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A 77-year-old man received a transvenous cardiac resynchroniza-
tion device with cardioverter-defibrillation capability (Lumax 640 
HF-T; BIOTRONIK). Ten months later, he presented with a shock. 
Figure 1 shows the data retrieved by interrogating the device. 
What is the interpretation of the recording and the mechanism 
of the shock? Why is atrial sensing present in all three channels?

The device parameters and marker annotations were as fol-
lows: VT1 = programmed ventricular tachycardia interval for 
antitachycardia pacing (first therapy) 350 ms (170 bpm) and 
VF = ventricular fibrillation 270 ms (220 bpm). Therapy for VT1 
was initiated with antitachycardia pacing (ATP); four bursts first 
followed by four ATP ramps and then a 40 J shock if ATP was 
unsuccessful.

In Figure 1, the marker channels are on top and the electrograms 
are below. A = atrium, RV = right ventricle, and LV = left ventricle. 
There is sinus rhythm at about 115 beats per minute and the third 
atrial beat is unsensed. There is also atrial undersensing before the 
shock on the right side of the tracing. Intermittent atrial undersens-
ing is because of the atrial lead displacement. The right ventricular 
lead shows a double waveform consisting of the atrial and ventricular 
electrograms. On the right, there is a single episode of Mobitz type 
II AV block demonstrated by the loss of a ventricular electrogram. 
The right ventricular lead was displaced to the right atrium where 
the near-field atrial electrograms and the far-field ventricular elec-
trograms are recorded. The right ventricular channel senses both the 
atrial and ventricular electrograms resulting in short ventricular in-
tervals alternating with long ones. The short intervals (173-188 ms), 
depicted by VF markers, correspond to the PR interval. The long in-
tervals, depicted by VT1 markers, measure less than 350 ms (the 
VT1 interval) except for a longer interval after the non-conducted 

atrial beat. The device delivers a shock at the end of the tracing as 
shown by the large baseline deflection. Note that all three leads 
demonstrate atrial sensing.

1  | LEF T VENTRICUL AR SENSING

Some implantable devices for cardiac resynchronization therapy 
(CRT) with cardioverter-defibrillator capability, as the one in this 
report, can sense LV activity.1 LV sensing functionality was de-
signed primarily to prevent pacing into the vulnerable period of the 
LV myocardium. Displacement of an LV lead toward the coronary 
sinus places it where left atrial activity may be sensed. There are 
no reports of far-field atrial oversensing during sinus rhythm by a 
correctly positioned LV lead for CRT.2 Consequently, far-field atrial 
sensing by an LV lead strongly suggests lead displacement toward 
the AV groove. Although far-field atrial sensing did not involve the 
delivery of therapy it contributes to the description of triple atrial 
sensing.

2  | T WIDDLER SYNDROME

Far-field atrial oversensing in the right and left ventricular leads 
strongly suggests lead displacement from a Twiddler syndrome. 
Indeed, a chest X-ray confirmed displacement of all three leads 
(Figure 2). The atrial lead was still in the right atrium. At surgery, 
all the leads were found to be grossly entangled, coiled, and 
with knots. In this respect, triple atrial sensing represents an 
important manifestation of Twiddler syndrome in patients with 
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a cardiac resynchronization device capable of left ventricular 
sensing.

3  | SHOCK DELIVERY

Inappropriate shocks in Twiddler syndrome often originate 
during sinus rhythm when a displaced right ventricular lead 

detects both the atrial electrogram and the far-field ven-
tricular electrogram. In a reported case, a displaced lead 
to the right atrium caused 49 inappropriate shocks.3 Less 
commonly, atrial f ibrillation and a displaced lead in the 
right atrium are responsible for an inappropriate shock.4 
Inappropriate shocks can precipitate serious arrhythmias 
in patients with preexisting ventricular tachyarrhythmias, 
while they are not always benign in patients without a his-
tory of cardiac arrhythmia. Excessive mechanical stress on 
the leads may cause insulation defects. These defects may 
be first recognized at the time of surgery. However, an in-
sulation defect in the right ventricular lead may trigger a 
shock by producing noise that is interpreted as ventricular 
fibrillation by a device.5
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F I G U R E  1   ICD shock resulting from sensing the near-field atrial electrogram and the far-field ventricular electrogram. See text for details

F I G U R E  2   Chest X-ray showing displacement of all three 
leads. The atrial lead (A) is in the superior vena cava and the right 
ventricular lead (RV) is in the right atrium. The left ventricular lead 
(LV) is displaced toward the coronary sinus but its location is not 
clearly discernible
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