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Prospective evaluation of a protocol for induction
of sustained ventricular tachycardia in patients
referred to a tertiary centre

Abstract
All eight stages of a stimulation protocol
that used one then two extrastimuli from
the right ventricular apex in sinus
rhythm and three ventricular drive rates
(100, 120, and 140 beats/min) were performed in 24 patients with recurrent
ventricular
sustained
spontaneous
tachycardia despite drug treatment.
Twenty two of the patients had sustained
a previous myocardial infarct and 18
were on long term treatment with
amiodarone. Sustained (> 30 s) ventricular tachycardia was induced in all
patients. Two extrastimuli were significantly more likely to induce sustained ventricular tachycardia than one
and
both overall
extrastimulus,
individually for the three ventricular
drive rates. A ventricular drive rate of
140 beats/min was significantly more
likely to induce ventricular tachycardia
than ventricular drive rates of 100 and
120 beats/min which were significantly
more effective than sinus rhythm. A ventricular drive rate of 140 beats/min with
one or two extrastimuli induced ventricular tachycardia in 23/24 (95%) of the
patients in this study.
The full eight stage protocol was progressive separately for both extrastimuli
and ventricular drive rate but the last
two stages (ventricular drive rate of 140
beats/min with one or two extrastimuli)
were as effective as the entire protocol in
inducing ventricular tachycardia.
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Programmed ventricular stimulation is performed in patients with recurrent sustained
ventricular tachycardia either as part of serial
drug studies to identify suppressive treatment
or to localise the origin by activation mapping."q Most protocols are performed as a
fixed series of steps in the belief that each
successive stage both adds to the overall sensitivity and individually is more likely to
induce tachycardia than the previous step.
Although different stimulation protocols have
been assessed as a whole for their ability to
initiate tachycardia, the relative likelihood
that individual stages of the protocol will
induce ventricular tachycardia has not been
evaluated. Consequently, it is not known
whether the steps in a stimulation protocol
are, individually, increasingly likely to induce
tachycardia or are a random sequence of
equally effective steps.56

To evaluate the relative sensitivity and
specificity of individual steps within a stimulation protocol, we performed all eight stages,
irrespective of whether sustained ventricular
tachycardia was induced at any stage.
Patients and methods
The study was performed prospectively in
consecutive patients undergoing programmed
ventricular stimulation as a baseline for serial
drug testing to design appropriate treatment.
Patients gave their written informed consent
before they entered the study. All antiarrhythmic drugs (except amiodarone) were stopped
for at least five half lives before the study. The
patient was starved for at least four hours
before the study and no premedication was
given. All patients had previously undergone
cardiac catheterisation to exclude critical
coronary artery disease.
Patients were included if the induced ventricular tachycardia was sustained, haemodynamically stable, and could be terminated
by programmed stimulation. Patients with
haemodynamically unstable ventricular tachycardia, associated severe angina, or uncontrolled left ventricular failure were excluded.
Ventricular tachycardia was defined as nonsustained if there were six or more beats of
tachycardia with spontaneous termination
within 30 seconds and sustained if the tachycardia lasted more than 30 seconds. Patients
whose tachycardia required intervention to
terminate their arrhythmia before 30 seconds
were not included in this study. The tachycardia was described as "uniform" if no
change was seen in the configuration of
tachycardia and "clinical" if it was identical in
configuration to a 12 lead electrocardiogram of
spontaneous tachycardia. The electrophysiological diagnosis was established by conventional criteria with His and atrial electro-

grams.7
The programmed stimulation protocol was
based on that described by Zehender et al and
Brugada and Wellens56 and used an electrode
in the right ventricular apex. The stimulation
pulse was a 2 ms square wave with an amplitude
of twice the diastolic threshold. The stimulation procedure was recorded with an eight
channel Siemens-Elema Mingograf chart recorder. A standard 12 lead electrocardiogram
was always recorded in sinus rhythm and if
tachycardia was initiated. One and then two
extrastimuli were introduced during sinus
rhythm and after three ventricular drives of
eight beats at 100, 120, and 140 beats per
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fibrillation."'3
ANALYSIS

We used Student's paired t test to compare the
rates of tachycardia induced at each stage and
McNemar's test for matched samples with
Yates's continuity correction to compare the
relative proportions of patients in whom ventricular tachycardia was induced at each stage.
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minute pause to allow the sinus rate to return to
baseline. If sustained tachycardia was induced
only after three extrastimuli, the protocol was
terminated and the patient was not included in
this study because of the concern that three
extrastimuli might provoke ventricular

I

b'

minute (fig 1). The extrastimulus was introduced in late diastole (20 ms less than the
pacing cycle length) and its coupling interval to
the last driven beat was then reduced by 20 ms
decrements until the effective refractory period
was reached. The effective refractory period
was established more precisely by 10 ms
decrements. The first extrastimulus coupling
interval was then increased to 20 ms beyond the
effective refractory period and the second
extrastimulus was introduced in late diastole
(20 ms less than the ventricular drive cycle
length) and again reduced by 20 ms decrements. If sustained ventricular tachycardia was
induced it was terminated electively after 30
seconds with conventional pacing techniques.
When tachycardia was induced, the next stage
of the protocol was performed after a three

Results
A total of 41 patients was considered for the
study. Non-sustained tachycardia only was
induced in eight patients, three patients were
haemodynamically unstable during tachycardia, one patient had a significant stenosis of the
left main coronary artery, sustained tachycardia was inducible only with burst pacing or
three extrastimuli in three patients, and no
tachycardia was induced in two patients.
Twenty four patients entered the study with
inducible sustained ventricular tachycardia.
Three of these patients also had non-sustained
tachycardia induced at an earlier stage of the
protocol. All 24 patients had presented with
sustained ventricular tachycardia. The table
shows the details of individual patients. Most
(22/24) of patients had ischaemic heart disease
(all had suffered a myocardial infarction more
than one month before), two patients had
congestive cardiomyopathy, and 18 of the
patients were receiving long term treatment
with amiodarone. The table shows the results
of the programmed stimulation for each
patient. In two patients non-clinical stable
uniform ventricular tachycardia only was
induced. No multiform or haemodynamically
unstable ventricular tachycardia or ventricular

Results of each stage of the stimulation protocol in each patient
Patient
No.
1
2
3
4
5
6
7
8
9
10

11
12
13
14

15
16
17
18
19
20
21
22
23
24

Stage
Age

Sex

Disease

63
62
75
63
65
59
56
56
66
52
57
57
58
49
62
57
64
64
67
77
57
47
68
51

M
M
F
M
M
M
M
M
M
M
M
M
F
M
M
M
M
M
M
F
M
M
M
M

NH
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
IHD
NH
IHD
IHD

1

2

3

4

5

6

S

S
S
S

S
S
S
S

S
S

S
S
S
S
S
NS

S

S

S

S

S

S

S

S
S
S
S
S

S
S
S

S
S

S
S
S

S

S

8
S
S
S

NS
S
S

S
S
S

7

NS
S
S
S
S
S

S

S
S
S
S
S
S
S
S
S
S
S
S
S
S

S
S
S
S

IHD, ischaemic heart disease; NH, normal heart, NS, non-sustained ventricular tachycardia; S, sustained ventricular tachycardia.
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Figure 1 First eight
stages of the protocol
recorded in V6 at a paper
speed of 25 mmls. Stages
2
one, three,five, and seven
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rhythm and after the three
ventricular drive rates. In
this patient (case 21)
sustained ventricular
tachycardia was induced
in stages four, six, and
eight. It had the same
configuration in all 12
leads, but the tachycardia
induced at stage eight was
faster (RR = 280 ms
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ri
compared with 330 ms at
stages four and six).

253

Stimulation'of ventricular tachycardia

P<0O01
p<0.05
p<0.0O

--l

'9
NS

H~1

I

I
0

rhythm
1

2

1

Beats/minute
2

:4
140 140

1
2
Extrastimuli

2

1

fibrillation was induced after stable ventricular
tachycardia had been induced at a previous
stage in any patient. In the pati(ents where
ventricular tachycardia was inducced at more
than one stage the RR interval of ventricular
tachycardia induced at the later sitage (mean
(SD) 357 (89) ms) was not significaratly shorter
(paired t test) than that of the ventricular
tachycardia induced at the earlier s,tage (mean
375 (98) ms).
Figure 2 shows the proportion of patients in
whom sustained ventricular tachy,cardia was
induced at each stage. Double extra stimuli and
faster ventricular drive rates inc:reased the
proportion of patients in whom ventricular
tachycardia was induced. The diffierence between one and two extrastimuli was significant
(p < 0-01) overall and individually for the three
ventricular drive rates but only aapproached
significance in sinus rhythm. Extr astimuli in
sinus rhythm induced ventricular ttachycardia
in a much lower proportion ofpatierits than any
of the other stages except one exitrastimulus
with a ventricular drive rate of 10C) beats/min
(fig 2). In ascending order of effect:iveness the
sequence was stages 3, 1, 2, 5, 7, 4, 6, 8. Figure 3
shows that the likelihood of indiucing ventricular tachycardia was progressivrely greater
for both an increasing number of extrastimuli
and for faster ventricular drive xrates. At a
ventricular drive rate of 140 beats/ 'min one or
two extrastimuli were significantly more effective at inducing ventricular tachy(cardia than
during either sinus rhythm or after ventricular
drive rates of 100 or 120 beats/min (p < 0-05).
At all the ventricular drive rates extrastimuli
were significantly more likely to iinduce ventricular tachycardia than during siraus rhythm
(p < 0 05). The difference between ventricular
P'c.0.05

Figure 3 Cumulative
total of induced
ventricular tachycardia
during sinus rhythm and
during each ventricular
drive rate for the 24
patients with sustained
ventricular tachycardia
for one and then two
extrastimuli. P was
calculated by McNemar's
test for matched pairs with
Yates's correction.

96

drive rates of 100 beats/min and 120 beats/min
was not significant.
In only one patient (case 20) was ventricular
tachycardia not induced with one or two extrastimuli delivered after a ventricular drive rate
of 140 beats/min when ventricular tachycardia
had been induced at an earlier stage. Ventricular tachycardia was induced by one extrastimulus but not by two extrastimuli in two
patients and only by two extrastimuli in 15
patients.

Discussion
This study examined the sensitivity and
specificity of individual steps in relation to the
other steps in an eight stage protocol. The
patients had been referred for electrophysiologically guided treatment of recurrent, drug
resistant ventricular tachycardia. In this
population the purpose of programmed ventricular stimulation was the induction of sustained ventricular tachycardia, either as part of
serial drug testing or to allow activation mapping of the origin(s) of the tachycardia.
Complete suppression of inducibility of ventricular tachycardia has a positive predictive
value of 90-95o for an arrhythmia free clinical
course,' but continued inducibility has a lower
negative predictive value, with recurrent arrhythmias occurring in 40-85% of patients.'2
Complete suppression is relatively rate'2 but
there is evidence that if induction of tachycardia is made more difficult by drug treatment
then this also predicts a good clinical response
to that drug.34 To assess accurately the ease or
difficulty of induction, the relative ability of the
individual steps in a protocol to induce tachycardia must be known.
Other studies showed that use of one or two
extrastimuli from the right ventricle apex in
sinus rhythm after three ascending ventricular
drive rates of 100, 120, and 140 beats/min gave
a cumulative increase in the proportion of
patients in whom ventricular tachycardia could
be induced.56 In these studies the data were
cumulative, with the induction of clinical ventricular tachycardia as the end point and the
independent contribution of each stage was not
assessed. When the percentage of patients who
had ventricular tachycardia induced at each
stage was calculated, a similar pattern was
observed to that seen in this study; though
stage 6 (120 beats/min and two extrastimuli)
was more successful at inducing ventricular
tachycardia than stage 8 (140 beats/min and
two extrastimuli).5 The major difficulty in
interpreting their data was that the later stages
were performed only on a subset of the population because those patients who had had ventricular tachycardia induced at an earlier stage
were excluded. In contrast, in our study all
eight stages were performed in each patient and
we showed that stage eight alone was more

effective in inducing ventricular

Ll__L
100

120
Beats/minute
Drive rate

140

tachycardia

than stages four or six, which in turn were more
effective than stage two. Our data also showed
that two extrastimuli were more likely to
initiate ventricular tachycardia than was a
single extrastimulus. Where both non-sustained
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Figure 2 Ventricular
tachycardia induced at
each stage in the 24
patients in whom
tachycardia was sustained,
expressed as a percentage
of the total. P was
calculated by McNemar's
test for matched pairs with
Yates's correction.
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otherwise have been excluded (because of
haemodynamically unstable tachycardia). The
results may therefore reflect a sequence effect.
However, they do not show a simple sequence
because single extrastimuli induced significantly less ventricular tachycardia than double
extrastimuli. There was also a pause after
termination of each ventricular tachycardia

before we went on to the next stage. Three
extrastimuli were not included in the trial
because of the associated high risk of nonclinical multiform ventricular tachycardia or
ventricular fibrillation.8 91114.
This study examined the relative (not
absolute) sensitivity and specificity of the
individual steps within this protocol, which
were close to the consensus,'5 and did not
explore other controversies in programmed
stimulation. The use of multiple sites in the
right and left ventricle is probably not practical
in serial drug studies. In screening procedures
the use of a third extrastimulus or a faster drive
rate were shown to be as sensitive as using the
right ventricular outflow tract6"2 16 or left ventricular pacing sites.'7 Increasing the strength
of the current to decrease the refractory period
does not seem to increase sensitivity but may
decrease specificity.61 18
Different stages of the protocol did not induce different configurations of ventricular
tachycardia. This was probably a direct result
of limiting the number of extrastimuli to two in
patients with systained ventricular tachycardia.
This suggests that if a non-clinical ventricular
tachycardia is induced initially, increasing the
ventricular drive rate or number of extrastimuli
(up to a maximum of two) is unlikely to induce
the clinical tachycardia; two patients in this
trial had only non-clinical tachycardia induced.
Ventricular fibrillation or haemodynamically
unstable ventricular tachycardia were not induced at a later stage if stable ventricular
tachycardia had been induced initially in any
patient. This suggests that while the later
stages of this protocol were more likely to
induce ventricular tachycardia, they were not
more likely to induce ventricular fibrillation or
a very rapid ventricular tachycardia. The rate
of ventricular tachycardia induced at a later
stage was not significantly faster than the
tachycardia induced at an earlier stage. Thus if
only a ventricular drive rate of 140 beats/min
and one or two ventricular extrasystoles were
used to induce ventricular tachycardia for mapping or screening purposes it would be no more
likely to provoke a faster or more unstable
tachycardia than would result from running
through the full protocol.
This study and earlier reports support the
concept that an increase in the number of
extrastimuli and an increase in the drive rate
independently increase the likelihood of the
induction of ventricular tachycardia. We
recommend that when programmed electrical
stimulation is used to assess drug treatment a
single extrastimulus should be introduced during sinus rhythm and then after two ventricular
drive rates at 100 beats/min and 140 beats/min.
Double extrastimuli should then be introduced
during sinus rhythm and after this the two
ventricular drive rates may be added, producing a six stage protocol. If the aim ofthe study is
only to induce tachycardia (for mapping) then
the protocol should start with one and two
extrastimuli after a ventricular drive at 140
beats/min. This study suggests that this two
stage protocol has nearly the same sensitivity
(in the population studied) as the full eight
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and sustained ventricular tachycardia were
induced in an individual, the sustained ventricular tachycardia was always induced when a
faster ventricular drive rate was used.
On the basis of these results it would be
logical to rearrange the order to produce a
graded protocol. The initial steps would be a
single extrastimulus in sinus rhythm and after
drive rates of increasing rate, followed by
double extrastimuli. This would represent a
more truly progressive protocol than the
original protocol because two extrastimuli after
a drive rate of 100 beats/min were a more
vigorous test than one extrastimulus after a
drive rate of 140 beats/min. The drive rate of
120 beats/min could be omitted because this
was not significantly different from 100 or
140 beats/min (supported by the study by
Borggrefe et alP).
This study showed that the two stages, one or
two extrastimuli with a ventricular drive of 140
beats/min, were nearly as sensitive (95 %) as the
eight stage protocol in our group of patients.
Therefore, it seems logical to perform only
these two stages if inducibility of tachycardia
was the only end point (that is, for activation
mapping).
The patient population was not prospectively selected but was obviously biased by
referral by other centres of patients with drug
resistant, sustained ventricular tachycardia.
This patient group closely reflects that seen in
our clinical practice. Most (22/24) patients had
had a previous myocardial infarction and many
(18/24) were taking amiodarone. This limits
the generalisation of the results to other groups
of patients, though centres that perform
programmed stimulation are likely to experience a similar referral pattern. Our results
are consistent with those reported in patients
with ischaemic heart disease not taking amiodarone.489 The mechanism of tachycardia in
our patient population was reentry in the
myocardium due to localised slow conduction,
the basis of nearly all sustained uniform ventricular tachycardia.7 The results are not
applicable to patients with right ventricular
outflow tract tachycardia (due probably to
triggered automaticity) which may be more
easily induced with slower drive rates or the
addition of isoprenaline.'0
The design of this study was constrained by
ethical considerations. Published reports support graded stimulation in serial drug testing3 4;
therefore it was important to identify the
weakest stimulation stage that induced tachycardia if the stimulation protocol was being
performed as part of serial drug testing. If a
random order of stimulation had been followed
in this protocol then all stages would have to be
performed, which may have necessitated multiple DC cardioversion in patients who would
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protocol. If these two steps fail to induce
tachycardia then three extrastimuli or pacing at
a different site may be necessary to balance the
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