac sympathetic denervation (LCSD), and/or an implantable
cardioverter defibrillator (ICD),most LQTS-triggered tragedies can be avoided. Since 2001, wearable cardioverter
defibrillators (WCD:LifeVest™) have been available clinically.
Objective: Herein, we evaluated the use and outcome of WCDs in patients with LQTS.
Methods: We performed a retrospective review of 1027 patients with LQTS to identify patients who received a
WCD, and collected pertinent clinical information regarding their LQTS diagnosis as well as indication and expe-
rience regarding use of the WCD.
Results: Overall, 10 LQTS patients (1%, 8 females, age at diagnosis 29± 18 years, mean QTc 488 ± 34ms) were
prescribed a WCD. Most common indication for WCD was as bridge to treatment during (temporary) situation
of assessed high risk of sudden cardiac arrest (SCA; n= 6). The mean time of WCD use was 24 days (range 0
to 114 days). One patient (female, age 42, LQT2) received an appropriate VF-terminating shock 2 days after re-
ceiving her WCD. No inappropriate treatments or adverse events from wearing the WCD have occurred.
Conclusions: AWCD can be considered in patients with LQTS deemed to be at high risk for SCAwhile up-titrating
beta blockers, considering ICD therapy, or when navigating short term periods of increased SCA-risk, like the
post-partum period in LQT2women, ICD revision or temporary inactivation, or during short term administration
of known QT prolonging medications.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Congenital long QT syndrome (LQTS) is a highly treatable yet still
potentially lethal cardiac channelopathy. LQTS affects approximately 1
in 2000 people [1] and is a heritable cardiac disease whereby patients
are at an increased risk for LQTS-triggered syncope, seizures, and sud-
den cardiac arrest (SCA) following the characteristic ventricular ar-
rhythmia of torsades de pointes [2]. Although 17 LQTS-susceptibility
genes have been identified, approximately 75% of LQTS can be explained
by mutations in three genes (KCNQ1, KCNH2, and SCN5A) that encode
pore-forming subunits of ion channels (Kv7.1, Kv11.1, and NaV1.5 re-
spectively [3]. While each of the major LQTS subtypes has its unique
pro-arrhythmic triggers, outside factors may also contribute to the risk
level of an individual having a LQTS-triggered cardiac event.

Aside from our standard, LQTS-directed preventative/safety mea-
sures (avoidance of QT prolonging drugs, daily fish oils supplement,

advice for proper hydration and fever reduction, and purchasing an au-
tomated external defibrillator (AED)), therapeutic options for LQTS in-
clude pharmacotherapy (principally beta-blockers),surgical therapy
(principally left cardiac sympathetic denervation (LCSD)), and device
therapy (primarily an implantable cardioverter defibrillator (ICD)).

Since 2001, wearable cardioverter defibrillators (WCD; LifeVest™)
have been available clinically and, although used primarily in adults
with a recentmyocardial infarction, could provide an option for patients
with LQTS [4]. Notmeant to be a permanent solution,WCDs can provide
temporary protection during the evaluation period during periods of
heightened risk for SCA or serve as a bridge to an ICD. Herein, we eval-
uated the use and outcome of WCDs in patients with LQTS.

2. Methods

For this IRB-approved, retrospective study, we reviewed the electronic medical re-
cords of 1027 adult and pediatric LQTS patients evaluated at Mayo Clinic's Long QT Syn-
drome/Genetic Heart Rhythm Clinic between 2000 and 2017 to identify use of WCD. For
patients who were prescribed a WCD, pertinent clinical information regarding their
LQTS diagnosis as well as indication and experience regarding use of the WCD was col-
lected, including but not limited to LQTS genotype, QTc measurement, symptomatology,
family history of LQTS and SCA, duration of WCD use, complications, appropriate or
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QTc, sex, and locus were not shown to be risk factors. The 
analysis of independent risk factors for secondary prevention 
patients showed that the presence of the pacemaker prior 
to an ICD implantation was the only independent risk fac-
tor, with hazard ratio 5.29 and 95% confidence interval (CI) 
1.032–27.09; p = 0.046. However, due to the low number 
of pacemaker patients the CI is very wide. When the ICD 
patients with an appropriate shock were compared to those 
without, there were no differences in age, sex, QTc interval, 
age at first LQTS symptom, Schwartz score, or personal and 

family history of SCD. However, patients with appropriate ICD 
therapy had more syncopal episodes before ICD implanta-
tion despite b-blocking treatment (37% vs. 11%, p = 0.013), 
they were less compliant to b-blockers after ICD implantation 
(86% vs. 100%, p = 0.043), and they more frequently had 
single-chamber ICDs (70% vs. 38%, p = 0.0088) (Table 2).

Inappropriate therapies
In 14 (21%) patients, 48 inappropriate therapies occurred  
(Fig. 3). Of these 14 patients, 10 were cardiac arrest survivors.  

Figure 3. An episode of ventricular tachyarrhythmia in a long QT syndrome patient, terminated by an implantable cardioverter-
-defibrillator shock
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Bireysel Risk Değerlendirilmesi

• Kardiyak Arrest Sonrası Yaşayanlar– Yüksek Rekürrens Riski, ! Bloker
Kullansa Bile  (5 yıl içinde rekürrens %14): ICD Tedavisini Destekler.

• Multiple Mutasyonlarda Risk Yüksek

• Senkop - Kardiyak Arrest Riski Artıyor. 

• Sessiz  Mutasyon Taşıyıcı – Orta Derecede Kardiyak Risk Taşırlar       
(10%) Doğum ile 40 yaş arası. 

• ! Bloker Kullanımı Önerilmektedir.



Proflaktif ICD Tedavisi Yüksek Riskli Hastalar

• Kadın Cinsiyet LQT2 + QTc >500 ms,
- QTc 500 ms + Elektriksel İnstabilite

• Postpartum 9 ayda AKÖ riski artmıştır.

• Yüksek Riskli Genetik Panel (2 Mutasyon, Jervell ve Lange–Nielsen
sendromu veya Timothy Sendromu) 



• ! Bloker Rekürren Uygun ICD Şoklarının Önlenmesinde Koruyucu Rolü 
Yoktur. 
• ! Bloker Tedavisi Altında Hastalarda Ardışık Şok uygulaması Açısından 

Yüksek Risk Altındadırlar. 
• JLN veya  TS Hastalarda Antiandranerjik Tedavi Kısmen Etkilidir. Bu 

hastalara Üçlü Tedavi Uygulanmalıdır (! Bloker +LCSD+ICD).
• Dual ICD (30/40 veya 2.5 sn tanıma zamanı, VF zone ≥ 220 %&'

Ö)neriliyor.
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