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An implantable loop recorder (ILR) is nowwidely used for differential diagnosis of unexplained syncope or recur-
rent syncope with unknown causes. In the inherited arrhythmia syndromes, ILR may be useful for management
of the therapeutic strategies; however, there is no obvious evidence to uncover arrhythmic syncope by ILR in
long-QT syndrome (LQTS) patients. Here we experienced a 19-year-old female patient with LQTS type 1 who
had recurrent syncope even after beta-blocker therapy but no arrhythmiasweredocumented, and some episodes
might be due to non-cardiogenic causes. Implantable cardioverter defibrillator (ICD) therapy was also recom-
mended; however, she could not accept ICD but was implanted with ILR for further continuous monitoring.
Two years later, she suffered syncope during a brief run, and ILR recorded an electrocardiogram at that moment.
Thus a marked QT interval prolongation as well as T-wave alternance resulting in development of torsades de
pointes could be detected. Although ILR is just a diagnostic tool but does not prevent sudden cardiac death,
most arrhythmic events in LQTS are transient and sometimes hard to be diagnosed as arrhythmic syncope. ILR
may provide direct supportive evidence to select the optimal therapeutic strategy in cases where syncope is dif-
ficult to diagnose.
Learning objective: Long-QT syndrome (LQTS) patients often suffer recurrent syncope even after beta-blocker
therapy, but torsades de pointes (TdP) is not always detected by standard 12‑lead electrocardiogram or Holter
monitoring, and some syncope might be non-cardiogenic. In this case, implantable loop recorder (ILR) docu-
mented the evidence of QT interval prolongation and beat-by-beat T-wave alternance subsequent TdP. Thus,
ILR may provide useful evidence for the optimal treatment strategy in LQTS cases where syncope is difficult to
diagnose.

© 2024 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Long QT syndrome (LQTS) is characterized by QT interval prolonga-
tion of electrocardiogram (ECG) and polymorphic ventricular tachycar-
dia named as torsades de pointes (Tdp) leading to syncope and sudden
cardiac death (SCD) [1]. The typical TdP usually terminates spontane-
ously and patients suffer syncope or convulsive seizures, which are
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associated with increased risk of subsequent cardiac arrest. Almost
half of symptomatic LQTS patients experience their first cardiac event
by age 12 years and 90 % by age 40 years [2]. On the other hand, synco-
pal attacks observed in children or adolescents are not only caused by
TdP but also bymany other reasons: vasovagal (neurocardiogenic) syn-
drome, structural heart diseases, orthostatic hypotension, cerebral dis-
eases, epilepsy, and seizure. Thus, differential diagnosis of syncope is
important for risk stratification and optimal medical therapies in chil-
dren and adolescents with LQTS.

An implantable loop recorder (ILR) is now widely used for differen-
tial diagnosis of unexplained syncope or recurrent syncope with un-
known causes. In the inherited arrhythmia syndromes, ILR may be
d.
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useful for guidingmanagement [3], but TdPmay be captured in only 5 %
of LQTS patients with ILR [4]. However, there are no reports examining
the efficacy of ILR for LQTS, and its prognostic effect is unknown. Here
we report a case of congenital LQTS type 1 (LQT1) who had been im-
planted with an ILR due to recurrent syncope even after beta-blocker
therapy. ILR detected a typical TdP and contributed to the decision for
a further intensive therapeutic strategy.

Case report

A 19-year-old female had her first syncopal episode while swimming
as a 7-year-old, and her ECG showed longer QTc interval (480 ms).
Genetic testing identified a pathogenic variant in KCNQ1 (c.1032 G > A,
p.A344A splicing error), thus LQT1was diagnosed. She startedmedication
(propranolol 60 mg/day) as well as restriction of competitive sports.

Although she continued with a beta-blocker therapy, syncope re-
curred during mild exercise such as riding a bicycle. However, her con-
sciousness soon recovered and ECG at emergency hospital could not
detect any arrhythmias or abnormal QT prolongation. Furthermore,
she sometimes had dizziness or faintness without doing exercise.

She was hospitalized for more detailed clinical examination when
she was 18 years old. An epinephrine stress test under propranolol
(75 mg/day) was performed to confirm the effect of a beta-blocker
but failed to evaluate the efficacy because a significant bradycardia
and dysphoria occurred immediately after epinephrine bolus injection
(Fig. 1A). Treadmill exercise testing showed a QT prolongation at base-
line (Fig. 1B) and its further increase after exercise (Fig. 1C,D). Although
no ventricular arrhythmiaswere induced after the examination, she had
dizziness, hyperventilation, and transient disturbance of consciousness.
Magnetic resonance imaging of the head and electroencephalogram
showed no abnormal findings for suspicion of a dissociative disorder
Fig. 1.
(A) Monitoring electrocardiogram (ECG) (lead II) at epinephrine provocation test, so
uous injection (1– 2 min). (B–D) A standard 12-lead ECG at baseline before the trea
recovery 4 min after exercise testing (D) when the patient was 19 years old and tak
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or non-convulsive status epilepticus. Head-up tilt testing induced
symptoms and reflex syncope was diagnosed. She had a family history
of LQTS (Fig. 2) and her brother with the same LQT1 suffered out-of-
hospital cardiac arrest and was soon resuscitated; he was implanted
with an implantable cardioverter defibrillator (ICD). From these find-
ings, it was concluded that not all her symptoms might be due to ar-
rhythmias, and she was diagnosed as a higher risk LQTS patient. ICD
implantationwas also considered but she could not accept implantation
of ICD. Then, we recommended her to be implantedwith an ILR for con-
tinuous monitoring.

During follow up, the patient had a total 13 episodes of symptoms
such as dizziness, faintness, and palpitations, but no serious arrhythmias
were recorded by ILR. Two years after the ILR implantation, even though
she continued medication, she suffered syncope for about 3 min while
briefly running at a train station. She was sent to our hospital, where
no abnormal vital signs on physical examination were observed at ad-
mission, and cardiac function was preserved on echocardiography, but
an ECG showed marked QT prolongation (QTc: 514 ms). ILR had stored
the data from 90 s before the event (Fig. 3A), in which the R-R interval
was continuously under 500 msec (heart rate over 120 bpm) followed
by premature ventricular contractions and tachycardia. Detailed ECG
just before the event is shown in Fig. 3B, in which the QT (QTc) interval
was significantly prolonged over 500 ms and the beat-by-beat T wave
morphology alternance could be seen followed by spontaneous prema-
ture ventricular contractions, resulting in occurrence of TdP for about
2.5 min and then it spontaneously terminated. The QT (QTc) interval
just before the event was significantly prolonged and the beat-by-beat
alternance was more manifested compared to in the treadmill exercise
testing (Fig. 3C). Since symptomatic TdP occurred under a beta-blocker,
she was implanted with a subcutaneous-ICD as a secondary prevention
of SCD.
on after epinephrine 0.1 μg/kg bolus injection (0 min) followed by 0.1 μg/kg/min contin-
dmill exercise testing (B), during peak exercise by the standard Bruce protocol (C) and
ing the beta-blocker, propranolol 75 mg/day.



Fig. 2.

Family pedigree of this patient.
+: genotypepositive; SICD+: subcutaneous implantable cardioverter defibril-
lator was implanted; SD: sudden death; VF/CPA: ventricular fibrillation or
cardiopulmonary arrest; LQT: long-QT syndrome.
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Discussion

ILR for LQTS

Recently, ILR implantation has been recommended for patients with
clinical signs of suspected cardiogenic syncope, but in whom compre-
hensive evaluation cannot identify the cause of the syncope or specific
treatment cannot be determined [5]. However, there is no obvious
evidence of ILR for congenital LQTS except for the Andersen-Tawil
syndrome [6].

In a recent review paper [4], only 1 (5 %) of 18 LQTS patients who
had been implanted with an ILR had TdP detected, in contrast, the
others were asymptomatic or only had non-lethal arrhythmias that
did not require intensive treatment during follow up. On the other
hand, the frequency of arrhythmic events in LQTS is not high and no
one has died after ILR implantation. Use of ILR for LQTS patients with
unknown syncope may have a benefit to detect serious ventricular
Fig. 3.
(A) Continuous R-R interval 90s before the event recorded by implantable loop reco
wave alternance (TWA) as well as beat-by-beat dynamic change of the QT (QTc) inte
tricular tachycardia. (C) Superimposed QT/RR relationship at the peak exercise durin
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arrhythmias, which helps us to implement more advanced pharmaco-
logical and/or non-pharmacological therapies.

This patient, to the best of our knowledge, is the first LQT1 case to
have TdP detected by ILR. The treadmill exercise testing under treat-
ment with a beta-blocker had been evaluated before, but even in the
peak exercise (heart rate > 150 bpm), it could not induce any arrhyth-
mias or T-wave alternance (Fig. 1B). On the other hand, ILR could detect
the dynamic beat-by-beat change of the T-wave morphology and pro-
longation of QT (QTc) interval followed by TdP (Fig. 3B,C). These find-
ings suggest that the treadmill exercise testing by the Bruce protocol
could not completely reproduce the arrhythmogenic situations in this
case, thus ILR may be useful to detect arrhythmic events in the case of
sudden increased sympathetic nerve activity.

Therapeutic strategies for LQTS

Beta-blocker is the most effective pharmacological therapy to pre-
vent arrhythmic events and SCD in LQTS, particularly for LQT1 and
LQT2. This patient had taken propranolol (maximum 75 mg/day) after
diagnosis of LQT1 when she was 7 years old, however, she had recur-
rence of syncope although she sometimes forgot to take the medicine.
On the other hand, not all beta-blockers are the same for LQTS [7], and
nadolol is considered more effective compared to other beta-blockers
not only in LQT2 but also in LQT1. Thus, the patient's beta-blocker was
consequently changed to nadolol (60 mg/day) from propranolol, but it
is still uncertain whether she could be free from syncope even if she
had taken nadolol.

The JCS/JHRS guidelines [8] recommend ICD for LQTS patients with
at least two of the following three findings: 1) history of TdP or syncope,
2) family history of SCD, and 3) refractory to beta-blocker therapy. On
the other hand, ESC guidelines more strongly indicate ICD for those
who had symptoms while receiving beta-blocker therapy [6].

This patient had already been diagnosed with LQT1 and had several
syncope or near syncope events even after taking a beta-blocker, some
of them were considered as typical arrhythmic events in LQTS.
rder (ILR). (B) ILR recorded occurrence of torsades de pointes (TdP), manifestation of T-
rval followed by premature ventricular contractions (PVCs) leading to polymorphic ven-
g treadmill test (orange) and at just before TdP event (blue).
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Furthermore, her younger brother also had a lethal cardiac event result-
ing in implantation of ICD. Consequently, the patientmight be better in-
dicated for ICD before using ILR because she had recurrent syncope even
after beta-blocker therapy.

However, this patient was a younger female, and could not easily ac-
cept ICD implantation despite repetitive syncope. Moreover, she might
have some non-cardiogenic syncope or symptoms due to hyperventila-
tion, dissociativedisorders, and reflex syncope.Device infection, leadprob-
lems due to long-term implantation, and cosmetic concerns also need to
be considered. Taken together, after careful consideration of the benefits
and disadvantages of ICD implantation in the young patient, we used ILR
to uncover whether her symptoms are really arrhythmogenic or not.

Genotype and variant specific risk n LQTS

About half of patients with KCNQ1mutations are asymptomatic, and
10–40 % of patients do not have predominant QT prolongation on rest-
ing ECG. This patient was identified with c.1032G > A, a splicing variant
[9] andmost common variant in Japanese LQT1 [10], inwhich there is an
intermediate arrhythmic risk in patients with LQT1 in Japan.

In this patient's family, as shown in Fig. 2, most of the phenotype-
positive (LQTS) family members had a history of syncope, and her
grandmother died suddenly (etiology unknown) due to discontinuation
of beta-blocker therapy. Furthermore, her younger brother suffered car-
diac arrest during exercise without discontinuation of beta-blocker.
These findings suggest that the patient's arrhythmic risk is relatively
high, and that careful observation and advanced therapies need to be
considered.

Conclusions

ILR is just a diagnostic tool and not able to prevent SCD. However,
most arrhythmic events in LQTS are transient, and ILRmay provide sup-
portive evidence to select the optimal therapeutic strategy in cases
whose syncope is difficult to diagnose.
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