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KEY TEACHING POINTS

� Mechanically induced ventricular fibrillation is rare
in patients with short QT syndrome.

� Both endocardial and epicardial mechanical
stimulation can trigger premature myocardial
activity and lead to ventricular fibrillation in
patients with short QT syndrome.

� The application of topical lidocaine can allow
prompt suppression of mechanically induced
tachyarrhythmias without affecting myocardial
function.
Introduction
Congenital short QT syndrome (SQTS) is a rare cardiac chan-
nelopathy characterized by ventricular arrhythmias, atrial
fibrillation, and a short QT interval. A contemporary review
reported that 22 different causative mutations in 9 genes have
been associated with the syndrome.1 Mutations associated
with SQTS result in shortening of the action potential dura-
tion (APD) and myocardial effective refractory period
(ERP). These electrophysiological aberrations lead to
increased ventricular and atrial susceptibility to premature
stimulation and inducible tachyarrhythmias.2 Clinically, the
syndrome is characterized by cardiac symptoms in a signifi-
cant proportion of patients, a prevalent family history of
sudden cardiac death, and specific electrocardiogram
findings including short QT as well as tall and peaked T
waves.1,3 Sudden cardiac death or aborted sudden cardiac
death is the most common clinical presentation.1,3 Peculiar
to this syndrome is the rare susceptibility to mechanical
induction of ventricular arrhythmias, observed during an
electrophysiology (EP) study.4 This case of a 7-year-old child
with SQTS demonstrates the reproducible susceptibility to
ventricular fibrillation (VF) with both epicardial and endocar-
dial mechanical stimulation, as well as the antiarrhythmic
efficacy of topical lidocaine.
Case report
This case involves a 7-year-old patient with SQTS (Figure 1)
and recurrent VF episodes. At 7 months of age, the patient
had been suspected to be in a persistent 2:1 atrial tachycardia,
having failed treatment with digoxin, flecainide, and
amiodarone. He was put forward for an EP study and possible
ablation. During the procedure, a single mechanically pro-
voked premature ventricular beat, during catheter placement
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in the right ventricle, induced VF (Figure 2). This occurred on
2 separate occasions and required direct current cardiover-
sion. During the EP study, correlation of the atrial and
ventricular catheter electrocardiogram recordings showed
1:1 correlation and no evidence of a 2:1 atrial tachycardia.
It became evident that the early and peaked T wave had
been mistaken for a P wave, with matching TP and PT
intervals. The procedure was terminated and subsequently
the diagnosis of SQTS was made.

After detailed counseling, the family opted for an auto-
mated external defibrillator and declined other treatment
options. After the patient experienced an episode of aborted
VF arrest at home at 7 years of age, the family agreed to pro-
ceed with an epicardial single-chamber implantable
cardioverter-defibrillator (ICD). During the procedure, the
heart was found to be very arrhythmogenic with mechanical
stimulation. During attempts to sew on the epicardial lead,
VF was repeatedly induced with instrument manipulation or
when the needle would touch the epicardium. After 3
episodes of sustained VF requiring cardioversion, an intrave-
nous amiodarone bolus was ordered and while the patient
awaited administration, 2% topical lidocaine was sprayed on
the heart. Within less than 2 minutes, surgical manipulation
of the heart became possible without VF induction,
facilitating the suturing of the epicardial lead using the same
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Figure 1 Standard 12-lead electrocardiogram showing a QT of 210 ms and QTc of 246 at a heart rate of 82 beats per minute. Note the narrow and peaked tall T
waves.
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surgical approach. Once the coil was placed in the retrosternal
area and all surgical epicardial manipulation was completed,
lead testing showed bipolar sensing of 16.5 mV, capture
threshold of 0.75 V at 0.6 ms, and impedance of 836 ohms.
Figure 2 Mechanically induced ventricular ectopy and subsequent ventricular fib
cardiac tracings available, as recording was not being performed during catheter p
The patient remained stable throughout the remainder of
the procedure and during the subsequent hospital course.
There were no documented arrhythmias, specifically during
testing of the pace-sense lead with ventricular pacing. Repeat
rillation during the electrophysiology study (there are no simultaneous intra-
lacement).
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lead integrity testing on postoperative day 3 showed bipolar
sensing of 21 mV, capture threshold of 0.8 V at 0.4 ms, and
impedance of 760 ohms. Over the subsequent 5 years, the
impedance remained stable at 590–600 ohms. At 12 years
of age, the patient returned for epicardial lead revision and
generator change. Mechanically induced VF with epicardial
manipulation was again encountered during initial dissection,
in an attempt to add an atrial lead. As consented to with the
parents prior to the procedure, the atrial lead placement was
aborted due to the inducible VF and only the generator
replacement was performed.

Discussion
This case highlights the high susceptibility for VF induction,
with either endocardial or epicardial mechanical stimulation,
in rare patients with SQTS. It also brings to light the efficacy
of topical lidocaine as an effective and expeditious antiar-
rhythmic in this pathophysiological scenario involving an
epicardial intervention. Topical lidocaine allowed timely
completion of a class I indication ICD implant that had
evolved into a high-risk procedure with recurrent sustained
VF episodes.

In the congenital SQTS series published by Giustetto and
colleagues,4 they report on a 6-month-old child who experi-
enced similar mechanical VF induction. The patient was
undergoing an EP study when catheter positioning induced
VF on 2 occasions, resulting in termination of the procedure.
We are not aware of other published cases of SQTS compli-
cated by mechanical VF induction. Although data have been
published on the in vivo inducibility of VF, comparing
endocardial vs epicardial programmed stimulation,5 there
are no similar reports evaluating inducibility with mechanical
stimulation. On the other hand, the value of endocardial vs
epicardial mechanical stimulation in terminating arrhythmias
was studied by Befeler.6

Mechanoelectric coupling (MEC) is thought to be the
underlying mechanism whereby VF is easily induced with
mechanical stimulation. One of the major factors in the mech-
anism of MEC are mechanosensitive ion channels that are
activated in response to an extrinsic stimulus (such as cardiac
catheterization), extracorporeal impacts, or precordial thump
application.7 These mechanosensitive ion channels include
stretch-activated cations and cell volume–activated channels.7

Nonselective stretch-activated cations and potassium-selective
stretch-activated cations are thought to be responsible for
mechanical action potential induction.7 The additional activa-
tion of potassium-selective stretch-activated cations is also
likely to form one of the mechanisms that help sustain tachyar-
rhythmic responses.7

Lidocaine, a sodium channel blocker, is a class Ib
antiarrhythmic. When administered transvenously, it causes
shortening of the APD and ERP duration, and it raises the
depolarization threshold. Hence, its antiarrhythmic effect
results from a decrease in the nonuniformity of APDs and a
more uniform recovery of excitability in Purkinje and
myocardial cells.8–10 However, when administered locally,
significantly higher concentrations are achieved.11 In vitro
studies have shown that high local concentrations of lido-
caine do not shorten the myocardial fiber APD; rather, they
alter depolarization and render the myocardial cells unexcit-
able, without resulting in global myocardial depression.10,11

We hypothesize that the antiarrhythmic effect of topical
lidocaine in this case was achieved as high local
concentrations temporarily inhibited depolarization of
mechanically stimulated cells. The latter prevented the
reinduction of VF without negatively impacting the
electrophysiological and mechanical properties of
unexposed myocardial tissue.
Conclusion
Mechanically induced VF was an unfortunate complication
during multiple procedures in this young patient with SQTS.
The latter proved to be a risk with endocardial stimulation,
as previously reported in a similar patient, and, unexpect-
edly, with epicardial stimulation as well. The topical
application of lidocaine was effective in suppressing
mechanically induced arrhythmias and allowed completion
of a class I indication ICD implant.
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