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Is This Pacemaker Functioning Abnormally?
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An 85-year-old man with a history of ischemic heart disease and a single-chamber
pacemaker implanted 6 months earlier because of atrial fibrillation with slow ventricular response was admitted to the emergency department with complaints of
lightheadedness. A 12-lead ECG was obtained to assess pacemaker function as
part of the initial diagnostic evaluation (Figure 1). Pacing stimuli follow an irregular
pattern, as can be observed in the ECG tracing. Some pacing outputs are delivered
right after the QRS complex. As a result, concerns about pacemaker malfunction
arose. What is the current pacing mode in this case?
1. Normal VVI function with true fusion and pseudofusion complexes, or
2. Normal VVT function
Please turn the page to read the diagnosis.

Figure 1. Twelve-lead ECG obtained at the emergency department.
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The rhythm is irregular without any evidence of P wave
consistent with underlying atrial fibrillation. Pacing stimuli can be seen (annotated by black inverted triangles
located at the top of the image in Figure 2), and QRS
complexes show different morphologies according to
the relationship that exists between intrinsic beats and
each pacing stimulus.
QRS complexes marked with V are spontaneous beats
with underlying right bundle-branch block and left anterior fascicular block. Note that the pacing stimulus falls
in the last part of each QRS complex and does not follow
a regular pattern, as would be expected in VVI mode.
The first 3 QRS complexes (*) are preceded by pacing stimulus at a rate of 60 bpm (└┘), which is the base
rate programmed in this device. The 6th QRS complex
(+) is wider (0.20 second) and is also preceded by a
pacing stimulus.
The differences in morphology are explained by the
fact that the first 3 beats (*) are fusion beats, in which
depolarization occurs partially as a result of intrinsic
activation and partially as a result of capture from the
pacemaker stimulus because both events are happening simultaneously, whereas the 6th-beat morphology
is the result of complete pacemaker capture without fusion. Note that this 6th-beat stimulus arises at a slower
heart rate (1.2 seconds=50 bpm) from the previous one

(┘); this corresponds to a lower hysteresis rate that is
programmed in this case. Hysteresis is a programmable
feature that allows the pacemaker to begin ventricular
pacing only if the spontaneous rate falls below a set rate
(in this case, 50 bpm); then pacing continues at the programmed base rate (60 bpm) unless intrinsic ventricular
activity is sensed. The purpose of hysteresis is to allow a
slight delay before stimulation at the base rate (ie, more
time for a spontaneous QRS to occur), which preserves
battery life and avoids unnecessary pacing.
The key to a correct interpretation of this ECG is given
by the spontaneous QRS complexes (V). The pacing stimuli occur at the point of intrinsic QRS sensing, meaning
that every spontaneous event sensed within the ventricular chamber triggers ventricular pacing. This triggered
mode is called VVT (pacing the ventricle, sensing the ventricle, trigger in response to sensed event). In this mode,
pacing occurs at a fixed rate (in this case, 60 bpm), but
in response to a sensed ventricular beat, instead of inhibiting pacing as in the VVI mode, the VVT pacemaker
immediately “releases” or “triggers” a pacing stimulus.
Stand-alone VVT pacemakers are now obsolete, but the
VVT mode remains as a programmable option in many
modern systems. In the past, the VVT mode was used to
avoid inappropriate device inhibition caused by external
interference. It is important to note that this stimulus produces a “functional noncapture” because the output pulse

Figure 2. Twelve-lead ECG obtained at the emergency department. Annotations have been added to help
interpretation.
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Relationship Between Pacing Output and QRS Complex
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Figure 3. Twelve-lead ECG performed after changing pacing mode to VVI with a base rate of 60 bpm.
falls within the absolute refractory period of the ventricle.
Similarly, pseudofusion beats may also produce “functional noncapture,” in which the pacemaker stimulus does not
alter the intrinsic QRS morphology on the surface ECG.
However, as opposed to the VVT mode, the pacing stimulus in pseudofusion would occur at a regular programmed
base rate and would fall earlier in the QRS.
This patient’s pacemaker, although mistakenly programmed in the VVT mode after implantation, was functioning normally. The pacing mode was then changed
to VVIR to avoid excessive battery drainage, as can be
seen in Figure 3.

DISCLOSURES
None.

AFFILIATIONS
From Hospital Universitario Puerta de Hierro, Majadahonda,
Madrid, Spain.

FOOTNOTES
Circulation is available at http://circ.ahajournals.org.

CASES AND TRACES

Circulation. 2017;135:711–713. DOI: 10.1161/CIRCULATIONAHA.116.025972

February 14, 2017

713

Is This Pacemaker Functioning Abnormally?
Eusebio García-Izquierdo, Silvia Vilches and Victor Castro
Circulation. 2017;135:711-713
doi: 10.1161/CIRCULATIONAHA.116.025972
Downloaded from http://circ.ahajournals.org/ by guest on June 24, 2017

Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circ.ahajournals.org/content/135/7/711

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournals.org//subscriptions/

