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What is the mechanism of irregular pacing

spikes? Pacing failure, sensing failure, or
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Background In cardiac implantable electronic device management, confused electrocardiograms are sometimes encountered.

...................................................................................................................................................................................................
Case summary We experienced a case of dizziness and presyncope, which was accompanied by irregular pacing spikes following

QRS complexes, pacing failure, sensing failure, or something else. The patient’s second active pacemaker in her left
chest was functioning normally. However, her old abdominal pacemaker had automatically changed from the OVO
to VVI mode because of an elective replacement indicator. As a result, her old and second pacemakers had an
interaction. Old invalid pacing spikes induced oversensing of the current pacemaker, which interfered with valid
pacing.

...................................................................................................................................................................................................
Discussion We experienced a rare case of dizziness and presyncope with confused pacing spikes. Physicians should be aware

of the unexpected interactions that are possible with devices with automatic mode changes.
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Introduction

In recent years, the functions of cardiac implantable electronic devi-
ces have become more complex. In addition, an increasing amount of
patients are undergoing multiple operations because of a prolonged
lifespan. When managing cardiac implantable electronic devices, we
sometimes encounter confusing electrocardiographic results.
Inaccurate electrocardiographic interpretation may cause misdiag-
nosis.1,2 Therefore, accurately understanding these results is
important.

Learning points
• Awareness of the kind of unexpected interactions that are

possible with devices with automatic mode changes.
• When two or more pacemakers are present at the same time,

we have to pay attention not only to the latest one but also
the old devices.
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Timeline

Case presentation

A 61-year-old woman underwent implantation of a permanent epi-
cardial pacemaker in her upper left abdomen for complete atrioven-
tricular block at 10 years of age. The device was programmed to VVI
mode. The generator was exchanged, and a new epicardial right ven-
tricular lead (Medtronic 5071; Medtronic, Minneapolis, MN, USA)
was added at 47 years of age. The generator (Kappa KDR731;
Medtronic) was exchanged for the second time at 51 years of age.
No adverse events were seen at routine pacemaker check-ups.
However, at 53 years of age, the patient presented with several syn-
copal episodes. On checking the pacemaker, V-lead impedance was
markedly elevated to 8786 Ohm. We changed the V-lead from bipo-
lar to unipolar, which improved the impedance to 400 Ohm.

At 53 years of age, when the patient was hospitalized for a caesar-
ean section, we performed another pacemaker check-up and found
that the pacing threshold had increased. Therefore, we implanted a
second pacemaker (EnPulse E2DR31; Medtronic) via the left axillary
vein. The setting of the new pacemaker was DDD mode, and we set
a lower rate of 50 ppm and an upper rate of 120 ppm. The old gener-
ator, which was placed in the left upper abdomen, was turned off and
set to OVO mode. However, to avoid infection, we did not remove
the old generator immediately after caesarean section, which would
have required open surgery to remove her abdominal generator and
leads. Open surgery would have been a high-risk procedure for the
patient, especially postpartum. Therefore, both pacemakers were in
place with the abdominal pacemaker not in use, and the other in use

in her left chest (Figure 1). She was subsequently followed at our out-
patient pacemaker clinic.

The patient developed dizziness and an intermittent pulse on 6
September 2015, and she visited our outpatient pacemaker clinic.
Her electrocardiogram and intracardiac electrogram showed confus-
ing pacing spikes following or not following QRS complexes (Figure
2A and B). Her Holter monitor showed waveform-like pacing failure,
and she was admitted to our hospital because of dizziness and pre-
syncope later in September 2015. We questioned whether the
mechanism underlying the confusing pacing spikes was pacing failure,
sensing failure, or something else.

Discussion

At a pacemaker check-up after admission, the patient’s active pace-
maker in her left chest was functioning normally; therefore, we
checked the older abdominal pacemaker. When we implanted the
new subclavian pacemaker, we turned off the older pacemaker and
set it to OVO mode. However, the abdominal pacemaker had auto-
matically changed to VVI mode and 65 b.p.m. because of an elective
replacement indicator (ERI) (Figure 3). The output from the ERI
induced a pacing spike with and without captured QRS complexes.
Old invalid pacing spikes induced oversensing of the newer pace-
maker, which interfered with valid pacing and caused the confusing
pacing spikes. Figure 2A shows old pacing spikes without QRS com-
plexes secondary to pacing failure, new valid pacing spikes and QRS

.................................................................................................
Time Events

1965 The implantation of a permanent epicardial pace-

maker in her upper left abdomen for complete

atrioventricular block.

2002 Generator exchange and added right ventricular

lead (total two epicardial leads).

2006 Generator exchange.

2008 Several syncopal episodes. Elevated V-lead

impedance.

Increased pacing threshold over 3 V/0.4 ms.

Twitching of her diaphragm by output over 3.5 V/

0.4 ms.

A second pacemaker implantation via the left axil-

lary vein. The old generator in the left upper ab-

domen with switched off and OVO mode.

6 September

2015

Developed dizziness and intermittent pulse.

Irregular pacing spikes following the QRS com-

plexes in her electrocardiogram.

13 September

2015

Pacemaker check of her old abdominal pacemaker

revealed the cause of this mechanism leading to

the confused pacing spikes.

new pacemaker

old pacemaker

Figure 1 Chest X-ray and abdominal X-ray images showing the
new pacemaker in the patient’s left chest and the older pacemaker
in her abdomen.
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..complexes following the P wave, and old and new pacing spikes and a
fusion QRS complex. Figure 2A also shows old valid pacing spikes and
QRS complexes not following the P wave, new pacing spikes with
QRS following the P wave, and old pacing spikes just after new pacing
spikes. One reason for these findings is that we checked only the ac-
tive pacemaker in the patient’s chest. Another reason is that we over-
looked the change in mode when the older pacemaker reached the
trigger for the ERI. The final reason is that we did not extract the old
generator when we implanted the new pacemaker.

Changing the mode of the older abdominal generator is impos-
sible. Therefore, we changed the output of the older abdominal gen-
erator to the minimum setting and the sensitivity of the ventricular
lead of the current generator from 2.0 mV to 4.0 mV. This change

avoided interference from the old generator; interactions between
the two pacemakers did not recur, and the patient’s dizziness
resolved. We removed the old abdominal generator during the next
generator exchange.

To the best of our knowledge, only one published case report
described dual pacemaker interaction with an epicardial ventricular
pacemaker.3 Electrocardiographic and clinical manifestations might
have been poorly recorded or interpreted, and this condition might
have been misdiagnosed.

The clinical indications for cardiac rhythm management devices,
such as pacemakers, have expanded. The phenomenon observed in
our patient is rare. However, in the future, a number of patients with
congenital heart disease may need to exchange their cardiac rhythm

Figure 2 (A) Electrocardiogram. Old pacing spikes without QRS complexes secondary to pacing failure, new valid pacing spikes and QRS com-
plexes following the P wave, and old and new pacing spikes and a fusion QRS complex can be seen. In addition, old valid pacing spikes and QRS com-
plexes not following the P wave, new pacing spikes with QRS following the P wave, and old pacing spikes just after new pacing spikes can be seen.
(B) Intracardiac electrogram.
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..management devices and have them moved from their abdomen to
the left axillary vein.4 Our case raises awareness of the unexpected
interactions that are possible with devices with automatic mode
changes. In addition, when patients have two or more pacemakers in
place concurrently, we must be aware of both the latest and older
devices.

Patient perspective

After discovering the cause of the patient’s symptoms and changing
the pacemaker settings, she was satisfied and experienced no further
dizziness, fainting, and presyncope.
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Figure 3 The patient’s old abdominal device parameters. The pacing mode automatically changed from OVO to VVI at 65 ppm.
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