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1  | INTRODUC TION

Inappropriate shocks are deleterious and should be avoided when‐
ever possible. Since slow ventricular tachycardia (VT) can occur, 
especially in patients taking anti‐arrhythmic drugs, reprogramming 
tachycardia zones is not uncommon nowadays and one must be 
aware of the higher risk of inappropriate shocks when tachycardia 
zones are programmed in slower thresholds.

2  | C A SE REPORT

A 72‐year‐old man with previous myocardial infarction and im‐
paired left ventricular (LV) function underwent implantation of an 
implantable cardioverter‐defibrillator (ICD) device (AnalyST Accel™ 
CD1219‐36, Abbott®) for primary prevention of sudden cardiac 
death in 2006.

During the follow‐up period, he received an appropriate shock 
for a monomorphic VT at a rate of 200 beats per minute (bpm). He 

initiated therapy with amiodarone 200 mg once a day. In May 2018, 
he was observed for symptoms of heart failure (HF) and a slow VT at 
a rate of 145 beats per minute (bpm) was detected and converted to 
sinus rhythm with burst of anti‐tachycardia pacing (ATP). The patient 
was proposed for VT ablation and the ICD was reprogrammed with 
three tachycardia zones (Table 1).

In July 2018, the patient was admitted to the hospital for acute 
HF. He described the sensation of a shock two weeks before. The 
tracing of the device interrogation of the episode (Figure 1) showed 
a trigeminal pattern binned as ventricular sensing (VS)—VS—VF 
that continued for 14 seconds and VF was detected (denoted by 
the “Trigger” annotation). Device assumes VF as cycle length was 
316 ms; and after 12 intervals, a 36 joule (J) shock therapy was deliv‐
ered (“HV” annotation) with conversion to ventricular pacing.

He underwent catheter ablation guided by substrate mapping 
(EnSite NavX, Abbott). Radiofrequency applications were performed 
at the borders of the posterior scar, in the channels within the scar 
and at sites with local electrograms showing diastolic potentials. 
The patient was discharged with amiodarone 200 mg once a day 
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Abstract
A patient with an implantable cardioverter‐defibrillator (ICD) (Abbott®) had episodes 
of slow monomorphic ventricular tachycardia (VT) and his ICD was programmed with 
three tachycardia zones. During the follow‐up, he received an inappropriate shock. 
Upon interrogation (of the device), trigeminal pattern binned as ventricular sensing 
(VS)—VS—ventricular fibrillation (VF) was detected. VF was assumed according to 
binning system. When VF is present, discrimination algorithms are not available and 
five consecutive sinus beats are necessary to reset binning system. Catheter ablation 
was performed to treat VT in order to reprogram tachycardia zones.
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 VT‐1 VT‐2 VF

Detection criteria HR 139‐160 bpm  
(CL 430‐375 ms)

HR 160‐180 bpm  
(CL 375‐330 ms)

HR	≥	181	
(CL < 330ms)

Number of recorder 
intervals

20 20 12

Therapy ATP + shock ATP + shock Shock (36J)

SVT discriminators were programmed "ON" using the nominal settings: sudden onset and 
stability criterion (variability < 80 ms); morphology criterion was “OFF.”

Abbreviations: ATP, anti‐tachycardia pacing; bpm, beats per minute; CL, cycle length; HR, heart 
rate; SVT, supra‐ventricular tachycardia; VF, ventricular fibrillation; VT, ventricular tachycardia.

TA B L E  1   Tachycardia ICD parameters 
programmed after the detection of a slow 
ventricular tachycardia

F I G U R E  1   In each of five panels are 
shown the bipolar electrograms (EGMs) 
from the lead tip, the far field unipolar 
EGM from the lead tip to can, the marker 
channels and timing in seconds (s) (from 
top to bottom). The upper three and 
the beginning of the fourth panel show 
stored EGMs from the device preceding 
ventricular fibrillation (VF) detection. 
At 14 s (point marked by “Trigger”), VF 
is detected and charging begins. The 
fourth panel shows a 36 J shock therapy 
following which ventricular pacing 
begins. In the marker channel, VS, VF and 
VP correspond to ventricular sensing, 
ventricular fibrillation and ventricular 
pacing, respectively
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and bisoprolol 5 mg once a day and tachycardia zones were repro‐
grammed:	VF	at	a	HR	≥	206	bpm	(CL	290	ms),	VT‐2	at	HR	between	
160 and 206 bpm (CL 375–290 ms) and a slow VT‐1 zone as a moni‐
toring zone between 148 and 160 bpm (CL 405–375 ms). Tachycardia 
was diagnosed once 16, 12 and 20 recorded intervals were within 
VF, VT‐2 and VT‐1, respectively. After 6 months of follow‐up, the 
patient remains in NHYA class II and no VT/VF were detected or ICD 
therapies were performed.

3  | DISCUSSION

We present a case of an inappropriate shock due to trigeminy. The 
real‐time intracardiac EGM demonstrate that trigeminy (a sequence 
repetitiously of two normal beats and one premature beat) was inter‐
preted as VF due to Abbott binning system1. Morphology of the pre‐
mature beat in the RV‐Coil‐Can was similar to the sinus rhythm and 
compensatory pause is not complete, suggesting that it was probably 
a premature atrial contraction. Binning system essentially considers 
two features, namely: the current interval and an interval average. 
The current interval measures the time in milliseconds between any 
two sensed events. The interval average is defined as the mean of 
the current and the three prior intervals (ie, four most recent inter‐
vals). When current and average intervals are the same, the interval 
is binned in the corresponding zone. When they are classified differ‐
ently, the interval is binned in the faster zone. Once a sufficient num‐
ber of intervals are binned, detection is satisfied. Counters can be 
reset if sinus rhythm is redetected, but nominally, five sinus intervals 
must be binned for redetection (although this is a programmable fea‐
ture that can range from three to seven). It is important to note that 
to satisfy tachycardia criteria, binned intervals need not be consecu‐
tive, so long as a sinus rhythm is not re‐established.1,2 In this case, 
a premature beat was classified as VF since CL was 316 ms (current 
interval). The running average of the previous four CL was 428 ms 
(interval average) classified as VT‐1 so, according to the binning sys‐
tem, the interval was binned in the faster zone: VF. As the trigemi‐
nal rhythm was sustained, the patient did not have five consecutive 
sinus beats to reset the counter and after binned 12 intervals, the 
ICD assumed the episode as VF and a shock was delivered. Abbott´s 
ICDs have a “Bigeminal Avoidance” counter that prevents bigeminal 
rhythms from being classified as tachycardia and also includes SVT 
discriminators.3 However, this feature is only applied in the slowest 
detection zone (VT‐1), so it did not come into play in this situation.

Strategies to prevent inappropriate shocks include programming 
the tachycardia detection zones to a higher threshold4 or using only 

two tachycardia zones with a higher cutoff of VF zone. In a previous 
reported case with an inappropriate shock due to trigeminy, the au‐
thors removed VT detection zones.5 In fact, we are aware that the 
cutoff rate for VF detection was very low and hence the premature 
beat was classified in the VF zone. However, since our patient had 
slow VT with hemodynamic compromise, a slow VT zone (VT‐1) was 
programmed to detect these episodes. Removing VT‐1 detection 
zone could not have been enough to avoid inappropriate shock since 
premature beat was in FV zone. Even if the cutoff of VF detection 
was higher, the premature beat would have been classified as VT‐2 
and inappropriate therapy would probably have been delivered as 
well since SVT discriminators are only applies in VT‐1 zone. By ablat‐
ing the slow VT, we were able to remove the VT‐1 zone and to rede‐
fine a higher threshold for VF zone, allowing the bigeminal avoidance 
algorithm to apply in the VT zone. Although within only 6 months of 
follow‐up, there have been no inappropriate detections or therapies.
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