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GREENHUT S.E., et AL. Identification of Ventricular Tachycardia Using Intracardiac Electrograms: A
Comparison of Unipolar Versus Bipolar Waveform Analysis. Implantable antitachycardia devices suffer
a high false-positive rate of delivery of therapy because current detection schemes based upon ventricular
rate and rate variations are excessively sensitive at the cost of specificity. Several methods have been
proposed for providing complementary information derived from morphologic analysis of intraventric-
ular electrograms in order to increase specificity. The majority of these techniques have utilized bipolar
electrogram analysis to detect changes in ventricular activation indicative of ventricular tachycardia.
Whether bipolar or unipolar intracardiac electrogram analysis might be preferred for discriminating
ventricular tachycardia from sinus rhythm has not been determined. In this study, a previously dem-
onstrated method for identification of ventricular tachycardia using intracardiac electrograms, corre-
lation waveform analysis, was used to analyze both unipolar and bipolar signals during sinus rhythm
and ventricular tachycardia recorded during electrophysiology studies of 15 patients with inducible
sustained monomorphic ventricular tachycardia. Correlation waveform analysis consistently discrimi-
nated between all depolarizations during ventricular tachycardia in 14/15 patients (93%) using either
electrogram configuration; 13 of the 14 patients were common to both groups. Of these patients, 8/15
(53%) had greater separation between sinus rhythm and ventricular waveforms with bipolar electrogram
analysis while 7/15 (47%) had greater separation with unipolar electrogram analysis. We conclude that
morphologic analysis of unipolar and bipolar electrograms may be equally effective in distinguishing
ventricular tachycardia from sinus rhythm. For individual patients, either a unipolar or bipolar ven-
tricular configuration may be preferable, and should be chosen on a patient-specific basis during elec-
trophysiology study prior to antitachycardia device implantation. (PACE, Vol. 14, March 1991)
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Introduction accurate discrimination of this tachyarrhythmia
from supraventricular tachycardias or sinus
tachycardia. Currently, available devices have re-
lied predominantly upon heart rate and rate varia-
tions to differentiate such dysrhythmias.?=*° De-
vices that depend upon such algorithms have been
shown to have major limitations, however. High
false-positive rates have been reported, resulting
in delivery of inappropriate and potentially lethal
therapy.'*—*3

Appropriate treatment of ventricular tachy-
cardia by antitachycardia devices depends upon
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have been proposed as a means of improving the
accuracy of tachycardia discrimination. Among
these, correlation waveform analysis has been
shown to be effective in detecting ventricular
tachycardia in patients with a normal QRS as well
as chronic bundle branch block and nonspecific
intraventricular conduction delays during sinus
rhythm.**~"® Hallmarks of this analytic method in-
clude its lack of dependence upon electrogram
amplitude and baseline fluctuations.

The majority of studies to date, however, have
been limited to the analysis of bipolar intraven-
tricular electrograms. Whether analysis of uni-
polar intraventricular electrograms might increase
the accuracy or reliability of ventricular tachy-
cardia detection by methods such as correlation
waveform analysis has not been determined. The
purpose of this study, therefore, was to assess the
impact of unipolar versus bipolar intraventricular
electrogram analysis upon the discrimination of
ventricular tachycardia from sinus rhythm,

Methods
Electrophysiology Study

Electrograms were recorded during routine
cardiac electrophysiological studies for the eval-
uation and treatment of sustained ventricular
tachycardia. Our technique has been described
previously.’*?® The patient population consisted
of 14 men and 1 woman with ages 24—86 years
(mean = 61 years). Fourteen of 15 patients had
coronary artery disease with previous myocardial
infarction. Patient characteristics are summarized
in Table I. Three 6 French quadripolar electrode
catheters with an interelectrode distance of 1 cm
(catalog #006245 from USCI Division, C.R. Bard
Inc., Billerica, MA, USA) were introduced and ad-
vanced under fluoroscopic guidance. The three
ring electrodes are cylinders 2 mm in diameter and
2 mm in length. The tip electrode consists of a
half-sphere, diameter 2 mm, attached to a cylinder
of diameter 2 mm and length 1 mm. The resulting
surface area of each platinum ring and tip elec-
trode is 12.6 mm.?

One electrode catheter was positioned in the
high right atrium or right atrial appendage. Two
separate electrode catheters were positioned in
the right ventricular apex, for pacing and record-
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ing respectively, in each case from the distal pair
of electrodes. In addition to intracardiac atrial and
ventricular electrograms, electrocardiographic
leads V4, I, and III were recorded continuously
during the study.

Unipolar electrograms were recorded using
the distal right ventricular apex electrode as the
exploring electrode with a heparinized 0.9-mm
guidewire (Cordis Corporation, Miami, FL, USA)
inserted into the 8 French venous sidearm sheath
serving as the indifferent electrode. The guidewire
was positioned in the right femoral vein extending
into the right iliac and distal 5 cm of the inferior
vena cava. The guidewire was continuously
flushed with heparinized saline. Bipolar electro-
grams were recorded simultaneously from the dis-
tal pair of electrodes of the right ventricular apex
recording catheter. At the end of each procedure,
the guidewire and sheath were carefully examined
and the absence of thrombus formation was con-
firmed in all cases.

Data Acquisition

Immediately prior to programmed stimula-
tion, a 12-lead electrocardiogram was recorded
during sinus rhythm. Unipolar and bipolar intra-
ventricular electrograms were recorded. on FM
magnetic tape (Hewlett-Packard 3968A, San Diego,
CA, USA) after signal amplification and filtering
of 1-500 Hz (Honeywell Electronics-For-Medi-
cine, PPG Hellige, Freiburg, West Germany) dur-
ing electrophysiological study. Tape speed was 3%
in/s (9.5 cm/s) resulting in a bandwidth of 0—-1250
Hz. Amplifier gain and filter settings were held
constant during the entire recording procedure.

Passages of unipolar and bipolar intraventric-
ular electrograms during sinus rhythm and sus-
tained monomorphic ventricular tachycardia (>
30 s, or terminated = 30 s because of hemodyn-
amic collapse) were concurrently digitized offline
on an IBM-PC/AT compatible microcomputer (Ad-
vanced Logic Research 386/2, Irvine, CA, USA). A
data acquisition system (Qua-Tech SAC-12,
Akron, OH, USA), with a CODAS (Dataq Instru-
ments, Akron, OH, USA) waveform display and
storage system, was employed to digitize data at
a frequency of 1000 Hz/channel. Tracing of both
unipolar and bipolar electrograms and a surface
electrocardiogram were obtained during digitiza-
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Table 1.
Patient Information

Drug During SR vT Heart
Patient Sex Age EPS Morphology Morphology Disease Unipolar Bipolar
1 M 79 None Normal LBB-S CAD + +
2 M 45 Am, Pro IVCD RBB-S CAD + +
3 M 67 Dig RBBB LBB-S CAD + +
4 M 76 None IVCD LBB-S CAD + +
5 M 73 None RBBB RBB-S CAD + +
6 M 53 None IVCD RBB-S CAD + +
7 M 24 Iso IVCD RBB-S None + +
8 M 61 None Normal LBB-i CAD + +
9 M 36 None IVCD RBB-S CAD + -
10 F 63 Qun Normal LBB-S CAD - +
11 M 48 None RBBB LBB-I CAD + +
12 M 63 En, Mex IVCD LBB-S CAD + +
13 M 86 None RBBB LBB-i CAD + +
14 M 74 Pro Normal RBB-S CAD + +
15 M 63 Qun Normal RBB-S CAD + +

EPS = electrophysiology study; SR = sinus rhythm, VT = ventricular tachycardia; Am = amiodarone, Dig = digoxin, En =
encainide, Iso = isoproterenol, Mex = mexiletine, Pro = procainamide, Qun = quinidine; LBBB = left bundle branch block,
IVCD = intraventricular conduction delay (QRS duration = 120 ms), RBBB = right bundle branch block, LBB = left bundle
branch configuration, RBB = right bundle branch configuration, | = inferior axis, S = superior axis; CAD = coronary artery
disease; + indicates complete separation of ventricular tachycardia and sinus rhythm v ranges for lead configuration, — indicates
no complete separation.

tion using strip chart recorders (Gould Brush 481,
Gould, Cleveland, OH, USA). The digitized ver-
sions of these signals were simultaneously viewed
on the computer monitor.

Method of Analysis

For each patient, a 30-second passage of sinus
rhythm was digitized using unipolar and bipolar
electrogram configurations. A second passage
consisting of 11-30 s (mean = 18.7 s) of ventric-
ular tachycardia was also recorded for each pa-
tient using both intraventricular lead configura-
tions. A ventricular depolarization template was
created for each patient for each lead configura-

described for ventricular bipolar' and atrial bi-
polar electrogram analysis,’® was used as the
method of comparison between sinus rhythm and
ventricular tachycardia. Briefly, the technique of
correlation waveform analysis provides a measure
of the relative shape similarity between two wave-
forms. The correlation coefficient (p} is defined as
follows:

SN (T = T)(S: - S)

pzvzimn—ffzida—§ﬁ ®

where:

tion by signal averaging the first four beats of sinus Ti = template points

rhythm. The remainder of this sinus rhythm pas- S; = signal points to be processed

sage and the entire ventricular tachycardia re- T = mean of the template points

cording were subsequently analyzed using the ap- S = mean of the signal points

propriate unipolar or bipolar template. N = number of points in the template
Correlation waveform analysis, as previously p = the index of merit.
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This definition requires that —1 < p < +1. Iden-
tical signals have a value of + 1, whereas inverse
signals have a value of —1. The correlation coef-
ficient is independent of baseline and amplitude
differences between the template and the wave-
form under analysis. In order to increase the com-
putational speed, by avoiding the square root op-
eration, a signed p? was calculated:

n = sign (p)p? (2)

and used as a discriminant. This performance
measure (mn} was calculated, using the signal av-
eraged sinus rhythm ventricular depolarization as
a template for each lead configuration (unipolar
and bipolar), and for all subsequent depolariza-
tions in sinus rhythm and ventricular tachycardia.

A patient-specific window size was chosen to
define the ventricular depolarization portion of
the waveform alone and to exclude local repolar-
ization and injury current caused by the tempo-
rary catheter.’®*® The end of depolarization was
defined as the instant at which repolarization ap-
peared to begin using the bipolar electrogram.
This bipolar location was imposed on the unipolar
signal as well. The beginning of depolarization
was defined as the first deviation from baseline,
separately for each lead configuration. Thus, sep-
arate window sizes were possible for each of the
two electrode configurations within a single pa-
tient.

A software trigger was used to determine the
position of ventricular depolarizations. This
trigger'® consists of a digital differentiator to de-
termine the presence of ventricular depolariza-
tion. The method addresses possible trigger jitter®
by finding the largest n within an 11-ms window
surrounding the initial point specified by the dif-
ferentiator. The maximum computed m within the
window was reported as the value for each de-
polarization, and the range and mean of values for
each analyzed passage were reported. Irregular
ventricular depolarizations during sinus rhythm,
due to premature atrial or ventricular depolari-
zations not eliminated by the automatic triggering
process, were removed from the analysis man-
ually.

It has been recently observed that the values
derived from correlation waveform analysis of bi-
polar intraventricular electrograms do not have a
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Gaussian ‘distribution.’® Therefore, correct iden-
tification of ventricular tachycardia was defined
in this study as complete separation of all n values
of ventricular tachycardia electrograms from all m
values of sinus rhythm electrograms. A single cor-
relation value (n from Equation 2) of one class
(sinus rhythm) which fell within the range of the
second class (ventricular tachycardia), or vice
versa, was considered a failure to discriminate be-
tween the two rhythms.

A separate calculation of the amount of sep-
aration (A) between ventricular tachycardia and
sinus rhythm for each patient and lead configu-
ration was performed. This measure was defined

by: .
A= NSARmin — MVTmax (3]

where Mspmin Was the minimum depolarization m
for sinus rhythm and mMyrmax was the maximum
depolarization m for ventricular tachycardia. For
each patient, the amount of separation with uni-
polar analysis (A.,;) and bipolar analysis (Ay;) was
calculated. The number of patients in which A,
was greater than A,; and vice versa was tabulated
to give an additional measure of success for each
lead configuration.

Results

Fourteen of 15 patients (93%) had complete
separation of m ranges for unipolar and 14/15 for
bipolar electrode configuration (Table I). Thirteen
of the 14 absolute range separations were common
to both groups. One tachycardia detection was
successful using the bipolar lead configuration,
but unsuccessful using the unipolar lead configu-
ration. One other ventricular tachycardia detec-
tion was successful using the unipolar configu-
ration, but unsuccessful using the bipolar lead
configuration. Figure 1 summarizes the quantita-
tive 1 means and ranges for sinus rhythm and ven-
tricular tachycardia.

Of the patients studied, 8/15 (53%) had greater
separation between sinus rhythm and ventricular
tachycardia waveforms using bipolar electrogram
analysis (Ap; > Auni), while 7/15 (43%) had greater
separation between sinus rhythm and ventricular
tachycardia waveforms using unipolar electro-
gram analysis (Auni > Api).
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Figure 1. Results of the performance measure (v) for discrimination of sinus rhythm from ven-
tricular tachycardia using bipolar and unipolar electrograms. Patients are listed by number on
the horizontal axis, on the left for bipolar, and on the right for unipolar electrograms. Ranges
for sinus rhythm are indicated by solid black bars in each case. Means are not indicated on the
sinus rhythm bars because the narrow range present in the majority of cases prohibit graphical
display. Immediately below the sinus rhythm ranges (for all patients), ranges and means for
ventricular tachycardia with the bipolar electrogram are indicated on the leftmost portion of
the figure by unfilled bars and black squares, respectively. Ranges and means for ventricular
tachycardia with the unipolar electrogram are shown on the rightmost portion of the figure by
cross-hatched bars and unfilled squares, respectively. There is range overlap in patient 9 for
the bipolar electrogram and in patient 10 for the unipolar electrogram.
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Discussion

The results of the present study suggest that
correlation waveform analysis of unipolar and bi-
polar electrograms is equally effective in distin-
guishing ventricular tachycardia from sinus
rhythm in supine patients at rest. In selected cases,
differentiation between these two rhythms may be
possible only with unipolar or bipolar electrogram
analysis alone. Our results demonstrate that
greater separation of the range of values (A) gen-
erated by correlation waveform analysis of sinus
rhythm and ventricular tachycardia electrograms
may occur with unipolar electrogram analysis in
some patients while greater separation may occur
with bipolar analysis in others.

Although the power demands of correlation
waveform analysis, via more extensive hardware
and software, exceed the capabilities of present
implantable devices, the technique was used as a
standard by which unipolar and bipolar waveform
morphology could be compared independent of
baseline and amplitude differences. The tech-
nique has previously been shown to discriminate
well between ventricular tachycardia and sinus
rhythm.’#-?®* More recently, the “Bin Area
Method”?® and “Derivative Area Method,”?°
which reduce the number of computations sig-
nificantly from correlation and approach the ex-
pected capabilities of implantable devices, have
been shown to discriminate with an accuracy
equivalent to correlation. ‘

Given the wide variety of commercially avail-
able bipolar sensing electrode configurations used
with implantable devices (i.e., differences in elec-
trode spacing, surface area, and materials), a bi-
polar electrode catheter typically used during
electrophysiological study was tested. It remains
unknown whether a smaller or larger spacing
would optimize the electrogram morphologic dif-
ferences between ventricular tachycardia and
sinus rhythm. This study does not suggest an ideal
electrode configuration. Rather, it compares a typ-
ical bipolar and an experimentally devised uni-
polar configuration. The unipolar indifferent elec-
trode is positioned to simulate the location of an
implantable cardioverter defibrillator. Our results
suggest that the ability of either to better distin-
guish ventricular tachycardia from sinus rhythm
may be patient dependent. Further work is nec-
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essary to determine ideal bipolar electrode spac-
ings and surface areas for detection of ventricular
tachycardia.

Identification of the critical electrogram fea-
tures that distinguish individual intracardiac elec-
trograms from one another has been elusive. Bi-
polar electrograms are formed from the potential
difference of two unipolar electrograms. It might
be anticipated, therefore, that information critical
to the “uniqueness” of any recorded ventricular
activation wave front might be lost in the sub-
traction process. The results of the present study,
however, demonstrate that this is not necessarily
the case when discriminating ventricular tachy-
cardia from sinus rhythm electrograms.

Previously proposed methods for detecting
ventricular tachycardia using ventricular endo-
cardial electrograms have examined several iso-
lated morphologic features including the first de-
rivative of the electrogram, the ratio of the peak
electrogram amplitude to electrogram cycle
length, the ratio of peak positive to peak negative
electrogram amplitude, the maximum slope (dV/
dt}, and the phase angle between time-delayed re-
cordings of the same electrogram.?*~2°® These
methods have been tested on a limited number of
selected patients and have not been uniformly
successful.

One other study has compared the results of
analysis of the “‘area of difference” between a
smaller number of unfiltered bipolar and unipolar
electrograms recorded during sinus rhythm and
induced ventricular tachycardia in 10 patients.?*
Although this method has the potential disadvan-
tage of depending upon electrogram amplitude
and baseline fluctuations, some of which may be
artifactual, ventricular tachycardia was success-
fully discriminated from sinus rhythm in all cases.
High pass filtering and limiting of the sample win-
dow width had a negative impact upon the ability
of this method to discriminate ventricular tachy-
cardia from sinus rhythm, however, suggesting
that low frequency and far-field portions of the
electrogram might be important for rhythm dis-
crimination. Of note was the greater negative im-
pact these limitations had upon the bipolar as
compared to unipolar accuracy of the “area of dif-
ference’” method.

PACE, Vol. 14
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In contrast, the findings of the present study

suggest that maximum discrimination between
sinus rhythm and ventricular tachycardia is not
necessarily determined by electrogram configu-
ration alone. This suggests that other features, for
example the velocity and spatial orientation of the
ventricular activation wave front relative to elec-
trode location, may be among the more important
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