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Abstract

Implantable cardioverter-defibrillators (ICDs) have a considerable 
impact on the therapy of patients with threatening ventricular ar-
rhythmias, significantly reducing the risk of sudden death. Even 
though newest devices have achieved a remarkable reliability, the 
delivery of inappropriate shocks is still possible. In this paper a 
singular case of T-wave oversensing is described, associated with a 
high number of inappropriate shocks and consequent rapid deple-
tion of ICD battery. Persistent abnormalities of cellular repolariza-
tion following a first appropriate shock were believed to be at the 
origin of T-wave oversensing.
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Introduction

Despite the proven benefits of therapy with implantable 
cardioverter-defibrillators (ICDs) in primary and secondary 
prevention of sudden cardiac death [1], a relatively common 
adverse effect is represented by inappropriate shocks, due 
both to atrial arrhythmias with rapid ventricular conduction 
and, less frequently, to sensing abnormalities. Inappropriate 
shocks may cause physical pain, resulting in worsening of 
patients’ quality of life and paving the way, in some cases, to 
mental disorders [2]; moreover, they may also be arrhythmo-
genic “per se” [3]. Inappropriate shocks are more common 
in patients with a history of atrial fibrillation, diastolic hy-

pertension, previous appropriate shocks and in smokers; in-
deed, about 16% of inappropriate shocks are caused by atrial 
fibrillation (AF) or supraventricular tachycardias (SVTs) [4]. 
The growing use of remote monitoring in the follow-up of 
ICDs may allow an early detection of anomalous signals on 
intracardiac electrograms (IEGMs) that could lead to a false 
detection of ventricular fibrillation (VF) [5].

As shown by several case reports, lead failures can be 
promptly and reliably detected by remote monitoring; usu-
ally, lead failures don’t immediately cause an inappropriate 
shock but the occasional discovery of noise artefacts, detect-
ed as self-terminating VF episodes, may anticipate the first 
inappropriate shock of hours or even days [5]: these warn-
ings are very helpful to adopt corrective measures in order to 
avoid any inappropriate therapies.

 
Case Report

A 67-year-old female, with valvular cardiomyopathy and 
permanent atrial fibrillation (PAF), who was implanted in 
2011 with a single-chamber ICD (Biotronik Lumax 300 VR-
T) and on remote monitoring with Biotronik Home Monitor-
ing® system (HM), came to our emergency room because of 
a series of shocks delivered by the ICD in the previous hours; 
she was rapidly admitted to the Coronary Care Unit (CCU) 
and put on continuous electrocardiographic monitoring. The 
ICD interrogation, showed the depletion of ICD battery (state 
of “End of Service” with active anti-brady therapy and VT/
VF detection disabled): this condition had been provoked 
by the delivery of 84 shocks and 44 capacitors charges with 
aborted shock (Fig. 1), occurred in VF detection zone. The 
ICD was programmed with a VT detection zone between 
170 and 200 b.p.m., treated with two Antitachycardia pacing 
(ATP) therapies before multiple shocks at the maximum en-
ergy. The VF detection zone was programmed to start above 
200 b.p.m. and treated with a single ATP (for Fast VT) and 
eight shocks at the maximum energy.

At first sight, IEGMs analysis seemed to show that all 
the shocks had been inappropriate, due to noise detection, 
probably generated by lead failure (Biotronik Linox Smart 
SD 65-16, double-coil with active fixation); nevertheless, it 
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was immediately clear that noise signals were mainly con-
centrated on the T-waves. A more careful examination of 
IEGMs and HM reports, highlighted how the first shock 
had been appropriately delivered on the occasion of a true 
episode of VF, triggered by a premature ventricular complex 
(PVC) after a long RR cycle (Fig. 2A); soon after, in a rapid 
sequence, several VF events were inappropriately detected, 
caused by “oversensing” of artefacts located on T-waves 
(Fig. 2B), leading to a such great number of therapies to 
cause the depletion of battery.

Laboratory tests performed in the CCU showed only a 
moderate hypokalemia (K+ = 2.8 mEq/L), probably involved 

in the genesis of the arrhythmia that caused the first shock; 
the IEGMs real-time analysis carried out at bedside, high-
lighted the persistence of T waves abnormal detection both 
in spontaneous and paced beats (Fig. 3).

Moreover, the examination of previous HM reports, 
documented the absolute normality of an IEGM received 
five days before the “electrical storm”, with ventricular ac-
tivity properly and clearly detected (Fig. 4), without T-waves 
artefacts oversensing.

Therefore, it was clear that the appearance of “anoma-
lous signals” focused on the T-waves and their inappropriate 
detection by the ICD had been subsequent to the first ap-

Figure 1. Part of the episodes recorded in the memory of Biotronik Lumax 300 VR-T; from episode number 176 (30th 
December 2012 at 06:04 a.m.) to episode number 303 (30th December 2012 at 08:48 a.m.).
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propriate shock. The device was replaced on the third day of 
hospitalization with a Biotronik single chamber ICD (Lumax 
300 VR-T). During the procedure, all standard tests able to 
unmask a lead fracture have been performed (for example, 
pacing with high voltage impulse). No lead failure was de-
tected. Electrical analysis of the lead showed good pacing 
threshold and impedance, but still documented the presence 
of abnormal signals in the context of T-waves.

The problem would have been potentially overcome by 
using the T-Wave Suppression algorithm (TWS™); however, 
we chose to implant a new ventricular lead (Biotronik Linox 

Smart S 65, single coil with active fixation), positioning the 
tip on the mid-septum: electrical measurements proved to be 
optimal, and most important, there was no trace of anoma-
lous T-wave signals; no drug, potentially able to avoid over-
sensing, was given to the patient.

Discussion
  
ICDs have a considerable impact on the treatment of patients 
with potentially harmful ventricular arrhythmias, significant-

Figure 2. Section A: BIOTRONIK Home Monitoring® IEGM (report # 26): onset of a real ventricular fibrillation, at the origin 
of the first shock, on 30th December 2012 at 03:28 a.m. Section B: BIOTRONIK Home Monitoring® IEGM (report # 34) 
inappropriate detection of ventricular fibrillation event due to anomalous signals focused on T-waves.
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Figure 3. IEGM via Renamic® programmer during the patient’s stay in CCU: evidence of abnormal detection of T waves.

ly reducing the risk of sudden death [6-8]. A tumultuous de-
velopment in technology has changed the devices from rela-
tively simple and non-programmable, to complex units with 
multiple options for detection and treatment of tachyarrhyth-
mia. Even though these systems have achieved a remarkable 
reliability, some problems may still occur, including the pos-
sible delivery of inappropriate shocks. Despite dual chamber 
sensing and the introduction of specific algorithms based 
on the analysis of rate “onset” and “stability”, or on QRS 
morphology, all of which have improved the discrimination 
capability [9], SVTs remain the most common cause of inap-
propriate shocks: indeed, even in patients with dual cham-
ber ICDs it is still possible that inappropriate shocks may 
happen [10]. Inappropriate ICD discharges may also result 
from extracardiac signals like electromagnetic interference 
(EMI) and electric fields or leakage currents from domestic 
or medical electrical devices: all these extracardiac signals 
and signals coming from damaged or improperly connected 
leads can mimic VT and/or VF [11]. In a recent paper [12], 
Powell et al concluded that external noise and lead/connector 
noise are the primary factors resulting in ICD inappropri-
ate shocks: in this particular list, T-wave oversensing results 
to be the last common cause (2%); furthermore, the authors 
report that noise/artefacts decrease immediately after an in-
appropriate shock in nearly half of the episodes: this is ex-
actly the opposite compared with the present case. Several 
mechanisms are involved in multiple counting of T-wave: 
drugs, hyperkalemia, alcohol, hyperglycemia or changes in 

the morphology of IEGMs [13, 14]. It could be sometimes 
possible to overcome this problem by setting a lower sensi-
tivity or a longer refractory period, but these measures could 
compromise the ICD’s capability of discriminating arrhyth-
mias [14]. A key factor in our case-report is the appearance 
of artefacts on the ventricular channel after the delivery of an 
appropriate shock. The data analysis led us to believe that the 
phenomenon was not lead-related, because the “abnormal 
signals” were always focused on T-waves and were not pres-
ent in other phases of the cardiac cycle. Furthermore, dur-
ing device replacement, electrical measures were absolutely 
normal and comparable to those recorded in follow up visits 
and disclosed in the HM reports. Therefore, it seemed that 
the reasons were presumably to be found in the boundary 
of myocardial tissue; an absolutely speculative hypothesis 
may refer to the effect of an electric field on the repolariza-
tion of cellular action potential (AP) when the field is applied 
during the refractory period, as described by Knisley in the 
rabbit papillary muscles [15]. This effect may be explained 
through basic membrane mechanisms, such as voltage and 
time-dependent ionic currents; changes in transmembrane 
potentials should be probably induced by the application of 
a strong electrical stimulus, so modifying ionic currents over 
an indeterminate time. Thus, an electric field of a remarkable 
magnitude (for example an ICD shock) could cause local-
ized reentry, due to anisotropy and prolongation of cellular 
refractoriness. A validation of this hypothesis comes from 
the data of Kodama about the arrhythmogenic effects of a 
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DC shock on the rabbit cardiac cells, represented by action 
potential lengthening and dispersion of refractoriness: more-
over, these effects seem to be more evident in the right ven-
tricle cells [16].

Therefore, the occurrence of artefacts on T-waves after a 
first ICD appropriate shock might have been the expression 
of a persistent alteration of cellular repolarization. It is also 
conceivable that changes in myocardial tissues were local-
ized in an area surrounding the tip of the lead, because the 

“anomalous signals” were not present in the area of new im-
planted lead.

There are several reports regarding inappropriate ICDs 
shocks due to T-wave oversensing, but we believe that this 
case has peculiar characteristics. Beyond the proposed hy-
pothesis to explain the phenomenon of “abnormal signals” 
focused on T-waves and ascribed to persistent abnormalities 
of cellular repolarization, we are not aware of other cases in 
which T-wave oversensing resulted in such a high number of 

Figure 4. BIOTRONIK Home Monitoring® periodic IEGM on 25th December 2012 (report # 25), showing ventricular activity properly 
detected.
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inappropriate shocks to cause a so fast depletion of device 
battery.
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