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Iatrogenic  
Ventricular Fibrillation 
after Direct-Current Cardioversion of  
Preexcited Atrial Fibrillation Caused by  
Inadvertent T-Wave Synchronization

Direct-current cardioversion is an important means of managing arrhythmias. During treat-
ment, carefully synchronizing energy delivery to the QRS complex is necessary to avoid 
ventricular fibrillation caused by a shock during the vulnerable period of ventricular repolar-
ization, that is, a shock on the T wave. The presence of an accessory pathway and ventric-
ular preexcitation can lead to difficulty in distinguishing the QRS complex from the T wave 
because of bizarre, wide, irregular QRS complexes and prominent repolarization. We pre-
sent the cases of 2 patients who had iatrogenic ventricular fibrillation from inappropriate 
T-wave synchronization during direct-current cardioversion of preexcited atrial fibrillation. 
Our experience shows that rapidly recognizing the iatrogenic cause of VF and immediate 
treatment with unsynchronized defibrillation can prevent adverse clinical outcomes. (Tex 
Heart Inst J 2018;45(1):39-41)

T erminating arrhythmias by applying external direct-current (DC) cardio-
version requires appropriate synchronization to the QRS complex to avoid 
ventricular f ibrillation (VF) from a shock delivered during the vulnerable 

period of ventricular repolarization, known as a shock on the T wave. However, dis-
tinguishing the QRS from the T wave can be particularly difficult during preexcited 
atrial f ibrillation (AF) because of the bizarre, irregular, wide QRS complexes with 
prominent repolarization waveforms. We present the cases of 2 patients who had 
iatrogenic VF resulting from inadvertent T-wave synchronization during attempted 
DC cardioversion of preexcited AF.

Case Reports

Patient 1
Emergency medical service providers were called to evaluate a 23-year-old man whose 
palpitations, chest pain, and dyspnea had awakened him from sleep. He had a history 
of a Wolff-Parkinson-White pattern on a previous surface electrocardiogram (ECG) 
but had been asymptomatic. On evaluation, the patient was tachycardic (heart rate, 
250 beats/min). He received a 6-mg intravenous (IV) bolus of adenosine, and then a 
12-mg dose, but there was no change in heart rate. He was then given IV amiodarone 
(dose unknown), without effect. On arrival at the emergency department, the patient’s 
ECG showed preexcited AF (Fig. 1A). He was started on an IV procainamide drip, 
and sinus rhythm was restored (Fig. 1B). Results of a diagnostic electrophysiologic 
study revealed a left posteroseptal accessory pathway. During the intraprocedural pe-
riod, the patient’s AF recurred. A synchronized 360-J shock was delivered; however, 
because of inappropriate synchronization of the external defibrillator, a shock on the 
T wave induced VF (Fig. 1C). Ventricular fibrillation was recognized immediately, 
and an unsynchronized shock resulted in successful defibrillation. The patient’s left 
posteroseptal accessory pathway was then ablated, after which he did well. At follow-
up one month later, he had no clinical sequelae.

Patient 2
A 30-year-old man with a history of hypertension presented at a small community 
hospital after he experienced weakness and dizziness while driving. A surface ECG 
revealed an irregularly irregular wide-complex tachycardia with varying QRS widths 
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(Fig. 2A), but the patient’s medical team did not rec-
ognize the preexcited AF pattern. Direct-current car-
dioversion was attempted with the external defibrillator 
intermittently synchronized to the T wave, and a 100-J 
shock caused VF (Fig. 2B), which went unrecognized. 
Instead of immediately delivering an unsynchronized 
shock, the team performed chest compressions; admin-
istered 1 mg of  IV epinephrine (twice), IV atropine, 
and 300 mg of IV amiodarone; and intubated the pa-
tient. A 200-J shock, delivered 11 minutes after VF 
began, failed to restore sinus rhythm. Then, 20 minutes 
after VF began, a 300-J shock f inally led to successful 
defibrillation. The patient was subsequently transferred 
to another medical facility. No other ventricular ar-
rhythmia was observed after this event. Nevertheless, a 
subcutaneous implantable cardioverter-defibrillator was 
placed for the indication of polymorphic VT. 
 One month later, the patient presented at our clinic, 
and his 12-lead ECG showed ventricular preexcitation 
(Fig. 2C). Results of an electrophysiologic study revealed 
a rapidly conducting left posteroseptal accessory path-

way; the shortest preexcited R-R interval was 240 ms. 
The preexcited QRS morphology was identical to that 
of the patient’s original presenting arrhythmia (Fig. 2A). 
Radiofrequency ablation was performed, eliminating the 
accessory pathway. The patient did well and had no se-
quelae.

Discussion

Atrial f ibrillation in a patient with ventricular preex-
citation can cause rapid ventricular activation via the 
accessory pathway and lead to an irregular wide-QRS 
tachycardia with varying degrees of QRS width. This 
is known as preexcited AF. Identifying this ECG pat-
tern is crucial because administering IV adenosine or 
amiodarone,1 as well as IV or oral digoxin, β-blockers, 
or nondihydropyridine calcium blockers,2 is specifically 
contraindicated. These agents can increase the rate of 
ventricular activation via the accessory pathway because 

Fig. 1  Patient 1. A) Electrocardiogram on presentation shows 
atrial fibrillation with preexcitation and rapid ventricular response. 
B) Electrocardiogram shows sinus rhythm. C) Telemetry strip 
shows inappropriate synchronization and shock on the T wave, 
which induced ventricular fibrillation. Arrowheads are synchroni-
zation markers placed by the external defibrillator.
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Fig. 2  Patient 2. A) Electrocardiogram on presentation shows 
atrial fibrillation with preexcitation and rapid ventricular response. 
B) Telemetry strip shows inappropriate synchronization and 
shock on the T wave, which induced ventricular fibrillation. 
Arrowheads are synchronization markers placed by the external 
defibrillator. C) Electrocardiogram shows sinus rhythm.
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of preferential conduction over the accessory pathway, 
a ref lexive increase in sympathetic stimulation from 
acute vasodilation and hypotension, or both.1-3 Accel-
erating rates of ventricular activation in the presence of 
hemodynamic collapse can induce VF. Whereas a he-
modynamically stable patient can be safely treated with 
IV procainamide or IV ibutilide, an unstable patient 
should undergo emergency synchronized DC cardio-
version.
 We found 3 previous reports of VF caused by syn-
chronization failure during electrical cardioversion of 
preexcited AF.4-6 Our additional cases show that rapidly 
recognizing iatrogenic VF and performing unsynchro-
nized cardioversion (Patient 1) can prevent an adverse 
clinical outcome. On the other hand, failure to recog-
nize the diagnosis or to rapidly defibrillate VF caused 
by inadvertent T-wave synchronization (Patient 2) can 
potentially cause substantial harm to the patient. 
 In the 3 previous reports,4-6 VF was induced with 50-, 
70-, and 100-J synchronous T-wave shocks. One au-
thor6 suggested that selecting a higher energy could help 
prevent VF induction. However, in our first patient, VF 
was induced with a 360-J shock (Fig. 1C), showing that 
high-energy shocks do not necessarily compensate for 
poor synchronization. We postulate that iatrogenic VF 
from failed synchronization during electrical cardiover-
sion of preexcited AF might occur more often than is 
recognized, and, along with inappropriate pharmaco-
logic management, may account for some occurrences 
of VF in patients with preexcited AF. 
 The Association for the Advancement of Medical In-
strumentation has published minimum standards for 
detecting QRS on cardiac monitors.7 Of importance, 
the authors recognized that tall T waves can be misiden-
tified as the QRS complex.7 Differentiating QRS com-
plexes from T waves in preexcited AF can be especially 
difficult because of the irregular rhythm, as well as the 
large-amplitude T waves that are often present. Appre-
ciating the potential for VF from an inappropriate shock 
on the T wave during preexcited AF should prompt the 
clinician to carefully verify appropriate synchronization 
before delivering a shock, to immediately recognize iat-
rogenic postshock VF, and to rapidly deliver potentially 
life-saving unsynchronized defibrillation. The astute cli-
nician is aware of the vagaries of QRS synchronization in 
preexcited AF and reviews the location of the synchroni-
zation markers before cardioversion to ensure that energy 
is delivered synchronous to the QRS complex and not 
the T wave. If the external defibrillator is inappropriately 
synchronizing to the T waves, selecting a different lead 
for sensing can improve QRS resolution and increase the 
likelihood of appropriate synchronization.
 Of note, during a very rapid and irregular rhythm 
such as preexcited AF, even a shock appropriately syn-
chronized to the QRS complex has the potential to in-
duce VF if it is delivered after a very 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. Con-
sequently, even a QRS-synchronized shock may land 
in a portion of the ventricular myocardium during a 
vulnerable period. If iatrogenic VF results from inappro-
priate (or even appropriate) synchronization during DC 
cardioversion, the operator must recognize the rhythm, 
disable synchronization on the external def ibrillator, 
and deliver an immediate unsynchronized high-energy 
DC shock to defibrillate the patient. Delaying diagnosis 
and therapy can result in substantial harm to the patient 
or death.
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