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OSA WITH CONGENITAL LONG QT SYNDROME: RISK OF SUDDEN CARDIAC DEATH
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Background: Congenital long QT syndrome (LQTS) is a familial arrhythmogenic cardiac channelopathy characterized by prolonged ventricular
repolarization and increased risk of torsades de pointes-mediated syncope, seizures, and sudden cardiac death (SCD). QT prolongation corrected
for heart rate (QTc) is an important diagnostic and prognostic feature in LQTS. Obstructive sleep apnea (OSA) has been increasingly implicated
in the pathogenesis of cardiovascular disease, including arrhythmias and SCD. We tested the hypothesis that the presence of concomitant OSA
in patients with LQTS is associated with increased QT intervals, both during sleep and while awake.

Methods and Results: Polysomnography with simultaneous overnight 12-lead electrocardiography (ECG) was recorded in 54 patients with
congenital LQTS and 67 control subjects. OSA was diagnosed as apnea-hypopnea index (AHI) = 5 events/h for adults and AHI > 1 event/h for
children. RR and QT intervals were measured from the 12-lead surface ECG. QTc was determined by the Bazett formula. Respiratory disturbance
index, AHI, and arousal index were significantly increased in patients with LQTS and with OSA compared to those without OSA and control
subjects. QTc during different sleep stages and while awake was also significantly increased in patients with LQTS and OSA compared to those
without OSA. Severity of OSA in patients with LQTS was directly associated with the degree of QTc.

Conclusions: The presence and severity of obstructive sleep apnea (OSA) in patients with congenital long QT syndrome (LQTS) is associated
with increased QT prolongation corrected for heart rate, which is an important biomarker of sudden cardiac death (SCD). Treatment of OSA in
LQTS patients may reduce QT prolongation, thus reducing the risk of LQT-triggered SCD.
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INTRODUCTION

Congenital long QT syndrome (LQTYS) is a familial arrhyth-
mogenic cardiac channelopathy characterized by prolonged
ventricular repolarization and increased risk of torsades de
pointes-mediated syncope, seizures, and sudden cardiac death

(SCD)."? Reduced outward potassium current with geno-
types LQT1 (KCNQ!) and LQT2 (KCNH?2) or excess influx of
sodium with genotype LQT3 (SCN5A4) in the mutant cardiac
ion channel cause lengthened action-potential duration and
consequent prolonged QT interval.’ Thus, QT prolongation
reflects the functional abnormality in the cardiac ion channel
and is a well-established diagnostic and prognostic feature in
congenital LQTS.**

Obstructive sleep apnea (OSA) recently has been linked
to abnormalities in cardiac repolarization.*” OSA is charac-
terized by recurrent episodes of cessation of airflow caused
by upper-airway inspiratory collapse during sleep, with a
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consequent decrease in oxygen saturation.® OSA is a common
sleep problem in both adults and children that increasingly
has been implicated in the pathogenesis and complications
of cardiovascular disease, including arrhythmias® and SCD.!
Apnea-related acute sympathetic activation during sleep and
sustained elevation in sympathetic activity while awake and
breathing normally are considered to be important mecha-
nisms of cardiovascular morbidity and mortality in patients
with OSA.""? Sympathetic activation also plays a critical role
for the generation of cardiac arrhythmias in LQTS patients, as
evidenced by the effect of beta-adrenergic agonist on sponta-
neous arrhythmias after experimental QT prolongation with
pharmacologic blockade of cardiac ion channels in an experi-
mental animal model."”® In addition, beta-adrenergic blockade
is the primary treatment strategy for the prevention of SCD in
patients with congenital LQTS, especially patients with sym-
pathetically triggered type 1 LQTS (LQT1)."

A recent study of patients with Brugada syndrome, another
cardiac channelopathy caused by loss-of-function sodium
channel mutations, who are at increased risk for SCD during
sleep, suggested that approximately half of these patients have
clinically significant OSA."” Considering the significant rela-
tionship between OSA and cardiovascular mortality in patients
with normal hearts, we anticipate that the exaggerated sym-
pathetic activation and abnormality in cardiac repolarization
related to OSA has a significant effect on triggering cardiac
arrhythmias during sleep or while awake in patients with
LQTS who are at increased risk of SCD due to the presence
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of genetic defects in the heart. Therefore, we assessed whether
the presence of OSA in patients with LQTS is associated with
increased QT prolongation both during sleep and while awake.

SUBJECTS AND METHODS

Subjects

Patients with congenital LQTS (N = 54; 14 male, 40 female)
were recruited from the Heart Center of Cincinnati Children’s
Hospital Medical Center (CCHMC) for diagnosis of OSA by
overnight standard polysomnography (PSG), which was con-
ducted in the CCHMC Sleep Center. Patients with LQTS were
divided into two groups: those with and those without OSA,
according to the determined apnea-hypopnea index (AHI).
OSA was diagnosed as the presence of AHI > 5 events/h for
adults (age 18 y or older) and AHI > 1 event/h for children
(age younger than 18 y). The patients with OSA included in
the study had never been treated for OSA. Control subjects
(N = 67; 21 male, 46 female) were recruited for sleep studies
from the greater Cincinnati area through local advertise-
ment, and those with occult OSA by overnight PSG (AHI > 5
events/h for adults and AHI > 1 event/h for children) were ex-
cluded from the study. The control group was free of any acute
or chronic disease and on no medications. The study was ap-
proved by the CCHMC Institutional Human Subjects Review
Committee.

Methods

Polysomnography

PSG was conducted using a computerized system (Grass,
Telefactor, Astro Inc., Westwarwick, RI, USA). Recording
variables were electroencephalogram (C;-A,, C,-A,, O-A,,
and O,-A,)); right and left electrooculogram (EOG); submental,
tibial, and intercostal electromyogram (EMG); electrocardio-
gram (ECG); nasal/oral airflow through nasal pressure sensor;
end-tidal CO, measured at the nose by infrared capnom-
etry using the Nelcor N1000 (Nelcor, Van Nuys, CA, USA);
oxygen saturation (SpO,) by finger-pulse oximeter (Nelcor
N1000); and rib cage- and abdominal-volume changes with
a computer-assisted respiratory inductance plethysmograph
(Somnostar, Noninvasive Monitoring System Inc., Miami
Beach, FL, USA). Sleep staging was performed according to
the rules of Rechtschaffen and Kales.'® All sleep studies were
scored, according to the standard criteria set by the American
Academy of Sleep Medicine.”” Blinded interpretations of the
sleep studies were carried out by the same board-certified
sleep specialist. Results obtained from the PSG were sleep
duration, percentage of sleep time spent in different stages of
sleep, number of arousals from sleep, and AHI. An apnea was
defined as complete cessation of airflow for at least 10 sec. Hy-
popnea was defined as 30% or greater reduction of respiratory
signals for at least 10 seconds associated with oxygen desatura-
tion of > 4%. The AHI was calculated as the total number of
respiratory events per hour of sleep.

Measurements of the 12-Lead ECG and QT Interval
The 12-lead ECG was recorded continuously and simultane-
ously with the PSG from surface electrodes using a Ponemah
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12-lead ECG Amplifier (Data Sciences International, Valley
View, OH, USA). The data were digitized on a computer and
stored for subsequent analysis. All signals were sampled at a
frequency of 1 kHz. RR and QT intervals were calculated from
either the lead II or lead V5 of the 12-lead surface ECG using
an ECG analysis module (AD Instruments, Colorado Springs,
CO, USA). Lead V5 was selected in some subjects because of
noise in lead II ECG, particularly during sleep. However, the
same lead II or V5 was used in each subject for calculating
QT and RR during awake and sleep stages. The ECG module
provides a graphical interface of recorded ECG with automatic
identification of beginning and end of each wave form of the
ECG waves and manual control on the automatically selected
markers of each wave form. RR and QT intervals were mea-
sured from segments of recording ranges from 3 to 5 min of in-
active wakefulness (eyes closed and lights out, at the beginning
of the sleep study) and each stage of sleep without electroen-
cephalogram (EEG) arousals, irregular or abnormal breathing
including apnea and hypopnea, abnormal ECG including pre-
mature ventricular contractions, and movements including pe-
riodic leg movements. In addition, care was taken to select a
segment during sleep stages at least 2 min before and 2 min
after any of these events. The QT intervals were measured
from the onset of the Q- or R-wave to the termination of the
T-wave, which was determined by the intersection of a tan-
gent drawn to the steepest slope of the down-sloping portion
of the T-wave and the isoelectric baseline. The beginning of
Q- and R-wave and ending of T-wave were identified by au-
tomated computer program and manually edited after careful
observation of the 12-lead ECG. QT prolongation corrected for
heart rate (QTc) were calculated by Bazett formula,"® where
QTc = QT/RR'. The investigators involved in ECG analyses
were blinded to the diagnosis of OSA.

Protocols

All studies were carried out in the CCHMC Sleep Labora-
tory. Simultaneous measurements of overnight PSG and 12-
lead ECG were conducted in all study subjects. For studies in
the patients with LQTS, the investigators were blinded to the
genotype, history of cardiac events, and diagnosis of OSA in
these subjects.

Statistical Analysis

Demographic and clinical characteristics including sleep
profile were compared between groups. For continuous vari-
ables, mean and standard deviation (SD) or median and in-
terquartile range (IQR) are reported. Either one-way analysis
of variance (ANOVA) or the nonparametric Kruskal-Wallis
test was used to compare the means or medians among three
groups (control, LQTS with or without OSA). Further pair-
wise comparisons were performed, if significant differences
were determined from either test. Tukey-Kramer multiplicity
adjustment was applied to multiple comparisons involved. For
categorical variables, frequencies were reported. Fisher exact
test was used to check if there was any difference in the dis-
tribution between groups. RR, QT, and QTc intervals were
compared between groups and sleep stages by using repeated-
measures ANOVA with patient group, sleep stage, and their in-
teraction included in the model. Simulation-based multiplicity
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Table 1—Characteristics of control subjects, patients with LQTS and without OSA, and patients with LQTS and with OSA.

Control (N = 67) LQTS w/o OSA (N = 40) LQTS w/OSA (N =14) P
LQTS genotype (LQT1:LQT2:Unknown) 13:9:18 7:5:2 0.133
Sex, Male:Female 21:46 7:33 77 0.059
Race, Caucasian:Other 55:12 37:3 14:0 0.086
Beta blocker, Yes:No 0:67 35:5 13:1 <0.0001
Syncope, Yes:No 0:67 14:26 6:8 <0.0001
Age,y 13.4 (10.3, 18.5) 15.6 (10.6, 22.3) 30.1(14.2,51)2 0.016
BMI, kg/m? 21.8(18.2,24.8) 21.4 (191, 24.7) 30.1(26.2, 32.6)°¢ 0.001

For continuous variables, median (25", 75" percentiles) are reported. Reported P values are from Fisher exact test (for categorical variable) or Kruskal-
Wallis test (for continuous variables). #Significant difference between LQTS with OSA and healthy control (adjusted P = 0.011). ®Significant difference
between LQTS with OSA and healthy control (adjusted P = 0.001). °Significant difference between LQTS with OSA and LQTS without OSA (adjusted
P =0.001). BMI, body mass index; LQTS, long QT syndrome.

Table 2—Sleep profile of control subjects, patients with long QT syndrome without obstructive sleep apnea, and patients with long QT syndrome with
obstructive sleep apnea.

Control (N = 67) LQTS w/o OSA (N = 40) LQTS w/OSA (N = 14) P
Sleep time, min 366 £ 70 368 + 60 359 + 52 0.903
Sleep efficiency, % 720137 735+ 115 73.0+9.7 0.838
Sleep latency, min 61+43 53 +46 42 + 35 0.277
REM latency, min 167 £ 82 174 £101 191 £ 89 0.656
Stage 1 sleep, % 38+23 3324 58+5.62 0.022
Stage 2 sleep, % 51480 53883 570+ 11.3 0.064
SW sleep, % 264+78 26.1+9.8 19.7 £10.2° 0.035
REM sleep, % 18457 16.9+6.1 175+6.6 0.458
Al, events/h 10.3+37 105+45 17.7£8.730 <0.0001
RDI, events/h 09+1.0 07+08 17.2 £22.92° <0.0001
AHI, events/h 05+0.8 0507 16.8 £22.62° <0.0001
REM SpO,, % 973+ 1.1 97.1+£12 95.6 +2.12° <0.0001
Non-REM SpO,, % 97.0+0.9 96.7+1.2 95.6 £ 1.62° 0.0006

Values are mean + standard deviation. Reported P values are from one-way analysis of variance. 2Significant difference between LQTS with OSA and LQTS
without OSA (adjusted P < 0.05). ®Significant difference between LQTS with OSA and healthy control (adjusted P < 0.05). AHI, apnea-hypopnea index;
Al, arousal index; LQTS, long QT syndrome; RDI, respiratory disturbance index; OSA, obstructive sleep apnea; REM, rapid eye movement; SpO,, oxygen

saturation by finger-pulse oximeter; SW, slow wave.

adjustment was applied to multiple comparisons of the least
square means. Repeated-measures simple and multiple regres-
sion analyses were performed to check the association of age,
sex, body mass index (BMI), history of beta blocker, and syn-
cope with RR, QT, and QTc intervals in patients with LQTS
when awake. The association of AHI, arousal index (AI), and
SpO, with QTc interval in patients with LQTS was investi-
gated using simple linear regression models for the average
QTec. Analyses were performed using SAS 9.3 (SAS Institute,
Cary, NC, USA). All tests are two-sided with P < 0.05 used for
statistical significance.

RESULTS

Characteristics of LQTS and Control Subjects

Baseline characteristics of LQTS subjects with or without
OSA and control subjects are described in Table 1. All pa-
tients with LQTS in the current study received a clinical di-
agnosis of and were treated for LQTS. OSA was diagnosed in
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approximately 26% of the patients with LQTS recruited to the
study. Patients with LQTS and OSA were significantly older
and heavier compared with those with LQTS without OSA
and control subjects. Differences in history of beta blocker
use (P = 1.0) and syncope (P = 0.75) in patients with LQTS
with or without OSA were not significant. The proportion
of LQTS genotypes LQT1, LQT2, and unknown genotypes
between patients with LQTS with or without OSA were not
different, and there were no patients with LQT3 in this study.
Unknown LQTS genotypes include those for patients who re-
fused genotyping.

Sleep Profile

Sleep profiles of LQTS with or without OSA and control
subjects are summarized in Table 2. Total sleep time, sleep ef-
ficiency, rapid eye movement (REM) sleep latency, and REM
sleep percentage were not significantly different between the
three groups. The percentage of Stage 1 sleep was increased
(adjusted P = 0.016) and there was a tendency of decreased
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Figure 1—Changes in RR, QT, and QT prolongation corrected for heart
rate (QTc) intervals while awake and during non-REM [Stage 2 and slow
wave (Stage SW)] and REM sleep in patients with LQTS with or without
OSA and control subjects. Data are least square means + standard error
of the mean. *Adjusted P < 0.05 for comparison between patients with
LQTS with and without OSA. LQTS, long QT syndrome; OSA, obstructive
sleep apnea; REM, rapid eye movement.

Table 3—Multiple regression analysis of the effects of age, sex, body
mass index, history of beta blocker use, syncope and obstructive sleep
apnea on QT prolongation corrected for heart rate interval in patients
with long QT syndrome while awake.

Estimate of Effect
Predictor Difference (msec) P
Age, y 1y older -0.21 0.57
Sex Male versus female -0.11 0.99
BMI, kg/m? 1 kg/m? increase 0.54 0.48
Beta blocker Yes versus No -5.91 0.67
Syncope Yes versus No 17.24 0.07
OSA Yes versus No 29.94 0.01

BMI, body mass index; OSA, obstructive sleep apnea.

slow wave sleep (adjusted P = 0.057) in patients with LQTS
and OSA compared to those with LQTS without OSA. How-
ever, the percentages of Stage 2 sleep and REM sleep were not
significantly different between the three groups. Al, respira-
tory disturbance index, and AHI were significantly increased
and oxygen saturation during both non-REM and REM sleep
stages were significantly reduced in patients with LQTS and
OSA compared with either patients with LQTS and without
OSA or control subjects.
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Figure 2—Relationships between QT prolongation corrected for heart
rate (QTc) and severity of obstructive sleep apnea. Log scale is used
for apnea-hypopnea index (AHI). Both AHI and arousal index (Al) are
directly and significantly associated with QTc.

RR, QT, and QTc Intervals

RR intervals, QT intervals, and Bazett-calculated QTc
values while awake and during both non-REM and REM sleep
stages were increased significantly in patients with LQTS com-
pared to control subjects. Additionally, patients with LQTS
and OSA had significantly increased RR, QT, and QTc during
awake and sleep compared to patients with LQTS and without
OSA (Figure 1). However, sleep stage-related changes in these
variables between all three subject groups were not statisti-
cally significant. Simple and multiple regression analysis indi-
cated that OSA was significantly associated with QTc intervals
while awake, after adjustment of age, sex, BMI, history of beta
blocker, and syncope (Table 3).

Effects of Severity of OSA on QTc

Correlation analysis based on simple linear regression indi-
cated that the severity of OSA as described by the level of AHI
(r=0.27 and P = 0.049) and AI (r = 0.40 and P = 0.003) were
associated directly with the degree of QTc (Figure 2). How-
ever, oxygen desaturation during either non-REM (r = 0.18 and
P =0.201) or REM (r = 0.06 and P = 0.689) sleep was not as-
sociated with QTec.

DISCUSSION

Our findings suggest that the presence of OSA in patients
with congenital LQTS is associated with increased QTc in-
dependent of age, sex, BMI, use of beta blocker, and history
of syncope. QTc derived from ECG predicts future cardiac
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arrhythmias and SCD in patients with LQTS,’ cardiovascular
disease,'™* and even in apparently healthy humans.” In addi-
tion, severity of OSA as expressed by the level of AHI and Al
during sleep is directly related to the degree of QT prolongation.

Normal Sleep and QTc

Sleep in healthy individuals is associated with distinct
sleep stage-related changes in autonomic and cardiovascular
functions.”? The autonomic nervous system contributes im-
portantly to beat-to-beat variation in the QT interval.?® Thus,
normal sleep is associated with QT prolongation due to sleep
related changes in autonomic function.”* Our previous results
indicated that sympathetic activation during REM sleep is as-
sociated with increased QTc in normal individuals and that
QTec interval is increased during sleep in female patients with
LQTS, particularly during REM sleep.”® REM sleep also is
associated with arrhythmias, particularly in patients with the
LQT2 genotype.*

Acute and Chronic Effects of Sleep Apnea on Autonomic
Function

Hypoxemia, hypercapnia, and frequent arousals due to re-
petitive apneas disrupt the normal physiologic interactions
between sleep and the autonomic and cardiovascular systems
in patients with OSA.® The acute hemodynamic consequences
of OSA include sympathetic-mediated vasoconstriction and
consequent increases in systemic blood pressure and brady-
cardia. OSA also is associated with acute sympathetic acti-
vation during apneic events that disappears after resumption
of breathing during sleep and persistently elevated sympa-
thetic drive during the daytime normoxic awake state while
breathing normally.”” Repeated nocturnal apneic events in
patients with OSA result in carryover sustained daytime acti-
vation of the sympathetic nervous system. Markedly elevated
daytime resting sympathetic nerve traffic in patients with OSA
may be associated with alteration of QT interval due to direct
effects on the ventricular myocardium or an indirect effect on
the sinus node, or both. Therefore, OSA may act as a trigger for
the development of arrhythmias, particularly in patients with
LQTS.

OSA and QTc

Patients with OSA and with normal cardiac structure and
function have increased QTc and QT dispersion compared
to control subjects closely matched for age, sex, and BML.*®
Increased QT dispersion that was reduced after treating OSA
with continuous positive airway pressure has been reported in
patients with OSA.2*3 Approximately 26% of the patients with
LQTS in our study had clinically significant OSA. In contrast,
only approximately 3—5% of the general population in the US
have had OSA diagnosed by PSG.*" We determined that the
presence of OSA in LQTS was significantly associated with
increased QTc (Table 3 and Figure 1), and our results suggest
that the severity of OSA in LQTS is directly related to the de-
gree of QTc (Figure 2). OSA in the general population is also
associated with increased QT interval variability, which cor-
relates with the severity of OSA.*? Strong association between
severity of OSA and QTc and significant improvement of car-
diac repolarization after treatment of OSA suggest important
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dose-dependent effects of OSA on cardiac repolarization in
patients with OSA. Thus, successful treatment of OSA also
might reduce QT prolongation and therefore the risk of SCD in
patients with LQTS.

Effects of Hypoxia on QT Intervals During Sleep

Apneic events during sleep are associated with sympathetic
activation'' and bradyarrhythmias.**** Acute hypoxia in healthy
volunteers has been associated with significant prolongation of
QT intervals, which returned to normal following withdrawal
of the hypoxic stimuli.*® In patients with LQTS, vagal brady-
arrhythmias during an apneic event will further prolong the
QT interval. Therefore, extreme QT prolongation in the setting
of severe sympathetic activation and consequent increases in
plasma catecholamine might trigger life-threatening arrhyth-
mias during sleep in patients with LQTS who have OSA. QT-
interval prolongation also has been reported during nocturnal
hypoxemia in patients with chronic obstructive airway dis-
ease®® or coronary artery disease with intermittent decreases
in oxygen saturation of blood.’” Ventricular arrhythmias that
have been observed frequently in patients with severe OSA*
correlate with the degree of oxygen desaturation and effective
therapy and are associated with suppression of arrhythmias.*
In our study, patients with LQTS and OSA had significantly re-
duced SpO, during both non-REM and REM sleep compared
to LQTS without OSA and control subjects. Therefore, expo-
sure to chronic hypoxia resulting in markedly elevated sym-
pathetic activity during sleep may be a critical mechanism for
increased QT prolongation during both wakefulness and sleep
in patients with LQTS and OSA.

Repeated Arousals During Sleep and QTc

EEG arousal is common at the end of apneic episodes
during sleep. Our results demonstrate that the subjects with
LQTS with OSA had significantly elevated Al compared to
those with LQTS without OSA and control subjects. Arousal
from sleep activates upper-airway dilator muscles and prevents
prolonged apnea, while also markedly increasing sympathetic
drive, heart rate, and blood pressure. Arousal from sleep,
which is typical for patients with OSA, also may be an impor-
tant trigger for cardiac arrhythmias during sleep in patients
with LQTS.* Sleep deprivation occurs in patients with OSA as
a result of repetitive nocturnal arousals and also has been as-
sociated with autonomic and circulatory dysregulation.* A re-
cent study determined that only 1 night of sleep deprivation in
healthy individuals was associated with significant increases
in maximal QT interval (QTmax), QT interval dispersion
(QTd) and QTc dispersion (QTcd) compared to regular sleep.*
Therefore, sleep fragmentation accompanying OSA in patients
with LQTS may be associated with increased QT prolongation.

Sympathetic Activation and Cardiac Arrhythmias in LQTS
Historically, cardiac events in patients with LQTS are thought
to be associated with sympathetic activation and imbalance in
cardiac sympathetic drive.*® Thus, future cardiac arrhythmias
and SCD in patients with congenital LQTS can be prevented
with adrenoreceptor antagonist and left-cardiac sympathec-
tomy in high-risk patients with LQTS.** Animal studies have
suggested that QT prolongation after pharmacologic blockade
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of cardiac ion channels did not spontaneously produce ar-
rhythmias until sympathetic stimulation with beta adrenergic
agonist was introduced.”® Therefore, acute sympathetic surge
during apneic events while asleep and chronically elevated
sympathetic drive in patients with LQTS and OSA may play a
critical role for triggering cardiac events in patients with pre-
existing cardiac ion channelopathy.

LQTS Genotype and Risk of SCD

History of syncope, age, sex, and LQTS genotype play a
critical role in the risk of SCD in patients with congenital
LQTS.%* Individuals with genotype LQT1 have arrhyth-
mogenic triggers related to adrenergic stimulation, such as
exertion and particularly swimming.* In contrast, a majority
of individuals with genotype LQT2 and most of the patients
with LQT3 are especially at risk for sleep related cardiovas-
cular events.***® We found that the presence and severity of
OSA between LQT1 and LQT?2 patients were not significantly
different. Unfortunately, there were no patients with LQT3 in
our study.

Limitations

The patients with LQTS with OSA in our study were older
on average than the patients with LQTS without OSA. The
LQTS with OSA subjects also were heavier compared to those
without OSA, and obesity is a well-established risk factor for
OSA. Therefore, multivariate analyses were conducted for ad-
justment of age and BMI (Table 3), and the differences in QTc
reported in the current study were not due to differences in
age or BMI between the two groups. In addition, we found that
history of use of beta blockers and syncope were not associated
with increased QTc in the LQTS subjects with OSA.

CONCLUSIONS

Both congenital LQTS and OSA are independently asso-
ciated with increased risk for cardiac arrhythmias and SCD.
OSA with QT-interval prolongation has been considered as
a lethal combination, particularly in infants, often causing
sudden and unexpected death.*® We have determined a previ-
ously unknown pathophysiologic mechanism of increased risk
for SCD in patients with LQTS. Thus, diagnosis of OSA in
patients with congenital LQTS could be used as a novel bio-
marker for assessment of risk for future cardiac events. The
positive directional relationship between AHI and QTc that we
determined suggests dose-dependent effects of OSA severity
on the degree of QT prolongation. Importantly, OSA is a treat-
able risk factor for cardiovascular diseases, and treatment of
OSA may improve autonomic dysfunction and reduce QT pro-
longation and therefore also reduce the risk of SCD in patients
with LQTS. Future study will determine the effects of treat-
ment of OSA on autonomic functions and QTc in patients with
congenital LQTS.
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