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Abstract
Objective-To evaluate an implantable
tiered therapy defibrillator system that
delivered antitachycardia pacing treat-
ment for slower well tolerated ventricu-
lar tachycardias and cardioversion or
defibrillation for fast tachycardias or
ventricular fibrillation.
Methods-A tiered treatment device
(Ventritex Cadence V-100) was implan-
ted in 30 patients with ventricular tachy-
cardia that was refractory to drugs.
Efficacy was evaluated by the responses
of induced or spontaneous arrhythmias
to the treatments delivered.
Results-Antitachycardia pacing suc-
cessfully terminated 80% of episodes of
ventricular tachycardia induced by non-
invasive programmed stimulation, but
acceleration was brought about by pac-
ing in six patients in 10% of episodes.
During a follow up of two to 17 (mean
seven) months, 18 patients (60%) had
recurrence of ventricular arrhythmias.
Antitachycardia pacing terminated ven-
tricular tachycardia in 17 of 18 patients
in 87% of episodes. Twelve patients
received shocks for ventricular tachycar-
dia or fibrillation. Failure of pacing, with
subsequent cardioversion, occurred in
nine patients (50%) in one or more
episodes. Acceleration of tachycardia by
pacing occurred in 10 patients in 5% of
episodes. Only two of these patients had
experienced acceleration of previously
induced arrhythmia. Five patients had
spontaneous fast ventricular tachycardia
or fibrillation treated by cardioversion or
defibrillation. Spurious treatment was
delivered in nine patients (30%), during
atrial fibrillation in five, sinus tachycar-
dia in two, and because of fracture of the
sensing lead system in two patients. The
retrieval of stored intracardiac electro-
grams was of clinical value in assessing
spurious treatment.
Conclusions-Tiered treatment was
effective in terminating recurrent ventri-
cular arrhythmias in these selected
patients. Most episodes were treated
successfully by pacing, and resistant
tachycardias, pacing induced accelera-
tion, or haemodynamically compromis-
ing arrhythmias were treated by shocks.

(Br Heart3' 1993;70:61-69)

Patients with sustained ventricular arrhyth-

mias who have inducible ventricular tachycar-
dia at electrophysiological study despite
antiarrhythmic drug treatment are at high risk
of recurrence of arrhythmia.' 2 Automatic
implantable devices capable of detecting
arrhythmias and treating them with car-
dioversion or defibrillation have greatly
diminished the incidence of sudden death in
patients with haemodynamically compromis-
ing ventricular arrhythmias.34 Patients with
slower and better tolerated ventricular tachy-
cardia, however, are less well suited for such
devices. Their risk of sudden death may be
lower,56 and they might be subjected to fre-
quent painful shocks with minimal preceding
symptoms. It is well established that short
bursts of rapid ventricular pacing effectively
terminated sustained monomorphic ventricu-
lar tachycardia in most patients, but may also
unpredictably cause acceleration of the tachy-
cardia.78 This potential for tachycardia accel-
eration has limited the application of
antitachycardia pacing in patients with recur-
rent sustained ventricular tachycardia.9
Provision of additional cardioversion and
defibrillation capability allows the benefit of
pacing termination in most episodes of ven-
tricular tachycardia, without the risks associ-
ated with acceleration. Tiered treatment takes
this concept further and combines the use of
antitachycardia pacing for slower, well toler-
ated ventricular tachycardia with delivery of
low energy shocks to cardiovert resistant
tachycardia and higher energy shocks to car-
diovert or defibrillate faster tachycardias or
ventricular fibrillation, whether spontaneous
or induced by pacing. In this report we evalu-
ate the efficacy of an implantable tiered treat-
ment defibrillator system in patients with
recurrent ventricular arrhythmias refractory
to drugs.

Patients and methods
PATENTS
Thirty patients underwent implantation of an
automatic tiered treatment defibrillator sys-
tem (Ventritex Cadence V-100). There were
23 males and seven females, aged 14-78
(mean 50) years. Patients presented with
spontaneous ventricular arrhythmias that
proved to be refractory to antiarrhythmic
drug treatment (including amiodarone in 19
patients), as assessed by suppression of spon-
taneous or induced arrhythmias. Twenty two
patients (73%) had coronary artery disease
with previous myocardial infarction, four had
cardiomyopathy (dilated in two, hypertrophic
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in one, and restrictive in one), two had valvar
heart disease with previous myocardial infarc-
tion (one embolic, one perioperative infarc-
tion), one had right ventricular dysplasia, and
one had idiopathic ventricular fibrillation.
The mean (SD) left ventricular ejection frac-
tion was 36% (15%).

SELECTION OF PATIENTS
Patients were selected for implantation of a
tiered treatment device for control of arrhyth-
mias on the basis of combinations of the
arrhythmia characteristics: (a) haemodynami-
cally tolerated ventricular tachycardia (spon-
taneous or induced), (b) recurrent ventricular
tachycardia despite antiarrhythmic drug treat-
ment, (c) inducible ventricular tachycardia
that was slowed, but not suppressed, by
antiarrhythmic drugs, and (d) successful ter-
mination of tachycardia by ventricular burst
pacing. One patient without inducible sus-
tained arrhythmia was selected to receive the
device because of its diagnostic capabilities.

ELECTROPHYSIOLOGICAL TESTING
Induction of arrhythmias by programmed
ventricular stimulation was undertaken at
baseline and during drug treatment with up
to three ventricular extrastimuli at two basic
drive cycle lengths, at one or two right ven-
tricular sites. Attempts were made to termi-
nate induced ventricular tachycardia in all
patients with short bursts of rapid right
ventricular pacing. Normal rhythm was
restored by direct current cardioversion if the
tachycardia accelerated with pacing or was
not tolerated haemodynamically. Serial elec-
trophysiological testing -was performed in all
patients undergoing oral antiarrhythmic treat-
ment.

CHARACTERISTICS OF THE DEVICE
The Ventritex Cadence tiered treatment
device has multiple programmable arrhyth-
mia detection criteria and therapeutic
options. Detection of arrhythmia is based on
the satisfaction of programmed rate criteria
with recognition of a tachycardia occurring
whenever the sensed rate exceeds the speci-
fied detection rate. Also, the device was pro-
grammed to discriminate among up to three
distinct tachycardia types, based on rate
zones (tachycardias A, B, and fibrillation).
Programmed detection rates ranged from
120-160 (mean 138) beats/min for the detec-
tion of slow ventricular tachycardia (tachycar-
dia A), and from 188 to 222 beats/min for
ventricular fibrillation, with intermediate
rates for tachycardia B. The treatment deliv-
ered was independently programmed for each
arrhythmia category. Adaptive decremental
ventricular burst pacing was used as initial
treatment for tachycardia A. This modality
delivered trains of ventricular stimuli at a pre-
programmed percentage of the detected
tachycardia cycle length, with subsequent
shortening of the paced cycle length for suc-
cessive bursts. Up to 10 bursts with trains of
five to 11 stimuli were used, beginning at
70%-85% of the detected cycle length of the

tachycardia and decreasing by 10 ms with
each burst to a minimum duration between
stimuli of 200 ms. Persistence of tachycardia
after pacing treatment, or detection of a more
rapid ventricular rate (tachycardia B or fibril-
lation), resulted in the synchronised direct
current shocks. Delivered shocks were pro-
grammed from 50 to 750 V to provide low
energy cardioversion (tachycardia A or B),
high energy cardioversion (tachycardia B), or
defibrillation.

Diagnostic data were retrieved by interro-
gation of the implanted device and included
the total shock counts, a detection and treat-
ment summary (with minimum and maxi-
mum cycle lengths of tachycardia), details of
treatment sequencing (of the last 11 events),
and retrieval of stored intracardiac electro-
grams'0 corresponding to the last three
detected arrhythmias. Additional features of
the device include backup bradycardia pac-
ing, reconfirmation of tachycardia immedi-
ately before delivery of treatment, and non
invasive programmed stimulation.

IMPLANTATION OF THE DEVICE
Patients underwent surgical implantation -of
extrapericardial patch electrodes through a
subxiphoid incision (one), median stemoto-
my (one), or left lateral thoracotomy (28).
Sixteen patients had two large patches, and
14 had one large and one small patch. In 17
patients, a transvenous bipolar electrode for
sensing and pacing was inserted through the
left subclavian vein, with the tip positioned at
the right ventricular apex and the lead tun-
nelled to the generator in an abdominal wall
pocket. The remaining 13 patients received
unipolar epicardial sutureless sensing-pacing
electrodes, connected to the generator
through a bifurcating adaptor. Defibrillation
thresholds of 20 J or less (mean 10-7 J) were
found in all patients at implantation. Sensing
R wave amplitudes were greater than 5 mV
(6-20, mean 13-7 mV). High voltage lead
impedance ranged from 28 to 55 (mean 40)
ohms.

NON-INVASIVE PROGRAMMED STIMULATION
Non-invasive programmed stimulation was
performed by programming the device to
deliver trains of ventricular stimuli followed
by up to three extrastimuli, or rapid burst
pacing. After implantation, with the patient
under general anaesthesia, sustained ventricu-
lar tachycardia or fibrillation was induced one
to five times and was ended by the device.
Alterations in the detection criteria or treat-
ment algorithms were made as indicated by
the responses of the device to the detected
arrhythmias. Patients were followed up as
outpatients at four to six weeks and every two
months thereafter. Non-invasive programmed
stimulation was repeated at the first return
visit, at one year, and at other intervals if
reprogramming of the device was necessary.

STATISTICAL ANALYSIS
Data are expressed as mean (SD).
Comparisons were made with paired t tests
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(for continuous data) or X2 tests (for categori-
cal data).

Results
CHARACTERISTICS OF CLINICAL ARRHYTHMIA
All 30 patients had a history of spontaneous
ventricular tachycardias (range one to 13
episodes). Sustained monomorphic ventricu-
lar tachycardia occurred in 27 patients, ven-
tricular fibrillation in two, and non-sustained
ventricular tachycardia with syncope in one
patient. Two or more episodes of sponta-
neous ventricular tachycardia were docu-
mented in 25 patients. Twenty patients had a
four month to 10 year history of recurrent
spontaneous ventricular tachycardia despite
antiarrhythmic drug treatment. In these 20
patients, the mean tachycardia cycle length
was increased by chronic drug treatment (320
ms v 413 ms; p < 0 05). The remaining 10
patients underwent implantation of the device
within one or two months of their first spon-
taneous ventricular tachycardia.

ELECTROPHYSIOLOGICAL TESTS
Programmed ventricular stimulation was per-
formed in the drug free state in 26 of the 30
patients. The other four required antiarrhyth-
mic drugs to control spontaneous arrhyth-
mias. Sustained monomorphic ventricular
tachycardia was induced in 24 of the 26
patients, and non-sustained ventricular tachy-
cardia was induced in the remaining two
patients. The cycle length of the induced
tachycardias ranged from 250 to 520 ms
(mean 313 ms). Induced sustained ventricu-
lar tachycardia was terminated by ventricular
burst pacing in 19 patients, but nine patients
required direct current cardioversion to end
at least one arrhythmia.
Twenty eight of the 30 patients underwent

electrophysiological tests during oral drug

treatment. Two patients proceded to device
implantation without a repeat study because
of recurring spontaneous arrhythmia despite
antiarrhythmic drugs in one and drug
induced heart block in the other. One patient
who had inducible non-sustained ventricular
tachycardia at baseline study had no
inducible arrhythmia at follow up study. The
remaining 27 patients did not respond to a
mean of three (range one to five) drugs dur-
ing serial antiarrhythmic drug tests. The rates
of induced ventricular tachycardia were
slowed by drug treatment (mean cycle length
427 ms; p < 0-0001). Rapid ventricular pac-
ing successfully ended ventricular tachycardia
in 25 patients during antiarrhythmic drug
treatment, although eight required cardiover-
sion on at least one occasion. The two
patients in whom pacing failed to end the
ventricular tachycardia during drug treatment
both had their arrhythmia terminated suc-
cessfully by ventricular pacing at the baseline
study.

NON-INVASIVE PROGRAMMED STIMULATION
All patients had non-invasive programmed
ventricular stimulation after implantation of
the device, before discharge from hospital (fig
1). Arrhythmia was induced once in 11
patients, and twice or more in 18 patients.
Antitachycardia pacing terminated 31 of 44
of episodes (70%) of induced ventricular
tachycardia, with success in 17 patients, fail-
ure in eight patients, and acceleration of ven-
tricular tachycardia in four patients (fig 2).
Rapid tachycardia, which was faster than the
rate for antitachycardia pacing, or ventricular
fibrillation were induced at least once in 16
patients and were successfully terminated by
cardioversion or defibrillation.

All patients underwent further non-inva-
sive programmed ventricular stimulation dur-
ing the follow up of two to 17 (mean seven)

Si Si S2 S3
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Retrieved
electrogram
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Figure I Sustained monomorphic ventricular tachycardia induced by non-invasive programmed stimulation and
terminated by antitachycardia pacing. The top traces are surface electrocardiogram leads (I, aVF, VI) that show the last
two paced beats ofa drive train of eight beats (Sl) followed by two ventricular extrastimuli (S2,S3). The induced
ventricular tachycardia was detected by the implanted device and terminated by a burst ofpacing. The lower trace shows
the stored intracardiac electrograms for this same episode, which were subsequendy retrievedfrom the device. The pacing
artefacts appear as low amplitude signals duringprogrammed stimulation and overdrive pacing. The larger signals are
sensed intracardiac ventricular electrograms during ventricular tachycardia and sinus rhythm (last two beats).

-
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Figure 2 A burst of ventricular pacing, delivered as antitachycardia treatment during sustained monomorphic ventricular
tachycardia, caused acceleration to a rapid polymorphic ventricular tachycardia. This tachycardia wasfaster than the
programmed rate zone for antitachycardia pacing, and therefore its detection by the device resulted in the delivery ofa 200
V shock, which terminated the arrhythmia. Leads I, aVF, and Vl are shown.

months. Non-invasive testing was carried out
from one to five times for each patient,
depending on the duration of follow up and
the clinical need for reprogramming. The
success rate of induced tachycardia termina-
tion by antitachycardia pacing was higher
than at the study before discharge (87% v
70%; p < 0 05), with a successful termination
of 52 episodes of induced ventricular tachy-
cardia, failure in two, and acceleration in six
patients. The failure rate was lower (3% v
20%) but the incidence of acceleration was
unchanged (9% v 10%).

In total, successful pacing termination of
ventricular tachycardia was confirmed during
non-invasive programmed stimulation in 83
of 104 episodes (80%) of induced ventricular
tachycardia in 24 of the 30 patients (80%).
Acceleration of ventricular tachycardia by
pacing occurred in 10 episodes (10%) in six
patients. In five of six patients in whom ter-
mination of ventricular tachycardia was not
demonstrated only rapid ventricular tachycar-
dia was induced by non-invasive programmed
stimulation.

RECURRENCE OF SPONTANEOUS ARRHYTHMIA
During a follow up period of two to 17 (mean
seven months), 18 patients (60%) had spon-
taneous arrhythmias, with a total of over 800
documented episodes. The number of
episodes ranged from one to 140 for each
patient, with 10 patients having more than 10
episodes of recurrent arrhythmia. The time to

Retrieved
electrogram

first recurrence of arrhythmia was three days
to four months (median three weeks) and was
within one month in 12 patients (67%). All
18 patients had recurrent ventricular tachy-
cardia (cycle length 265 to 500 ms), and two
patients also had spontaneous ventricular fib-
rillation. Treatment with antiarrhythmic
drugs was continued after implantation of the
device in 17 patients, and was subsequently
restarted in three patients. f,-Adrenergic
receptor blocking agents were continued in
17 patients and digoxin in 13.

ANTITACHYCARDIA PACING
Episodes of spontaneous ventricular tachycar-
dia were successfully ended by burst pacing
in 17 of the 18 patients with recurrent
arrhythmia (fig 3). In these 17 patients there
were 662 episodes of ventricular tachycardia
within the rate for antitachycardia pacing and
normal rhythm was restored by pacing in 576
episodes (87%). Pacing was never successful
in one patient, who received 123 shocks dur-
ing 10 months of follow up, and treatment
was therefore restricted to low energy car-
dioversion or defibrillation. Pacing was incon-
sistent in terminating induced ventricular
tachycardia in this patient, with seven of nine
episodes requiring cardioversion. Eight other
patients also had episodes of tachycardia that
failed to respond to pacing, and were termi-
nated by cardioversion. Antitachycardia pac-
ing, however, was successful in 451 of 503
episodes (90%) in these eight patients. Pacing

1 s

Figure 3 Retrieved stored intracardiac electrograms of an episode ofspontaneous ventricular tachycardia, detected by the
device and terminated by a single burst of antitachycardia pacing. After the third electrogram there was an abrupt increase
in ventricular rate that was detected by the implanted tiered treatment device and a burst of antitachycardia pacing was
delivered (shown as low amplitude pacing artefacts). During ventricular tachycardia, the intracardiac electrogram
morphology was differentfrom that during sinus rhythm, before initiation, and after termination of the tachycardia. The
vertical marker after the second to last electrogram was inserted by the device to indicate that it had recognised that the
sensed rate has fallen below the tachycardia detection rate.

64

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.70.1.61 on 1 July 1993. D
ow

nloaded from
 

http://heart.bmj.com/


Variable treatment for ventricular arrhythmias

Retrieved
electrogram itfA

1 s

Retrieved
electrogram 1 s

Figure 4 Antitachycardia pacing during atrial and ventricular arrhythmias. Top trace shows retrieved intracardiac
electrograms with pacing during an irregular tachycardia. After the second burst ofpacing the vertical marker indicated
that the rate hadfallen below the tachycardia detection rate, although the tachycardia was not terminated. The
electrograms did not change and were of identical morphology to those during sinus rhythm, consistent with an atrial
arrhythmia. An episode of ventricular tachycardia in the same patient, successfully terminated by a burst ofpacing, is
shown below. The electrogram morphology during ventricular tachycardia was differentfrom that during sinus rhythm,
before the arrhythmia and after its termination.

had failed to terminate at least one episode of
tachycardia induced by non-invasive pro-
grammed stimulation in four of these
patients.

Acceleration of ventricular tachycardia was
documented in 10 patients during 27 of 530
(5%) paced episodes. The arrhythmia accel-
erated into the fibrillation rate during 13
episodes in four patients. In only two of the
10 patients had acceleration been found with
pacing treatment of arrhythmias induced by
non invasive programmed stimulation. Five
patients all of whom had infrequent (one to
nine) episodes, had all recurrent arrhythmias
terminated successfully by pacing.

CARDIOVERSION AND DEFIBRILLATION
Twelve patients received 279 appropriate
shocks for ventricular tachycardia or fibrilla-
tion (one to 123 shocks/patient). All 12
required cardioversion or defibrillation after
antitachycardia pacing, had failed or caused
acceleration of ventricular tachycardia. All
but one, however, had their arrhythmias suc-
cessfully terminated on other occasions by
pacing. Five patients had spontaneous fast
ventricular tachycardia (tachycardia B) or
ventricular fibrillation requiring cardioversion
or defibrillation; all five had also had episodes
of slower tachycardia successfully treated by
pacing. The 10 patients with frequently
recurring (> 10 episodes) arrhythmia all
received shocks as well as pacing. Low energy
shocks (50-400 V, approximately 0.2-10 J)
were delivered during ventricular tachycardia
in 11 patients, with successful restoration of
normal rhythm in eight, failure in four, and
acceleration of tachycardia to fibrillation in
two patients. Seven patients received high
energy shocks (450-750 V, approximately
12-35 J) for termination of ventricular tachy-
cardia or fibrillation. Multiple sequential

shocks during a single episode were necessary
to terminate arrhythmia in six patients.

SPURIOUS TREATMENT AND UNDERDETECTION
The worst problem encountered with pro-
gramming the device was overlap between the
rate of ventricular tachycardia and the rates of
sinus tachycardia or atrial arrhythmias, result-
ing in inappropriate treatment or undersens-
ing of the arrhythmia. Patients with poor left
ventricular function or heart failure, who
were intolerant of fi-adrenergic receptor
blockade, and those whose ventricular tachy-
cardia was slow (often slowed by antiarrhyth-
mic drugs necessary to reduce the frequency
of recurrence of arrhythmia) presented the
most difficult problem.

Nine patients received treatment from the
device for reasons other than ventricular
tachycardia, including pacing in four, shocks
in two, and both pacing and shocks in three
patients. Retrieval of stored intracardiac elec-
trograms was of value in the diagnosis of spu-
rious treatment in these nine patients.
Paroxysmal atrial flutter or fibrillation with
ventricular response rates within the tachycar-
dia rate detection zone occurred in five
patients (fig 4) and sinus tachycardia resulted
in the delivery of treatment in two patients
with heart failure (fig 5). The retrieved intra-
cardiac electrograms during these tachycar-
dias were of identical morphology to those
recorded in sinus rhythm. This was by con-
trast with the electrograms during sponta-
neous ventricular tachycardia in the same
patients, during which there were changes in
both rate and electrogram morphology (fig
4B). Also, the recorded ventricular rhythm
was irregular in three patients with atrial fib-
rillation. The occurrence of atrial flutter,
fibrillation, or sinus tachycardia was con-
firmed by electrocardiographic recordings in
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Figure 5 Spurious treatment during sinus tachycardia in a patient with severe congestive heart failure. (A) Sinus
tachycardia, faster than the programmed arrhythmia detection rate, resulted in a burst of antitachycardia pacing that
induced ventricular tachycardia. A second burst ofpacing terminated the arrhythmia. The rate of ventricular tachycardia
is only slighdy faster than that of the sinus tachycardia (surface lead aVF). (B) Retrieved intracardiac electrograms from
another episode in the same patient, show pacing treatment and delivery ofa shock (arrow) during sinus tachycardia
(afterfaiLure ofpacing to restore normal rate). The electrograms were identical to those recorded during sinus rhythm.
(C) Surface lead I and real time intracardiac electrograms recorded during sinus rhythm.

five of the seven patients. A further two sequently found to originate from a fracture
patients had multiple shocks, without prior in the rate sensing lead system.
symptoms, and the retrieved electrograms Four patients had the converse problem of
indicated sensed electrical noise (fig 6), sub- underdetection of arrhythmia, because of

1 s
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Figure 6 Spurious shock due to noisefrom sensing lead system fracture. (A) Retrieved stored intracardiac electrograms
showing intermittent failure ofsensing and high frequency electrical noise that was detected and satisfied the rate criterion
for ventricularfibrillation. The device charged, reconfirmed the presence of high frequency activity and delivered a high
energy shock (arrow). Similar electrical noise was induced during real time electrogram recordings by the patient bending
forward (B) or by moving the device within its abdominal wall pocket (C). A fractured bifurcating lead adaptor was
subsequently removed and replaced.
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Figure 7 Underdetection of induced sustained monomorphic ventricular tachycardia. (A) The tachycardia cycle length
(450 ms) satisfied the detection rate criterion (450 ms) and the device delivered antitachycardia pacing. The tachycardia
slowed slightly, and the cycle length (460 ms) no longer satisfied the detection criterion. The vertical marker in the
retrieved electrogram recording (before the third to last beat) indicated that the rate hadfallen below the programmed
tachycardia detection rate. (B) Reprogramming the detection criterion (470 ms) allowed the device to recognise and
successfully treat the tachycardia. Surface leads I and aVF and retrieved intracardiac electrograms are shown.

ventricular tachycardia rates that were slower
than the programmed detection rates (fig 7).
In three of these patients, ventricular tachy-
cardia was initially detected, but transiently
fell below the detection rate after pacing
treatment (fig 7(A)). Ventricular tachycardia
was subsequently redetected and again treat-
ed. In these patients the retrieved diagnostic
summary of treated arrhythmias was therefore
inaccurate as each redetection was cate-
gorised as a new event.

CLINICAL COURSE

Twelve patients were admitted to hospital
with problems related to the device during
their follow up. The most common reason

was the delivery of multiple shocks because of
recurrent ventricular tachycardia in six
patients, atrial fibrillation in two, and frac-
tures of the rate sensing lead system in two
patients. One patient had sustained ventricu-
lar tachycardia below the programmed
arrhythmia detection rate and was admitted
to hospital for external cardioversion. The
remaining patient had suspected infection of
the pulse generator pocket. Three other
patients had hospital admissions related to
their underlying cardiac disease: congestive
heart failure (one patient); chest pain (one
patient); and cardiac transplantation (one

patient). One patient died from intractable
congestive heart failure.

Discussion
ANTITACHYCARDIA PACING FOR VENTRICULAR
TACHYCARDIA
The initiation and termination of sustained
monomorphic ventricular tachycardia by pre-
mature ventricular extrastimuli first indicated
that reentry would be the likely underlying
mechanism of the tachycardia.'2 13 Further
evidence has supported a reentrant basis for
most ventricular tachycardias induced by pro-
grammed ventricular stimulation'4-16 and con-

firmed their susceptibility to termination by
ventricular pacing.71416 Appropriately timed
single ventricular extrastimuli may terminate
a minority (9%-27%) induced ventricular
tachycardias, but the success rate increases as

more extrastimuli are delivered, rising to
36%-63% with double extrastimuli and 48%-
89% with short bursts of rapid ventricular

7 817 18pacing. The success rate is also greater
with slower tachycardias,8 18-22 the increase in
the diastolic interval allowing a wider excit-
able gap. Naccarelli et al reported that pacing
was successful in 84% of tachycardias with
cycle lengths equal to or greater than 350 ms,
compared with 51% of faster tachycardias.'8

VT cl 460 ms
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Holley and co-authors reported that cardio-
version was invariably required to terminate
tachycardias with cycle lengths shorter than
230 ms, but burst pacing was successful in
85% of slower tachycardias.2' Thus in many
patients, antiarrhythmic drugs that slow the
rate of tachycardia may improve haemody-
namic tolerance of the arrhythmia and
increase the success rate of antitachycardia
pacing.8 18-20 In up to 25% of patients, how-
ever, antiarrhythmic drugs may make tachy-
cardias more difficult to terminate, despite
slowing their rate.8 18

ACCELERATION BY PACING OF VENTRICULAR
TACHYCARDIA
The aggressiveness of the pacing protocol not
only influences ihe efficacy of pace termina-
tion, but also the risk of pacing induced
acceleration of ventricular tachycardia.8 The
incidence of acceleration increases from
0-0 5% with single extrastimuli to 15%-37%
with burst pacing.8 18 22 Whereas pacing
induced acceleration of supraventricular
arrhythmias may be well tolerated,2324 such
modification of ventricular tachycardia may
be fatal.2425 The use of implantable antitachy-
cardia pacemakers for the treatment of ven-
tricular arrhythmias has, therefore, been
limited.92425 Manual activation of antitachy-
cardia pacemakers, by patients or physician,
and a few automatic devices, have been used
with success in highly selected patients with
recurrent monomorphic ventricular tachycar-
dia.2427 Despite rigorous selection criteria,
including more than 100 examples of termi-
nation of tachycardia without acceleration in
each patient,24 there have been reports of sud-
den deaths.2324 The concomitant implantation
of a separate automatic cardioverter defibril-
lator has been used in some patients to over-
come this unpredictable risk of pacing
induced acceleration of ventricular tachy-
cardia." 28-30

TIERED TREATMENT
The third generation antitachycardia pace-
maker cardioverter defibrillator in our report
not only combines antitachycardia pacing,
cardioversion, and defibrillation, but expands
substantially the diagnostic and therapeutic
options available in an implantable device to
control arrhythmia. The device discriminates
between rapid ventricular tachycardia, that is
likely to be poorly tolerated and has a low
probability of successful pace termination,
and slower tachycardias for which pacing
attempts would be appropriate. The thera-
peutic options are expanded by the delivery of
programmable energy, because organised
monomorphic ventricular tachycardia can be
cardioverted with considerably lower energies
than those required for defibrillation,3 with
the advantages of less painful shocks and bat-
tery conservation.
The present report describes the successful

application of tiered electrical treatment in
selected patients with recurrent life threaten-
ing ventricular arrhythmias. Most episodes
of ventricular tachycardia were successfully

terminated by pacing, with the advantage of
prompt, virtually symptom free treatment.
Episodes of tachycardia that were resistant to
pacing termination were mainly cardioverted
by low energy shocks, and acceleration to fast
ventricular tachycardia or fibrillation was
treated with high energy shocks. Patients with
relatively slow tachycardias may also have
episodes of fast tachycardia or fibrillation6
and tiered treatment allowed for effective
treatment of such episodes. The capability for
antitachycardia pacing greatly reduced the
number of defibrillator shocks for ventricular
tachycardia in these patients32 and also made
treatment by the device available to some
patients with frequent, drug resistant, haemo-
dynamically tolerated ventricular tachycardia
who had previously not been considered
suitable for treatment by an implantable
device.

LIMITATIONS OF TIERED TREATMENT
The main limitations of tiered devices related
not to the function of the device but, rather,
to the clinical characteristics of the highly
selected patients included in this study. The
detection rate criteria necessary to ensure reli-
able detection of ventricular tachycardia in
these patients with slow arrhyt-hmias
increased the possibility of spurious pacing
treatment during sinus tachycardia or atrial
arrhythmias. This was a particular problem in
patients with congestive heart failure or intol-
erance of fi-adrenergic receptor blocking
agents, which prevented pharmacological
control of heart rate and allowed little margin
between sinus and ventricular rates of tachy-
cardia. The 30% incidence of spurious treat-
ment found in this study was similar to that
reported with conventional implantable car-
dioverter defibrillators in patients with faster
arrhythmias.4 33"35 Reconfirmation of persis-
tence of arrhythmia before delivery of treat-
ment may have prevented pacing and shocks
for non-sustained arrhythmias. This accounts
for a significant proportion of the spurious
shocks found with committed defibrillator
devices.'43'

DIAGNOSTIC POTENTIAL
The diagnostic capabilities of this device were
of substantial clinical value, particularly in the
diagnosis of spontaneous arrhythmias. It
has been recognised with conventional
implantable cardioverter defibrillators that
the absence of symptoms before the device
discharges is not specific for spurious treat-
ment, and may indicate prompt detection and
treatment of ventricular arrhythmias, rather
than inappropriate treatment.34 The diagnosis
of spurious treatment is further hindered
when the treatment itself may be symptom
free, as is often true with antitachycardia pac-
ing. The ability to review the intracardiac
electrograms from detected events allowed
the objective diagnosis of spurious treatment
for sinus tachycardia or supraventricular
arrhythmias as well as the prompt detection
of sensing lead malfunction. The availability
of these advanced diagnostic capabilities will
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aid not only in the management of individual
patients10 but will contribute importantly to
the understanding of the natural history of
recurrent ventricular arrhythmias.

RESPONSES TO INDUCED ARRHYTHMIA
The value of non-invasive programmed stim-
ulation was evident in the lower failure rate of
pacing treatment during follow up, compared
with the initial responses, before discharge
because of improved programming of the
antitachycardia pacing options. It is of inter-
est, however, that the incidence of pacing
induced acceleration of ventricular tachycar-
dia was not altered during follow up. It is also
of note that acceleration by pacing of sponta-
neous ventricular tachycardia occurred in
patients in whom acceleration of induced
tachycardia had not occurred during testing
of the device in hospital. This may be a result
of differences in rates of ventricular tachycar-
dia and autonomic tone during spontaneous
episodes of tachycardia. Failure to find pacing
induced acceleration in some patients, how-
ever, may also have been a function of the
fact that only a few arrhythmias were induced
by non invasive programmed stimulation
before discharge from hospital. Non-invasive
programmed stimulation was further limited
by the inability to induce the clinical tachy-
cardia in some patients, preventing testing of
antitachycardia pacing.

Tiered electrical treatment was safe and
highly effective for selected patients with
recurrent drug resistant ventricular arrhyth-
mias. The availability of detection of many
categories of arrhythmia, antitachycardia pac-
ing modes combined with low energy car-
dioversion, or defibrillation capabilities, and a
wide range of advanced diagnostic features
constitutes a significant advance in the treat-
ment of patients with life threatening ventric-
ular arrhythmias.
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His present address is Department of Medical Cardiology,
Glasgow Royal Infirmary, Scotland.
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