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This discussion deals with electrocardiographic in-
terpretations of the various types of pacemakers as
well as with their dysfunction which may be due to
pulse generator failure, wire breakage, change in thres-
hold, or polarization of the ventricle. Hemodynamic
problems may also arise concerning placement of the
pacemaker leads particularly in those patients who lack
atrial contribution.

Figure 1 demonstrates competition resulting from a
fixed-rate pacemaker. Here are four different types of
beats showing the various responses that may occur.
It is important to point out that if a T wave is not
observed after a pacemaker spike then there is no
propagation of the impulse through the ventricle. I
prefer not to use this type of pacing because of com-
petition and the possibility of sudden death, but as
yet we do not have any cases that verify such a situa-
tion. Figure 2 demonstrates the most serious form of
competition in which stimulation of the T wave had
resulted in ventricular fibrillation. I have observed
a number of cases in which the spike did occur on
the T wave but repetitive rhythms such as ventricular
tachycardia did not occur. However, with those pa-
tients who die suddenly one can only surmise that T-
wave stimulation and ventricular fibrillation could have
been related. I have no proof, but I am worried about
this problem as is everyone else. 1 believe that the
sicker the heart the more vulnerable it is and the
greater the chance of these complications.

One of the major concerns I have with fixed-rate
pacing is the problem of premature ventricular beats
other than those associated with ventricular fibrillation.
Figure 3, strip b, shows the development of premature
ventricular contractions after each paced beat which
result in a form of ventricular tachycardia that is
hazardous.

Noncompetitive pacemakers such as the R-wave
ventricular-triggered pacemaker (Fig. 3, strip ¢) have
a built-in refractory period, but as will be seen in the
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last portion of the strip, they do not sense all beats.
Figure 3, strip a, is an example of coupled rhythm
with an R-wave triggered pacemaker that does not
produce the form of ventricular tachycardia associated
with the fixed-rate unit.

The atrial-triggered pacemakers have given us a
host of headaches. There are not many of these around
anymore, but when the bifocal type becomes more
widely utilized we may run into similar difficulties
again. This patient (Fig. 4) developed atrial flutter
with an atrial-triggered pacemaker. Digitalization will
not work under these circumstances, and there is not
much you can do except shock the patient (strip d).
1 attempted to use quinidine, but the rate went up
to 140.

Figure 5 shows a premature ventricular contraction
which occurred during use of an atrial-triggered pace-
maker. There is no refractory period built into the
unit, therefore, the ectopic beat is not sensed. This
could create a dangerous situation, and at least the
bifocal pacemaker, as Mr. Berkovits pointed out, does
not have this problem. In addition to runaway pace-
makers, atrial-triggered units include such pitfalls as
this instance of a patient in complete A-V block and
intermittent function (Fig. 6). Here the “demand,”
or escape feature of the pacemaker was working, but
the atrial threshold increased tremendously, and the
atrial electrode was not sensing except in the super-
normal period. You can occasionally see atrial-trig-
gered beats coming through and evidence of bigeminy
which subsequently developed for some reason. There
is nothing wrong with this pacemaker unit. It was just
that the atrial circuit was working only intermittently
because of build-up of the threshold at the atrial lead.
One of the problems with atrial epicardial leads is that
after a period of time they may cease to function, and
you are again faced with fixed-rate pacing in a patient
with high-degree A-V block.

Rate hysteresis is another concern in using demand
pacemakers. In order to permit spontaneous sinus
activity, the escape rate is set at a slower driving fre-
quency of 60 beats per minute while the driving rate
is set at 70 beats per minute. This allows the heart
to be paced in the presence of asystole. Following a
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