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Randomized Controlled Comparisen of Antitachycardia Pacing
Algorithms for Termination of Ventricufar Tachycardia

DAVID NEWMAN, MD, FACC, PAUL DORIAN, MD, JUDY HARDY, RN

Toronto, Ontario, Canada

Objectives. This study compared the efficacy and safety of two
antitachycardia pacing algorithms in the treatment of ventrienlar
tachycardia,

trials, conversion to sinus rhythm occurred, respectively, in 85%
of SCAN versus 99% of RAMP protecols (p = .63, power =
93%)and within 1.4 + 0.7 versss 1.7 + 1.1 astempis (p = 0.41).

d, There is agr that dis pacing
should be adapted to tachycardia rate and be delivered in a busst,
but the ideal pacing patteru is not weil understood. Effective
antitachycardia pacing burst patterns include those with a be-
tween-burst decrement (SCAN) with or without an additional

within-burst decrement (RAMP).

Methods. P d d crossover of two
antitachycardia paeing algmlhnb (RAMP vs. SCAN) on n!enﬂeal
induced ! was p

Results. Sixty-five ventricular mhycardlas (mm cycle kagth
364 + 74 ms) from 37 invasive studies performed in 29 patients
were studied; 86% of patients had coronary artery disease and
72% were receiving antiarrhythmic therapy at the time of study.
Of the 65 tarhycardias, 40 were identical pairs and 25 were
uBpaired (including 8 with a >30-ms difference in cycle length of
induced ventricular tachycardia paivs). In the paired pacing

for pacing success was seen in three peivs. In
ungpaired trials, coaversica to sinis rhythm occurred in 73% and
57%. respectively (p = 0.68, power = 88%), Tachycardia accel.
eration during pacing occurred i 7 (11%) of 65 attempts (5
SCAN, 2 RAMP). Acceleration in unpaired ventricular tachycar-
dia trigls was correlated with techycardia cycle leagth. Failure to
convert veuiricaler tachycardia was asseciated with a shevter
tachycardia cycte length (p < 0.05).

Coaclusions. In the patients stadied, adaptive antitachycardia
pacing was safe and effective and, when successful, octurred
within three attempts of an 8-beat adaptive barst algerithm.
Changes in burst pattern did not affect pacing safety or efficacy.
Antitachycardia pacing success was dependent on induced ven-
tricular tachycardia cycle length.

(] Am Coll Cardiol 1993;21:1413-8)

It has long been known that overdrive ventricular pacing is
often effective in terrmnanng sustamed ventncular tachycar-
dia (1). Newer i hycardia
devices (2,3) are capable of both anmachycardla pacing and
shack delivery for the treatment of ventricular arthythmias.
The goal of therapy with suck systems is the prevention of
shock delivery whenever feasible by means of a safe and
effective antitachycardia pacing algorithm. Such an algo-
rithm would limit patient di fort, permit enhanced bat-

The optimal use of implanted antitachycardia devices
requires an understanding of the relative safety and efficacy
of various modes of antitachycardia pacing. Despite general
agreement that the rate of such pacing should be adapted to
the prevailing dia rate and be dell d in bursts (5),
the optimal antitachycardia pacing algorithm among the
many available is not known. The rate of bursts of adaptive
antitachycardia pacing can be kept constant both within and

tery longevity and allow more rapid conversion to normal
rhythm with possibly fewer symptoms during tachycardia
episodes (4). Although pacing is effective, the possibility of
inadvertent pacing-induced acceleration to ventricular fibril-
lation or failure of pacing termination requires backup defi-
brillatory capabilities in any implanted automatically acti-
vated antitachycardia device.
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b bursts or may change either within a burst or
between bursts, or both. Few studies have compared differ-
ent algorithms in a controlled manner (6) and the best pacing
prescription for successful antitachycardia paciag has not
been defined. In this report, the sequence of two different
antitachycardia pacing algorithms was randomly selected
and each algorithm was applied to the same morphologic
ventricular tachycardia in the same patient in a crossover
fashion. The key end points to this study were efficacy and
safety of antitachycardia pacing.

Methods
The two hods of antitact dia pacing d
were an adaptive burst with an interburst decrement (SCAN )

0735-1097/93/36.00
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and one that also had a decrement within each burst of
antitachycardia pacing (RAMP).

Patients with recurrent sustained ventricular tachycardia
or fibrillation referred for clinical electrophysiologic study at
our institution from February 1991 to February 1992 were
eligible for study. Any antitachycardia pacing that was
clinically required during the invasive study was initially
delivered according to the study protocol. This study was
approved by the institution’s Human Subjects Review Com-
mittee.

The electrophysiologic study was performed in a conven-
tional fashion, with multipolar electrodes p d in the
right ventricie for recording and stimulating. Patients were
randomly assigned to receive one of the antitachycardia
pacing algorithms and induction of ventricular tachycardia
was attempted. Eligibility for this study required induction
of sustained monomorphic ventricular tachycardia that did
not require prompt cardioversion and for which antitachy-
cardia pacing could be used. After termination of ventricular
tachycardia, the arrhythmia was reinduced and the alter-
native antitachycardia pacing algorithm delivered. To be
eligible for the main study end point, tachycardia pairs had
to be of identical morphology and within 30 ms in cycle
length. Those tach dias that on reind were of
different cycle length and morphology, patients in whom any
tachycardia could not be reinitiated after first tachycardia
termination and those who required cardioversion after the
first tachycardia induction were analyzed separately as un-
paired tachycardias; that is, in that group only one type of
antitachycardiz pacing algorithm was delivered per tachy-
cardia.

Antitachycardia pacing algorithms. All antitachycardia
pacing was delivered through a customized investigational
antitachycardia device (Telectronics model 4211). Once sta-
ble ventricular tachycardia was initiated, the device was
activated and therapy delivered. If ventricular tachycardia
was still present after five pacing attempts, the alternative
therapy was delivered. The order of therapies was reversed
at the second ventricular tachycardia induction. If direct
current shock was required at any point, the study was
stopped. Throughout the study, the minimal tachycardia
cycle length for which antitachycardia pacing could be
delivered was set at 250 ms and the minimal pacing interval
was set at 240 ms. The therapies used were as follows.

RAMP protacol (Fig. 1A). This consisted of an 8-beat
burst with the first beat to beat interval of the first attempt
adapted to 90% of the tachycardia cycle length. Within the 8
beats of the burst, there was a 3% decrement between each
of the successive intervals from the beginning to the end of
the burst. The interval from the fast tachycardia beat to the
first paced beat and from the first paced beat to the subse-
quent paced beat interval was progressively decreased in 5%
steps from 90% to 753% of the tachycardia cycle length for the
first four attempts, after which the first was re-
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SCAN protocol (Fig. 1B). This method also used an
8-beat antitachycardia pacing drive with the first beat to beat
interval initially at 90% of the tachycardia cycle length but
with a constant interbeat interval throughout the burst. As
for the RAMP algonthm the ﬁrst beal to beat interval for the
first four d from 90% to
75% of the tachycardla cycle length after which the first
sequence was repeated.

A pacing success was prospectively defined as termina-
tion of the ventricular tachycardia on the cessation of the
antitachyca-dia pacing pulse train delivery or spontaneous
termination within 5 beats after pacing was delivered. Anti-
tachycardia pacing-induced tachycardia acceleration was
defined as a decrease in ventricular tachycardia cycle length
by >50 ms after a pacing attempt. Safety of antitachycardia
pacmg was prospectlvely deﬁned as ahsence of either pac-

or ion into
Ventrlcular ﬁbnllatlon Ineffective anmachycardla pacing
was defined as persi of induced tachycardia after all
five pacing attempts of the given algorithm had been deliv-
ered.

Statistical analysis. The goal of this study was to assess
twao forms of adaptive antitachycardia pacing on ventricular
tachycardia induced at the time of invasive study. The study
end points were therefore assessed per ventricular tachycar-
dia induced. The Student 7 test was used to compare means
b groups. The McNi test was used to compare
differences in the proportion of successful therapy between
id ! ventricular tachycardia pairs. The Fisher exact test
was used to compare differences in the proportion of suc-
cessful therapy between nonidentical groups. Where results
were not significant, the beta error and statistical power
(1 ~ p) were calculated. This was defined as the certainty
with which one can exclude the presence of a significant
difference (at & = 0.05) given the differences observed and
the number of patients studied. Unless otherwise indicated,
all data are presented as mean value = SD.

Results

In the time period of this study, 139 invasive studies for
ventricular arthythmias were performed in 104 patients.
Eighty-three (60%) of these studies were not amenable to
antitachycardia pacing therapy because of rapid or polymor-
pth ventricular tachycardia, ventricular fibrillation or non-

ducible ventricular Jia. Of the remaining 57 stud-
ies, 37 were included in !hls s!udy and 20 were excluded for
| reasons (p ion in 3, equi mal-

function or absence in 15). A total of 65 ventricular tachy-
cardias were available for analysis from those 37 separaie
invasive electrophysiologic studies carried out in 29 patients.
Mean rest nuclear left ventricular ejection fraction was 29 =
11%; the mean age of the patients was 62.5 = 12.5 years.
Twenty-five patients had coronary artery disease as their

peated.

derlying condition; of the remaining four, three had di-
lated cardiomyopathy and one had mitral valve prolapse.
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Mean ventricular tachycardia cycle length was 364 + 74 ms
(164 = 8 beats/min) among all study patients; 72% of patients
were receiving antiarrhythmic therapy at the time of study.

Paised ventricular tachycardias (Fig. 2A). Among the 65
tachycardias available for study, 20 pairs (40 ventricular
tachycardias) met the primary study entry criteria with
identical and reproducibly initiated ventricular tachycardia
cycle length and morphology. These 20 ventricular tachycar-
dia pau-s were induced in 20 different patlems Among these
20p 5 (inctuded in the ired ventricular tach
dia group) had a different ventricular tach i

Figure 1. Diagram of pacing intervals that would be delivered for a
(achycardia at a cycle length of 400 ms in either antitachycardia
pmng mode !n bmh 3 pulses uf anulachycanha pacing were
d. Al tothe
cycle length (TCL) with both lhe fu'st initial mterval and the sccoud
first coupled interval starting at 99% of tachycardia cycle length.
The minimal pacing interval for antitachycardia pacing attempts was
240 ms. In both cases, up to five an cardia pacing attempls
were performed, with the fifth train being the same as the first train.
A, The RAMP mode, with a decremcm within ¢ach burst. Each
successive beat of the 8-beat train decreased by 3% of the initial
antitachycardia pacing interval. B, The SCAN mode in which all

y induced
that either was not reproducible or was ble at a
. . "
P

trial and 13 were

dia intervals within a burst were identical but, as in the
RAMP mode, the initial interval between successive bursts de-
creased from 96% io 75% of the tachycardia cycle length.
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taking antiarrhythmic medications at the time ventricular
tachycardia was initiated. All but one of these medication
regimens comprised a combination of type IA and iype 11l
antiarrhythmic The mean [ar tachycar-
dia cycle length in this group was 388 * 74 ms. The
ventricular tachycardia was terminated in 18 of 20 attempis
with RAMP and in 17 of 20 atiempts with SCAN (p = 0.63).
The statistical power of the comparison was 93% at @ = 0.05.

Results were discordant in three pairs. In two of these
pairs, success occurred with RAMP only but not with
SCAN, and in one pair success occurred with SCAN only
but not with RAMP. In the one RAMP antitachycardia
pacing attempt that failed, the secondary SCAN method was
successful on the first attempt. In the two SCAN attempts
that failed, the secondary RAMP method was successful on
the third attempt in one and required manual pacing conver-
sien in the second.

Among the ful RAMP procedures, ventricular
tachycardia termination required 1.7 + 1.1 attempts com-
pared with 1.4 + 0.7 with the SCAN antitachycardia pacing
algorithm {p = 0.41). There were no episodes of tachycardia
acceleration among the paired ventricular tachycardias as
defined prospectively. One ventricular tachycardia was not
successfully terminated after five attempts of pacing termi-
nation with either RAMP or SCAN. The ventricular tachy-
cardia cycle length was 370 ms (162 beats/min) in a patient
being treated with a combination of sotalo] and quinidine.
Ventricular tachycardia was terminated with direct current
cardioversion.

Inductions of unpaired ventricular tachycardias (Fig. 2B).
Twenty-five ventricular tachycardias in 17 studies from 13
patients could not be studied as identical pairs and were
treated with either the RAMP or SCAN antitachycardia
pacing protocol. All but two of these studies were conducted
with the patient taking no antiarrhythmic medications.
Among the 17 studies, 8 ventricular tachycardia pairs
(16 tachycardias) were >30-ms different in cycle length in
8 studies, 2 ventricular tachycardias could not be reinitiated
in2 studies and 2 ventricular tachycardias accelerated during
an antitachycardia pacing algorithm requiring direct current
cardioversion in 7 studies. Multiple inductions of different
cycle length ventricular tachycardia were induced in five
patients in this group, who demonstrated 13 ventricular
tachycardias over nine invasive studies. In the remaining
eight patients, 12 ventricular tachycardias were induced in
eight invasive studies.

Among these 25 ventricular tachycardias, 11 were treated
with RAMP, with success occurring in eight attempts. Suc-
cessful conversion required 1.4 + 0.7 attempts. Among the
three RAMP failures, two ventricular tachycardias acceler-
ated and one tachycardia was manually terminated.

Among the 14 of the 25 unpaired ventricular di;
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Figure 2. Resuils of. anmachycardu pacing. A, Among the 20 paired
was seen with either
mode; RAMP and SCAN success ocourred in 90% and 85%,
respectively (p = 0.63, power = 93%). B, Of the 25 unpaired

11 were using the RAMP
protocol (success rate 73%) with tachycardia acceleration in 18%.
Fourteen tachycardias were studied with the SCAN protocol, witha
5§7% success and a 36% acceleration rate (p = 0.68 RAMP vs. SCAN
success, power = 88%, p = 0.41 for acceleration in RAMP vs.
SCAN). C, In all ventricular tachycardias studied, 31 were assessed
with the RAMP protocol {success rate 84%) with acceleration
in 6%, and 34 were studied with the SCAN protocol (success rate
75%) with acceleration in 15% (p = 0.31 RAMP vs. SCAN success,
power = 81%, p = 0.43 for acceleration in RAMP vs. SCAN). See
text for discussion.

treated with the SCAN mode, treatment was successful in 8
(p = 0.68 compared with RAMP). The statistical power of
the comparison was 88% at e = 0.05. Acceleration occurred
in 7 of 25 unpaired tachycardias during antitachy

pacing (2 RAMP, 5 SCAN p= 0.41), 1 of which
was panied by pacmg termi

Among all 65 ‘hycardia episad itabl
for analysis, pacing i d in 37 (78%) and

din 7(11%) (Fig. 2C). Mean
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tachycardia cycle length of pacing terminated ventricular
tachycardia was 378 + 69 ms compared with 324 = 58 among
those not terminated by pacing (p = 0.035). With one
exception, the faster tachycardias that were not terminated
by pacing were also those in which pacing induced acceler-
ation. There was no difference in ejection fraction between
patients with tachycardias that were or were not terminated
by pacing.

Discussion

The chief finding of this study is that two different
algorithms for pacing termination of induced ventricular
tachycardia have similar efficacy and safety.

Prior studies. The choice of gptimal antitachycardia pac-
ing algorithms has had limited study in a prospective con-
trolled fashior. In supraventricular tachycardias, it has been
suggested that an antiiachycardia pacing algorithm that
consists of scanning without an intraburst decrement is
superior to one that has this decrement (7). In ventricular
tachycardia, one study (6) found a within-burst adaptive
decrement to be superior ta one with a fixed burst adapted to
cycle length at the initial attempt and then repeated. Other

WMAN ET AL.
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In view of the theoretic risk that faster pacing increases the
risk of acceleration, limiting the pacing rate to 75% of
ventricular tachycardia cycle length seems an acceptable
compromise between ¢fficacy and safety.

Although the cycle length of induced ventricular tachy-
cardia was stroagly correlated with a successful anmachy~
cardia pacing there was a ble overlap
between cycle lengths of successful and unsuccessful anti-
tachycardia pacing. Our findings underscore the requitement
that antitachycardia pacing must always be performed with
backup defibrillatery capabilities. Pacing-induced tachycar-
dia acceleration occurred in 11% of all antitachycardia
pacing altempts, always in faster tachycardias. Becanse
antitachycardia pacing efficacy is cycle length dependeni,
our study tended to focus on ventricular tachycardias with
generally slower cycle lengths induced during medical ther-
apy. Our results suggest that antiarchythmic drugs may be
useful adjuncts to with antitach ia pacing
devices. decreasing the need for shock delivery.

Qur results also suggest that antitachycardia pacing effi-
cacy is not dependent on burst pattern and may be a
statistical probability function related most critically to
tachycardla rate. The importance of tachycardia rate in

studies (8,9) of nonid | ventricular tachycardias found

no difference in efficacy between two adaptive protocols
with or without an intraburst decrement.

The efficacy of antitachycardia pacing has traditionally
been explained by its effect on the reentrant circuit that
supports most ventricular tachycardias. Pacing termil

ffe antitachycardia pacing has been noted
previously (14,15). In this study, effective antitachycardia
pacing occurred within three attempts in all cases. These
results imply that if rapid establishment of normal chythm is
not achicved within a few attempts of delivery of any

isp d 1o occur wh a critical of the
reentrant circuit is made refractory to successive depolar-
ization by the propagating tachycardia wave front (10).
Changes in tachycardia cycle length may occur during the
rhythm episode (11); therefore, antitachycardia pacing that
is adapted to the seased tachycardia cycle length is thought
to be superior to paving modes with predetermined and fixed
coupling intervals or cycle length. The principle that the
excitable gap for termination of a tachycardia may change
has led to the advocacy of progressively longer trains of
paced beats with a within-burst decrement (12). However,
once trains of extrastimuli ar¢ adapted to the prevailing cycle
length, there is no clear evidence for the superiority of one
type of antitachycardia pacing burst to another, and we
observed no significant difference between the two algo-
rithms examined in this study.

Present study, Adapted antitachycardia pacing can vary
in burst duration and pattern. In this study, we compared
only the latter and chose an 8-beat burst duration. Although
this prodiiced a safe and effective antitachycardia pacing
algorithm, the optimal duration of the drive train is not
known. Longer bursts may be related to pacing-induced
acceleration, especially if coexisting with an intraburst dec-
rement (13). The optimal rate of bursts relative to ventricular
tachycardia cycle length has not beem extensively investi-
gated. Our results suggest that antitachycardia pacing is
usually effective at 80% to 90% of tachycardia cycle length.

adaptive hycardia pacing algorithm, prompt progres-
sion to alternative therapy should be considered.

Siudy Bmitations. This study was a short-term study in
sedated patients. Such studies may not predict long-term
efficacy of any type of antitachycardia pacing (16,17). An
attempt was made to obviate some of the factors that can
affect vemricular ycardia and its ter by exam-
ining identical rate and hologi in a pro-
spective fashion. Nonetheless, 25 of 65 eplsodes of ventric-
ular tachycardia could not be assessed as identical pairs.
However, the results in this group were the same as those in
the matched pairs, except for a lower success rate that was
associated with faster ventricular tachycardia rates in un-
paired tachycardias. The study was limited by design to
patients with ized and bly well tol d ven-
tricular tachycardia. Although this allows a dir=ct compari-
son between two different antitachycardia pacing methods,
our design may limit the ability to generalize our results to
all patients with ventricular tachycardia. All cases of pacing-
induced tachycardia acceleration and most failures of anti-
tachycardia pacing occurred in patients in the unpaired
ventricular tachycardia group, who generally were not
taking antiarrhythmic drugs and tended to have faster ven-
tricular tachycardias than those of patients in the paired
ventricolar tachycardia group. Overall, 72% of induced
vemncular tachycardlas accurred in patients taking anfi-
arthy Aithough this finding may limit the
utility of our results, it may indicate the type of patieats who
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may be candidates for antitachycardia pacing as part of a
tiered approach to device therapy. In one study (4), 35% of
patients receiving an investigational tiered system were on
antiarrhythmic medication that presumably slowed ventric-
ular tachycardia or alfowed antitachycardia pacing to occur.
In that study, use of antitachycardia pacing allowed a
decrease in the requirement for shock delivery.

Conclusions. When antitachycardia pacing was delivered
in an adaptive fashion to detected tachycardia cycle length,
antitachycardia pacing was effective in 78% of induced
ventricular tachvcardias. Successful antitachycardia pacing
was determined by the induced techycardia cycie fength and
was nct influenced by whether the antitachycardia pacing
bursts had a decrement within each burst.

We acknowledge the technical support of Sally Thome, RN, Lois Adams,
BSc and Anatoly Langer, MD. Langer helped with statistical analysis, and
Fatima Moloa provided patienl and excellent secretarial assistance.
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