Risk of death in the long QT syndrome when a sibling has died
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BACKGROUND Sudden death of a sibling is thought to be asso-
ciated with greater risk of death in long QT syndrome (LQTS).
However, there is no évidence of such an association.

OBJECTIVE This study sought to test the hypothesis that sudden
death of a sibling is a risk factor for death or aborted cardiac arrest
(ACA) in patients with LQTS.

METHODS We examined all probands and first-degree and second-
degree relatives in the International Long QT Registry from birth
to age 40 years with QTc = 0.45 s. Covariates included sibling
death, QTc, gender by age, syncope, and implantable cardioverter-
defibrillator (ICD) and beta-blocker treatment. End points were
(1) severe events (ACA, LQTS-related death) and (2) any cardiac
event (syncope, ACA, or LQTS-related death).

RESULTS Of 1915 subjects, 270 had a sibling who died. There
were 213 severe events and 829 total cardiac events. More sub-
jects with history of sibling death received beta-blocker therapy.

Sibling death was not significantly associated with risk of ACA or
LQTS-related death, but was associated with increased risk of
syncope. QTc = 0.53 s (hazard ratio 2.5, P <.01), history of
syncope (hazard ratio 6.1, P <.01), and gender were strongly
associated with risk of ACA or LQTS-related death.

CONCLUSION Sudden death of a sibling prompted more aggres-
sive treatment but did not predict risk of death or ACA, whereas
QTc = 0.53 s, gender, and syncope predicted this risk. All
subjects should receive appropriate beta-blocker therapy. The
decision to implant an ICD should be based on an individual's
own risk characteristics (QTc, gender, and history of cyncope).

KEYWORDS Long QT syndrome; Sudden cardiac death; Torsades;
Syncope; Risk stratification
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Introduction

Congenital long QT syndrome (LQTS) is recognized as a
cause of syncope and sudden cardiac death (SCD) in chil-
dren and young adults." Although the past several years
have seen considerable advances in our understanding of the
genetic causes of LQTS,** clinicians still confront the need
to stratify risk of SCD in individual patients in an effort to
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determine appropriate therapy. LQTS patients judged to be
at significant risk benefit from beta-blocker therapy” and from
left cardiac sympathetic denervation.® Patients at highest risk
benefit from an implantable cardioverter-defibrillator ICD).””?
Indicators of high risk include a personal history of aborted
SCD or syncope, excessive QT prolongation, age and gen-
der,®1°713 and genotype.' History of SCD in a close relative,
especially a sibling, often prompts more aggressive treatment,
but this approach is not supported by clinical data'* and may
simply reflect the clinician’s (and family’s) desire to prevent
further tragedy at any cost.

It is possible that death of a sibling may be a marker of
a more severe mutation, and, thus of a higher risk. However,
LQTS patients show variable penetrance within families,
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with a wide range of QT intervals and symptoms.'>'® It is
not known whether death of a sibling is an independent risk
factor, or whether risk can be assessed adequately using an
individual’s own clinical characteristics. To test the hypoth-
esis that the death of a sibling is a risk factor for death or
aborted cardiac arrest (ACA) in patients with LQTS, we
performed a multivariate analysis on subjects in the Inter-
national Long QT Registry.

Methods

All probands and first-degree and second-degree relatives of
probands in the International Long QT Registry with QTc =
0.45 s and with data available for relevant covariates were
included. Enrollment of probands in the Long QT Registry
was done through physician or self-referral, between 1979
and 2006. The first person in a family (living or deceased)
identified to the Registry as having LQTS, with electrocar-
diographic documentation of QTc > 0.44 s, was enrolled as
the proband. An enrollment packet was mailed, including an
enrollment questionnaire and study consent form. Personal
medical history and family history were obtained by mailed
questionnaire and/or telephone interview. Whenever possi-
ble, a family tree documenting all first-degree and second-
degree relatives of the proband was constructed. Family
members were contacted through the proband (or proband’s
parent, in the case of a minor) and, with informed consent,
provided their own personal medical history and often pro-
vided further details for the family tree. All probands were
coded at entry into the study regarding any family history of
LQTS, syncope or cardiac arrest, sudden cardiac death,
congenital deafness, and any known genetic disease. The
current study involved an analysis of clinical and electro-
cardiographic data obtained historically at enrollment in the
Registry and updated annually. Informed consent was ob-
tained for enrollment in the Registry and participation in
clinical studies. The Registry study was approved by the
University of Rochester Medical Center Institutional Re-
view Board. Because many of the subjects in the Interna-
tional Long QT Registry are family members who are un-
affected by LQTS, and because genotype data are available
for only a minority of the subjects, we elected to exclude
subjects with QTc < 0.45 s. This would exclude some
genetically affected LQTS subjects from the study popula-
tion but would include relatively few unaffected subjects,
and would constitute a higher-risk group, which is the rel-
evant population in which clinicians most often require data
to assist in risk stratification.

Data were obtained from birth, with follow-up censored
at 40 years of age for this analysis. Patients were born
between 1898 and 2005, with 61% born in 1960 or later.
The primary end point was a severe event, ACA or LQTS-
related death. The secondary end point was any cardiac
event (syncope, ACA, or LQTS-related death). ACA was
defined as a cardiac arrest requiring external defibrillation.
LQTS-related death was defined as sudden, abrupt unex-
pected death (without recovery) not due to other known
causes. Additionally, in subjects who received an ICD, data

were collected to determine the time of the first appropriate
shock. If detailed records were not available, the first shock
of uncertain cause was considered appropriate.

Statistical analysis

Cox proportional hazards regression models were used to
assess the predictive power of multiple covariates. The
assumption of proportional hazards was assessed using co-
variate interactions with age; the age—gender interaction
was found to be significant and was included in the model.
Covariates examined included sudden, unexplained death of
a sibling (brother or sister) believed secondary to LQTS,
modeled as a time-dependent variable, baseline QTc pro-
spectively divided (0.45 to 0.48 s, 0.49 to 0.52 s, and
=(.53 s), gender—age interaction, history of syncope
within 2 years and beyond 2 years, treatment with beta-
blockers, and ICD implantation. Although death events
were used in 2 ways (as a predictor when occurring in a
sibling, and as an end point), at each moment in time, risk
was evaluated using past and current (up to the moment)
information. As an example of how death of a sibling was
modeled as an age-dependent variable, consider a child A
whose sibling B died when A was 5 years old. For the
first 5 years of A’s life, he did not carry the potentially
risk-bearing characteristic of having had a sibling who
died. At age 5, when B died, A was moved into the new
risk category. Beta-blocker usage and ICD treatment
were also modeled as time-dependent covariates. This
means that at each point in time (age), those receiving
(for example) beta-blockers were compared with those
not receiving beta-blockers within each covariate pattern.
All models were stratified by the decade in which study
patients were born to account for changes in the baseline
hazard function for different calendar time periods. The 4
stratification periods used were dates of births before
1970, 1970 to 1979, 1980 to 1989 and 1990 and later.
This approach was used to help account for changes over
time in the treatment protocol for LQTS as well as
potential clinical differences in the patients enrolled in
the Long QT Registry later in life, compared with
younger, more recent enrollees.

History of syncope was divided into recent (within 2
years) and remote (greater than 2 years) occuirence, based
on previous studies that show that recent syncope (within
the past 2 years) is a stronger predictor of risk of ACA/death
than is a more remote history of syncope.'” The levels of
statistical significance were set at a 2-sided 0.05 level. QTc
was calculated by the Bazett formula. A Mantel-Byar
graph'® was used for showing cumulative risk for the time-
varying covariate of sibling death. Standard Kaplan-Meier
graphs were used to display the cumulative risk for QTc and
gender. Age, rather than time in the study, was used as the
time scale for the analyses: by following up subjects from
birth, important data such as syncopal episodes could be
captured even if these occurred before enrollment in the

Registry.
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Results

There were 1,915 subjects (including 640 probands, 862
first-degree relatives, and 413 second-degree relatives), of
whom 270 had a sibling who died. The clinical character-
istics of the subjects are shown in Table 1. Subjects with
history of sudden death in a sibling were more likely to
have a history of syncope (P = .017), and they were more
likely to be treated with a beta-blocker (P = 0.002) or an
ICD (P = 0.025).

Among the 1,915 study subjects, 829 had at least 1
cardiac event, including 213 severe events (137 ACA and
76 LQTS-related deaths). Figure 1A is a Mantel-Byar graph
showing the probability of a severe event in subjects with
and without a history of death of a sibling, with sibling
death modeled in a time-dependent manner. The figure is
not adjusted for covariates. Although death in a sibling was
associated with an increased risk of any cardiac event (pre-
dominantly syncope), as seen in Figure 1B, history of death
in a sibling did not confer an increased risk of death or
ACA.

In contrast, as shown previously in subset analyses in-
volving children, adolescents, and adults,'”'® QTc was
highly predictive of severe events (ACA or death), as is
shown in Figure 2A, of death alone (Fig. 2B), and of all
cardiac events (Fig. 2C). The effect of gender was time
dependent. Whereas the risk of ACA/death and of any
cardiac event was higher in boys than in girls, during late
adolescence or early adulthood this relationship changed,
with a higher risk in women than in men (Figs. 3A and 3B).

In the Cox proportional hazards multivariate analysis,
history of death of a sibling was associated with increased

Table 1  Clinical characteristics

risk of any cardiac event (hazard ratio 1.8, 95% confidence
interval [CI] 1.4 to 2.3, P <.01). However, death of a
sibling was not associated with an increased risk of ACA or
death (hazard ratio 1.1, 95% CI 0.7 to 1.8, P = .58) after
adjustment for relevant covariates (Table 2). QTc = 0.53 s
was strongly associated with increased risk of any cardiac
event (hazard ratio 2.4, 95% CI 2.0 to 2.8, P <.01) and with
increased risk of ACA or death (hazard ratio 2.5, 95% CI
1.9 to 3.4, P <.01). A personal history of syncope was also
strongly associated with risk of ACA or LQTS-related death
(hazard ratio 6.1, 95% CI 4.4 to 8.4, P <.01). This risk was
particularly high if syncope had occurred within 2 years
(hazard ratio 11.3, 95% CI 8.0 to 15.8, P <.01), whereas a
more remote history of syncope conferred a relatively mod-
est risk (hazard ratio 3.3, CI 2.2 to 4.8, P <.01). Because
genotype data were available in less than one-third of the
study population, we were unable to draw conclusions about
the effect of genotype on ACA/death.

Overall, beta-blocker therapy was associated with a re-
duction in risk of ACA/LQTS-related death of about 50%.
A more detailed analysis reveals that of the 350 subjects
with QTc = 0.53 s (of whom 228 or 65% were on beta-
blocker therapy), 82 subjects (23%) had ACA/death (45
ACA and 37 deaths). Of the 37 subjects who died, 19 were
on beta-blockers at the time of death; 16 of these patients
had prior syncope. Of the 18 who died who were not on
beta-blocker therapy, 10 had prior syncope.

Discussion
In the current study, after adjusting for covariates, death of
a sibling did not contribute to risk of ACA or LQTS-related

Total Sibling death No sibling death
Characteristics
Number of subjects 1,915 270 1,645
Female, % 61 65 61
Data at enrollment
Age, yrs 26 = 20 27 £ 18 26 = 20
QTc, sec 0.493 = 0.047 0.492 *+ 0.046 0.493 = 0.048
PR, sec 0.148 = 0.027 0.150 = 0.026 0.148 = 0.027
QRS, sec 0.080 = 0.017 0.079 = 0.016 0.080 = 0.017
Heart rate, beats/min 78.2 = 22.3 745 = 18.2 78.8 = 22.8
Therapy, %
Beta-blockers 50.34 58.89 48.94
Pacemaker 6.95 9.26 6.57
Sympathectomy 365 481 3.34
Defibrillator 9.92 13.70 9.30
Age at last contact, yrs 29.32 £ 12.43 32.75 = 10.95 28,75 &= 12.57
1st cardiac event, % 43.29 49.26 42.31
Syncope 39.58 47.04 38.36
ACA 2.66 1.48 2.86
LQTS-related death 1.10 0.74 1.16
Age at first event, yrs 14.2 = 9.4 15.8 ='9.2 13.9 = 9.4
Ever cardiac event, %
Syncope 40.42 47.04 39.33
ACA 7.15 4.81 7.54
LQTS-related death 4.75 4.44 4.80

ACA = aborted cardiac arrest; LQTS = long QT syndrome.
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A study size and time-dependent modeling provided the po-
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Kimbrough et al'* of 211 LQTS probands and 791 first-
degree relatives, in which severity of LQTS in the first-
degree relatives was related to their own QTc, not to the
severity of the probands’ symptoms. The current study
benefited from a larger number of events (829 cardiac
events, including 213 ACA/LQTS-related deaths vs 67 car-
diac events including 17 ACA/LQTS-related deaths in the
earlier study). In addition, the current study took advantage
of a newer, more sophisticated method of analysis, model-
ing death of a sibling as a time-dependent variable. Both

Figure 2 A: Cumulative probability of ACA/LQTS-related death by
QTc range. The numbers below the graph represent subjects at risk in each
QTc range for each age. The numbers in parentheses show the rate of
ACA/LQTS-related death at each age. B: Cumulative probability of LQTS-
related death by QTc range. The numbers below the graph represent
subjects at risk in each QTc range for each age. The numbers in parentheses
show the rate of LQTS-related death at each age. C: Cumulative proba-
bility of any cardiac event by QTc range. The numbers below the graph
represent subjects at risk in each QTc range for each age. The numbers in
parentheses show the rate of any cardiac event at each age. ACA/LQTS-
related death = aborted cardiac arrest/long QT syndrome-related death.
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of any cardiac event (B) by gender. The numbers below the graph represent
subjects at risk in each gender category at each age. The numbers in
parentheses show the rate of ACA/LQTS-related death (A) and of any
cardiac event (B) at each age. ACA/LQT = aborted cardiac arrest/long QT
syndrome-related death.

1915 LQTS probands and first/second degree relatives (i.e.,
offspring, siblings, parents, aunts/uncles, and grandparents),
QTc and personal history of syncope overwhelmed all other
covariates as risk predictors of a severe event. Our finding
of a time-dependent effect of gender is consistent with that
reported previously.'’

It is not clear why subjects with a history of sibling death
had a higher risk of all cardiac events (primarily syncope).
It is possible that sibling death is a subtle marker of unmea-
sured risk. Alternatively, subjects with a history of sibling
death may report syncope more vigilantly (whereas ACA/
death is a more obvious end point). Reports of syncope in
the Registry are characterized by abrupt onset and offset of
loss of consciousness and probably represent arrhythmo-
genic syncope and not simply vasovagal and orthostatic
events.

It may be argued that bereaved parents are not interested
in relative risk but in the absolute risk of ACA/death in their
remaining affected offspring. Assuming that all such off-
spring would be treated with beta-blockers, we analyzed the
risk of ACA/death over a 5-year period that started at the
time of their sibling’s death, for asymptomatic surviving
affected siblings on beta-blocker therapy. There were 50
such subjects (40 with QTc 450 to 480 ms; 11 with QTc 490
to 520 ms; and 6 with QTc = 530 ms). No ACA or

LQTS-related deaths occurred within this 5-year period in
the asymptomatic surviving siblings on beta-blocker ther-
apy.

A potentially serious limitation of this study is that sub-
jects with history of death in a sibling were more aggres-
sively treated both with beta-blocker medication and with
ICDs. This may have decreased the incidence of severe
events in such subjects. So, although history of sibling death
did not contribute to risk of severe events in this study, it is
possible that such an effect was masked by more aggressive
therapy. We attempted to ascertain whether ICD implanta-
tion, more aggressively used in subjects with history of
death in a sibling, influenced the outcome of this study.
There were 189 subjects (of 1,915) who received an ICD,
140 of whom received an ICD before follow-up was cen-
sored due to ACA or age 41. Of these, follow-up ICD data
were available in 137 (98%). When the primary end point of
a severe event was redefined to include not only ACA and
LQTS-related death but also an appropriate shock or a
shock of unknown appropriateness, the total number of end
points increased from 213 to 229. Even so, sibling death
was not predictive of the risk of reaching this end point.

Although we were able to incorporate beta-blocker use
into the Cox model and although we verified that the dis-
proportionate use of ICD implantation in the sibling-death
group did not mask a higher risk of long QT-associated
death, we were unable to exclude a protective effect of, for
example, more consistent advice about avoiding QT-pro-
longing medications, competitive sports, and other triggers
of torsades de pointes. Although we acknowledge (and
cannot correct for) the bias toward more aggressive treat-
ment of the subjects with a history of death in a sibling, we
recommend beta-blocker therapy and consistent advice for
nearly all patients with LQTS considered to be at some level
of increased risk. In this study, subjects with a history of
sibling death were more likely to be treated with (appropri-
ate) beta-blocker therapy. The clinician must take care not
to undertreat subjects without a history of sibling death.

The effects of beta-blockers in any registry-based study
must be interpreted with caution. In 1985 Schwartz and
Locati® showed that antiadrenergic therapy was associated
with a meaningful reduction in 15-year mortality of patients
with LQTS presenting with syncope (from 53% to 9%).

Table 2  Risk of aborted cardiac arrest or LQT-related death

Hazard 95% confidence

ratio  interval P value
QTc = 0.53 s:QTc < 0.53s 2.54 1.91-3.37 <0.01
Syncope 0-2 years : no 11.26  8.00-15.84 <0.01
syncope
Syncope >2 years : no 3.26  2.21-4.81 <0.01
syncope
Beta-blocker 0.47 0.32-0.68 <0.01
ICD implantation 0.13  0.02-0.96 0.045
Death of sibling 1.14 0.72-1.79 0.58

Gender and gender X time covariates were also included in the models.
ICD = implantable cardioverter-defibrillator; LQT = long QT.
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Since that time, beta-blockers have been the mainstay of
treatment in LQTS, although several investigators’-%23**
have reported a substantial rate of beta-blocker failure
among high-risk patients with a history of ACA, syncope
despite beta-blockers, or LQT3. In the current study, overall
there was a 50% reduction in risk associated with the use of
beta-blocker. Evaluation of beta-blocker efficacy in a reg-
istry-based analysis (rather than a randomized trial) is in-
herently limited because clinicians assign beta-blocker ther-
apy to patients whom they believe to be at particularly high
risk. Thus, beta-blocker use may become a surrogate marker
of high risk. Despite this possible bias, we found a striking
and significant benefit of beta-blocker therapy (Table 2).

Conclusions

In this study, a history of death of a sibling prompted more
aggressive treatment (primarily beta-blocker therapy) but
did not seem to add to risk of death or ACA (or appropriate
ICD shock) among family members with LQTS. Subjects
with and without history of sibling death should receive
appropriate beta-blocker therapy and advice about avoiding
triggers of torsades de pointes. Although the death of a
sibling is tragic and understandably produces an emotion-
ally charged setting when evaluating the rest of the family,
the decision to implant an ICD should be based on an
individual’s own risk characteristics (QTc, gender, and his-
tory of syncope) and not solely on history of sibling death.
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