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Implantable Cardioverter Defibrillator in
High-Risk Long QT Syndrome Patients
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ICD in High-Risk LQTS Patients. Introduction: Implantable cardioverter defibrillators (ICDs) are
increasingly being used in high-risk long QT syndrome (LQTS) patients, but there are limited data re-
garding clinical experience with this therapeutic modality. The aim of this study is to describe the clinical
characteristics of 125 LQTS patients treated with ICDs compared with LQTS patients having similar risk
indications who were not treated with ICDs.

Methods and Results: Among 125 LQTS patients with ICDs, there were 54 cardiac arrest survivors, 19
patients who had ICDs implanted due to recurrent syncope despite beta-blocker therapy, and 52 patients
with ICDs implanted due to other reasons, including syncope and LQTS-related sudden death in a close
family member. Patients with cardiac arrest and those with recurrent syncope despite beta-blocker therapy
(n = 73) were compared to 161 LQTS patients who had similar indications (89 cardiac arrest and 72
recurrent syncope despite beta-blocker therapy) but did not receive ICDs. Total mortality was the endpoint
of the analysis. There was 1 (1.3%) death in 73 ICD patients followed an average of 3 years, whereas there
were 26 deaths (16%) in non-ICD patients during mean 8-year follow-up (P = 0.07 from log rank test from
Kaplan-Meier curves).

Conclusion: ICDs provide an important therapeutic option to prevent sudden arrhythmic death in high-
risk LQTS patients. A long-term prospective study is needed to determine the benefit of this therapeutic
modality in LQTS patients. (J Cardiovasc Electrophysiol, Vol. 14, pp. 337-341, April 2003)
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The long QT syndrome (LQTS) is an inherited disorder
caused by mutations of genes encoding structure of cardiac
ion channels. This disorder is associated with prolongation of
the QTc interval on ECG and a propensity to cardiac events,
defined as syncope, aborted cardiac arrest, or sudden cardiac
death.1-5 Beta-blockers have been used as standard therapeu-
tic and preventive measures in LQTS.1,6,7 Our recent data
indicate that beta-blocker treatment is effective in about 70%
of LQTS patients, but 30% of patients remain at increased
risk for cardiac events despite beta-blocker therapy.7 LQTS
patients who have already had one cardiac arrest (aborted by
successful defibrillation and resuscitation) are at extremely
high risk for recurrent cardiac arrest or death within a 5-year
period, with a cumulative probability of aborted cardiac arrest
or cardiac death of about 13% despite treatment with beta-
blockers.7 This risk is even higher for children younger than
10 years.7 Patients with repeated syncopal episodes also are at
increased risk for aborted cardiac arrest or death. Pacemakers
are helpful in addition to beta-blocker therapy; however, this
combination therapy does not prevent sudden death in LQTS
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patients who continue to have cardiac events despite paced
rhythm at higher than usual heart rate and beta-blockers.8,9

Implantable cardioverter defibrillators (ICDs) are increas-
ingly being used in high-risk LQTS patients, but there are
limited data regarding clinical experience with this thera-
peutic modality.10-12 In this report, we describe the clinical
characteristics of 125 LQTS patients treated with ICDs. We
also describe a retrospective comparison of the long-term
follow-up of high-risk LQTS patients who were treated with
ICDs versus those with similar risk indications who were not
treated with ICDs.

Methods

Study Population

Among subjects enrolled by the Rochester, New York,
enrolling center of the International LQTS Registry,1 125
LQTS patients were retrospectively identified as having car-
dioverter defibrillators implanted at the discretion of the pa-
tient’s physician in numerous referral centers in the United
States. Clinical information about patients enrolled in the reg-
istry was obtained using prespecified data forms, with follow-
up information acquired annually. Cardiac events were de-
fined as syncope or cardiac arrest. The baseline ECG was used
for QTc and heart rate measurements. There was no access
to data on interrogation of devices in the current database.

Indications for ICD therapy were categorized according
to the history preceding ICD implantation. They included
aborted cardiac arrest, recurrent syncope despite beta-blocker
treatment, and other indications. Although aborted cardiac
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arrest and recurrent syncope despite beta-blocker treatment
seem to be clinically acceptable indications for ICD place-
ment, there are numerous LQTS patients who experienced
aborted cardiac arrest or recurrent syncope on beta-blockers
but were not treated with ICD therapy. To determine the ef-
fectiveness of ICD therapy in LQTS patients, we compared
the clinical course of the disease between LQTS patients with
ICD implanted due to aborted cardiac arrest and LQTS pa-
tients, enrolled in the registry, with a history of aborted car-
diac arrest who have not been treated with ICDs. In addition,
we compared the clinical course of LQTS patients with ICDs
implanted due to recurrent syncope despite beta-blocker ther-
apy with LQTS patients, from the registry, with recurrent
syncope despite beta-blocker therapy who did not receive
ICDs. The non-ICD groups for these comparisons included
all (without exclusion) LQTS patients from Rochester enroll-
ment of LQTS patients in the International LQTS Registry,
meeting the ICD eligibility criteria (aborted cardiac arrest or
recurrent syncope despite beta-blocker therapy).

Endpoints and Follow-Up

Similar to other ICD studies, total mortality was the end-
point of the analysis. We did not have access to information
from ICD interrogation; therefore, we could not determine the
occurrence and appropriateness of ICD shocks and other de-
vice modalities (antitachycardia pacing and other pacemaker
options).

For comparison of the clinical course of the disease in ICD
and non-ICD patients, the ICD eligibility time was defined
as the first aborted cardiac arrest or recurrent syncope despite
beta-blocker therapy for the two ICD indication groups, re-
spectively. For non-ICD patients, follow-up started from the
eligibility time, whereas for ICD patients it started from ICD
implantation date. The period between eligibility time and
ICD implantation date, in the ICD group, was not included
in the analysis.

Statistical Analysis

Comparisons of clinical variables between ICD and non-
ICD patients were performed using a conditional binomial
test for comparing two counts, t-test for comparing two
means, and Mann-Whitney test for comparing two sets of
rates. The cumulative probability of LQTS death was esti-
mated using the method of Kaplan and Meier with a log rank
test for significance.

Results

Clinical Characteristics of LQTS Patients with ICDs

As shown in Table 1, LQTS patients with ICDs were dom-
inated by females (73%) and by probands (84%), with mean
age at first cardiac event of 15 years. Age at ICD implanta-
tion was 23 years on average (range <1 to 40 years). Almost
all patients with ICDs (94%) had cardiac events defined as
syncope or aborted cardiac arrest, and 43% had aborted car-
diac arrest. Based on the clinical history, we identified two
subgroups with clear ICD indications: LQTS patients with
aborted cardiac arrest (n = 54) and those with recurrent syn-
cope despite beta-blocker treatment (n = 19). The remaining
52 (42%) patients had a variety of other indications, includ-
ing one or more untreated syncopal episodes, single syncopal
episodes treated with beta-blockers (84%), or sudden death

TABLE 1

Clinical Characteristics of 125 LQTS Patients with ICDs

ICD Patients
(n = 125)

Clinical History
Females 91 (73)
Age at first cardiac event (years) 15 ± 10
Age at ICD implantation (years) 23 ± 10

≤10 years (M/F) 8/4
≤15 years (M/F) 17/17
≤20 years (M/F) 25/33
>20 years (M/F) 9/58

Probands 105 (84)
Congenital deafness 7 (6)
Family history of LQTS death 30 (24)
Any cardiac events 117 (94)
Aborted cardiac arrest 54 (43)

ECG
RR (msec) 858 ± 207
QTc (msec) 517 ± 57
Documented torsades de pointes 23 (18)

Genotype∗
LQT1 8 (6)
LQT2 12 (10)
LQT3 6 (5)

Treatment Prior to ICD
Beta-blockers 103 (82)
Pacemakers 33 (26)
Left cervicothoracic ganglionectomy 9 (7)

Indications for ICD
Aborted cardiac arrest 54 (43)
Recurrent syncope despite beta-blocker treatment 19 (15)
Other indications 52 (42)

Syncope (n = 44)
Sudden death in family (n = 16)

∗Genotype based on genetic testing of the individual or family member was
known in 26 patients.
F = female; ICD = implantable cardioverter defibrillator; LQTS = long
QT syndrome; M = male.

in a close family member (31%) usually associated with long
QTc (520 ± 57 msec on average). More than one of these
conditions could exist simultaneously.

When comparing the distribution of ICD implants by age
and gender, we found that 34 (27%) LQTS patients (17 male
and 17 female) had ICDs implanted when they were younger
than 16 years. In the group of 91 patients who were 16 years
and older, there was a predominance of females (74 females
and 17 males; P < 0.001). ICDs were implanted at age less
than 20 years in 58 (46%) patients and less than 10 years in
12 (10%) patients; the youngest child had an ICD implanted
at age 1 year.

LQTS genotype was known based on genetic testing of
an individual or a family member in 26 patients, including
8 LQT1, 12 LQT2, and 6 LQT3 patients. Aborted cardiac
arrest was an indication for ICD in 2 LQT1, 6 LQT2, and
none of the LQT3 patients.

Long-Term Follow-Up and Mortality in ICD Patients

Mean follow-up after ICD was 3 ± 3 years (range 0–
13). There were 2 (1.6%) deaths in 125 ICD-treated LQTS
patients. The first was a 6-year old boy, with QTc ranging
between 0.54 and 0.64 seconds, who died during general
anesthesia for a dental procedure. Death was due to inces-
sant torsades de pointes. At age 2 months, he underwent left
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cervicothoracic stellectomy and placement of a VVI pace-
maker (due to second-degree AV block). During his lifetime
he had a few syncopal episodes despite beta-blocker treat-
ment. On multiple occasions, he also had recorded T wave
alternans. He had syndactyly. There was no sudden death in
his family. At age 4 years, he received an ICD with subse-
quent reimplantation (for unknown reasons) at age 6 years.
Before the fatal event, he was treated with propranolol 105
mg/day (>4 mg/kg).

The second death in a patient with an ICD was a suicide
in a 21-year old woman, with QTc ranging between 0.44 and
0.46 seconds. The patient was a member of a genetically con-
firmed LQT3 family (SCN5A sodium channel gene mutation)
in which three sisters died from the disorder. The patient had
no history of cardiac events, and she was taking prophylac-
tic propranolol 120 mg/day. The ICD was implanted at age
20 years, after her third sister died.

Comparison of LQTS Patients with Aborted Cardiac
Arrest Treated and Not Treated with ICD

In Rochester enrollment in the International LQTS Reg-
istry, there were 143 LQTS patients with aborted cardiac
arrest, 54 (38%) of whom were treated with ICDs. Baseline
characteristics of these groups were similar (Table 2). Clini-
cal comparison of these 54 ICD patients and the remaining 89
non-ICD patients (Table 2) showed that their cardiac arrest
occurred at similar ages (20–21 years on average), they were
of similar ages at their first cardiac event, and they had similar
cardiac event rates before aborted cardiac arrest. Compared
with non-ICD patients, LQTS patients who received ICDs
more frequently were probands, although they have similarly

TABLE 2

Comparison of Clinical Characteristics of LQTS Patients with Aborted Cardiac Arrest who Did and Did Not Receive ICDs

Non-ICD Patients (n = 89) ICD Patients (n = 54) P Value

Females 72 (81) 42 (78)
Age at eligibility for ICD (years) 20 ± 10 21 ± 10
Age at first cardiac event (years) 16 ± 10 16 ± 10
Age at ICD implantation (years) – 23 ± 9
Probands 65 (73) 51 (94) 0.002
Family history of LQTS death 18 (20) 6 (11)

Clinical Characteristics Before ICD Eligibility
Patients with cardiac event rate per patient per year ≥1 5 (6) 5 (10)
ECG

RR (msec) 842 ± 218 828 ± 199
QTc (msec) 512 ± 63 520 ± 60
Documented torsades de pointes 6 (7) 12 (22) 0.025

Treatment
Beta-blockers 14 (16) 40 (74) <0.001
Pacemakers 2 (2) 10 (19) 0.003
Left cervicothoracic stellectomy 0 5 (9) 0.015

Clinical Characteristics After ICD Eligibility
Follow-up time (years) 9 ± 7 3 ± 3 <0.001
Patients with cardiac events∗ 49 (55) 9 (17)
Patients with cardiac event rate per patient per year ≥1 14 (16) 4 (7)

Aborted cardiac death 10 (11) 2 (4)
LQTS death 17 (19) 0 <0.001

Treatment
Beta-blockers 66 (74) 49 (91) 0.015
Pacemakers 17 (19) 7 (13)
Left cervicothoracic stellectomy 14 (16) 1 (2) 0.016

∗Counts of patients with cardiac events are not statistically different after adjustment for different group size and differences in follow-up.
ICD = implantable cardioverter defibrillator; LQTS = long QT syndrome.

prolonged QTc duration. ICD patients were treated more ag-
gressively before their first aborted cardiac arrest. Time from
last cardiac arrest to ICD implantation was <1 month in 67%
of the patients, 1 to 12 months in 11%, and >12 months in
22%.

Mean follow-up was markedly longer in non-ICD than
ICD patients (9 vs 3 years), during which there were 17 deaths
in the non-ICD group and no deaths in the ICD group.

Comparison of LQTS Patients with Recurrent Syncope
Despite Beta-Blocker Treatment With and Without ICDs

Among 91 LQTS patients with recurrent syncopal
episodes despite beta-blocker treatment, there were 19 (21%)
patients who received ICDs (Table 3). The ICD and non-ICD
patients were at similar ages when they had their first car-
diac event and when they had their recurrent syncope despite
beta-blocker treatment. Of note, they were younger than pa-
tients with aborted cardiac arrests (Table 2) at their clinical
presentation. Compared with non-ICD patients, ICD patients
with recurrent syncope were treated more aggressively be-
fore eligibility time with pacemakers (58%) and stellectomy
(16%). Mean follow-up again was longer in non-ICD than
ICD patients (7 vs 4 years), during which there were 9 deaths
in the non-ICD group and 1 death in the ICD group.

Figure 1 shows the cumulative probability of LQTS death
in 73 ICD patients versus 161 non-ICD patients with aborted
cardiac arrest or recurrent syncope despite beta-blocker treat-
ment. At the 3-year time point (which was a mean follow-up
for ICD patients), the cumulative risk of sudden death was
2% in the ICD arm and 9% in the non-ICD arm. This dif-
ference widened over time. Among 52 patients with other
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TABLE 3

Comparison of Clinical Characteristics of LQTS Patients with Recurrent Syncopal Episodes Despite Beta-Blocker Treatment Who Did and Did Not
Receive ICDs

Non-ICD Patients (n = 72) ICD Patients (n = 19) P Value

Females 40 (56) 13 (68)
Age at eligibility for ICD (years) 16 ± 9 14 ± 10
Age at first cardiac event (years) 9 ± 8 8 ± 6
Age at ICD implantation (years) – 15 ± 10
Probands 49 (68) 15 (79)
Family history of LQTS death 30 (42) 8 (42)

Clinical Characteristics Before ICD Eligibility
Patients with cardiac event rate per patient per year ≥1 18 (29) 2 (11)
ECG

RR (msec) 875 ± 240 786 ± 189
QTc (msec) 508 ± 65 501 ± 53
Documented torsades de pointes 6 (8) 3 (16)

Treatment
Beta-blockers 72 (100) 19 (100)
Pacemakers 3 (4) 11 (58) <0.001
Left cervicothoracic stellectomy 1 (1) 3 (16) 0.061

Clinical Characteristics After ICD Eligibility
Follow-up time (years) 7 ± 6 4 ± 3 0.003
Patients with cardiac events∗ 48 (67) 5 (26) 0.002
Patients with cardiac event rate per patient per year ≥1 10 (14) 0 <0.001

Aborted cardiac death 2 (3) 0
LQTS death 9 (13) 1 (5)

Treatment
Beta-blockers 68 (94) 18 (95)
Pacemakers 20 (28) 2 (11)
Left cervicothoracic stellectomy 9 (13) 0

∗Counts of patients with cardiac events are not statistically different after adjustment for different group size and differences in follow-up.
ICD = implantable cardioverter defibrillator; LQTS = long QT syndrome.

indications for ICD, there was one suicidal death (described
earlier).

Discussion

This study involves the largest cohort to date of LQTS
patients treated with ICDs. ICDs were implanted in high-risk
LQTS patients as defined by history of cardiac events in 117
(94%) of 125 patients, with 53 (43%) patients having had
a prior cardiac arrest. The ICD cohort had substantial pro-
longation of ventricular repolarization and high beta-blocker
and pacemaker use prior to ICD implantation. During a mean
3-year follow-up, only two patients died, one with incessant
TdP and the other by suicide.

Because it is not possible to run a randomized trial in high-
risk LQTS patients who have an approved indication for ICD
(those with cardiac arrest and recurrent syncope despite beta-
blocker therapy), we chose to use historical controls, that is,
LQTS patients from the registry who met similar require-
ments but did not receive ICDs. During long-term follow-up
of 161 high-risk patients who did not receive an ICD, there
were 26 (16%) sudden deaths. In contrast, there was only
1 (1%) death among comparable 73 ICD patients. Despite
significant differences in follow-up between ICD and com-
parison non-ICD groups (3 and 8 years on average, respec-
tively), there is evidence for a marked reduction in the risk
of death by ICD. With just one death in the ICD group com-
pared with non-ICD patients matched for indications, it is
difficult to quantify the reduction in mortality that could be
attributed to the ICD. Projecting the numbers from Kaplan-
Meier curves for a 3-year period, we observed 2% mortal-

ity in ICD patients and 9% mortality in non-ICD patients.
The difference became more marked with longer follow-up
(P = 0.07).

Limitations of the study include the retrospective nature
of the analysis and lack of interrogation data from devices
documenting their appropriate use. All previously published
studies reporting on the use of ICD in LQTS patients have
used retrospective data or information about single cases of
treated patients.10-12 Groh et al.12 analyzed the manufacturer
data on ICDs implanted in LQTS patients. They found that
among 35 patients studied, during a mean 3-year follow-up
there were no deaths and there were 21 patients who had
appropriate therapy delivered by the device (mean ICD dis-
charges 1.2 ± 2.3 per patient per year). Silka et al.11 described
a similar ICD discharge rate in 14 pediatric LQTS patients,
emphasizing that this patient population likely would benefit
from ICD therapy as much as older patients. This high rate
of the appropriate ICD therapy is comparable with respective
rates in hypertrophic cardiomyopathy patients.13

The risk of cardiac events in LQTS seems to be the highest
in adolescence.14 One fourth of our LQTS-ICD cohort had
ICDs implanted at age less than 16 years; the youngest ICD
recipient was 1 year old. As expected,15 males and females
were equally distributed below age 16 years; males predomi-
nated at a younger age, whereas females dominated the pool
of ICD patients in adulthood. This relatively large proportion
of children indicates an increasing trend toward implantation
of ICDs at a younger age to prevent sudden death.

The ICDs in LQTS patients could be associated with
potential problems, including electrical storms (arrhythmias
and ICD shock might beget enhanced sympathetic tone and
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Figure 1. Cumulative probability of total death in long QT syndrome
(LQTS) patients with aborted cardiac arrest or recurrent syncope despite
beta-blocker treatment who were treated with an implantable cardioverter
defibrillator (ICD group; n = 73) and those who were not treated with an
ICD (non-ICD group; n = 161). In non-ICD patients, time “zero” starts at
the ICD eligibility time, which was defined as the first aborted cardiac arrest
or recurrent syncope despite beta-blocker therapy. ICD implantation date
was used as time “zero” in the ICD group. Numbers under the graph reflect
the number of patients in the two groups at specific time points. P value was
computed using the log rank statistic.

further arrhythmias), T wave oversensing, and need for life-
time ICD protection requiring reimplantations with possi-
ble complications.16-18 We did not evaluate those aspects of
ICD therapy in this study, given its retrospective nature. Our
retrospective analysis could have overestimated the benefit
of ICDs in the patients studied given the shorter follow-up
of ICD patients than non-ICD controls, more frequent use of
beta-blockers in ICD patients, and lag time between car-
diac events and implantation, making it difficult to compare
ICD patients with retrospectively analyzed non-ICD patients.
Some of the non-ICD patients could have complications of
cardiac arrest that could have precluded them from qualify-
ing for ICD therapy. All of these limitations point to the need
for a long-term prospective study to determine the benefit of
this therapeutic modality in LQTS patients.

Conclusion

Similar to other inheritable disorders, including hyper-
trophic cardiomyopathy,14 Brugada syndrome,19 and arrhyth-
mogenic right ventricular cardiomyopathy,20 ICD therapy
provides an important therapeutic option to prevent sudden
arrhythmic death in LQTS patients. Most LQTS patients have
implanted ICDs as a secondary preventative measure after
experiencing cardiac arrest or recurrent syncope despite con-
ventional treatment. However, there are subgroups of LQTS
patients who might benefit from primary prevention with ICD
therapy implemented prior to first cardiac event, including pa-
tients with SCN5A gene mutations who have a particularly
high mortality from cardiac events,4 and those with HERG
gene mutations in the pore region, who have an 11-fold higher
risk of cardiac events than those with mutations not in the pore
region.21 Further studies are needed to evaluate the usefulness
of ICDs in these subgroups.

References

1. Moss AJ, Schwartz PJ, Crampton RS, Tzivoni D, Locati E, McCluer J,
Hall WJ, Weitkemp L, Vincent GM, Garson A, Robinson J, Benhorin J:
The long QT syndrome. Prospective longitudinal study of 328 families.
Circulation 1991;84:1136-1144.

2. Schwartz PJ, Moss AJ, Vincent GM, Crampton RS: Diagnostic criteria
for the long QT syndrome. An update. Circulation 1993;88:782-784.

3. Vincent GM, Timothy KW, Leppert M, Keating M: The spectrum of
symptoms and QT intervals in carriers of the gene for the long QT
syndrome. N Engl J Med 1992;327:846-852.

4. Zareba W, Moss AJ, Schwartz PJ, Vincent GM, Robinson JL, Priori
SG, Benhorin J, Locati EH, Towbin JA, Keating MT, Lehmann MH,
Hall WJ: Influence of genotype on the clinical course of the long QT
syndrome. N Engl J Med 1998;339:960-965.

5. Zareba W, Moss AJ, le Cessie S, Locati E, Robinson JL, Hall WJ,
Andrews ML: Risk of cardiac events in long QT syndrome family mem-
bers. J Am Coll Cardiol 1995;26:1685-1691.

6. Schwartz PJ, Locati E: The idiopathic long QT syndrome. Pathogenetic
mechanisms and therapy. Eur Heart J 1985;6(Suppl D):103-114.

7. Moss AJ, Zareba W, Hall WJ, Schwartz PJ, Crampton RS, Benhorin J,
Vincent GM, Locati EH, Priori SG, Napolitano C, Medina A, Zhang L,
Robinson JL, Timothy K, Towbin JA, Andrews ML: Effectiveness and
limitations of beta-blocker therapy in congenital long QT syndrome.
Circulation 2000;101:616-623.

8. Moss AJ, Liu JE, Gottlieb S, Locati EH, Schwartz PJ, Robinson JL:
Efficacy of permanent pacing in the management of high-risk patients
with long QT syndrome. Circulation 1991;84:1524-1529.

9. Dorostkar PC, Eldat M, Belhassen B, Scheinman MM: Long-term
follow-up of patients with long QT syndrome treated with beta-blockers
and continuous pacing Circulation 1999;100:2431-2436.

10. Breithardt G, Wichter T, Haverkamp W, Borggrefe M, Block M,
Hammel D, Scheld HH: Implantable cardioverter defibrillator therapy
in patients with arrhythmogenic right ventricular cardiomyopathy, long
QT syndrome, or no structural heart disease. Am Heart J 1994;127:1151-
1158.

11. Silka MJ, Kron J, Dunningan A, Dick M: Sudden cardiac death and
the use of Implantable cardioverter-defibrillators in pediatric patients.
Circulation 1993;87:800-807.

12. Groh WJ, Silka MJ, Oliver RP, Halperin BD, McAnulty JH, Kron J:
Use of implantable cardioverter defibrillators in the congenital long QT
syndrome. Am J Cardiol 1996;78:703-706.

13. Maron BJ, Shen WK, Link MS, Epstein AE, Almquist AK, Daubert
JP, Bardy GH, Favale S, Rea RF, Boriani G, Estes NA 3rd, Spirito P:
Efficacy of implantable cardioverter-defibrillators for the prevention of
sudden death in patients with hypertrophic cardiomyopathy. N Engl J
Med 2000;342:365-373.

14. Zareba W, Moss AJ: Long QT syndrome in children. J Electrocardiol
2001;34(Suppl):167-171.

15. Locati EH, Zareba W, Moss AJ, Schwartz PJ, Vincent GM, Lehmann
MH, Benhorin J, Priori SG, Napolitano C, Towbin JA, Keating MT,
Robinson JL, Andrews M, Timothy K, Hall WJ: Age and gender-
related differences in cardiac events in patients with congenital long
QT syndrome. Findings from the International LQTS Registry. Circu-
lation 1998;97:2237-2244.

16. Wilson WR, Greer GE, Grubb BP: Implantable cardioverter-
defibrillators in children: A single-institutional experience. Ann Thorac
Surg 1998;65:775-778.

17. Saxon LA, Shannon K, Wetzel GT, Endler LK, Klitzner TS: Familial
long QT syndrome: electrical storm and implantable cardioverter device
therapy. Am Heart J 1996;131:1037-1039.

18. Perry GY, Kosar EM: Problems in managing patients with long QT
syndrome and implantable cardioverter defibrillators: A report of two
cases. Pacing Clin Electrophysiol 1996;19:863-867.

19. Brugada J, Brugada R, Brugada P: Pharmacological and device ap-
proach to therapy of inherited cardiac diseases associated with cardiac
arrhythmias and sudden death J Electrocardiol 2000;33(Suppl):41-47.

20. Tavernier R, Gevaert S, De Sutter J, De Clercq A, Rottiers H, Jordaens L,
Fonteyne W: Long term results of cardioverter-defibrillator implantation
in patients with right ventricular dysplasia and malignant ventricular
tachyarrhythmias. Heart 2001;85:53-56.

21. Moss AJ, Zareba W, Kaufman ES, Gartman E, Peterson DR, Benhorin J,
Towbin JA, Keating MT, Priori SG, Schwartz PJ, Vincent GM, Robinson
JL, Andrews ML, Feng C, Hall WJ, Medina A, Zhang L, Wang Z:
Increased risk of arrhythmic events in long-QT syndrome with mutations
in the pore region of the human ether-a-go-go-related gene potassium
channel. Circulation 2002;105:794-799.


