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Review Article

Diagnosis and management of ventricular tachycardia

Mark Dancy

Central Middlesex Hospital, Acton Lane, London NWIO 7NS, UK

Introduction

Ventricular tachycardias are a diverse group of
arrhythmias with widely differing properties and
outcomes. This article will concentrate on those
due to structural and, in particular, ischaemic heart
disease as they are by far the commonest and most
dangerous.

Diagnosis of ventricular tachycardia

Thirty per cent of all patients with ventricular
tachycardia (VT) die within 12 months of diag-
nosis. In those with severe structural heart disease
the mortality in the first year is around 80%.'
Appropriate treatment considerably reduces mor-
tality and can only be given if the condition is
correctly diagnosed.

In current medical practice there can be few
commonly occurring conditions which are sur-
rounded by so much misunderstanding and pre-
conception. Recent studies show that there is
approximately a 40% error rate in diagnosing
broad complex tachycardia2 whereas correct ana-
lysis ofthe electrocardiogram (ECG) features alone
should allow the diagnosis of VT to be made
correctly in over 90% of cases.3 The errors are in
part due to a poor understanding of the electrocar-
diographic criteria for distinguishing VT from
supraventricular tachycardia (SVT), particularly
as far as the reliability of individual indicators is
concerned.

All grades of hospital doctor confuse VT with
SVT. Usually the mistake is to diagnose SVT when
the rhythm is in fact VT.3 The possible reasons and
motives for this bias are fascinating. It is almost as
ifdoctors feel more comfortable with SVT and that
they are so unwilling to get involved in the com-
plexities of the management of VT, that they
'prefer' to make the diagnosis of SVT rather than
VT. Misdiagnosis may be a consequence ofcommon

misconceptions including the idea that VT always
causes severe haemodynamic disturbance. In fact
patients often present with minor symptoms such
as palpitations.4 It may be a failure to recognize
that VT is more common than SVT as a cause of
broad complex tachycardia5 and that broad com-
plex tachycardia in patients with ischaemic heart
disease is almost invariably VT.6 There is still a
misconception that verapamil is safe, whereas the
studies suggest that it causes circulatory collapse in
such a high proportion of patients7 that it could be
regarded as negligent to use it in patients with
broad complex tachycardias, unless the diagnosis
ofSVT were to be firmly established. There may be
a feeling that the subtleties of electrocardiographic
interpretation are the province of electrophysio-
logists and that the simple practising clinician
might as well toss a coin as spend time comparing
ECGs. This complete lack of self-confidence is
typified by the ready acceptance of previously
made diagnoses ('known SVT').8
From the practical point of view there are two

phases to the diagnosis of ventricular tachycardia.
The first is the initial presentation. The patient may
either be extremely ill or virtually asymptomatic
but the only information available is from the
history, clinical findings and the ECG during
tachycardia. Here, sometimes decisions have to be
made rapidly with less than full information and it
may not be possible to diagnose the origin of the
arrhythmia accurately. Then it may be sufficient to
call the arrhythmia 'broad complex tachycardia'
provided that the potential mechanisms are under-
stood and that the treatment given is appropriate to
all the potential causes. Following the restoration
of sinus rhythm, there is much more electrocar-
diographic information and the process of plan-
ning long-term management begins. In this second
phase, the label broad complex tachycardia is
unacceptable as it gives no idea ofprognosis and no
grounds on which to choose therapeutic agents.

Because all forms of ventricular tachycardia
(with the exception of the rare fascicular tachycar-
dia) produce complexes of 120 ms or more, it is
usually the presence of broad complexes that first
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VENTRICULAR TACHYCARDIA 407

raises the possibility of ventricular tachycardia.
Apart from VT the possible alternative causes of
broad complex tachycardia are: (1) supraventric-
ular tachycardia with bundle branch block caused
by temporary inability of part of the conducting
system to conduct at a fast rate; (2) supravent-
ricular tachycardia arising in a patient with pre-
existing bundle branch block; dr (3) tachycardias
conducted through an accessory pathway (either
re-entrant or atrially driven). These three groups
can be distinguished from VT with the help of the
12-lead ECG in the majority of cases.
Over the last 20 years there have been numerous

attempts to produce reliable criteria for the diag-
nosis ofVT by surface ECG. The fact that misdiag-
nosis is still-common testifies in part to doctors'
ignorance of the available criteria but also suggests
that the criteria are imperfect. One problem is that
there has been little attempt until recently to
categorize the criteria into those that have high
sensitivity and specificity and those whose predic-
tive power is low. There is little point in memoriz-
ing a complex QRS morphology if it is only weakly
predictive ofVT. Furthermore, some of the criteria
which were originally believed to be valuable have
subsequently been shown to be potentially mis-
leading.9 Two recent studies have attempted to
address this problem9"'0 by concentrating on those
criteria with the greatest predictive power for VT.
Combining results from these studies, the features
are listed in Table I.

Absence of RS complex in every precordial lead
is a newly described criterion in one recent study
where it was found that, out of 554 ECGs showing
broad complex tachycardia, all the 170 supraven-
tricular tachycardias had at least one precordial
lead showing an RS complex. Therefore absence of
an RS complex was 100% specific for the diagnosis
of VT.9 This criterion has yet to be corroborated
but appears to be a very simple and accurate
method for diagnosing a proportion of VTs. Some

VTs did show an RS in one of the precordial leads
so if there is an RS it does not denote SVT.

Atrioventricular dissociation can be manifest in
a number of ways and is particularly important
because it rules out an atrial origin for the tachycar-
dia and is therefore the most powerful diagnostic
feature. By definition it is always present in VT but
it is not always apparent on the surface ECG either
because the P waves may be too insignificant in
relation to the large QRS complexes or because
there may be retrograde conduction of every
ventricular cycle to the atria (1:1 ventriculo-atrial
(VA) conduction) producing one P wave for every
QRS and confusingly suggesting a supraventric-
ular origin.

Patterns of atrioventricular dissociation which
may be seen (but are often unnoticed) are an atrial
rate that is completely different from the ventri-
cular rate. This may give rise to capture beats,
where atrial depolarization happens to occur at a
time when the ventricles are excitable (giving rise to
a sudden sinus beat with narrow QRS complex), or
fusion beats, where there is almost simultaneous
excitation of the ventricles from the ventricular
ectopic focus and from the sinus node via the
atrio-ventricular node (giving rise to a QRS com-
plex which may be any shape from broad to narrow
depending on the electrical circumstances). There
may also be partially blocked VA conduction
where there is a highly characteristic pattern of P
waves appearing every alternate, third, fourth,
fifth, etc. QRS complex. This is very easy to spot if
systematically looked for because of the absence of
P waves in the intervening cycle/cycles.
QRS morphology may be very valuable in

distinguishing SVT from VT but unfortunately the
patterns are more difficult to memorize. The most
valuable indicators of VT are: (a) concordance,
where the precordial leads are either all positive or
all negative; (b) Rsr' in VI (i.e. the initial 'R' is
larger than the secondary 'r') or (c) deep monophasic

Table I Predictive power and prevalence of features in ventricular tachycardia

Positive %0 of all VT
predictive showing

Feature power feature

Atrioventricular dissociation (A-V) dissociation 1.0 10
Absence of RS complex in every precordial lead 1.0 15
R-S interval> 100 ms in any precordial lead 0.98 32
History of myocardial infarct 0.97 44
History of angina 0.96 22
Ventricular extrasystoles with same morphology in sinus rhythm 1.0 12
Cardiothoracic ratio>0.55 0.97 33
Known left ventricular aneurysm 1.0 14
Concordance 1.0 26
Detailed morphological analysis 0.96
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408 M. DANCY

QS wave in V6.
Because bundle branch block patterns are con-

sistent, any two episodes of broad complex tachy-
cardia which are due to SVT with bundle branch
block should look the same. By contrast some
patients with VT display different surface ECG
patterns on separate occasions. When two or more
different morphologies ofbroad complex tachycar-
dia are documented on different occasions in the
same patient it is likely that both are forms of VT.

Treatment of the acute event

The choice of treatment for patients admitted with
broad complex tachycardia depends on their
haemodynamic status. Any unconscious patient
should be DC cardioverted immediately. A patient
in shock should have a 12-lead ECG recorded and
then be cardioverted.
For the more stable patient there is more time

and it should be used for analysis ofthe ECG on the
lines discussed above, a detailed history including
previous ischaemic events, tachycardias and cur-
rent and past drug therapy. If possible any old case
notes should be retrieved to see if there are any
previous ECGs of either sinus rhythm or tachycar-
dia. If there is still doubt as to the origin of the
tachycardia it may be helpful to record an oeso-
phageal or intra-atrial ECG during tachycardia to
demonstrate A-V dissociation that was not appar-
ent on the surface ECG.

In this more stable group ofpatients it is valuable
to attempt to restore sinus rhythm by intravenous
antiarrhythmic drug treatment because, if it suc-
cessfully terminates the tachycardia, the chosen
drug may be valuable when given orally to prevent
subsequent attacks. Indeed it may be the only
opportunity one has to test a specific drug against
the spontaneously occurring tachycardia. Only one
drug should be used and, if it is unsuccessful in
terminating VT, DC cardioversion should follow.
If there is a possibility ofdrug toxicity, such as with
digoxin, overdrive pacing may be safer than DC
shock.
Once sinus rhythm is restored the 12-lead ECG

should be repeated and all the information about
the event reviewed in an attempt to arrive at a firm
retrospective diagnosis. The principles discussed
above may be systematically applied and algo-
rithms may be helpful." Where there remains
doubt as to the the mechanism of the arrhythmia,
particularly in patients who are potentially at
significant risk if the arrhythmia is VT (vide infra),
then there is a case for attempting to provoke it
under controlled conditions using electrophysio-
logical study (EPS) when the mechanism can be
fully documented.

Long-term management ofVT

Once a patient is back in sinus rhythm following an
episode of ventricular tachycardia, there are a
number of choices of action, as listed in Table II.
The goal of treatment is the elimination of the

arrhythmia, or at least the reduction of the risk
associated with its recurrence. The chosen agent
must not introduce a new risk, or, if it does, that
risk must be less than that of the original arrhyth-
mia. In other words the risk-benefit ratio must
improve with the introduction of the treatment.

The risk ofVT

Although it is not possible to define risk at all
accurately, the following broad statements appear
to be true. (1) The risk of non-sustained VT is less
than that of sustained VT.'2"13 (2) The risk of VT
(either sustained'4 or non-sustained'5"16) increases
in proportion to the degree of structural heart
disease (usually expressed as ejection fraction - the
lower the ejection fraction the higher the risk).'7
Even simple clinical grading of dyspnoea is a good
predictor of risk.'8 Patients with clinically normal
hearts have an excellent prognosis even if detailed
evaluation shows up minor abnormalities. 9(3) The
more severe the symptoms caused by the VT the
greater the subsequent risk. This is a complex
observation related to left ventricular function and
the rate and stability of VT.20 Cardiac arrest during
the index arrhythmia is associated with a partic-
ularly high risk for subsequent events. 14 (4) Because
the risks of non-sustained VT are less than sus-
tained VT it is more difficult to improve the
risk-benefit ratio with drug therapy. Patients with
non-sustained VT should not be treated unless they
are shown to be at risk (previous cardiac arrest or
other significant symptom, severe left ventricular
disease), and only then if the chosen drug can be
shown to be effective.2'

Table II Choices for long-term management of ventri-
cular tachycardia

1. Do nothing.
2. Remove a potential cause (drug, electrolyte distur-

bance, ischaemia).
3. Treat with antiarrhythmic drug.
4. Manage with implantable cardioverter defibrillator.
5. Disrupt the structure ofthe arrhythmogenic area in the

ventricle.
6. Cardiac transplantation for a highly select group of

patients whose rhythm cannot be managed in any
other way and who are considered to be at high risk.
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VENTRICULAR TACHYCARDIA 409

Potential benefits of treatment

(a) Concomitant drug treatment

In patients thought to be at risk of ventricular
arrhythmias, close attention needs to be given to
any drugs that have been prescribed for other
purposes, particularly for the treatment of heart
failure and atrial fibrillation. Inappropriate or
unbalanced use of diuretics may increase the risk
of arrhythmia by the induction of hypokalaemia
or hypomagnesaemia. The overall risk-benefit
balance with digoxin (frequently used in the treat-
ment of atrial fibrillation in heart failure, and less
often used for the treatment ofheart failure in sinus
rhythm) is probably neutral22 provided of course
that the dosage is not excessive. Angiotensin con-
verting enzyme (ACE) inhibitors do however have
mild antiarrhythmic effects, reducing the frequency
of ventricular ectopy and more complex forms.23
This effect may be causally related to the fact that
ACE inhibitors improve survival in moderate and
severe heart failure.24'25 As the indications for ACE
inhibition become broader, so the sort of patients
who suffer from ventricular arrhythmias are
increasingly likely to be treated with ACE inhi-
bitors.

(b) Antiarrhythmic drug treatment

The ideal antiarrhythmic drug abolishes the index
arrhythmia without introducing new risks. This is
an easy enough principle to state but in practice it is
more difficult to demonstrate that a particular drug
is effective and likely to remain so in the future.
How can one be assured that a patient who had
been given a drug for a length of time would have
had a spontaneous arrhythmic event had it not
been for the treatment he had been given? This
question would be easier to answer if there was
better understanding of one of the fundamental
questions in arrhythmia physiology - why, in a
susceptible individual, does a particular episode of
arrhythmia start when it does, whereas 5 minutes
beforehand and 2 hours later the patient is in stable
sinus rhythm?

It seems likely that for any arrhythmia to
develop there must be a conjunction of factors that
are specific to that arrhythmia. There must be a
potential 'electrical circuit' but for the circuit to
express itself there must usually be some triggering
factor or factors. Some of these triggers are well
recognized (ventricular or atrial ectopics, hypo-
kalaemia,26 hypertrophy27'28 and ischaemia, for
example), but often in the individual patient the
known triggers do not fully explain every episode
of spontaneous arrhythmia,29 suggesting there are
other unidentified triggers. It is very likely that the
autonomic nervous system30-32 is of great impor-

tance in this area, but the mechanisms are incom-
pletely understood.
To test whether a drug is effective one would

ideally recreate the exact conditions that led to the
arrhythmia developing spontaneously. Because of
the lack of understanding of trigger mechanisms,
this is usually not possible and artificial methods of
provoking arrhythmias, such electrophysiologic
study (EPS) may have to be used.
The available tests of efficacy may be divided

into invasive and non-invasive, provocative and
non-provocative. Non-invasive and non-provoca-
tive include symptom relief and bedside or Holter
monitoring. Provocative tests are exercise testing
and EPS.

IfVT is recurring frequently, provocation testing
may not be necessary to demonstrate whether a
drug is effective, but in the more usual situation, the
frequency of spontaneous VT is such that some
form of provocation is necessary if only to reduce
the time required to be confident that the treatment
is protective.33 Drug therapy guided by non-
invasive testing can undoubtedly be effective if the
protocol is carefully designed and strictly adhered
to34 but there are no reliable studies comparing this
approach to the more invasive stimulation techni-
ques. The ESVEM trial (electrophysiologic study
versus electrocardiographic monitoring35) which is
due to be completed in 1991 should answer some of
the questions but it seems likely that both methods
will be shown to have their place36 and until EPS is
more widely available in the UK the comparison
may be largely academic: many hospitals will have
to rely on Holter-guided therapy for lack of
electrophysiological facilities.
EPS is not wholly reliable and even in controlled

laboratory conditions its reproducibility is imper-
fect.37'38 Drugs that are found to be effective with
provocation testing are not always effective long-
term39 when the underlying disease process may
well have progressed.' Provocation by exercise
testing is probably almost as reproducible and
more physiological,4' but only in those 20% of
patients whose arrhythmia is reproducibly induced
by exercise before the introduction of drug.42

Despite the apparent limitations ofprogrammed
stimulation numerous studies have demonstrated a
number of facts. One is that patients with inducible
sustained VT are at higher risk than those in whom
VT is not inducible.434' Another is that in those
patients with inducible sustained VT a drug which
suppresses it in the electrophysiology laboratory
will reduce the subsequent risk of sudden death
provided it does not also have proarrhythmic effect
at the time of study.' Also failure to find a drug that
will suppress inducible VT is associated with a
significantly higher mortality."45 Up to 50% of
patients may remain inducible after a number of
drug trials and these patient are at high risk.46
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410 M. DANCY

This suggests either that drug testing does iden-
tify successful drugs or that the process of drug
testing identifies a group of patients with a better
prognosis (regardless ofthe treatment).47 It is likely
that the drugs are responsible for the improvement
in prognosis as there is a high reported incidence of
arrhythmic events among patients who initially
respond to a drug but later default from treatment.'

In general the more aggressive the attempts to
provoke VT the more likely it is to be provoked, but
with very unphysiological stimulation protocols,
the VT so initiated may not be the same as the
spontaneously occurring VT (as judged by com-
parison of the surface ECGs). Attempts to prevent
the initiation of an 'unnatural VT' may not predict
the correct treatment of the spontaneously occur-
ring VT.

Potential risks of drug treatment

Proarrhythmia

In patients with ischaemic heart disease the setting
for VT is thought to be the juxtaposition of islands
of ischaemic or fibrous tissue and the surrounding
normal myocardial cells. Under these conditions
conduction in the damaged area may be sufficiently
slowed that the refractory period of the surround-
ing normal areas has been completed by the time
the wave of excitation has spread through the
damaged area. This then creates a perpetual circuit
due to re-entry. Drugs may modify the circuit by
increasing the refractory period of normal tissue,
but many antiarrhythmic agents also slow conduc-
tion and thereby may facilitate other circuits which
can be as dangerous or more dangerous than the
circuit which has been abolished. Usually, because
they are other circuits, they will be represented by
surface ECG morphologies that are distinct from
those of the original tachycardia and they can
therefore be recognized as being due to a proarrhy-
thmic effect.
The phenomenon ofproarrhythmia encompasses

the expression of other circuits as described above
and also the worsening of spontaneous arrhyth-
mias (for example, a ventricular tachycardia which
has previously been non-sustained may become
sustained) under the influence ofan antiarrhythmic
drug. Although it has long been recognized as a
potential problem particularly of Class I agents, it
has only recently, with the publication ofthe CAST
study,48 been appreciated that it is sufficiently
common seriously to influence the risk-benefit
ratio even to the extent of causing overall harm,
particularly in a population with a relatively low
risk before treatment. Even in high risk groups
empirical drug treatment may reduce survival.49

It is quite clear now that some drugs or groups of

drugs are more likely to produce proarrhythmic
effects than others. The main culprits are the
Vaughan-Williams classes Ia and class Ic (espec-
ially flecainide and encainide which were partic-
ularly implicated in the CAST study). At the
opposite end ofthe proarrhythmic spectrum are the
class II drugs (P-blockers).50 Despite their frequent
proarrhythmic effects, Ia and Ic drugs are still
extensively used because they are often highly
effective at treating the target VT but, because of
the potential for proarrhythmia, a careful search is
necessary for evidence of proarrhythmia as well as
for evidence that the drug is beneficial in terms of
suppressing the original VT.49 It may not be quite
so important to demonstrate that the antiarrhyth-
mic agent works in patients who are treated with
the less proarrhythmic agents such as amiodarone.
The BASIS study in survivors of acute myocardial
infarction (w4ich may be a rather different group
from the patients with long-standing ischaemic
heart disease or dilated cardiomyopathy) demon-
strated at least as good survival in patients treated
with amiodarone empirically as in those whose
drug treatment was designed on an individual
basis.5'
Major difficulties arise in demonstrating (or even

defining) proarrhythmia in a way that allows
scientific analysis. Exactly as with untreated arr-
hythmias, proarrhythmic effects may be demon-
strated when they arise spontaneously or following
some form of deliberate provocation. Eighty per
cent of spontaneously occurring proarrhythmic
events occur within 6 days of starting a new drug.52
When patients develop VT while on medication
there may sometimes be difficulty in deciding
whether the VT represents a proarrhythmic effect
or the breakthrough of the old arrhythmia. How-
ever, whatever the mechanism, the observation of
an important spontaneous arrhythmia occurring
whilst on treatment will at least cast some doubt on
the wisdom of using that particular drug.

Greater difficulties arise when proarrhythmic
effects can only be demonstrated by provocation.
Non-invasive provocation, of which exercise test-
ing is the commonest form, demonstrates only
about half as many episodes of proarrhythmia
as more aggressive invasive electrophysiological
studies. Yet it is far from clear what is the
prognostic implication of proarrhythmia as reveal-
ed by EPS or exercise testing. Exercise testing has
the major theoretical advantage that it is both
physiological and natural, but if exercise (or any
resultant myocardial ischaemia) does not happen
to be an important trigger for the iatrogenic
arrhythmia then clearly a negative exercise test
result should not provide much reassurance.

Just as the incidence and risk of spontaneous VT
increases with the severity of structural heart
disease, so does the incidence and risk of proarr-
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VENTRICULAR TACHYCARDIA 411

hythmia, particularly in patients taking digitalis
and diuretics as well.5354 It is these patients with
badly damaged hearts that particularly need the
most thorough individual assessment of the risk-
benefit ratio, and this implies invasive provocation
studies.

Which drugs?

There is no universally accepted protocol for the
drug treatment of VT but some basic concepts are
valuable. (1) All antiarrhythmic drugs are poten-
tially proarrhythmic, although ,3-blockers are
probably the least culpable in this respect.50'55'56 (2)
All antiarrhythmic drugs with the exception of
amiodarone in conventional doses are negatively
inotropic, and P-blockers are the worst (3) p-
blockers either with class III activity (sotalol57'58) or
without (propranolol59) are being increasingly used
in the treatment of VT, although their role may be
greatest in catecholamine-sensitive VT' (e.g. exer-
cise induced or induced by isoprenaline) rather
than in the commonest forms of VT following
myocardial infarction.6' Combination therapy
with class I drugs is an exciting area of investiga-
tion62 as there is a suggestion that 13-blockers may
control the proarrhythmic effects ofclass I agents.63
(4) The only drugs that have shown an improve-
ment in survival when used empirically are ,B-
blockersM and amiodarone,51 and they have only
shown a beneficial effect in the first year after
myocardial infarction.

Non-drug management

Patients at high risk who do not respond to drugs
during arrhythmia suppression trials form an
obvious group where alternative management
needs to be considered. Similarly those who dem-
onstrate proarrhythmic effects with more than one
drug may be as much at risk as the non-responder.
There are now two alternative approaches. Firstly,
there are direct approaches to modify the structure
of the arrhythmic circuit. Secondly, the implant-
able cardioverter defibrillator will electrically pace
or cardiovert sustained VT or ventricular fibrilla-
tion to sinus rhythm.

(a) Disruption ofthe structure ofthe
arrhythmogenicfocus

Disruption of the electrical circuit responsible for
VT can be achieved by a number ofmethods which
all have the potential to effect a cure.
The site of origin of the tachycardia can be

located by mapping either percutaneously or at the
time of open heart surgery. In either case the

mapping procedure is carried out during induced
VT and the most suitable patients therefore must
have (a) haemodynamically stable VT to allow time
for mapping and (b) monomorphic VT which
suggests there is only one circuit to be tackled. Once
the area responsible for the VT has been located the
tissue can be destroyed by electrical current, cryo-
surgery or, more recently, radiofrequency dis-
charge. Transvenous catheter ablation has the
great potential advantage that it avoids surgery.
A more common surgical procedure is endocar-

dial resection,65 where as much damaged endocar-
dium as possible is removed without the necessity
of mapping. It has the advantage that other
potential arrhythmogenic foci may be removed at
the same time. It is now usually combined with
map-guided ablation which improves the outcome
of the procedure.'

All these methods can cure VT. Even in cases
where the VT is not cured it is frequently possible to
achieve drug suppression ofVT where this was not
possible prior to ablation/resection. Primary suc-
cess (no VT recurrence without drugs) is achieved
in 18-50% by transvenous ablation,67-69 and 70-
100% by endocardial resection.66'70 A further
15-20% can be successfully controlled by drugs
after the procedure whereas previously drugs were
ineffective. Five-year survival after surgery is
around 60%, the main cause of death being heart
failure. The resuts of transvenous ablation for VT
are at present very poor and in marked contrast to
the results ofablation for supraventricular arrhyth-
mias67 which probably reflects the complexity ofthe
substrates responsible for ischaemic VT.
A surprisingly high mortality of 7% has been

reported for transvenous catheter ablation of VT.68
This is much higher than that due to other ablation
procedures67 and probably reflects the seriousness
of the underlying disease as well as the problems of
high energy shocks in the left ventricle.

Surgical ablation/endocardial resection has a
relatively high operative mortality of around 15%,
as many patients have very poor left ventricular
function and can ill afford the loss ofany function-
ing myocardium. Patients at particularly high risk
are those with poor left ventricular function,
polymorphic VT, diffuse myocardial damage
('ischaemic cardiomyopathy' rather than a resect-
able scar or aneurysm) and previous cardiac
surgery.7'

(b) The implantable cardioverter defibrillator

This device is capable of recognizing VT or vent-
ricular fibrillation and converting it to sinus
rhythm. Rapid changes in technology have already
ironed out some of the problems with the early
devices and current models are capable of deliver-
ing 100- 150 shocks with relatively little distur-
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bance to the patient. Further improvements now
being evaluated include a completely transvenous
system and the incorporation of antitachycardia
pacing facilities which will enable many arrhyth-
mias to be terminated without the need for high
energy discharges and thereby increasing the long-
evity of the units. The implantable cardioverter
defibrillator (ICD) can be used in conjunction with
any ofthe treatment modalities already discussed.72
The ICD has proved highly successful in the

management of VT, with an incidence of sudden
death after implantation as low as 2% in the first
year and 7% at 4 years.73 It can be used in patients
for whom no other method is practicable or in
those for whom other methods have been unsuc-
cessful.
The risks of death due to implantation using a

thoracotomy are surprisingly high in some series
(up to 4%) but this may be reduced by transvenous
systems. Many other complications similar to but
more frequent than those experienced in standard
pacemaker implantation (infection, lead displace-
ment, device malfunction, etc.) have all been
reported. Inappropriate discharge of the devices
have occurred in 40-50% of all patients. Such
problems are likely to improve rapidly with
advances in technology.

Current ICD systems cost about £12,000 to
£15,000 and the UK Department of Health has yet
to agree appropriate funding for them which places
unnecessary and unfair strains on the patients and
the staff caring for them.

Conclusions

Drug treatment remains the first goal for the
management of sustained VT, but it has become
very important to examine critically the evidence
that a particular regimen is effective and that it does
not produce new arrhythmias. Where VT is recurr-
ing frequently it may be sufficient to rely on

non-invasive methods of assessing response to
treatment, but in most instances the quickest way
to arrive at the conclusion that a drug regimen is
effective and without proarrhythmic effects is by
EPS. Simple VT stimulation equipment is not
expensive and any cardiologist trained in invasive
techniques should be able to master a suitable
protocol even in a district general hospital. Indeed
until VT stimulation is more widely practised
patients will continue to be treated empirically
because of the limited number of specialist centres
able to carry out antiarrhythmic drug testing.

Patients at high risk are those with significant
myocardial damage. If a suitable drug or simple
drug combination cannot be found then the choice
lies between an ICD and ablation/resection. Fac-
tors favouring surgery would be: (1) frequent VT
which would rapidly deplete an ICD; (2) easily
inducible VT with one or two morphologies at
most; (3) associated reversible ischaemia for which
surgery was contemplated; (4) ventricular aneursym
(particularly anterior); and (5) patient preference.
ICD patch electrodes can be inserted at the time of
surgery to facilitate the subsequent implantation of
an ICD if it becomes necessary.

Factors favouring an ICD would be: (1) infre-
quent episodes; (2) very poor left ventricular func-
tion; (3) partial success with drug therapy; (4)
multiple morphologies of VT; (5) no other cardiac
surgery required; and (6) patient preference.

Recommendations for non-sustained VT are
very much more difficult to make because predic-
tion of risk is less precise. The most difficult
decision is whether to treat at all, and this has to be
based on the clinical presentation (syncope, cardiac
arrest, palpitations or chance finding) and the
degree of underlying heart disease (ejection frac-
tion or equivalent). Of the various treatment
modalities, the ICD is the least appropriate and
ablative methods may be frustrated by difficulties
in mapping. For these reasons drugs are the
commonest method of treatment.
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