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Direct-current (DC) cardioversion is effective at terminating arrhythmias in an emergency. During
treatment, energy delivery synchronizing with the QRS complex is essential to avoid ventricular
ﬁbrillation (VF) caused by a shock on the T wave, which is the vulnerable period of ventricular
repolarization. However, distinguishing the QRS from the T wave is difﬁcult in some patients with
abnormal, irregular, and varying QRS complexes. We report the case of a 45-year-old man who had
iatrogenic VF caused by inappropriate synchronization with the T wave during cardioversion of preexcited atrial ﬁbrillation due to high ventricular rates and varying R wave amplitude affected by an
accessory pathway.
<Learning objective: During direct-current cardioversion, energy delivery synchronizing with the QRS
complex is essential to avoid ventricular ﬁbrillation (VF) caused by a shock on the T wave. However,
distinguishing the QRS from the T wave is difﬁcult in some patients with abnormal, irregular, and varying
QRS complexes. We report a case of iatrogenic VF caused by failed synchronization with the R wave in a
patient with pre-excited atrial ﬁbrillation (AF). Clinicians managing pre-excited AF should be aware of
the possibility of iatrogenic VF triggered by cardioversion.>
© 2020 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Case report

Direct-current (DC) cardioversion is effective at terminating
arrhythmias in an emergency. During treatment, energy delivery
synchronizing with the QRS complex is essential to avoid
ventricular ﬁbrillation (VF) caused by a shock on the T wave,
which is the vulnerable period of ventricular repolarization.
However, distinguishing the QRS from the T wave is difﬁcult in
some patients with abnormal, irregular, and varying QRS complexes.

A 45-year-old man with a previous history of broad anterior
myocardial infarction presented to our emergency room with
palpitations and dizziness. His blood pressure was 129/78 mmHg
and his pulse rate was 168/min. Electrocardiography (ECG) on
arrival demonstrated wide QRS tachycardia with irregular R-R
intervals (Fig. 1a). He received 100 mg of intravenous lidocaine, but
there was no change in heart rate or QRS morphology. He was then
sedated by intravenous propofol and a 100-J shock was performed
with synchronization on. The rhythm reverted to sinus rhythm, but
a typical delta wave was not observed on ECG (Fig. 1b). We later
conﬁrmed that his previous 12-lead ECG, when he had myocardial
infarction treated, did not show a typical delta wave.
We performed staged electrophysiological study (EPS) and
catheter ablation for symptomatic wide QRS tachycardia. In the
EPS, a left posterolateral accessory pathway was identiﬁed as the

* Corresponding author at: Department of Cardiology, National Hospital
Organization Kyoto Medical Center, 1-1, Mukaihata-cho, Fukakusa, Fushimi-ku,
Kyoto 612-8555, Japan.
E-mail address: akao@kuhp.kyoto-u.ac.jp (M. Akao).

https://doi.org/10.1016/j.jccase.2020.08.014
1878-5409/© 2020 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

S. Ikeda et al. / Journal of Cardiology Cases 23 (2021) 31–34

32

Fig. 1.

Electrocardiography. (a) Electrocardiography on arrival showed wide QRS tachycardia with irregular R-R intervals. (b) Electrocardiography after cardioversion
showed normal sinus rhythm and the delta wave was not recognized.

earliest site of ventricular pre-excitation, which manifested more
clearly by left atrial pacing from an electrode catheter in the coronary
sinus. No ventricular tachycardia was induced by the ventricular
program stimulation. Furthermore, we administered isoproterenol
to provoke arrhythmia, and atrial ﬁbrillation (AF) developed
spontaneously. The width of QRS varied irregularly beat by beat.
The wide QRS morphology was similar to the initial ECG of wide QRS
tachycardia, which was documented in the emergency room. When a
synchronized 100-J shock was delivered, VF was induced by the
shock on the T wave due to inappropriate synchronization of the
external deﬁbrillator (Fig. 2). Thereafter, the rhythm reverted to sinus
rhythm spontaneously during the preparation of extra deﬁbrillation.
The left posterolateral accessory pathway was then ablated, after
which the patient did well. We did not treat AF, but the recurrence of
AF has never been observed after the ablation.
Discussion
In patients with ventricular pre-excitation, AF can cause rapid
ventricular activation via the accessory pathway and lead to

irregular wide-QRS tachycardia with varying QRS widths. This is
known as pre-excited AF.
In this case, the R wave amplitude decreased with wider QRS
complexes in several beats just before the shock that induced VF.
This change in QRS morphology may be explained by the rate of
ventricular activation via the accessory pathway increasing with
varying QRS widths. On review of the printout from the
deﬁbrillator monitor, the shock was delivered at the beginning
of the T wave because of failure to recognize the decreased
amplitude of the R wave, although the preceding beats exhibited a
synchronized line on the R wave (Fig. 3). Therefore, it would have
been difﬁcult to avoid the VF induction because of the sudden
change in QRS morphology immediately before the shock delivery
in this case. However, we could have avoided it if we had taken into
consideration that the AF tachycardia could potentially change into
the wide QRS tachycardia as was seen at the ﬁrst cardioversion in
the emergency room.
We found 5 previous reports before 2017 [1–5], one in 2018 [6],
and one in 2019 [7] demonstrating that iatrogenic VF was
caused by synchronization failure during electrical cardioversion
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Fig. 2.

Electrocardiography during catheter ablation showed that the R wave amplitude decreased with wider QRS complexes in several beats just before the shock, and
cardioversion for atrial ﬁbrillation-induced ventricular ﬁbrillation.

Fig. 3.

Telemetry strip showing inappropriate synchronization and shock on the T wave because of the failure to recognize the decreased amplitude of the R wave (red
arrow), although the preceding beats exhibited the synchronized line on the R wave, which induced ventricular ﬁbrillation.

of pre-excited AF in patients with Wolff–Parkinson–White
syndrome. In the reports in 2018 and 2019, inappropriate
synchronization with the T wave induced VF, as in the present
case. These previous reports emphasized the importance of careful
selection of ECG leads and gain before delivering a DC shock. In the
present case, we assessed the accuracy of synchronization with the
R wave just before deﬁbrillation, but we were unable to avoid
shocking on the T wave because of the abrupt decline in R wave
amplitude in several beats just before the shock. Even if the other
available limb leads (lead I and lead III) were selected for
synchronization with the R wave, we would not have avoided
the inappropriate shock because the decrease in R wave amplitude
was observed in leads I, II, and III (Fig. 2). It would be useful to
change the positions of limb electrodes so that the R wave
amplitude is high enough to secure the appropriate synchronization, especially when pre-excited AF is present. To the best of our
knowledge, this is the ﬁrst report of an abrupt decline in R wave
amplitude leading to failed synchronization with the R wave,
which caused VF due to shocking on the T wave just before
deﬁbrillation.
Of note, during a rapid and irregular rhythm in patients with
pre-excited AF, even a shock appropriately synchronized with the
QRS complex has the potential to induce VF if delivered after a

short R-R interval (300 ms) following a long R-R interval,
especially if lower-energy shocks are used [8,9]. This occurs when
one region of the ventricles is still repolarizing because of the
regional delay after the long-short sequence while the remaining
myocardium begins to depolarize. In previous reports [2,3,5–7], VF
was induced by synchronous T-wave shocks with energy lower
than 100 J. Selecting a higher energy may be helpful in preventing
VF induction [5]. However, in another report [6], VF was induced by
a 360-J shock, suggesting that high-energy shocks do not
necessarily compensate for poor synchronization.
Conclusion
Appropriate synchronization of cardioversion with the QRS is
essential, but it is sometimes difﬁcult in patients with pre-excited
AF because the QRS-T complex may change morphology abruptly.
Cardioversion of pre-excited AF may induce VF due to failure to
synchronize with the R wave. Clinicians managing pre-excited AF
should be aware of the possibility of developing VF.
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