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Editorial Comment

The term evolution refers to a process of growth, devel-
opment, or formation. The foundation of evolution is the ac-
cumulation of prior successes or failures that have ultimately
directed the process. Fundamental to the practice of electro-
physiology has been the technology evolution of the cardiac
implantable electronic device.

In 1958, Rune Elmquist developed the first implantable
cardiac pacemaker that was implanted by Ake Senning.! This
device was strictly used for therapy. It delivered an electrical
stimulus at a rate of 70-80 beats per minute with a pulse
amplitude of 2 V and a width of 1.5 mV. Although the first
device failed almost immediately and the second one only
lasted approximately 6 weeks, Arne Larson, the first patient
to receive them, lived another 43 years and survived to have
received over 20 devices of various sizes and technologies.”

The success of the implantable cardiac pacemaker also
prompted the need for the technology to evolve. The device
accurately and reproducibly delivered a set therapy; but with-
out a means to diagnose and respond to intrinsic cardiac con-
duction, patients exchanged one set of symptoms for another.
The diagnostic evolution of pacemakers remains a contempo-
rary area of research and investigation. Even the simplest of
modern devices can sense and respond to intrinsic conduction
in the atrium and/or ventricle.

Some devices automatically determine lead thresholds and
adjust energy delivery to optimize battery life or alert the pa-
tient if a possible failure has occurred. Pacemakers can diag-
nose, record, and act on tachyarrhythmias in both the atrium
and ventricle (Fig. 1A). For example, in Figure 1B a pace-
maker diagnosed the period of time per day the patient was
in atrial fibrillation (AF). This patient underwent radiofre-
quency ablation of his AF and had an abrupt decline in the
percentage per day in the arrhythmia. The device diagnostics
was influential in the identification of the AF, as well as the
response to therapy.

A more recent area of diagnostics is that applied to a
specific disease state. A natural transition of the technology
occurred as the devices were implanted broadly to patients
with ischemic and nonischemic left ventricular dysfunction
in that they could record and quantify parameters of heart fail-
ure. These parameters include heart rate variability, thoracic
impedance, and daily activity.>* Although the device does
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not act on these parameters at this time, the values alert the
heart failure physician regarding potential upcoming decom-
pensation. Newer device technology, which is currently in-
vestigational and in the process of clinical trials, has allowed
for the continuous monitoring of right ventricular pulmonary
artery pressures, patient activity, as well as other hemody-
namic parameters.’ This technology can give insight into a
disease state such as heart failure or pulmonary hypertension
and provide feedback of therapeutic response to target drug
therapy.

In regard to disease states, coronary atherosclerosis is the
leading cause of morbidity and mortality in the United States.
Paramount in the effort to minimize cardiovascular disease re-
lated sequelae are the early diagnosis and treatment of cardiac
ischemia. Since the pacemaker is a continuous cardiac mon-
itor, the following intriguing questions arise. First, can the
pacemaker readily diagnosis the onset of cardiac ischemia?
Second, can the device prompt the patient to receive early
evaluation and treatment?

Prior studies have demonstrated the feasibility of us-
ing device technology to detect ischemia.®”'® Electrograms
generated from a temporary lead in the right ventricular
apex to a cutaneous patch accurately demonstrated ST seg-
ment changes with onset of ischemia.®” 10 Recently, these
data were replicated with permanently implanted leads in a
porcine model.? In this study, the investigators also attempted
to determine if the device could diagnose and alert the physi-
cian. The device sampled 10 QRST segments every 30 sec-
onds. If three consecutive beats met the threshold for ST
segment changes suggestive of ischemia, an alert was acti-
vated. The technology worked in all animals regardless of the
epicardial vessel occluded.

Patients with ischemic cardiomyopathy and persistent left
ventricular dysfunction that have an implantable cardioverter
defibrillator (ICD) remain at high risk of morbidity and mor-
tality due to recurrent myocardial infarction. For example, a
pathologic analysis of the OPTIMAAL trial (a randomized
trial of 5,477 patients with heart failure or evidence of left
ventricular dysfunction following acute myocardial infarc-
tion to losartan or captopril) concluded that a majority of
sudden deaths (57%) were due to recurrent infarction.!! The
need for early ischemia detection in these ICD candidates
provides the background behind the research by Williams,
Mendenhall, and Saba in this issue of the Journal.'? In this
carefully conducted study, 10 pigs were implanted with a dual
coil lead ICD system. After 1 week of recovery, the pigs un-
derwent cardiac catheterization. Each of the three coronary
vessels was cannulated in a random fashion. An angioplasty
balloon was inflated for 3—5 minutes to induce ischemia, fol-
lowed by 30 minutes of reperfusion until another vessel was
instrumented. During peak ischemia the R-wave amplitude
increased in the left anterior descending artery (LAD) and
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Figure 1. In A, the interrogation of a cardiac resynchronization therapy device and defibrillator (CRT-D) device is shown of a patient that presented
with worsening heart failure symptoms. The patient was found in atrial fibrillation (AF) and underwent targeted therapy of the arrhythmia with symptom
improvement. In B, the interrogation of a dual chamber pacemaker is shown in a patient with highly symptomatic AF. The patient underwent radiofrequency
ablation (marked) with a dramatic reduction in the daily frequency of atrial fibrillation. Of interest, this frequency continued to decline 3 months after the

ablation. Figure 1B courtesy of Dr. Robert F. Rea.

circumflex artery (Cx) territories, whereas it decreased in the
right coronary artery territory. Similarly, the ST segment in-
creased with peak ischemia in the LAD and Cx territories
and decreased in the right coronary artery territory. These
data suggest an ICD lead can be used in early ischemia de-
tection algorithms similar to prior studies using different lead
technologies.

Another intriguing finding of this study was the distinct
changes that occurred when ischemia was induced in the right
and left coronary artery territories. These findings help to lo-
calize the culprit vessel, which may provide helpful informa-
tion in planning the revascularization strategy. These findings
also suggest the need for additional study to determine if a
left ventricular lead may further help assist in localizing the
culprit vessel.

Finally, although controversy exists over the potential ad-
vantages of bipolar versus unipolar pacing leads, a majority
of leads implanted today are bipolar. Bipolar lead sensing is
less likely to detect extracardiac stimulation at the pulse gen-
erator, myopotentials, far-field signals, and electromagnetic
interference.'® These sensing advantages with bipolar leads
should also decrease the possibility of false positive alerts
with ischemia detection technology. In this study, the pigs
were implanted with a bipolar ICD lead (Medtronic, Sprint
Fidelis 6949, dual coil, active fixation lead, Medtronic, Min-
neapolis, MN, USA), providing initial evidence that this lead
technology can be used in ischemia detection.

Looking toward the future, if device-based algorithms can
be developed to detect reliably coronary ischemia, one could
easily imagine that with the current generation of wireless
cardiac implantable electronic devices capable of internet

monitoring, both the physician and patient could be notified
at the onset of myocardial ischemia.

In summary, these data provide another success in the tech-
nology evolution of implantable devices as they continue to
expand diagnostic capabilities. Diagnostic advances of im-
plantable devices will further enable remote monitoring of
chronic disease. For now, the next step is to establish crite-
ria in which the device will reproducibly alert the patient and
physician. It remains to be determined if the device-generated
early detection will ultimately make patients present earlier
for revascularization. The final validation will be if patient
outcomes are favorably altered.
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