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A difficult pacemaker ECG
resulting in an unnecessary 
intervention

Summary

We report on a 67-year-old patient with coro-
nary artery disease, presenting with dyspnea
and chest pain. The pacemaker ECG of the pa-
tient was difficult to read in the emergency set-
ting. Sudden changes in the heart rate were
misinterpreted as a non-sustained ventricular
tachycardia, and the paced ventricular rhythm
was misread as ST-segment elevation. The
combination of an inadequately programmed
pacemaker, a patient with panic attacks and a
misleading ECG interpretation lead to an un-
necessary coronary angiography. We discuss
how erroneous episodes of incorrect mode
switching due to atrial far field sensing with
rate drops can be avoided by correct pace-
maker testing.
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Introduction

Modern pacemaker systems offer a wide vari-
ety of programming possibilities and memory
evaluation. However, these features can lead
to misinterpretation by physicians not famil-
iar with this technology. Even cardiologists
who perform pacemaker tests on a regular ba-
sis might sometimes be challenged. In emer-
gency situations the correct interpretation of a
pacemaker ECG is crucial for the management
of patients [1].

Case presentation

A 67-year-old male patient with a history of
coronary artery disease underwent urgent
coronary angiography due to acute dyspnea
and chest pain at rest, presumed inferior ST-
segment elevation and intermittent episodes
of non-sustained ventricular tachycardia on a
three-lead ECG (fig. 1) taken in the ambu-
lance.

Six months ago the patient had suffered
from unstable angina and had received PCI
and stenting of the distal circumflex artery
while both the left anterior descending and the
right coronary artery showed only insignifi-
cant stenosis. Due to haemodynamically rele-
vant bradycardia with type II second-degree
AV block, an external transvenous pacemaker
was placed. Over the next two days the patient
had several episodes of atypical chest pain
without dynamic ECG-changes or troponin
elevation. He then told his treating physicians
that he had suffered from similar episodes for
years, mostly occurring at night and promptly
resolving after alprazolam (Xanax®) intake.
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Figure 1
VDD mode with 1:1 conduction and a heart rate of 75. Due to T-wave oversensing the ECG
software is measuring a heart rate of 150/min (upper bar). Compared to figure 2 (amplifica-
tion of the signal by factor 1), this rhythm strip is written in a 2.5 amplification (lower bar)
and the paced ventricular complexes mimic STEMI.
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Even though these episodes were suggestive
for panic attacks, a psychosomatic evaluation
was not undertaken. Due to the persistence of
the second-degree AV block, the patient re-
ceived a permanent VDD pacemaker (St. Jude
5456 Verity®). Over the next six months, the
clinical course was uneventful.

Emergency angiography was performed,
but revealed neither a progression of CAD nor
in-stent-restenosis. Also during angiography
sudden changes in heart rate were observed,
and the pacemaker was interrogated after the
procedure. Evaluation of the marker channel

(fig. 2) revealed that the episodes with a broad
QRS complex and a heart rate around 75/min
(mistakenly counted by the ECG software as a
frequency of 150/min due to T-wave oversens-
ing and misinterpreted as a ventricular tachy-
cardia by the anaesthetist) corresponded to a
correct atrial sensing/ventricular pacing mode
(ASVP). The observed rate drops were caused
by intermittent atrial oversensing of the QRS
complex, ie atrial far field sensing (AFFS).
This lead to a subsequent beat-to-beat mode-
switch and a fallback into the VVI mode at 
a rate of 50/min. In the pacemaker memory
more than 75000 mode-switch episodes (7% 
of all time) were stored over a period of three
months, indicating that the oversensing was a
relevant problem. To prevent further episodes
of inadequate mode switching, the post-ven-
tricular atrial blanking period (PVAB) was
modified from 100 to 165 ms, since the mea-
sured V-A-interval (time period between
marker signals of ventricular pacing and the
atrial oversensing) was around 130 ms. After
that specific time adjustment no further mode-
switching was observed. 

In retrospective it appears that the rapid
changes in heart rate had irritated and fright-
ened the patient, thus triggering a panic at-
tack with dyspnea and chest pain. This cas-
cade of events combined with the misinter-
pretation of the underlying pacemaker ECG
(heart rate changes due to intermittent mode-
switching were misread as intermittent non-
sustained ventricular tachycardia) had ulti-
mately lead to an unnecessary coronary an-
giography. The retrospective interpretation of
the ECG strip is shown in figure 3.

Discussion

This case shows possible diagnostic problems
with modern multiprogrammable pacemaker
systems in emergency situations. Atrial far-
field sensing (AFFS) can be seen in any mod-
ern dual chamber pacemaker if atrial sensing
is programmed to a minimal value and the
PVAB is set to a minimum value of 50 ms. For
correct management, at first retrograde V-A
conduction, which could mimic AFFS, has to be
excluded. The V-A-interval in AFFS is usually
less than 150 ms, whereas in cases of retro-
grade conduction (exceptions are accessory
pathways or a dual AV node with fast conduc-
tion properties) it is usually longer [2]. Obvi-
ously in such cases, the post-ventricular atrial
refractory period (PVARP) has to be extended
to avoid a pacemaker-mediated tachycardia.

Figure 2
Interpretation of the marker channel during pacemaker control:

AMS with VVI back up mode is shown.
P-waves noted in the marker channel (middle line).
Intermittent Far Field sensing seen in the bottom line (signal measured between Atip
and Aring) and in the marker channel (middle line).
Intrinsic ventricular beat.

Figure 3
Retrospective interpretation of the ECG taken in the ambulance:

Intrinsic ventricular complexes.
P-waves.
Paced ventricular complexes in AMS with VVI back up mode of 50/min.
Switch from VVI to VDD mode with 1:1 conduction.
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To prevent inappropriate mode-switch
episodes due to AFFS, the following tests (at
least during the first two pacemaker controls)
should be performed:
– minimise the AV/PV interval in order to

ensure ventricular pacing 
– set atrial sensing to the lowest program-

mable value 
– shorten the PVAB to less than 100 ms 
– check for AFFS and, if positive, measure

the V-A time interval
– set the PVAB to a value at least 50 ms

above the measured value 

Because amplitude and time intervals of AFFS
are only minimally dependent on body position
or adrenergic stimulation [3], this test can be
performed in the supine position. It has been
shown that the amplitude of AFFS signals is
around 0.5 mV and that it is higher in paced
than in intrinsic ventricular complexes [4].
That means that just increasing the atrial sen-
sitivity level is not a good option, at least not
in VDD pacemakers, where such a program-

ming would eventually lead to atrial under-
sensing, consecutive AV-dyssynchrony and VVI
backup pacing. 

Furthermore it is advisable to program
mode-switch pacing to VVIR 70/min, instead of
VVI 50/min as demonstrated in our case. Thus,
heart rate drops from 85 to 50/min would have
been prevented, though not resolving the tech-
nical problem of AFFS.
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