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Introduction
Congenital long QT syndrome (LQTS) remains a major
cause of sudden cardiac death in young adults.1 Beta-
blockers remain the mainstay pharmacologic intervention.2

Lack of appropriate shortening of the action potential with
emotions or exercise favors the occurrence of early afterde-
polarization (EAD). Beta-blockers ameliorate the inflow of
calcium into the cell during phase 2 of the action potential,
reducing the occurrence of EAD. Mexiletine, ranolazine,
and flecainide can be antiarrhythmic in some patients with
long QT syndrome type 3. Nonresponders may require the
implantation of a defibrillator. In patients with drug- or
bradycardia-induced LQTS, temporary cardiac pacing and
intravenous isoproterenol infusion have been used success-
fully to raise the heart rate and shorten the QT interval as a
temporizing measure.3 In contrast, adrenergic stimulation is
usually avoided in patients with congenital LQTS owing to
concern of inducing EADs that can trigger torsades de
pointes (TdP).4,5 This has led to the assumption that
treatment with isoproterenol in this scenario would be
counterproductive, although in the literature we did not find
any study testing this hypothesis in humans. Beta-blockers
and transvenous pacing are usually recommended as the
initial therapy. We present the case of a female patient with
drug-refractory congenital LQTS type 2 (LQT2) that
responded quickly to an isoproterenol infusion.
Case report
A 19-year-old woman with family history of LQT2 was
admitted after an aborted episode of sudden cardiac death.
She had delivered a healthy child 2 weeks earlier, and was
awakened suddenly from sleep gasping for air prior to
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becoming unresponsive. Cardiopulmonary resuscitation
was started immediately by her family and then continued
by emergency medical personnel upon arrival.

Her initial rhythmwas documented to be ventricular fibril-
lation, which was subsequently treated with external defibril-
lation. Resuscitation continued for approximately 20 minutes
prior to return of spontaneous circulation. She was intubated,
started on therapeutic hypothermia, and given a 1-time
empiric dose of intravenous amiodarone during the initial
resuscitation efforts.

Her initial electrocardiogram revealed a prolonged cor-
rected QT (QTc) interval of 790 ms (Figure 1). Her initial lab-
oratory values revealed potassium and magnesium levels of
3.5 mEq/L and 1.9 mg/dL, respectively. The patient had
not been on QT-prolonging drugs and her toxicology screen
was negative. Following completion of the hypothermia pro-
tocol and rewarming 48 hours later, she developed recurrent
episodes of sustained TdP, requiring more than 20 defibrilla-
tions (Figure 2). Her electrical storm sustained despite the use
of repeated doses of up to 3 mg intravenous propranolol
followed by a propranolol infusion, sedation with propofol,
and replacement of potassium and magnesium, keeping
levels above 4.0 and 2.0 mEq/L, respectively. Owing to the
lack of response and the critical condition of the patient,
isoproterenol was administered intravenously (1–2 mg/min
titrated to maintain a heart rate above 100 beats/min) prior
to attempting transvenous pacing. Shortly after initiation of
treatment, TdP was suppressed and no further recurrence
was seen while on the infusion. Transvenous pacing was
not required. Weaning off the isoproterenol was attempted
on hospital day 3, resulting in reinitiation of TdP. The infu-
sion was restarted, again eliminating further episodes of ven-
tricular tachyarrhythmia. A transthoracic echocardiogram
showed no structural abnormalities. In order to maintain
suppression of TdP in the long term and at the same time
to allow a taper of the isoproterenol, the patient received a
dual-chamber implantable cardioverter-defibrillator and the
atrial pacing lower rate limit was programmed at 80 beats/
min. Owing to her family history of LQT2, genetic testing
was performed looking specifically for the same mutation
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KEY TEACHING POINTS

� Out-of-hospital cardiac arrest can be the initial
presentation of congenital long QT syndrome.

� Patients with long QT syndrome type 2 presenting
with torsades de pointes may respond favorably to
intravenous isoproterenol, as shown in this case.

� Genetic counseling and testing is an important tool
in the evaluation of family members of patients
with congenital long QT syndrome.
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that her cousin had. Presence of the latter was confirmed as a
nonsense mutation in the KCNH2 gene caused by a G2781A
nucleotide change and leading to a W927X amino acid alter-
ation. This mutation along with her clinical presentation was
consistent with a diagnosis of congenital LQT2. The patient
was discharged home in stable condition with no neurologic
sequelae. She was started on oral nadolol 40 mg twice a day
for further prevention of TdP. On review of older records, she
had an electrocardiogram performed 4 years prior with a QTc
interval of 470 ms (Figure 3). At the present time she is
healthy, followed regularly in cardiology and device clinic,
with no recurrence of syncope or shocks from her defibril-
lator. The patient underwent genetic counseling and her chil-
dren and extended family were referred to genetic counseling
and testing as appropriate.
Discussion
The pathogenesis of LQT2 involves a loss-of-function muta-
tion in the KCNH2-encoded human ether-a-go-go-related
gene that contributes to the attenuation of the rapidly
activating delayed rectifier potassium channel (IKr) during
Figure 1 Twelve-lead electrocardiogram in the intensive care unit after resuscita
emergency department. Corrected QT interval (QTc) measures 790 ms.
phase 3 of the action potential.5 Loss of function of IKr can
result in prolongation of the action potential and further
activation of the L-type Ca21 channels, an inward depolar-
ization current. The activation of this channel occurs during
the repolarization phase, resulting in EADs and further
prolongation of the QT interval.6 Specific myocardial cells
that are most sensitive to changes in the IKr channel in the
midventricular myocardium (M cells) create a “zone of func-
tional refractoriness,” and then an EAD may induce reentry,
which can provoke TdP.7,8

Isoproterenol has been given successfully in TdP second-
ary to acquired QT prolongation, and is particularly helpful
when bradycardia or prolonged pauses are present.9,10

Adrenergic stimulation increases IKs (slow component of
delayed rectifier K1 current) expression through activation
of the protein kinase A, which should shorten the QTc
under normal circumstances.8 Isoproterenol has been
avoided in all congenital LQTS owing to concern of an in-
crease in EADs and therefore the probability of developing
TdP.9–11 However, in LQT2, which has defective function
of IKr, activation of IKs may accelerate repolarization,
compensating for the reduced IKr and reducing the inflow
of calcium that can trigger EADs.

It should be remembered that administration of catechol-
amines has different effects than intrinsic activation of the
sympathetic nervous system. This was demonstrated by a
study in canine hearts in which intravenous infusion of cate-
cholamines induced a greater reduction of the temporal
dispersion of recovery than that observed during stimulation
of intrinsic sympathetic inputs to the ventricles.12 Further-
more, single-cell patch-clamp studies in myocytes and optical
mapping of whole hearts from transgenic LQT2 rabbits sug-
gests that the mechanism of EADs may be different under
an adrenergic surge versus high sympathetic tone.13 This
finding is also supported by the changes in the QTc interval
tion and a single empiric dose of intravenous amiodarone administered in the



Figure 2 Top panel shows electrocardiographic tracings from the telemetry monitor showing prolonged QT (LQT) and initiation of torsades de pointes (TdP)
polymorphic ventricular tachycardia. Bottom panel corresponds to the electrocardiographic registration of 1 ofmultiple external defibrillations (white arrow) prior
to initiation of intravenous isoproterenol. Gray arrows show premature ventricular contractions at the end of the QT interval that correspond to early afterdepola-
rizations.
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seen in patients with LQT2 during an epinephrine infusion
challenge, where at peak effect it lengthens and at steady state
it approaches baseline measurements.14 In contrast to LQT2,
the prolongation of theQTc interval seen after giving epineph-
rine in patients with long QT syndrome type 1 is sustained
beyond the peak effect, which raises the concern on whether
the use of isoproterenol in this situation may be harmful.
This finding has been reproduced in the lab on canine hearts
with the use of the IKs channel inhibitor chromanol 293B.15
Figure 3 Twelve-lead electrocardiogram 4 years prior to pres
These observations are consistent with an antiarrhythmic
effect of isoproterenol infusion specifically in patients with
congenital LQT2. This disparate action of intrinsic auto-
nomic activation versus isoproterenol administration may
explain the apparent paradoxical antiarrhythmic action of
isoproterenol in LQT2, like in the present case, with
arrhythmic events triggered by arousal. Additional cases or
a multicenter registry is needed to further confirm the safety
and efficacy of isoproterenol in congenital LQT2.
entation. Corrected QT interval (QTc) measures 470 ms.
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Conclusion
We present a young woman with LQT2 and an electrical
storm due to recurrent TdP that was refractory to beta-
blockers, requiring multiple defibrillations and finally
controlled with isoproterenol. This observation suggests
that isoproterenol may be used as a temporizing measure in
congenital long QT syndrome type 2.
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