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Abstract

Keywords:

Background: Early identification of acute MI and prompt intervention can improve clinical outcomes.
It would be valuable to identify a method that could allow the earliest possible detection of myocardial
injury or ischemia.

Methods and results: This article reports one of the first clinical investigations to examine the ability
of an intracardiac right ventricular (RV) electrode to identify the early onset of myocardial ischemia/
injury in a cohort of patients undergoing balloon occlusion of a coronary artery during percutaneous
transluminal coronary angioplasty. The primary data set for analysis included observations from
14 patients with 17 lesions, with a matched comparison of a V6 surface lead and the RV to left upper
chest, “intracardiac” lead. The intracardiac lead was sensitive in detecting myocardial injury current/
ischemia. There was a 36.4£5.6% ST-segment shift, relative to the amplitude of the QRS complex, in
the intracardiac lead at 2 min, compared with a 10.1+1.9% ST shift from a surface lead (P=.00011).
The RV to left upper chest lead detected a >10% shift in ST segment within 2 min in 17 (100%) of
17 cases vs. 8 (47%) of 17 for a V6 surface lead. The intracardiac lead provided detection of ischemia in
all three major epicardial coronary distributions.

Conclusions: This study demonstrates the ability of an intracardiac (RV apex to left upper chest) lead
to rapidly detect myocardial ischemia/injury during acute coronary occlusion in the setting of balloon
angioplasty. The results of this study suggest that a simple implantable system resembling a ventricular
pacemaker could be programmed to assist in the very early diagnosis of acute myocardial infarction.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Acute myocardial infarction (MI) remains the leading
cause of mortality in the western world [1]. There is little
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question that early identification of acute MI and prompt
intervention can substantially improve clinical outcomes
[2-9]. However, despite efforts at educating the public over
the past decade, the mean time from MI symptom onset to
arrival at a hospital for treatment has remained, disappoint-
ingly, at 2.5-3.0 h [3,8—-12].

Since a large proportion of irreversible myocardial injury
and fatal ventricular arrhythmias occur in the first several
hours after closure of an epicardial coronary artery, it may
be difficult to substantially improve upon our treatment of
MI unless we can make an early and reliable diagnosis of
the acute myocardial infarction [3,8—13].



T A. Fischell et al. / Cardiovascular Revascularization Medicine 6 (2005) 14-20 15

Using this reasoning, it would be valuable to identify a
method that could allow the earliest possible detection of
myocardial injury or ischemia. In this study, we have
performed one of the first clinical investigations to
examine the ability of an intracardiac (probing) right
ventricular (RV) electrode to identify the early onset of
myocardial ischemia/injury in a cohort of patients under-
going balloon occlusion of a coronary artery in the setting
of percutaneous transluminal coronary angioplasty
(PTCA)/stenting.

The purpose of this study was to examine the recordings
obtained from an intracardiac electrogram obtained from a
RV (apical) temporary pacing electrode, and a reference
electrode on the left upper chest, during the course of
temporary balloon occlusion during PTCA and/or stenting.

2. Methods
2.1. Patient population

From October 2001 through May 2002, 17 patients were
enrolled in this protocol. Patients were eligible for inclusion
if they had a clinical indication for coronary artery revascu-
larization utilizing PTCA and/or stenting in one or more
major epicardial coronary artery. The exclusion criteria were
(1) contraindication to placement of a temporary pacemaker
via a transfemoral venous approach, (2) inability to obtain a
stable RV apical electrogram using the temporary pacing elec-
trode, (3) absence of myocardial viability distal to the in-
tended target vessel for PTCA (prior MI in that distribution),
(4) baseline resting ECG repolarization abnormalities or
QRS duration of >120 ms, and/or (5) total or subtotal
occlusion of vessel to be treated. The protocol was reviewed
and approved by the Borgess Medical Center Institutional
Review Board. All patients provided informed consent.

2.2. Cath lab protocol

Arterial and venous access was obtained via a femoral
approach in all cases. Intravenous heparin was given to
achieve an ACT of >250. A 4-French temporary pacing
catheter (Bard Electrophysiology, Lowell, MA) was
advanced from the femoral vein, across the tricuspid valve.
The distal electrode tip was advanced to the RV apex using
fluoroscopic guidance. The reference electrode for the RV
electrode was chosen to be the skin electrode on the left
upper chest. This lead pair was chosen to closely mimic
the “tip-to-can” electrogram obtained from a ventricular
pacemaker implanted in the left upper chest. For purpose
of comparison to the intracardiac lead, recordings were
also collected from a V6 chest lead (surface) lead. This
lead was chosen as the single (surface) lead, due to its
reasonable detection capability for all three major epicar-
dial distributions. Baseline electrograms were obtained
from the surface lead and from the RV apex to left upper

chest. This lead recorded the electropotential difference
from the RV apex (distal electrode only) to the left arm/
shoulder (skin lead). The configuration of the leads is
shown in Fig. 1. The RV apical lead was chosen because
the three-dimensional relationship between the RV apex
and the left upper chest appears favorable for capturing
electrical information from the inferior, lateral, and anterior
left ventricular myocardium.

All of the cases reported utilized (n=17 vessels and
14 patients) were recorded using a Compaq PC with custo-
mized software, in conjunction with Pulse Biomedical
QRS-Card hardware (Norristown, PA). This system was
used to connect the intracardiac and surface leads into the
serial port of a Windows PC. The QRS card has a frequency
response of 0.5 to 100 Hz. For the purposes of these elec-
trogram and surface electrocardiogram recordings, high-pass
filtering was done at 0.5 Hz. The QRS card was set to a
sampling rate of 240 samples per second. The analog to
digital converter had 12 bits of resolution.

Typically, when good endocardial contact was achieved
with the temporary pacemaker, a stable electrogram could be
recorded. The baseline (RV) electrogram morphology was
inconsistent in three patients, apparently due to systolic mo-
tion of the 4-French pacing catheters. These cases were exclud-
ed from the study. Acceptable intracardiac lead recordings
were obtained in a total of 14 patients and 17 vessels.

In each of these cases simultaneous intracardiac and sur-
face lead (stable) electrograms were obtained continuously,
starting 30 s prior to balloon inflation in an epicardial coro-
nary artery and for a minimum of 2 min following balloon
deflation, using the QRS card system. Electrogram tracings
were recorded during intervention in a second vessel, when
two-vessel angioplasty was performed (»=3). Following the
final balloon inflation, the temporary pacing catheter was
removed, and the data were stored for off-line analysis.
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Fig. 1. Schematic illustrating the lead configuration and ECG recording
system used in the study. The RV apical electrode (1) is placed using a
temporary pacemaker lead. The skin electrodes are placed on the left upper
chest (2) and in the left posterior axillary line (3). Electropotential
differences are recorded between leads 1 and 2 (“intracardiac electrogram™)
and between leads 2 and 3 (“surface lead”).
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Table 1
Baseline clinical angiographic and ECG data
CASS Prior Calcium QRS ST
Patient Location lesion MI History Beta Ch. # Vessels Diabetes Hypertension Baseline Normal duration abnormalities
# of PTCA type yes/no angina blockers Nitrates blocker >70% DS (yes/no) (yes/no) heart rate electrolytes (msec) baseline
1 Mid RCA Bl no yes yes no yes 1 yes yes 76 yes 108 no
2 Proximal LCX B2 no yes yes yes yes 2 no no 81 yes 111 no
3 Distal RCA Bl no yes yes no yes 1 no yes 64 yes 100 no
4 Proximal B2 no no yes no yes 1 no no 68 yes 105 no
diagonal
5 Mid LAD A no yes yes no no 1 no no 74 yes 116 no
6 Distal RCA B2 no yes no yes no 2 no yes 90 yes 120 no
7 Mid RCA B2 no yes yes no yes 1 yes yes 61 yes 100 no
8 Distal RCA C no yes yes no yes 1 no no 65 yes 98 no
9 Proximal B2 no yes yes no yes 1 no no 72 yes 106 no
LCX
10 Obtuse B2 no yes no no yes 2 no no 78 yes 109 no
marginal
11 Mid LCX B1 no yes yes no yes 1 no no 64 yes 119 no
12 Mid LAD Bl no yes yes yes no 1 yes yes 62 yes 111 no
13 Proximal Bl no yes yes no yes 1 no yes 58 yes 102 no
RCA
14 Mid RCA Bl no yes no no yes 1 no yes 77 yes 104 no

# - number, MI - myocardial infraction, % - percentage, Ch - channel, RCA - right coronary, LCX - left circumflex, LAD - left anterior descending; electrolytes

include Na, K, CI, HCO3.

The complete data set included a total of 14 patients and
17 vessels treated with simultaneously acquired data from the
surface and intracardiac leads.

2.3. Data analysis

All electrogram recordings were stored for subsequent
analysis. A caliper-based manual method was used to
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measure the ST-segment shift compared with the PR segment
at each of the following time points: baseline (prior to balloon
inflation), after 1 min of balloon inflation, and after 2 min of
balloon inflation. The interobserver variability of this
measurement was 0.4+0.1 mV. To make uniform measure-
ments among the cases, the ST shift was defined relative to
the PR-segment height. The ST segments were measured at a
point taken 120 ms after the end of the QRS complex.
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Fig. 2. Case example illustrating greater ST shift with the intracardiac lead (RV to chest lead) compared with the surface lead in a patient during balloon
occlusion/PTCA of the LAD coronary artery. At baseline there is minimal ST shift. At 20 and 60 s after balloon inflation there are definite changes (ST
elevation) in the intracardiac lead with minimal changes in the surface lead. Both leads normalize quickly at 1 min following balloon deflation (bottom panels).
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Table 2
Summary of matched data from surface lead
Inflation R height ST ST ST change % ST ST ST change % ST

Patient Vessel Location T (min) (mV) baseline 1 min I min (mV)  shift. (I min) 2 min 2 min (mV)  shift (2 min)
1 1 RCA 2.0 18.0 —0.5 —0.3 0.2 1.1 —0.3 0.2 1.1
2 2 LCX 2.0 13.0 0.0 2.8 2.8 21.5 3.0 3.0 23.1

3 LAD 2.0 13.0 0.0 1.5 1.5 11.5 2.0 2.0 15.4
3 4 RCA 2.0 32.0 -2.0 0.5 2.5 7.8 1.0 3.0 9.4
4 5 Diag 2.0 15.0 0.0 0.5 0.5 33 1.0 1.0 6.7
5 6 LAD 1.0 11.0 1.0 2.5 1.5 13.6 - - -
6 7 Distal RCA 2.0 12.5 0.0 3.0 3.0 24.0 3.5 3.0 24.0
7 8 RCA 2.0 41.0 1.0 1.5 0.5 1.2 1.5 0.5 1.2

9 LCX 2.0 32.0 0.0 3.0 3.0 9.4 3.5 35 10.9
8 10 Distal RCA 2.0 31.0 0.5 2.0 1.5 4.8 2.0 1.5 4.8
9 11 LCX 35 24.0 0.5 2.2 1.7 7.1 2.5 2.0 8.3
10 12 LCX 2.0 26.0 1.0 3.0 2.0 7.7 3.0 2.0 7.7

13 LAD 2.0 27.0 —2.0 —4.0 2.0 7.4 —4.0 2.0 7.4
11 14 LCX 2.5 20.0 —1.0 —-0.5 0.5 2.5 0.0 1.0 5.0
12 15 LAD 2.0 22.0 1.5 2.5 1.0 45 3.0 1.5 6.8
13 16 RCA 2.0 25.0 0.0 2.0 2.0 8.0 3.5 35 14.0
14 17 RCA 2.0 14.0 0.0 2.5 2.5 17.9 3.0 3.0 21.4
Mean 2.1£0.1 22.2+2.1 0+0.2 1.5£04 1.7£0.2 9.1£1.6 1.7£0.5 2.0£0.3 10.1£1.9

R height=QRS height, T'=time.

To normalize the ST-segment shift for the differing
amplitude of surface and intracardiac electrogram record-
ings, the data for ST shift were plotted as the absolute
percentage change of the ST segment, relative to the QRS
complex amplitude (i.e., change in ST (mV)/QRS ampli-
tude (mV)x100%). These data served as the primary data
for analysis and are referred to in the text and the tables as
the percent change in ST at each time point (e.g., % ST
change 1 min). We plotted the relative, time-related ST-
segment shift from the surface and intracardiac leads for the
left anterior descending (LAD), left circumflex (LCX), and
the right coronary arteries (RCA).

2.4. Statistics

The ST-segment and QRS-amplitude data were recorded
in mm (mV) using Excel spreadsheets (Microsoft, Bellevue,
WA). This software was used to calculate % ST change at
each time point. The statistical package from Excel (Micro-
soft Corp., Bellevue, WA) was used for statistical compar-
isons. Absolute ST shift at each time and % ST change at each
time point were compared using ANOVA for repeated
measures. This methodology was used to compare the %
ST change between the surface (modified chest) lead and the
intracardiac lead at each time point. All data in tables and in

Table 3
Summary of data from simultaneous recordings: intracardiac (RV) lead
Inflation R height ST base ST ST change % ST shift ST 2 min ST change % ST shift
Patient Vessel Location T (min)  (mV) 1 min 1 min (mV) (1 min) 2 min (mV) (2 min)
1 1 RCA 2.0 41.0 -5.0 3.0 8.0 19.5 5.0 10.0 24.4
2 2 LCX 2.0 10.0 -9.0 —5.0 4.0 40.0 -3.0 6.0 60.0
3 LAD 2.0 16.0 —10.0 -7.0 3.0 18.8 7.0 3.0 18.8
3 4 RCA 2.0 22.0 —14.0 —11.0 3.0 13.6 -9.0 5.0 22.7
4 5 Diag 2.0 17.0 —16.0 —14.0 2.0 11.8 —13.0 3.0 17.6
5 6 LAD 1.0 12.0 2.0 7.0 5.0 41.7 - - -
6 7 Distal RCA 2.0 12.0 —11.0 -7.0 4.0 333 -7.0 4.0 333
7 8 RCA 2.0 17.0 —24.0 -19.0 5.0 29.4 -19.0 5.0 29.4
9 LCX 2.0 21.0 —13.0 -9.0 4.0 19.0 -9.0 4.0 19.0
8 10 Distal RCA 2.0 7.0 —5.0 —4.0 1.0 14.3 —4.0 1.0 14.3
9 11 LCX 35 7.0 —15.0 -9.0 6.0 85.7 —8.0 7.0 100.0
10 12 LCX 2.0 9.0 -9.0 —11.0 2.0 222 —-12.0 3.0 333
13 LAD 2.0 12.0 —6.0 -2.0 4.0 333 0.0 6.0 50.0
11 14 LCX 2.5 24.0 —17.0 -9.0 8.0 333 —6.0 11.0 45.8
12 15 LAD 2.0 27.0 —6.0 -2.0 4.0 14.8 -1.0 5.0 18.5
13 16 RCA 2.0 14.0 -21.0 -17.0 4.0 28.6 —13.0 8.0 57.1
14 17 RCA 2.0 21.0 —12.0 —10.0 2.0 9.5 —4.0 8.0 38.1
Mean 2.1£0.1  17+2.0 —11.2£1.5 —74x1.6 4.1%0.5 27.6+4.3 —6.9%1.6 5.7£0.7 36.4%+5.6

R height=QRS height, 7=time.
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Fig. 3. Line graph depicting the ST-segment shift vs. baseline, normalized
for QRS amplitude, at baseline (time=0), and at 1 and 2 min following
balloon occlusion. Data depicted represent the meantS.E. for the surface
lead compared with the intracardiac lead (IC Lead) for the matched cohort
(14 patients, 17 lesions). P values comparing these changes are P=.0003
and P=.0001, respectively, for the 1- and 2-min time points comparing the
two leads (i.e., greater ST shift for intracardiac lead).

figures are shown as meantS.E. A P value of <.05 was
considered statistically significant.

3. Results
3.1. Patient demographics

As above, a total of 14 patients with 17 coronary vessels
were studied using a temporary pacing electrode. Three
patients had two-vessel intervention. The remainder of the
patients had a single vessel intervention. There were 3 women
and 11 men with a mean age of 62+5.9 years. There were
three diabetics among the 14 patients. The distribution of

vessels studied in the simultaneously recorded cohort was
5 LAD or diagonal branch, 5 LCX, and 7 RCA. The details of
past medical history, lesion site and type, medications,
baseline ECG, and electrolyte abnormalities are summarized
in Table 1.

3.2. ST-segment shift

Among the intracardiac electrograms, there was signifi-
cant ST-segment depression in the baseline and the
recovery electrograms in 12 of 14 patients. This baseline
stable ST-segment shift was attributed to a local injury
current at the temporary pacemaker electrode tip/endocar-
dial interface. This is a well-known phenomenon from an
electrogram during the acute placement of a temporary
pacing electrode. The downward vector of the “local injury
current” ST shift is explained by the endocardial/intracardiac
positioning of the lead tip. In two cases, the baseline
electrograms were nearly isoelectric to the PR segment. In
these cases, the electrogram more closely resembles the
electrograms recorded from healed permanent pacemaker
lead tips (Fig. 2).

Despite the stable, baseline ST depression (local injury
current), ST-segment shift during coronary balloon occlu-
sion was detected in the intracardiac electrogram in 14 of
14 patients and 17 of 17 vessels during balloon occlusion. In
16 (94%) of 17 cases, there was ST elevation, during balloon
inflation, compared with baseline. In 1 (6%) of 17 cases, there
was ST segment depression during balloon inflation.

In the intracardiac electrogram, the mean baseline ST seg-
ment demonstrated a —11.2+1.5 mV depression. At 1 min
following balloon occlusion, the mean ST-segment shift was
—7.4+1.6 mV (P=.0002 vs. baseline). At2 min (16/17 cases)
following balloon occlusion, the mean ST-segment shift was
—6.911.6 mV (P=.0002 vs. baseline). Thus, there was an
absolute ST-segment shift upward of 3.8+1.5 mV at 1 min
and 5.3+1.4 mV at 2 min after balloon inflation.
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Fig. 4. Line graphs depicting the ST-segment shift vs. baseline, normalized for QRS amplitude, at baseline (time=0), and at 1 and 2 min following balloon
occlusion in the LAD (n=5), LCX (n=5), and RCA (n=7) arteries. Data depicted represent the mean=S.E. for the surface lead compared with the intracardiac
lead (IC lead) for the entire cohort. P values comparing these changes are <.01 at the 1- and 2-min time points comparing the two leads for all three vessels (i.e.,

greater ST shift for intracardiac lead).
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The mean time of balloon inflation was 2.1+0.1 min
(range 60-210 s). One patient could only tolerate 1-min
balloon inflation. The longest balloon inflation time was
3.5 min. In this case, there was modest ST shift at 2 min,
followed by a more dramatic ST shift after 3.5 min of balloon
inflation. This suggests some potentially important, time-
dependent development of myocardial injury current when
using such a sensing system.

A summary of the baseline and “ischemic” ST measure-
ments for the surface and intracardiac leads are shown in
Tables 2 and 3, respectively. Fig. 3 is a line graph comparing
the time course and magnitude of relative % ST shift bet-
ween the intracardiac and the surface lead from the cohort
with simultaneous recording of the surface and intracardiac
lead. Fig. 4 shows the data from the entire cohort, compa-
ring the intracardiac ST changes with the surface lead cate-
gorized according to the vessel occluded (i.e., LAD, LCX,
and RCA).

Among the cohort, there was a greater % ST shift in the
intracardiac electrogram compared with the surface lead at
both 1 min of inflation (P=.00037) and after 2 min
(P=.00011). Fig. 2 shows an example illustrating superior
sensitivity of the intracardiac as compared with the simulta-
neous recordings from a surface lead. This differential
sensitivity in the detection of “injury” current was most
evident in the LCX cases. At 2 min following balloon
occlusion of the LCX, there was only a 3.1%1.6% ST shift in
the surface lead, compared with a 48.8£11.1% ST shift in the
intracardiac lead (P<.01). In nearly all cases, ST shift
returned to baseline levels within 120240 s following
balloon deflation (Fig. 2).

4. Discussion

This study demonstrates the feasibility of using an intra-
cardiac, RV apex to left upper chest (“intracardiac”) lead to
detect very early ST-segment shift in the setting of
sudden epicardial coronary artery occlusion. We believe
that this model mimics the pathophysiology of acute
myocardial infarction in humans. The configuration of the
intracardiac lead system in this study is analogous to the tip-
to-can electrogram that can be obtained from most
contemporary permanent ventricular pacemakers and auto-
matic implantable cardiac defibrillators (ICDs). These
observations are consistent with preliminary observations
from Siegel et al. [14] and Stark et al. [15].

The clinical relevance of the observations made in this
study may be viewed in the context of our current failure to
achieve early diagnosis and treatment of acute myocardial in-
farction. Despite advances in pharmacologic and mechanical
means of coronary revascularization [4—7,16], the average
time between onset of symptoms during acute myocardial
infarction and the arrival at a medical facility capable of
either pharmacologic or mechanical revascularization is
2.5-3 h. This patient-related delay is problematic and most

often related to denial of symptoms, embarrassment, and/or
misinterpretation of atypical symptoms [3,8—12]. Additional
delays are common, even after arrival at a tertiary cardiac
care facility [2,12,13]. Thus, the mean time from symptom
onset to revascularization often exceeds 4 h. Delays in
treatment are even more frequent and potentially deadly for
patients who experience atypical symptoms or no cardiac
symptoms (“silent MI”) [2,12,13]. This presentation is most
common in diabetics, women, and the elderly. These
“subgroups” actually comprise a substantial proportion of
our aging population who are at risk for acute myocardial
infarction [1,2]. Finally, a number of studies have clearly
demonstrated the important relationship between the time
from vessel closure to revascularization and the clinical
outcome following acute myocardial infarction [2-9]. Thus,
it may be difficult to substantially improve upon our
treatment of acute myocardial infarction unless we can make
an earlier and reliable diagnosis.

In the current study, we observed a mean ST-segment
shift of 36.4%, relative to the QRS amplitude, within 2 min
of balloon occlusion in an epicardial coronary artery in
patients with coronary artery disease undergoing PTCA.
The magnitude of ST shift from the intracardiac electrogram
during balloon occlusion was similar for all three epicardial
coronary distributions (LAD, LCX, and RCA). The magni-
tude of ST shift relative to the QRS amplitude was greater
for the intracardiac to left upper chest lead than for a chest
surface lead (mean change of 10.1% at 2 min). This was
particularly evident in cases of PTCA or stent placement in
the LCX distribution, a territory notorious for “false-
negative” surface ECGs. The observations from this study
suggest that a simple implantable device with a config-
uration similar to today’s VVI pacemakers and ICDs could
be capable of such “early” MI detection.

An implantable detection system could be combined with
a patient communication device to allow the patient to get
EMS care within a short time after closure of an epicardial
coronary artery. There is a potential for such a system to
save lives and “rescue” myocardial tissue. The completed,
stand-alone, ischemia-detection device is currently being
evaluated in animal models.

4.1. Limitations

This is a pilot study intended to examine the feasibility
of using a relatively simple intracardiac electrogram re-
cording for the detection of ST-segment shift during
balloon occlusion in the setting of PTCA. There are limita-
tions of this early study that will have to be addressed
with further investigation.

These data were collected following the acute placement
of a temporary pacemaker lead, and using a skin electrode on
the left chest. The results obtained using this methodology
may not exactly replicate the ST changes that would be ob-
served with a permanent RV lead and an implanted reference
electrode in the left upper chest. In two patients outside of this



20 T A. Fischell et al. / Cardiovascular Revascularization Medicine 6 (2005) 14-20

reported series, we have observed similar ST-segment shift
when recorded from the tip-to-can electrode of a permanently
implanted pacemaker (Pacesetter, Sylmar, CA). In addition,
recent testing of the completed stand-alone device has
demonstrated stable intracardiac electrograms in an ambula-
tory, porcine implant model. However, further studies will be
required to validate the present observations in a chronic lead
implant setting, in both animal model(s) and patients.

Although the changes observed during balloon angio-
plasty in our cohort were striking at 1-2 min, we do not
have enough observations to examine the relationship of
occlusion duration to ST shift significantly beyond 2 min.
This issue will also require further investigation.

Finally, we used only a single chest lead to compare
with the intracardiac electrogram. Bush et al. [17] found
that one could obtain up to a relatively high sensitivity for
ST shift detection during PTCA balloon occlusion if one
used a 12-lead ECG recording. However, the use of
surface leads may not be a practical means for real-time
24-h monitoring.

4.2. Conclusions

This study demonstrates the ability of a single intra-
cardiac RV apical lead (reference electrode on the left upper
chest) to rapidly detect myocardial ischemia/injury during
acute coronary occlusion in the setting of balloon angio-
plasty. In many ways, this model mimics the first few
minutes of acute myocardial infarction. The results of this
study suggest that a simple, implantable system resembling
a ventricular pacemaker could be programmed to assist in
the very early diagnosis of acute myocardial infarction.
Further studies will be required to refine and extend these
preliminary observations.
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