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STEVENSON, S.A., Er AL.: Analysis of the Intraventricular Electrogram for Differentiation of Distinct
Monomorphic Ventricular Arrhythmias. This study investigated the effectiveness of correlation wave-
form analysis for identifying different ventricular electrogram morphologies of multiple VTs in the same
patient. Patients with implantable antitachycardia devices are commonly subject to the occurrence of

termination. VTs with identical and different monomorphic configurations were recorded (1-500 Hz) us-
ing distal bipolar (1 cm) and distal unipolar electrograms from the right ventricular apex. Thirty-six dis-
tinct monomorphic VTs induced in 15 patients were analyzed. Nine VTs with identical morphologies
(12/12 surface ECGs) were induced twice and used as a control. A template was created for each VT in-
duced. Correlation waveform analysis was used to compare each depolarization of all other VTs induced
subsequently in the same patient. The mean correlation coefficient (p,) of cycle-by-cycle analysis was used
as a discriminant function: p, = 0.95 was considered matched; and p,, < 0.95 was considered distinct.
From the control population, VTs were successfully classified as identical in 9 of 9 cases (100%) using
both bipolar and unipolar electrograms. VTs with different monomorphic configurations were success-
fully classified as being different in 31 of 33 cases (94%) using bipolar electrogram analysis and in 29 of
33 cases (88%) using the unipolar. Template matching is effective for detecting: (1) the recurrence of VTs,
which are identical; and (2) the occurrence of a VT with a different configuration. This method appears
effective using either unipolar or bipolar intracardiac waveforms. (PACE 1997; 20:2730-2738)

ventricular tachycardia, antitachycardia devices, cardioverter defibrillators,
electrogram morphology, tiered therapy

Introduction

In the past decade, implantable antitachycar-
dia devices have emerged as an alternate method
of treatment for malignant cardiac tachyarrhyth-
mias unresponsive to antiarrhythmic drugs.’ Pa-
tients who are candidates for antitachycardia de-
vices (ATDs) are commonly subject to having
more than one distinct monomorphic ventricular
tachycardia (VT). In some patients, the rates of
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two or more distinct VTs may be similar. How-
ever, despite similar rates, one VT may be hemo-
dynamically well tolerated and pace terminable,
while another VT may be hemodynamically desta-
bilizing and require immediate low or high energy
cardioversion.'®*! In such cases, it would be ben-
eficial to recognize different VTs and to deliver
the most effective treatment for each arrhythmia.
Several arrhythmia recognition algorithms
using intracardiac electrogram morphology have
been proposed for refining arrhythmia analysis.
Investigated methods have focused most com-
monly upon separating sinus rhythm from
monomorphic VT and ventricular fibrilla-
tion.** 102228 Rate continues to be the basic clas-
sifier for discrimination of these rhythms. Mor-
phological techniques have been advanced as a
supplement to rate criteria, and given the capabil-
ity of some third-generation devices to digitize

|
more than one distinct monomorphic VT. Each of these VTs may have unique therapeutic alternatives for
|
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and store the intraventricular signal, these mor-
phometrics may play an increasing role in tachy-
cardia identification.’®*%?° One such method,
correlation waveform analysis (CWA), has been
used for over two decades in coronary care moni-
toring and long-term ambulatory monitoring for
recognition of abnormal cardiac conduction from
surface electrocardiographic leads. Correlation
waveform analysis is a matched filter (template
based) method for discerning a change in bioelec-
tric waveform configuration. It has been applied
in recent years to intracardiac electrogram analy-
sis and has been demonstrated to differentiate nor-
mal from abnormal cardiac rhythms. It has been
shown to be effective in successfully distinguish-
ing sinus rhythm from VT and ventricular fibrilla-
tion using intraventricular signals.*

As a follow-up to a pilot study undertaken to
investigate the effectiveness of correlation wave-
form analysis in identifying recurrence of similar
VT morphologies in the same patient,*’ this study
investigated the effectiveness of correlation wave-
form analysis in identifying different morpholo-
gies of VT in the same patient by use of VT tem-
plate-matching classification. The pattern created
by a particular VT was stored for subsequent
recognition in a manner similar to Holter match-
ing of “families” of ventricular premature depo-
larizations.

Methods
Electrophysiology Study

Recordings of ventricular electrograms were
obtained during elective clinical cardiac electro-
physiology studies. All of the procedures were
baseline studies without antiarrhythmic drug
therapy. VT was defined as having an identifiable
and consistent monomorphic surface ECG QRS
configuration and axis. Patients gave informed
written consent and were studied subsequently in
a fasting postabsorbtive state after sedation with
1-3 mg of intraveneous medazalom. After admin-
istering 1% lidocaine for local anesthesia, one 7
French and two 6 French side-arm sheaths (Cordis
Corporation, Miami, FL, USA) were positioned in
the right femoral vein using the Seldinger tech-
nique. Three 6 French quadripolar electrode
catheters with an interelectrode distance of 1 cm
(USCI division, C.R. Bard Inc., Billerica, MA,

PACE, Vol. 20

USA) were introduced and advanced under fluo-
roscopic guidance. Each electrode catheter had
four platinum electrodes with an interelectrode
space of 1 cm. A platinum electrode at the tip of
each catheter consisted of a half-sphere 2 mm in
diameter attached to a cylinder 2 mm in diameter
and 1 mm in length. Proximal to the tip electrode
were three platinum electrode rings that were 2
mm in diameter and 2 mm in length. The resulting
surface area of the distal pair of electrodes was
12.6 mm*. One electrode catheter was positioned
in the high right atrium or right atrial appendage.
Two electrode catheters were positioned in the
right ventricular apex for right ventricular apical
pacing and recording, respectively. Electrograms
were recorded on FM magnetic tape (9.525 cm/s)
from distal bipolar and unipolar endocardial elec-
trodes positioned in the right ventricular apex.
Unipolar configurations were recorded from the
distal member of the right ventricular apex
catheter with a reference guidewire located at the
femoral site of catheter insertion. Bipolar configu-
rations were recorded from the distal pair of elec-
trodes of the right ventricular apex catheter. Am-
plifier settings were 1-500 Hz and gains were held
constant throughout the recordings. Filter settings
of 1-500 Hz were chosen to obtain a wideband in-
tracardiac electrogram for morphological analy-
sis.* Electrograms were digitized at 1,000 Hz and
processed offline by custom software on an Intel
80486DX microcomputer.

Patient Population

The patient population consisted of 16 men
and 2 women (age range 45-79). This study was
performed on consecutive patient recordings over
a 6-month period who met the inclusion criterion
of multiple inductions of one or more morpholog-
ically distinct VTs.** All patients had coronary
artery disease with history of myocardial infarc-
tion. In eight patients, two separate inductions of a
VT identical in 12 of 12 standard surface ECGs
were compared and used as a control. In 1 of these
8 patients, a second monomorphic VT was also in-
duced twice and used as a control. Thus, nine
paired sets of induced identical monomorphic VTs
were available for analysis as a control sample.

Five of the eight patients with control (iden-
tical) VTs and ten additional patients evaluated
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in this study had two or more monomorphic VTs
with distinct configurations. Twelve of these 15
patients (80%) had two distinct VT morphologies,
2 patients (13%) had three distinct VT morpholo-
gies and 1 patient (7%) had six distinct VT mor-

phologies. Consecutive inductions of each VT
with a different monomorphic configuration were
labeled using the convention, VT,, VT,, etc.
(Table I). In cases with more than two VT config-
urations in the same patient, VT; was compared

Table I.
Description of distinct Ventricular Tachycardias

Patient BBB Axis Plane CL (ms) VT # Termination
AAEL204 RBBB S R 330 VT, P
RBBB s R 370 VT2 P
AAEL206 RBBB s L 370 VT, Sp
RBBB S L 370 VT, P
AAEL212 LBBB I R 420 VT, P
LBBB I R 420 VT, C
LBBB I R 420 VT; C
AAEL216 LBBB S L 290 VT, In
RBBB S R 230 VT, C
AAEL220 RBBB S R 450 VT, Sp
RBBB S L 310 VT, o]
AAEL228 LBBB S L 300 VT, C
RBBB 5 R 290 VT, C
AAEL233 RBBB ) L 290 VT, P
RBBB S R 320 VT, In
RBBB I R 270 VT; c
AAEL236 LBBB I L 220 VT, Cc
LBBB | R 180 VT, C
AAEL241 RBBB S L 270 VT, Cc
RBBB S R 230 VT, C
AAEL253 LBBB 5 R 220 VT, C
RBBB | R 220 VT, P
AAEL265 RBBB 5 R 470 VT, Sp
RBBB S R 470 VT, Sp
AAEL266 LBBB <] i 470 VT, In
RBBB 8 I 450 VT, In
LBBB g 2 450 VT3 In
RBBB 8 R 470 VT, In
RBBB 8 L 450 VTs In
LBBB 8 L 470 VT, C
AAEL280 RBBB I R 310 VT, Sp
LBBB 8 L 250 VT, C
AAEL296 RBBB | R 330 VT, P
RBBB I R 270 VT, P
AAEL308 RBBB | L 250 VT, P
RBBB S L 270 VT, P

AAELxxx = patient number; Ann Arbor Electrogram Libraries, Ann Arbor, MI.
BBB = bundle branch block; C = cardioversion; CL = cycle length; In = induced different VT; | = inferior; L
= left; ms = milliseconds; P = antitachycardia pacing, R = right; S = superior; Sp = spontaneous.
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to VT,, VT, to VT3, and VT, to VT3, etc. such that
all possible combinations in the same patient
were considered. Overall, 36 different monomor-
phic VTs were induced and analyzed (see Table
I1).

Method of Analysis

Correlation waveform analysis was used to
classify morphological differences in the intracar-
diac electrograms.* Templates were constructed of
each induced VT by signal averaging 10-15 cycles
and were used for cyvcle-by-cycle comparison of
each subsequently induced VT in the same pa-
tient. Three VTs occurred spontaneously during

Table II.

Description of Distinct Paired Sets on a Patient by
Patient Basis

# of # of
Distinct Paried Combinational
Patient VTs Sets Groupings

AAEL204 2 1

AAEL206 2 1

AAEL212 3 3 {1,2}{1,342,3}

AAEL216 2 1

AAEL220 2 1

AAEL228 2 1

AAEL233 3 3 {1.2}{1,3}{2,3}

AAEL236 2 1

AAEL241 2 1

AAEL253 2 1

AAEL265 2 1

AAEL266 6 15 {1,2} {1,3} {1,4} {1.5}
{1,6} {2,31 {2,4}
{2,5} {2,6} {3,4}
{3,51 {3,6} {4,5}

{4,6} {5,6}

AAEL280 2 1

AAEL296 2 1

AAEL308 2 1

15 36 o0

In this study, there were 36 distinct ventricular tachycardia mor-
phologies within 15 patients. Overall, thirty-three paired sets of
distinct ventricular tachycardia configurations were investigated.
Numbers seen in the right-most column indicate the tachycardia
combination being tested, i.e., {1,2} is the combination of VT, with
VTo.

AAELxxx = patient number, Ann Arbor Electrogram Libraries,
Ann Arbor, M.
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electrophysiology studies. The remainder were in-
duced by programmed stimulation. Cycles used to
construct the template were taken from stable
monomorphic VT. For example, a VT, template
was tested against each individual VT, cycle and
a VT, template was constructed and tested against
each VT, cycle. This procedure was repeated for
all possible combinations.

The value of the correlation coefficient, p, is a
measure of the similarity of two waveforms, i.e.,
the template versus a depolarization under analy-
sis, with a value of 1 indicating a perfect match.
The correlation coefficient, p, is given by:

SN (@i- TSI - S)

— =1
p a wl‘ N T' 2 A" 775. 2
\"Zhl( =) Zf:1( =5)

where N = number of template points, T; = tem-
plate points, S; = signal points under analysis, T
= average of the template points, and S = average
of the signal points under analysis. The normal-
ized correlation is independent of amplitude and
baseline fluctuations and only measures relative
shape differences between the two signals.

A software trigger was used to align the tem-
plate with the cycle being tested. Eleven values of
p were computed for each waveform. First the
waveform was aligned at the original trigger loca-
tion and the calculation was repeated by shifting
in a stepwise fashion 5 points to the left and 5
points to the right of the original alignment. The
maximum value of these 11 correlations reflected
optimal alignment and was taken to be the true
correlation coefficient for that depolariza-
tion.*"*** Mean correlation coefficients (p,) for
each VT passage were calculated separately for (1)
the bipolar lead configuration; and (2) the unipo-
lar lead configuration. If p, was greater than or
equal to the threshold value of 0.95 when the ith
VT template was compared to all the cycles of the
jth VT and when the jth VT template was com-
pared to all the cycles of the ith VT (bilateral com-
parison), then the two VTs were classified as iden-
tical or matched, where i and j are indices of
successive VT induction in the same patient. If p,,
was < 0.95 in a bilateral comparison of the two
VTs, they were classified as distinct or un-
matched.
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Results

Quantitative results of the nine paired control
sets (reinduction of VT with identical morphol-
ogy) are given in Table III, and quantitative results
of the 33 paired sets of different morphologies are
given in Table IV. In the control population, the
mean correlation coefficient consistently equaled
or exceeded the threshold value of 0.95, indicating
that the second induction of an identical VT was
successfully found to be the same in 9 of 9 (100%)
cases in both unipolar and bipolar recordings.

Of the 33 paired sets of 36 distinct VTs having
differing morphologies, the mean correlation coef-
ficient (pu) of the bipolar analysis fell below the
threshold value of 0.95, successfully classifying
VTs as distinct, in 31 of 33 (94%) cases. In 29 of 33
(88%) cases using unipolar analysis, different VTs
were classified as distinct. Absolute failure to de-
tect distinct VTs using both unipolar and bipolar
electrograms occurred in 2 of 33 (6%) cases
(AAEL220 and AAEL266H). Four randomly se-
lected patients, one from the control population
and three with more than one distinct VT, were re-
analyzed to confirm the reproducibility of each
correlation. Mean correlation coefficients of re-

Table Il
Identical Ventricular Tachycardias

Patient Bipolar Unipolar
AAEL204 VT, 0.995 0.994
AAEL206 VT, 0.972 0.994
AAEL211 VT, 0.988 0.987
AAEL239 VT, 0.998 0.999
AAEL263 VT, 0.981 0.986
AAEL265 VT, 0.992 0.994
AAEL266 VT, 0.991 0.995
AAEL308A VT, 0.996 0.972
AAEL308B VT, 0.997 0.989

Quantitative results of the nine paired control sets (reinduction of
ventricular tachycardia with identical morphology). A mean corre-
lation coefficient = 0.95 is defined as successful matching of two
inductions of the same VT. In the control population, the mean
correlation coefficient consistently equaled or exceeded the
threshold value of 0.95, indicating that the second induction of an
identical ventricular tachycardia was successfully found to be the
same in 9/9 (100%) cases in both unipolar and bipolar recordings.
AAELxxx = Patient number, Ann Arbor Electrogram Libraries,
Ann Arbor, MI.
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Table IV.
Distinct Ventricular Tachycardias

Patient Bipolar Unipolar
AAEL204 VT, 0.206 0.172
AAEL206 VT, 0.731 0.928
AAEL212A VT, 0.378 0.909
AAEL212B VT3 0.514 0.942
AAEL212C VT3 0.945 0.991
AAEL216 VT2 0.246 0.937
AAEL220 VT2 0.977 0.991
AAEL228 VT,,, 0.637 —0.218
AAEL233A VT, 0.583 0.303
AAEL233B VT3 0.217 0.361
AAEL233C VT, 0.920 0.789
AAEL236 VT, 0.776 0.863
AAEL241 VT,» 0.906 0.386
AAEL253 VT2 Q715 0.900
AAEL265 VT, -0.336 0.902
AAEL266A VT;,2 0.171 0.434
AAEL266B VT, 0.798 0.552
AAEL266C VT4 0.711 0.136
AAEL266D VT, 0.324 0.465
AAEL266E VT4 0.126 0.347
AAEL266F VT3 —-0.443 0.907
AAEL266G VToy4 0.309 0.612
AAEL266H VT 0.875 0.997
AAEL266! VT, 0.421 0.962
AAEL266J Va4 0.309 0.658
AAEL266K VTa5 —0.396 0.931
AAEL266L VT3 —0.045 0.936
AAEL266M VT, 0.652 0.626
AAEL266N VT, 0.171 0.829
AAEL2660 VTs5 0.262 0.94
AAEL280 VT2 0.585 0.460
AAEL296 VT4,2 —=0.335 Ol
AAEL308 VT2 0.942 0.759

Quantitative results of the thirty-three paired sets of different ven-
tricular tachycardia morphologies. The designation VT, indicates
that the templates of the ith and jth ventricular tachycardia mor-
phologies for the given patient were analyzed. A mean correlation
coefficient < 0.95 is defined as a successful classification of dis-
tinct VTs. A mean correlation coefficient = 0.95 is defined as a
failure to classify as different or unmatched. In bipolar analysis
31/33 (94%) cases were successfully classified as distinct. In uni-
polar analysis 29/33 (88%) cases were successiully classfied as
distinct,

peated analyses were found to be similar within
0.01. Exemplary passages of electrograms showing
two inductions of identical VTs in the same pa-
tient is seen in Figure 1. Exemplary passages de-
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Figure 1. Two inductions of identical VTs in the same
patient (AAEL204). The upper left panel shows exem-
plary waveforms from a bipolar ventricular electrogram
of the first induction of VT;, and the upper right panel
is a unipolar electrogram of the same segment. The
lower left and right panels are bipolar and unipolar
electrograms from the second induction of an identical
VT (confirmed by a 12-lead ECG). Mean correlation co-
efficients were = 0.95 in bilateral comparisons of both
bipolar and unipolar configurations. The mean correla-
tion coefficient, pu, was 0.995 in this patient using the
bipolar electrogram and 0.994 using the unipolar elec-
trogram.

picting inductions of two distinct VTs in the same
patient are shown in Figures 2 and 3.

Eleven of the 36 distinct VTs required car-
dioversion for termination, 8 responded to anti-
tachycardia pacing, 5 terminated spontaneously,
and in 7, attempts of antitachycardia pacing re-
sulted in the induction of different VTs. The aver-
age cycle length of VTs requiring cardioversion
was 290 ms. The average cycle length of VTs re-
sponding to antitachycardia pacing was 310 ms.
The average cycle length of VTs spontaneously
terminating was 440 ms. In 8 of the 9 paired con-
trol sets, antitachycardia pacing terminated the ar-
rhythmia. In the remaining control set, one induc-
tion of the VT spontaneously terminated, while
the other induction required cardioversion. In 5 of
15 (33%) patients having more than one distinct
VT, more than one method of antitachycardia
therapy was required for termination of all VTs. In
the remainder, a single method of antitachycardia
treatment terminated all VTs (Table I).

Discussion

From the results of the present study, mor-
phometric analysis using template-matching cor-
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relation waveform analysis of either bipolar or
unipolar intracardiac leads appears to be effective
in identifying different morphologies of VT in the
same patient. Recent studies have demonstrated
the validity of time-domain electrogram analysis
of VT,*#*2% intraatrial electrogram analysis of ret-
rograde conduction,*® and recognition of subse-
quent recurrence of an identical VT by template-
matching techniques.?’ Previous work has found
that bipolar and unipolar electrograms were
equally effective in distinguishing VT from sinus
rhythm.?? In this study, successful classification
of distinct VTs was similar using CWA of the bipo-
lar electrogram and the unipolar electrogram. Us-
ing the bipolar electrogram 31 of 33 (94%) were
classified correctly while 29 of 33 (88%) were
classified correctly using the unipolar electro-
gram. Thus pattern recognition technique of mor-
phological classification may provide a means for
confirming the presence of the induced or docu-
mented VTs for which therapy has been pre-
scribed recognizing the emergence of a new VT.
However, it should be noted that in 4 of 33 (12%)
cases of bipolar analysis and in 9 of 33 (27%) cases
of unipolar analysis the mean correlation coeffi-
cient (pu) fell between 0.90 and 0.95. The mean
correlation coefficient (pu) fell below 0.90 in 27 of

BIPOLAR UNIPOLAR
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Figure 2. Inductions of two distinct monomorphic VTs
in the same patient (AAEL204). The upper left panel
shows exemplary waveforms from a bipolar ventricular
electrogram of VT;, and the upper right panel is a
unipolar electrogram of the same segment. The lower
left and right panels are bipolar and unipolar record-
ings respectively of VT, Morphometric analysis classi-
fied these as distinct in both configurations. The mean
correlation coefficient, pu., was 0.206 in this patient us-
ing the bipolar electrogram and 0.172 using the unipo-
lar electrogram.
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Figure 3. Inductions of two distinct monomorphic VTs
in the same patient (AAEL266). This figure is ordered as
in Figure 2. Classification of distinct VTs was made in
both bipolar and unipolar recordings. The mean corre-
lation coefficient, was 0.171 in this patient using the
bipolar electrogram and 0.434 using the unipolar elec-
trogram.

33 (82%) cases of bipolar analysis and in 20 of 33
(61%) cases of unipolar analysis. The mean corre-
lation coefficient (pu) exceeded 0.95 in 2 of 33
(6%) cases of bipolar analysis and in 4 of 33(12%)
of unipolar analysis. This suggests that the bipolar
electrograms may more readily discriminate be-
tween VTs of distinct morphologies than the
unipolar electrograms.

In earlier generation devices, patients with
VTs have been treated with the delivery of a high
energy shock,”*®“ but modern antitachycardia
devices offer new diagnostic and therapeutic al-
ternatives to treat tachyarrhythmias!*317-19
Tiered therapy multiprogrammable antiarrhyth-
mia devices are capable of antitachycardia pacing,
cardioversion, and defibrillation. Choices of ther-
apeutic options permit an aggressive response to
VTs, which are known to be hemodynamically
destabilizing. Conversely, antitachycardia pacing
may be the appropriate choice for hemodynami-
cally stable VTs.”'® The option of treating VTs
with antitachycardia pacing eliminates the pain
and trauma associated with cardioversion and
avoids premature battery depletion. Comparative
efficacy studies have shown that both antitachy-
cardia pacing and low energy cardioversion are
capable of terminating VTs as well as accelerating
them. Different VTs respond differently to anti-
tachycardia pacing and low energy cardioversion,
and response to one therapy does not predict re-
sponse to another,'-1¢
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In the present study, the rate of the arrhyth-
mia did not appear to determine hemodynamic
stability. Slower VTs sometimes required car-
dioversion for termination, while some faster VTs
were terminated with antitachycardia pacing (see
Table I). In the control group, it was observed that
the same method of treatment could be used to ter-
minate repeated inductions of the same VT. The
results of this study suggest that additional meth-
ods of classification need to be considered in ad-
dition to the rate criterion, to determine thera-
peutic options for treating VTs. This study demon-
strates that morphological analysis may be one
means of successfully differentiating multiple
ventricular arrhythmias.

With the development of devices now capa-
ble of tiered therapy has come the incorporation of
rate zones to allow tailored therapy for slow and
fast tachyarrhythmias.”'® The tachycardia inter-
val (in ms) and tachycardia duration (number of
depolarizations) used for tachycardia detection
within each rate zone is independently pro-
grammable. To accommodate “electrogram
dropout,” which occurs in low amplitude ventric-
ular fibrillation signals, the ventricular fibrillation
detection zone is often set to include ranges that
encompass monomorphic VT cycle lengths. While
such programming is intended to prevent the mis-
classification of ventricular fibrillation as a less
malignant VT, it imposes the use of more aggres-
sive device therapy than may be necessary for VTs
amenable to antitachycardia pacing. In one
study,” rapid monomorphic VT with cycle lengths
falling within the fibrillation detection zone ac-
counted for 72 of 120 (60%) spontaneous tach-
yarrhythmias treated as ventricular fibrillation. In
addition to discriminating monomorphic VT with
differing configurations, correlation waveform
analysis has also been demonstrated to distin-
guish monomorphic VT from ventricular fibrilla-
tion.*”

Thus, incorporation of automated electro-
gram analysis has the potential of dramatically re-
fining antitachycardia device therapy. The clini-
cal importance of considering morphology of
intracardiac electrograms in identifying arrhyth-
mias is further implied from recent studies using
retrieval of electrograms stored in antitachycardia
devices. In one study of 16 patients,*® three pa-
tients received out-of-hospital shocks, and verifi-
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cation of the initiating event from the stored elec-
trogram was recovered via telemetry. A clinical di-
agnosis was made in all three cases (atrial fibrilla-
tion, polymorphic VT, and rate sensing lead
disruption, respectively) by visual inspection of
the signal characteristics and morphology of the
stored electrograms. In another study® the mor-
phology of the initiating events of monomorphic
VT was visually inspected in an attempt to iden-
tify mechanisms of initiation of VT. Morphologi-
cal classification was performed (presumably by
subjective means, since no description is given of
the method of classifying morphologies), but there
was little question that waveforms of differing
morphology were visible in the stored electro-
gram, and the morphology of the tachycardia was
distinctly different from sinus rhythm. This was
evident despite minimal analog-to-digital sam-
pling rates, limited storage, and severely limited
band-pass filtering, which is characteristic of bat-
tery operated antitachycardia devices.

Limitations

Although template-matching appears to be an
effective method, it requires multiple calculations
per waveform and poses an additional computa-
tional demand. Potential implementation of this
pattern recognition process in future battery oper-
ated implantable devices would best be realized in
special purpose hardware for efficiency of compu-
tation and low power consumption. The use of
digital signal processing (DSP) chips for a hard-
ware implementation of correlation has been
demonstrated, in which all processing for each cy-
cle was completed in 30 ps.?** DSP chips, although
fast, are still too power consumptive at present to
be considered for implantable devices, but the de-
sign of special purpose VLSI chips of low power is
entirely feasible.
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quicker recognition of VTs known to be hemody-
namically unstable, as well as identification of
those known to be pace terminable. For patients
with multiple VTs and/or rapid VTs, the added ca-
pability of recognizing distinct VTs would allow
the selection of the most appropriate and least dis-
comforting therapy.
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