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1 | INTRODUCTION

The safety and effectiveness of implantable cardioverter defibrillator (ICD)
for the detection and treatment of malignant ventricular tachycardia are
well established.* The advances in technology and multiple algorithm con-
sent to reduce significantly the rate of inappropriate shocks; the tip and
ring electrodes of the lead are typically chosen for sensing electrograms
(EGM) signals, using a bipolar sensing configuration, which is known to

have a higher morphological stability reducing external interference.?

2 | CASE REPORT

A 73-year-old man, presented at the Emergency Department for mul-
tiple ICD shocks occurred at rest, without loss of consciousness. He
was affected by ischemic cardiomyopathy with severe reduction of
the left ventricular ejection fraction and long-standing atrial fibrilla-
tion. The patient was followed by another Cardiology Center, in which
he underwent 8 years before biologic aortic valve replacement, coro-
nary artery bypass and left ventricular plication and, 10 days before,
single chamber ICD implantation in primary prevention (model Visia

We reported a case of inappropriate implantable cardioverter defibrillator shocks, due
to atrial far-field on the tip-to-ring channel of the fast electrical activity during atrial
fibrillation, caused by lead dislocation in the right ventricle outflow tract. During these
episodes the can-to-right ventricle coil signal correctly recorded the ventricular activ-

ity. The shock storm stopped when an antitachycardia pacing restored sinus rhythm.

device complications, electrogram, implantable defibrillator, inappropriate shock, lead

AF MRI™ VR, ventricular lead positioned in the mid right ventricular
[RV] septum 6935M Sprint Quattro Secure S MRI", Medtronic, Inc.).
Electrical measurements at the time of implantation were available,
with an R wave amplitude of 14 mV, a pacing threshold of 0.5V, a pac-
ing impedance of 400 Q. At hospital admission the patient appeared
asymptomatic and the electrocardiogram showed sinus rhythm. The
ICD interrogation revealed a reduction of pacing impedance (285 Q)
and of R wave amplitude (2-3 mV) and a pacing defect. Seven ICD
shocks had been recently delivered. The RV tip-RV ring EGM during
these episodes showed a fast electrical activity (cicle length 190-
230 ms) detected on ventricular fibrillation zone and treated with
during-charge antitachycardia pacing (ATP) and shocks; at the same
time, the can-to-RV coil EGM (unipolar configuration) showed a high
voltage irregular electrical activity with long cycle length (700-800 ms)
and background noise (Figure 1, panel A). The last recorded during-
charge ATP, interrupted the fast electrical activity on the bipolar EGM,
with no more shocks delivered (Figure 1, panel B). ICD therapies were
deactivated and the patient was conducted in the electrophysiology
lab. Fluoroscopy revealed that the RV lead was dislodged and floating
in the outflow tract (Figure 2). The lead was repositioned in the apical
RV septum with good parameters and no complications.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Journal of Arrhythmia published by John Wiley & Sons Australia, Ltd on behalf of the Japanese Heart Rhythm Society.

562 | www.journalofarrhythmia.org

Journal of Arrhythmia. 2019;35:562-564.


www.journalofarrhythmia.org
https://orcid.org/0000-0002-0817-369X
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ferrettosonia@gmail.com

FERRETTO ET AL.

RV tip - RV ring ; Libs (A)
- M«M’M QN‘ML\N MMN “J‘JWJMNV‘J‘{ - mi ‘M *ww e ool Aw‘ “ ' ' '
RERER N i Fr AN RN R AR SRR S
jn | R -] ] o] - \
..WMI ﬂw\ww "’“‘\/W‘L ’}w\ Al FM‘ e | wa f"‘/\w “\mu./mm_\_/“i L W W‘QL\/”V\ML | '
iy 1 ‘»\
Can - Coil va 1 | §
shock
b T i | T T 5 T AR T T 1 1 T T i} 3 i T ] T T T T 1 T T T ) T
HEEENRREEREERINREERENERERRRR T REEEENIEEREER 1Y W EININ AR
AR NIRRT EESNAEEE N ER T
0 o o 0 Q 0 o 0 o 0 ] o ] o o o 0 5 a o 0 0 o 0 o o 0 o ) o o o ° o o [ ) o 0 0 ) o g g g g €
VF 362J
VF Rx 1 Defib
B N _ ]
RV tlp-R\I}rmg i' - 3 51 ‘ 4 Restore of sinus rhythm g, 5 L (B)
.J‘f\v\»./‘y\..))v"‘w\ if\wﬂ‘\,\) M‘ wl*\_/erl {m“)r ” i i
2w it
! L/ L

I h ] T T T I 1
[ 1.t i ] f A v
! J v R '*1 Brre U Y e \m "
] il Al
el L,,«\,J MM N\Nﬁwwwq j\,wm/uww |( i o w} /;‘ “,1 ,’le\.amwmﬂ wg WA 4\{ L-‘/'W\“‘“f mwﬁlw
u /| /) RN DI AR Ay , ‘
Fifk 1y | |
Can- Conl IV WAWINES A WEN AN !
during charge ATP
, ¥ b T ¥ T i T T i T i T T i {
ki T PR F
HESHRE IR NI NIRRT RN ERIN I { EEEREN BN
BEN BN IR IR NN AFIF RN RTINS I NI - : : ;
L T T S S R AR S R S R AR R ¢S S TR S o o 0 ° o 4 s 3 ¢
, VF VF Rx 1 Defib Interrotto
VF Rx 1 Burst durante la carica
N I
Wavelet Altre opzioni avanzate Tipo ATP shock Suce. ID# Data Ora Durata Media min-"
Wavelet On, Corrispondenza=70%  Stabilita off Seq hh:mm _hh:mm:ss v ©)
Campione 15-Gen-2019, Auto = On Insorgenza Off VF 1 Si 78 16-Gen-2019 17:01 22 207
Limite V. SVT 260 ms Tempo mass. sospens.
Solo in zona VF 0.75 min
OndaIT on Non somigl. 0 % Non somigl. 58%  Non somigl. 4 % Non somigl. 49 %
Rumore elettrocatetere RV On+T. sospensione .
T. sospens. 0.75 min -~ o 2mv L
Polarita RV ' TSQRS
Polarita stim gipolare ,,,,, Campfarie
Polarita sensing  Bipolare
Non somigl. 0% Non somigl. 46 % Non somigl. 13 % Non somigl. 37 %
EGM Sorgente EGM Range EGM Sensibilita
EGM1 Punta RV/Anello RV +-8mV RV 03mv

EGM2 (Wavelet) Cassa/Coil RV +-4mV

FIGURE 1 Stored recordings of intracardiac electrogram (EGM) and ICD therapy. On Panel A the first trace shows RV tip-to-RV ring
EGM with fast electrical activity consisting with atrial far-field, marked on the bottom as ventricular fibrillation and treated with a 36 J
shock. The second trace shows can-to-RV coil EGM; this trace records the ventricular activity with background noise due to lead floating.
On Panel B the during-charge ATP that resolves atrial fibrillation; the RV tip-RV ring trace after the ATP shows an electrical activity with
long and variable cycle length consistent with sinus rhythm with supraventricular ectopic beats and background noise; the can-to-RV coil
channel records the ventricular activity, initially dissociated from the atrium (junctional rhythm). At the admission the patient presented
sinus rhythm. Panel C shows the morphology algorithm; despite the nominal EGM source is can-to-RVcoil, the marked fast bipolar electrical
activity corresponded in high percentage to noise in the unipolar channel, resulting in a “no-matching” morphology and confirming the

incorrect ventricular fibrillation detection

3 DISCUSSION

|
In the case that we reported, the RV lead dislocated in the outflow
tract, closed to the pulmonary valve. The bipolar channel started to
record a fast electrical activity consisting atrial far-field during atrial
fibrillation (Figure 1, panel A); the sensing artifact was due to the
proximity of the displaced RV tip-RV ring dipole to the left append-
age. The can-to-RV coil EGM correctly detected the ventricular ac-
tivity, however the EGM source for arrhythmia detection was the
RV tip-to-RV ring channel, so a storm of inappropriate shocks was
delivered. The restore of sinus rhythm by a during-charge ATP inter-
rupted the shocks, despite the persisting atrial far-field in the bipolar
channel (Figure 1, panel B). The repositioning of the lead completely

resolved the problem.

Early lead dislodgement is a common complication after ICD
implantation, that can be prevented checking the correct lead po-
sitioning using different fluoroscopic views, evaluating the stability
of electrical parameters, requiring the presence of an injury current
for active-fixation leads and suturing carefully the sleeve to pecto-
ral fascia. However lead dislodgement can still happen and different
algorithms are disposable to prevent inappropriate therapies in case
of lead dysfunction.

M

The “Lead Noise Discrimination™” algorithm differentiates RV
lead noise from ventricular arrhythmias by comparing a far-field
EGM signal to near-field sensing.® If the RV sense signal shows ac-
tivity in the ventricular fibrillation zone that is not shown on the
far-field EGM signal, lead noise is determined and antitachycardia

therapy is withheld. However the feature provides a programmable
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FIGURE 2 Fluoroscopy revealed that the lead was floating

in outflow tract, closed to the pulmonary valve. This dislocation
justifies the presence of atrial far-field due to the proximity of the
tip to left atrial appendage

timeout interval (nominal of 45 seconds) and in our case the lead
noise event persisted longer, so therapy was delivered.

The “RV Lead Integrity Alert™” algorithm has been designed to
provide advance warning of a potential RV lead fracture with an
alert tone, scoring together the RV lead impedance variations from
baseline, the frequency of rapid nonsustained ventricular tachyar-
rhythmia episodes and the frequency of short ventricular intervals
(120-130 ms).* In our case the cut off value was not reached, so the
“RV Lead Integrity Alert” did not activate.

“Morphology” is a matching discriminator criterion that com-
pares the EGM during tachycardia with that previously recorded
during intrinsic rhythm® (Wavelet™). The nominal and most accu-
rate Wavelet EGM source is can-to-RV coil which, in our case, cor-
rectly detected ventricular activity. However the algorithm was
not efficacious to avoid inappropriate ICD shocks, as the marked
fast bipolar electrical activity corresponded in high percentage to
noise in the unipolar channel, resulting in a “no-matching” mor-
phology which confirmed the incorrect ventricular fibrillation de-
tection (Figure 1, panel C).

The remote monitoring can be very useful to avoid inappropri-
ate shock reporting promptly the alteration in the electrical lead
parameters. In our case there were a significant reduction of R
wave amplitude, a high pacing threshold and a change in pacing
impedance. The patient was not provided with remote monitor-
ing at implantation. However the parameter trends showed an
abrupt alteration of the electrical measurements the same day of
the shocks storm, so we can suppose that the remote monitoring

notification would have been ineffective in avoiding inappropriate
shocks.

As far as we concern this is the first reported phenomenon of
lonely tip-to-ring atrial far-field due to lead dislodgment causing mul-
tiple inappropriate shocks until sinus rhythm was restored thanks to
atrial capture, and it resulted extremely useful to understand ICD

functioning and discriminator algorithms.
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