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CHIANG, C-M.J., ET AL.: The Value of Rate Regularity and Multiplicity Measures to Detect Ventricular
Tachycardia in the Presence of Atrial Fibrillation or Flutter. Tbe predominant cause of inappropriate
therapy by implantable antitachycardia devices with pacing and nonpacing cardioverter defibrillators,
is mistaking a fast ventricular response during atrial fibrillation or flutter with true ventricular tachycardia
(VT). The distinction between these arrhythmias is an important consideration in addressing the problem
of reducing false-positives in detection mechanisms for implantable devices. Dual chamber analysis that
examines atrial and ventricular event ratios has been proposed as a solution to this problem, but would
still failin distinguishing paroxysmal VT requiring treatment from a fast but otherwise benign ventricular
response during atrial fibrillation or flutter. In this study, two methods for discriminating these tachyar-
rhythmias were evaluated. Method 1 examined ventricular rate and rate regularity as a method for VT
detection. Method 2 combined rate and regularity as well as an additional multiplicity criterion for recogni-
tion of atrial flutter with a fast ventricular response. In 20 patients. Method 1 had 100% sensitivity of VT
detection and 80% specificity for detection of atrial fibrillation or flutter. Method 2 had 90% sensitivity
and 90% specificity. These results suggest that use of these algorithms in future implantable devices
would result in a decrease in false-positive device therapies. (PACE 1994; 17:1503-1508)
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Introduction

Antitachycardia devices (ATDs) have become
increasingly popular and effective methods for
prevention of sudden cardiac death due to ventric-
ular tachycardia (VT) and ventricular fibrillation
(VF). Among ATDs are implantable cardioverter
defibrillators (ICDs) and tbe newer generation
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models capable of programmed stimulation in ad-
dition to cardioversion and defibrillation. Over
43,000 ICDs '̂̂  bave been implanted witb impres-
sive survival results.^'^ However, tbese devices use
one-channel ventricular rate-based detection
schemes^'^ and false-positive detection of VT and
VF in the presence of atrial tachyarrhythmias re-
mains a major source of inappropriate therapy.^"^^
In particular, the major cause of false-positive de-
livery of shock is mistaking atrial fibrillation/flut-
ter with a fast ventricular response as VT.̂ ~^^ De-
livery of inappropriate therapy is not of trivial con-
sideration. False-positive therapy has been
observed to induce VT and VF with potentially
serious consequences.^^'^^

Two-chamber analysis was proposed over a
decade ago as a means of improving arrhythmia
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analysis.^^'^^ The hallmark of two-chamber analy-
sis includes a predominance of atrial events indi-
cating supraventricular tachycardia (SVT), and
ventricular events in excess of atrial reflecting ven-
tricular arrhythmias. However, such discrimina-
tors fail in the case of distinguishing true VT from
fast ventricular response due to competing atrial
fibrillation or flutter. With classic dual chamber
logic, where the faster chamber takes precedence,
competing VTs would typically be classified as
atrial fibrillation or flutter, with potentially seri-
ous consequences for the patient. Alternative crite-
ria need to be included to resolve this problem
where competing atrial and ventricular rhythms
are present. In this study, two new methods that
utilize rate metrics from atrial and ventricular
channels were evaluated for separating fast ven-
tricular response in atrial fibrillation/flutter from
true VT.

Methods

Two variations of two-chamber algorithms
were developed that examine atrial and ventricu-
lar rate, rate regularity, and rate multiplicity, and
combine this information heuristically into diag-
nostic schemes that attempt to discern VT in the
presence of concurrent atrial fibrillation or flutter.

Logic for the algorithms was based on electro-
physiological considerations. First, ventricular
conduction pattern in atrial fibrillation/flutter is
typically irregular, with a large variance in cycle-
to-cycle ventricular intervals. Observation of such
irregularity of ventricular conduction was com-
bined with underlying ventricular rate to exclude
the existence of VT during atrial fibrillation or
flutter.

The first of the two methods utilized the above
information and examined atrial rate, ventricular
rate, and ventricular rate regularity. Initially, a fast
atrial rate was classified into either atrial fibrilla-
tion (> 330 cycles/min) or atrial flutter (> 240 cy-
cles/min). The ventricular rate was assessed con-
currently. If the ventricular rate in the presence of
a fast atrial rate exceeded the tachycardia thresh-
old of 110 cycles/min, the possibility of concur-
rent VT existed and the algorithm examined for
regularity in the ventricular chamber. Regularity
was defined as a threshold difference x falling
below the minimum cycle length and the median

cycle length of nine consecutive ventricular cy-
cles, i.e..

Median — Minimum

Irregularity for this algorithm was defined as a dif-
ference greater than the threshold defined above.
A nine interval median was chosen based upon
empirical considerations. If ventricular rate was
both regular and above the VT rate threshold, the
diagnosis was VT, otherwise atrial fibrillation or
flutter was diagnosed by default.

An additional electrophysiological considera-
tion utilized in the second algorithm and not the
first method addressed atrial flutter, which is often
characterized by regular atrial depolarization. In
this situation, conduction to the ventricles might
also exhibit regularity as in the case of 2:1, 3:1, or
n:l conduction patterns. Regularity of ventricular
response could, therefore, be a confounding factor.
Therefore, an additional criterion, termed the mul-
tiplicity measure, was utilized when atrial flutter
was detected to further refine the discrimination
of VT occurrence.

Thus, A:V rate multiplicity, as well as atrial
rate, ventricular rate, and ventricular rate regular-
ity, were combined for recognition and distinction
of competing rhythms in Method 2. A flow chart
of Method 2 is shown in Figure 1. In the presence
of atrial fibrillation, the diagnosis was VT if the
ventricular rate exceeded the VT rate threshold
and exhibited regularity. In the presence of atrial
flutter, if ventricular regularity and VT rate were
satisfied, a multiplicity rule was applied. Multi-
plicity is defined as Median Ventricular Interval
(MVI) MODULUS Median Atrial Interval (MAI)
being less than x% or greater than (100 - x)% of
the median atrial interval. Between x and (100 -
x)%, the atrial rate was not considered to be a mul-
tiple of the ventricular rate. The formula is given
as:

_ (MVI) MOD (MAI)
^^° ~ MAI '

If the multiplicity measure was not satisfied, the
diagnosis was VT. Otherwise, a regular atrial flut-
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N

Figure 1. Diagnosis diagram of ventricular tachycardia
in atrial fibrillation (A Fib) or atrial flutter (A Flut). R
= rate; A = atrial; V = ventricular; Tach = tachycar-
dia; Reg = regularity; Mult = multiplicity.

ter with regular ventricular response was diag-
nosed.

For determining success or failure in classify-
ing each passage of arrhythmia, a broader contex-
tual diagnosis was utilized in which the predomi-
nant diagnosis of the last eight ventricular cycle
diagnoses (6/8) was chosen as the true arrhythmia
diagnosis. This was done to prevent isolated erro-
neous diagnoses from affecting a correct continu-
ing rhythm identification. Therefore, occasional
isolated VT diagnoses between a continuing
stream of atrial fibrillation diagnoses would be
classified as atrial fibrillation instead of VT.

Materials
The two algorithms were tested using 20

rhythm passages from 17 patients: 10 atrial fibrilla-
tion and/or flutter with fast ventricular response,
and 10 atrial fibrillation and/or flutter with com-
peting VT. Patient electrograms were recorded
from endocardiai bipolar electrodes (1 cm) in the

high right atrium and right ventricular apex onto
FM magnetic tape (model 3968A, Hewlett-Pack-
ard, San Diego, CA, USA] at 3% inches/sec (Ann
Arbor Electrogram Libraries, Ann Arbor, MI,
USA). Data were submitted to real-time computer
diagnosis from custom software developed in-
house. Analysis was performed on an 80486 sys-
tem with clock speed of 50 MHz (Intel X486/50E).
Data were digitized at 1,000 Hz per channel at 12-
bit analog-to-digital resolution. Sensing was ac-
complished via a trigger that is adaptable to vary-
ing waveform amplitudes.^^

Statistics of the patient cases are given in
Table I. In 14 of 20 patients atrial flutter occurred,
and in 6 of 20 atrial fibrillation. Ten had concur-
rent VT and ten cases exhibited fast ventricular
response as determined by an expert cardiologist.

Table I.

Diagnosis of VT with Competing AF or AFL Versus AF
or AFL with Fast Ventricular Response

Patient

AAEL133
AAEL133
AAEL139
AAEL139
AAEL 173
AAEL182
AAEL 182
AAEL 208
AAEL 224
AAEL 239
AAEL 239
AAEL 244
AAEL 245
AAEL 288
AAEL 288
AAEL 337
AAEL 340
AAEL 342
AAEL 352
AAEL 366

Total = 20

True A Rhythm
(AFL or AF)

AFL
AF

AF/AFL
AF

AFL
AFL
AFL
AF

AFL
AF
AF

AFL
AF/AFL
AF/AFL

AFL
AFL
AFL

AF/AFL
AF

AFL

6AF
14 AF/AFL

True V Rhythm
(VT or Fast VR)

Fast VR
VT
VT
VT
VT

Fast VR
VT
VT
VT

Fast VR
VT

Fast VR
Fast VR
Fast VR

VT
Fast VR
Fast VR
Fast VR
Fast VR

VT

10 Fast VR
10 VT

A = atrial; AF = atrial fibrillation; AFL = atrial flutter; Fast VR =
fast ventricular response; Pt = Ann Arbor Electrogram Libraries
patient number; V = ventricular; VT = ventricular tachycardia.
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Results

Overall results from Methods 1 and 2, the first
without and the second with the multiplicity rule,
are presented in Tables II and III, respectively. The
Tables contain results from varying the regularity
and multiplicity thresholds. For Method 1, which
utilized ventricular rate and ventricular regularity
measures only, there was a tradeoff between detec-
tion of VT (sensitivity) and recognition of atrial
fibrillation and flutter (specificity) when the regu-
larity threshold value changed. A 10% threshold
gave the highest number correct out of the total of
20 passages (18/20 cases correct), with 100% VT
identification and 80% atrial fibrillation/flutter
detection. In Method 2, which incorporated a mul-
tiplicity criterion as well as rate and regularity, a
10% threshold for the multiplicity and regularity
criteria gave best performance with 18 of 20 (90%
VT diagnosis, 90% atrial fibrillation flutter detec-
tion) correct. Method 2 achieved slightly better
atrial fibrillation/flutter detection at the expense
of a slight decrease in VT detection.

Discussion

For Method 1 (with a 10% regularity crite-
rion), one of the two errors was an atrial fibrilla-
tion/flutter passage with runs of ventricular pre-
mature depolarizations (VPDs) with regular cy-
cles, while the second was an atrial flutter with
2:1 conduction with ventricular rate regularity. For
Method 2 (with 10% regularity and 10% multiplic-
ity criterion), there was one VT misdiagnosed as
atrial flutter and one atrial flutter falsely diagnosed

Table II.

Results ot Method 1

Regularity Threshold Sensitivity

2.5%
5.0%
7.5%

10.0%
15.0%
20.0%

10%
60%
70%

100%
100%
100%

Specificity

100%
90%
80%
80%
60%
30%

Table III.

Results of Method 2

Regularity and
Multiplicity Threshold Sensitivity

2.5%
5.0%
7.5%

10.0%
15.0%
20.0%

0%
50%
80%
90%
90%
90%

Specificity

100%
100%
100%
90%
70%
40%

Sensitivity = percentage of correct ventricular tachycardia (with
atriai fibriilation or fiutter) detection; Specificity = percentage of
correct atriai fibriilation or fiutter detection.

Sensitivity = percentage of correct ventricular tachycardia (with
atriai fibriiiation or flutter) detection; Specificity = percentage of
correct atrial fibriiiation or fiutter detection.

as VT. Specifically, the difference in performance
between Method 1 and 2 for VT detection con-
sisted of a single case of VT with atrial and ventric-
ular cycle lengths close to a 2:1 ratio that satisfied
the multiplicity criterion. The multiplicity rule
improved atrial fibrillation/flutter detection by
correctly identifying the atrial flutter case with 2:1
conduction but failed for atrial/fibrillation while
decreasing VT detection performance in a case of
VT with atrial and ventricular cycle lengths close
to a 2:1 ratio). Therefore, the multiplicity criterion
had mixed results in improving discrimination be-
tween VT and atrial fibrillation/flutter from
Method 1, trading accuracy in atrial fibrillation di-
agnosis for VT detection accuracy. To improve the
performance of Method 1 and Method 2, it is possi-
ble that the change in ventricular waveform (mor-
phology) might need to be examined to distinguish
between VT and atrial fibrillation/flutter.^^'^^'^'*

There is no statistically significant difference
in performance of the two methods based upon
receiver operator characteristic curve compari-
son.^^ However, if one applied the fail-safe crite-
rion of not missing VT as the most important per-
formance measure. Method 1 has a better perfor-
mance record for consideration for implantable
devices. It must be cautioned that this is a prelimi-
nary study with only 20 cases, and more conclu-
sive remarks must await results from larger patient
population.

Although it is expected that the solution to
the distinction of competing atrial and ventricular
tachycardias will be a major contribution to the
design of future ICDs, the presence of atrial fibrilla-
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tion with fast ventricular response remains the sin-
gle most common problem in false detection in
currently available devices. It is estimated that up
to 60%^° of unnecessary device therapy is due to
this error. Both the Medtronics PCD™ (Medtronic,
Inc, Minneapolis, MN, USA) and the Intermedics
ATD (Freeport, TX, USA) device use rate stability
schemes similar to the stated "regularity" measure
of this study to combat this problem. However, due
to the lack of public access to software and hard-
ware for these devices, comparison of these "regu-
larity" measures is impossible. Therefore, the con-
clusion of whether the two introduced Methods
would perform better than current ICD regularity
schemes in the prevention of unnecessary therapy
by correct identification of atrial fibrillation/flut-
ter remains to be examined. However, the authors
speculate that since the median cycle is more ro-
bust to outliers of rate than the mean or individual
cycle. Method 1 should perform at least as well as
the commercial "stability" measures.

The key advantage of the two methods in this
study over current ICD schemes is that they incor-
porate atrial sensing to greatly improve the speci-
ficity of arrhythmia detection (accurate diagnosis
of SVTs such as atrial fibrillation and/or flutter).
This will become important for future generation
ICD devices that would have separate treatment
for atrial fibrillation or flutter (such as a cardiover-
ter in the atrial channel).

This study has several limitations. The perfor-
mance of the two proposed methods depended
upon accurate cardiac depolarization detection,
and this presumed a reliable trigger. Because the
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