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Unipolar Defibrillator?
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PAVRI, B.B.,ET AL.: Unipolar Defibrillator? An unusual case of “unipolar” pacing and myopotential over-
sensing leading to an inappropriate ICD shock in a patient with an implanted defibrillator is reported. The
reasons for unipolar behavior in a system using a committed bipolar device are discussed. (PACE 2001;

24:244-246)

unipolar ICD

Case Report

A 59-year-old man with a history of paroxys-
mal atrial fibrillation, sinus bradycardia, coronary
artery disease, and remote coronary artery bypass
grafting was referred for implantation of a car-
dioverter defibrillator (ICD) because of severely re-
duced left ventricular function, nonsustained ven-
tricular tachycardia, and inducible monomorphic
ventricular tachycardia.

A CPI Ventak AVIII DR 1831 (Cardiac Pace-
makers, Inc., St. Paul, MN, USA) pulse generator
was implanted with a Medtronic (Minneapolis,
MN, USA) Sprint 6945 dual coil, integrated bipo-
lar lead positioned at the right ventricular (RV)
apex and a Pacesetter (Siemans Pacesetter, Inc.,
Sylmar, CA, USA) Tendril Dx 1388T bipolar lead
in the right atrium. At implantation, the P and R
waves measured 4.6 mV and 9.0 mV, and the pac-
ing thresholds were 0.6 V at 0.5 ms for the atrium
and ventricle. The bipolar pacing impedance for
the atrial and ventricular leads were 396 ohms and
506 ohms, respectively. Successful defibrillation
was achieved on two of three occasions with 21 J.
The electrocardiogram (ECG) recorded after ICD
implantation is shown in Figure 1.

Three days after implantation, the patient re-
ceived a shock from the ICD while turning over in
bed. The patient denied palpitations or dizziness.
The following day, device interrogation demon-
strated an R wave of 9.3 mV, a ventricular pacing
threshold of 0.6 V at 0.5 ms, and a ventricular
bipolar pacing lead impedance of 455 ohms that
did not vary with repeated testing. Electrograms
from the device were retrieved (Fig. 2A). Real-time
electrograms recorded during the performance of
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isometric pectoral muscle contraction are shown
in Figure 2B. As a temporizing measure, the sensi-
tivity of the ventricular channel was repro-
grammed to the “least sensitive” setting to prevent
further shocks.

What is the mechanism for “unipolar” pacing
(large pacing artifacts) and pectoral muscle my-
opotential over sensing in a patient with a system
using a committed bipolar defibrillator?

Discussion

This patient appears to have unipolar sensing
and pacing, which is not possible with a properly
functioning bipolar ICD system. An insulation
breach may cause myopotential oversensing and
unipolar pacing artifacts, but the bipolar pacing
impedance would be abnormally low.

Reversed connections at the ICD header can
explain all the features of this case. In a triad de-
fibrillator system with normal connections (Fig.
3A), the defibrillation pathway is bidirectional
from the RV coil (DF—), to the superior vena caval
(SVC) coil, (DF+) and the housing of the pulse
generator (DF +). Using an integrated bipolar de-
fibrillator lead, sensing and pacing always occur
between the tip of the lead (cathode) and the dis-
tal coil (anode.) The RV coil serves as the cathode
for defibrillation and as the anode for pacing and
sensing.

If, however, the connections at the ICD header
are reversed (the RV coil is inserted into the DF+
port, and the SVC coil into the DF— port (Fig. 3B),
the defibrillation and sensing/pacing pathways
are altered. Defibrillation lead polarities become
reversed so that defibrillation occurs from the SVC
coil (DF—), to the RV coil (DF+) and pulse gener-
ator that remains DF+. Because of the proximity
of the SVC coil to the pulse generator and the large
surface area of the device, most of the defibrilla-
tion energy is shunted along the upper border of
the heart and bypasses the septum and left ventri-
cle. This diversion of energy away from the heart
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Figure 1. A 12-lead electrocardiogram obtained after ICD implantation is shown. The rhythm is
atrial fibrillation with electronic ventricular pacing with large amplitude pacing artifacts

consistent with unipolar pacing configuration.

may increase the defibrillation threshold. The
pulse generator and RV coil are electrically com-
mon and form the anode with the tip remaining as
the cathode. Therefore, the generator becomes in-
corporated into sensing and pacing as part of the
proximal electrode. Pacing energy is delivered
from the ventricular lead tip to the device, gener-
ating unipolar pacing spikes on the ECG. The large
sensing dipole that develops between the lead tip
and the pulse generator allows the detection of
pectoral muscle myopotentials. This would not be
a problem with a dedicated bipolar lead.

Based on this reasoning, the patient was taken
back to the electrophysiology laboratory for revi-
sion of the ICD system. It was immediately con-
firmed that the RV and SVC coils were indeed re-
versed in their connections at the header. The
leads were disconnected and ventricular lead test-
ing with an external pacing system analyzer
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demonstrated a bipolar R wave of 11.5 mV, pacing
threshold of 0.6 V at 0.5 ms, and a bipolar pacing
lead impedance of 456 ohms. The leads were cor-
rectly reconnected and successful defibrillation
was now achieved twice with 17 J; lower energies
were not tested. The 12-lead ECG following revi-
sion no longer revealed the large pacing spikes
that were evident in Figure 1.

In summary, this case represents a rare cause
for unipolar sensing and pacing by a committed
bipolar ICD system due to reversal of the RV and
SVC coil connections at the device header. This
configuration resulted in myopotential oversens-
ing and inappropriate shocks from the defibrilla-
tor. Careful attention to the 12-lead ECG following
ICD implantation using an integrated bipolar lead
should raise suspicion of a defibrillator lead po-
larity reversal if large amplitude pacing artifacts
are seen.
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Figure 2. (A) The stored electrogram that was retrieved from the device is shown. The atrial
channel shows ongoing atrial fibrillation that is correctly recognized by the device as indicated
by the “AS” (atrial sense) markers. However, the high frequency signal on the ventricular channel
is misinterpreted as “VF” (ventricular fibrillation), although the electrogram clearly indicates an
organized rhythm with a noisy baseline. (B) An exact reproduction of that noise during isometric
pectoral muscle contraction, resulting in VF markers is shown. The maneuver was promptly
aborted to prevent device charging.
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Figure 3. (A) Sensing/pacing and defibrillation pathways in a properly connected triad
defibrillator system are shown. The majority of the defibrillation energy is delivered from the right
ventricular (RV) coil to the housing of the generator (“can”). (B) Sensing/pacing and defibrillation
pathways with reversed connections at the header are shown. The majority of the defibrillation
energy is shunted between the superior vena caval (SVC) coil to the housing of the generator.
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