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NON-PHARMACOLOGICAL MANAGEMENT OF CARDIAC
ARRHYTHMIAS
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Non-pharmacological treatment options for cardiac
arrhythmias include radiofrequency ablation (RFA), surgical
treatment, external cardioversion and implantable
cardioverter defibrillators (see Table 1). This review largely
focuses on their role in the management of supraventricular
arrhythmias; the use of implantable cardioverter
defibrillators in malignant ventricular tachyarrhythmias has
been covered in a recent review in this journal.1 The
surgical treatment and RFA of ventricular tachycardia (VT)
is currently limited to a few selected cases, although its role
may increase in the future.

TABLE 1

The non-pharmacological treatment options for cardiac
arrhythmias (second line = second to medical therapy).
Technique

RADIOFREQUENCY ABLATION FOR ATRIOVENTRICULAR
RE-ENTRY TACHYCARDIA

Patients who have an accessory pathway of conduction
between atrium and ventricle may develop atrioventricular
re-entry tachycardia. Accessory pathways may occur
anywhere around the atrioventricular ring. If an accessory
*
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Indication

Radiofrequency Atrioventricular
ablation
re-entry tachycardia
Overt
Concealed
Atrioventricular
nodal re-entry
tachycardia
Atrial flutter
Atrial tachycardia

RADIOFREQUENCY ABLATION

The aim of catheter ablation is to destroy that area of
myocardium which is integrally involved in the initiation
or maintenance of a cardiac arrhythmia. High- and lowenergy direct current shock, lasers, cryotherapy and
microwave energy have all previously been tried, but the
greatest success has been achieved with radiofrequency
energy. The technique was developed in the late 1980s
and is now regarded as the treatment of choice for
symptomatic Wolff-Parkinson-White Syndrome, and as an
early alternative to drug therapy for atrioventricular nodal
re-entrant tachycardia. RFA also has an increasing role in
the management of atrial flutter, atrial tachycardia,
ventricular tachycardia and as palliation in severely
symptomatic paroxysmal and sustained atrial fibrillation.
More recently curative RFA for atrial fibrillation has been
tried, but in this context RFA remains at an investigational
stage.2-7
RFA is a specialised procedure which requires an
operator fully trained in interventional electrophysiology.
The equipment required includes adequate radiographic
screening, a programmable intracardiac stimulator, and a
computerised system for simultaneous acquisition, display
and recording of multiple surface ECG leads and
intracardiac electrograms. RF energy is delivered from an
external generator to the myocardium via an endocardial
electrode and a patch electrode on the patient’s skin.
Irreversible destruction of myocardium depends on
generating local temperatures >50 °C.

Rhythm

Consider first line
Second line (?first)

Second line
Second line (?first)
Second line

Atrial fibrillation
AV Node ablation/
pacemaker.
AV nodal
modification
Curative RFA

Last resort
Last resort
Experimental

Surgical

Ventricular tachycardia A few selected
treatment
cases
Atrial fibrillation
Experimental

External
cardioversion

All sustained
tachyarrhythmias

Atrial flutter/
fibrillation
Implantable
cardioverter
defibrillators

Atrial
Ventricular

In emergency
where
tachyarrythmia is
associated with
haemodynamic
compromise or
angina

Electively
Experimental
First line in
selected cases

pathway is associated with overt pre-excitation on the
surface 12 lead ECG (‘delta waves’), this is defined as the
Wolff-Parkinson-White (WPW) syndrome. Patients with
WPW syndrome and atrioventricular re-entry tachycardia
may develop atrial fibrillation, probably as a result of rapid
atrial reactivation during the tachycardia. In some instances,
atrial fibrillation may arise as the primary arrhythmia. When
atrial fibrillation is conducted down an accessory pathway
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then very fast ventricular rates can occur with the possibility
of ventricular fibrillation. In view of this risk,
radiofrequency ablation is the treatment of choice for
patients with WPW and symptomatic atrioventricular reentry tachycardia. Asymptomatic patients with evidence
of pre-excitation on the ECG are at low risk of developing
pre-excited atrial fibrillation, and are not normally
considered candidates for ablation, except for when this is
required to safeguard the patient’s occupation (e.g. pilots,
vocational driving licence holders). Patients with concealed
accessory pathways are not at risk of pre-excited atrial
fibrillation and sudden death. However, they should be
considered for radiofrequency ablation if symptoms of
atrioventricular re-entry tachycardia are not controlled by
medical therapy, or if long-term drug therapy is not
acceptable.
Technique
If there is overt pre-excitation on the 12 lead ECG then
the likely site of the accessory pathway can be assessed using
various validated algorithms.8-11 The accessory pathway is
further localised by mapping the site of earliest ventricular
activation during sinus rhythm or atrial pacing, or by
mapping the earliest atrial activation during ventricular
pacing. Left-sided pathways are approached retrogradely
via the aorta or via a trans-septal puncture. A successful
ablation is seen by loss of ‘delta waves’ during radiofrequency
application in overt pre-excitation (see Figure 1).

V1

Moe et al in 195614 first described dual atrioventricular
nodal transmission and it is now estimated that up to 10%
of the population have the substrate for this arrhythmia.
Typical atrioventricular nodal re-entry consists of
anterograde conduction down a ‘slow pathway’ with
retrograde conduction via a ‘fast pathway’. The precise
anatomical nature of these pathways remains controversial.15
Atrioventricular nodal re-entry tachycardia is a benign
arrhythmia 16 and RFA is reserved for patients with
significant symptoms which cannot be controlled by
tolerable drug therapy. Increasingly, patients are being
offered RFA as a potentially curative procedure as an
alternative to life-long anti-arrhythmic therapy.
Technique
Initially ‘fast pathway’ ablation was favoured but this led to
an unacceptable incidence of heart block (6.8%)16 and
ablation is now targeted at the ‘slow pathway’. Two
techniques have been described for localisation of the ‘slow
pathway’. The anatomical approach uses His bundle and
coronary sinus catheters as landmarks. The mapping catheter
is manipulated initially into a posterior position well away
from the His catheter. Radiofrequency applications are
performed with successively more anterior positions until
the tachycardia is no longer inducible. The alternative
approach looks for specific endocardial potentials. Jackman
et al described a ‘sharp potential’17 and Haisseguere et al18
described a ‘slow potential’. The occurrence of junctional
rhythm with persistent retrograde fast pathway conduction
during radiofrequency application is also used as a marker
of satisfactory electrode position.15 Many centres use a
combination of these approaches.
Results and complications
Overall the success rate for RFA of atrioventricular nodal
re-entry tachycardia is 96-100% with a late recurrence rate
of 1-6% and a reported risk of complete atrioventricular
block of between 0 and 3% (see Reference 15 for review).
No procedure-related deaths were recorded in either the
recent American or European surveys (3,867 patients).12,13

CS
Map
RF on
FIGURE 1

Radiofrequency ablation of Wolff-Parkinson-White Syndrome
showing loss of delta waves on surface ECG (see arrow).
RF on = beginning of radiofrequency application.
CS = coronary sinus electrograms.
Map = electrograms at site of RF application.

Results and complications
From the results of a recent American survey, 12 rates of
successful ablation varied between 82%and 91% depending
on accessory pathway site. Significant complications (heart
block, cardiac tamponade, pneumothorax, myocardial
infarction, venous and arterial embolism and local vascular
problems) were reported in 94 of 4,521 patients (2.1%),
and 13 procedure-related deaths were recorded in 4,521
patients studies (0.2%). In Europe, the complication rate
was 4.4%, with three deaths in 2,222 patients (0.14%).
RADIOFREQUENCY ABLATION FOR ATRIOVENTRICULAR
NODAL RE-ENTRY TACHYCARDIA

Atrioventricular nodal re-entry tachycardia is the most
common cause of paroxysmal supra-ventricular tachycardia.
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ATRIAL FLUTTER

Atrial flutter is caused by a single right atrial macro-reentrant
circuit.19 This proceeds in a counterclockwise direction
around the atrium, passing through the narrow isthmus
between the inferior vena cava and the tricuspid annulus.
The objective of radiofrequency ablation is to interrupt
conduction through this isthmus. Typically the flutter cyclelength is close to 200 ms, and 2:1 or 3:1 conduction is
common, resulting in ventricular rates of around 150 and
100/min respectively. Occasionally 1:1 conduction can
occur with haemodynamic collapse. Atrial flutter responds
poorly to drug therapy and the relative ease and increasing
success rates makes RFA an attractive early option.
Technique
An ‘halo’ catheter with upwards of ten pairs of electrodes is
positioned in the right atrium around the tricuspid annulus.
RF is applied sequentially along a line in the low right
atrium to create a line of block in the re-entrant circuit.
The success of RFA is shown by a change in the
circumannular activation sequence during coronary sinus
pacing, and inability to reinitiate atrial flutter by
programmed stimulation.
95
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Results and complications
Acute success rates of between 73 and 100% have been
reported (see Reference 20 for review) but with recurrence
rates of up to 44%; recurrences are significantly rarer with
newer techniques. From the American survey,12 371 patients
underwent ablation for atrial tachycardia and flutter with
three significant complications and no deaths. In the
European survey,13 the complication rate was 5%.
ATRIAL TACHYCARDIA

‘True’ atrial tachycardia is a rare form of supraventricular
tachycardia. Re-entrant atrial tachycardia occurs more
commonly in the setting of structural heart disease,
specifically following prior atrial surgery, and surgical scars
are often involved in the circuit. Atrial tachycardia in the
setting of a structurally normal heart may arise from an
automatic intrinsic focus. Although this may be situated
anywhere in the left or right atrium, the commonest sites
are in the atrial tissue which extends into the proximal
pulmonary veins or in the crista terminalis of the right atrium.
The outlook of this arrhythmia is usually benign but
occasionally tachy-cardiomyopathy can occur. There is only
limited experience with RFA for atrial tachycardia but
results are promising. Presently, RFA is limited to patients
whose symptoms cannot be controlled on medical therapy.
Technique
The technique depends on the mechanism of the
tachycardia. If it is shown to be macrore-entry, a similar
approach to atrial flutter ablation is adopted, requiring
creation of a line of conduction block to interrupt the
circuit. Focal atrial tachycardia is ablated by delivering
radiofrequency current at the site of earliest atrial activation.
Results and complications
Success rates of up to 92% have been reported.21

atrial electrogram and small His bundle electrogram are
recorded. RF energy is applied until complete
atrioventricular block is achieved and is continued for an
additional 30 seconds. After atrioventricular node ablation,
a dual chamber pacemaker with a mode-switching
algorithm is implanted in patients with paroxysmal atrial
fibrillation. During bouts of fibrillation, the mode switches
from atrioventricular synchronous pacing to ventricular
demand pacing, thus avoiding rapid irregular stimulation
of the ventricles. Patients in permanent atrial fibrillation
receive a rate-responsive ventricular demand pacemaker
(VVIR).
Results and complications. In the American survey,
atrioventricular nodal ablation was successful in 95% of
1,600 patients, with significant complications occurring in
21 (1.3%) and two procedure-related deaths (0.1%).12 In
Europe, the complication rate was 3.2%, and there was one
death in 900 patients.13 A lack of improvement or even
deterioration in symptoms occurred in 7-14%.23,26,27 One
complication unique to atrioventricular node ablation is
bradycardia-related ventricular arrhythmia and patients are
usually prophylacticly paced at 90 beats per minute for one
month after the procedure.
Atrioventricular nodal modification
Modification of the atrioventricular node to control rapid
ventricular rates in atrial fibrillation was first described in
1994.28,29 This procedure is only considered where medical
therapy has failed because of the high incidence of
requirement for a permanent pacemaker.
Technique. Ablation is directed at a similar area to the slow
pathway in atrioventricular nodal re-entry tachycardia (see
above). If an application does not reduce the ventricular
response to less than 100 then successive burns are applied
progressively more anteriorly until this is achieved.30

ATRIAL FIBRILLATION.

Atrial fibrillation is the most common cardiac arrhythmia.
It affects 2% of people aged 65-74 and 5% of those older
than 75 years, and causes very significant morbidity. Most
atrial fibrillation is thought to be due to multiple
simultaneous re-entry wavelets.22 There are a number of
non-pharmacological options for the treatment of atrial
fibrillation and these are likely to be increasingly indicated.
Atrioventricular node ablation and permanent pacemaker
implantation
Some patients with chronic or paroxysmal atrial fibrillation
have severe symptoms resistant to drug therapy. A few small
studies23-27 have shown that atrioventricular node ablation
combined with permanent pacemaker implantation is
superior to drug therapy in improving symptoms. However,
the procedure is irreversible and some patients feel worse
during chronic pacing than in atrial fibrillation. Thus the
procedure should be considered to be palliative rather than
curative. For these reasons and the potential complications
of pacemaker implantation, this technique is a last resort
after a range of anti-arrhythmic medication have been tried.
The decision to ablate the atrioventricular node is easier in
patients with ‘sick sinus syndrome’ who need or already
have a pacemaker.
Technique. A catheter is manipulated to a site where a large
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Results and complications. Rapid atrioventricular conduction
may return after an apparently successful modification
procedure.30-32 Inadvertent complete heart block requiring
permanent pacing occurs in between 5 and 16%.30,32 Overall
success rates (in up to 31 months follow-up) varies
from 32-72.5%.28,30-32 Two recent studies have compared
this technique with atrioventricular node ablation
and permanent pacing.30,33 In the first study in patients
with atrial fibrillation and left ventricular dysfunction,
only 32% of the atrioventricular nodal modification
procedures were successful compared to 100% of
the complete atrioventricular nodal ablations.30 Complete
atrioventricular nodal ablation improved quality of life
and left ventricular ejection fraction whereas modification
did not.30 In a second study33 both procedures improved
quality of life but complete ablation did so to a greater
extent.
Curative ablation for atrial fibrillation. Curative ablation for
atrial fibrillation is the biggest challenge remaining for
interventional electrophysiologists. The multiple re-entrant
wavelet hypothesis of atrial fibrillation was originally
postulated in 1964 by Moe et al34 and is now widely accepted.
Moe et al34 also suggested that suitably sited inexcitable areas
might interrupt these wavelets and thus prevent atrial
fibrillation. This is the basis of the surgical ‘Maze’ procedure
Proc R Coll Physicians Edinb 1999; 29:94-100
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(see below); ‘catheter Maze’ type procedures have recently
been attempted in animal models (see Reference 2 for
review). In 1994 the first two successful procedures
in humans were performed.3,4 In 1996 Haissaguerre et al
followed this with a series of 45 patients.5 Initially
they concentrated on producing lines of radiofrequency
lesions in the right atrium, with disappointing results.
Subsequently, in a subset of ten patients, they added left
atrial burns with a success rate of 60%. The procedures are
very prolonged and there is a significant risk of
proarrhythmia, in particular new atrial flutter, and of
thromboembolic complications.
More recently Haissaguerre’s group have reported the
successful RFA of an unusual focal atrial fibrillation.6
Further in August 1998,7 in a landmark paper, they
demonstrated ablation of foci of atrial ectopic beats that
had been shown to initiate atrial fibrillation. They studied
45 patients with drug-resistant paroxysmal atrial fibrillation
with episodes occurring at least every two days. The initial
electrophysiology study involved intra-cardiac mapping of
isolated ectopic beats. The focus was localised according to
the earliest atrial activity relative to the onset of the ectopic
P wave, and ablation was performed at this site. A single
focus of ectopics was identified in 29 patients and two to
four sites in the other 16. Four of the foci were localised to
atrial muscle and 65 (94%) to the pulmonary veins.
Successful ablation of ectopic foci was achieved in 38
patients. During 8+/-6 months of follow-up, atrial
fibrillation was eliminated in 28/45 (62%) of patients, i.e.
in 28/38 (74%) of patients who had successful ablation of
ectopic foci. No adverse events occurred. This is an exciting
result but further studies are required to assess the longterm efficacy of this approach. In addition it is possible
that they studied an unusual subset of atrial fibrillation
patients. The high prevalence of foci in the pulmonary
veins may reflect an excitation site which is particularly
drug-resistant rather than the prevalence in the general
population.
SURGICAL TREATMENT OF ATRIAL FIBRILLATION

Guiraudon et al35 in 1985 described the ‘corridor’ operation
in which an insulated sleeve of right atrial tissue connecting
the sinoatrial and atrioventricular nodes was created. This
operation was accompanied by a high incidence of other
atrial arrhythmias and need for permanent pacing and this
operation is now rarely performed. In 1991 Cox et al
described the ‘Maze’ procedure36 in which multiple incision
lines are created to interrupt the re-entrant circuits. They
recently reported their entire clinical experience (178
patients over 8˚ years).37 93% of patients were arrhythmiafree on no treatment. Of 107 patients with normal preoperative sinus node function only one has required a
pacemaker subsequently. Despite these promising results
the procedure is performed in only a few centres in the
world and remains experimental.38 It is likely to be
superseded by endovascular techniques.
ELECTRICAL CARDIOVERSION

Beck, in 1947, was the first to perform ventricular
defibrillation.39 In 1962, Direct Current cardioversion was
described by Lown.40 The electrical shock, by depolarising
all excitable myocardium and possibly by prolonging
refractoriness, establishes electrical homogeneity that
terminates re-entry.
Proc R Coll Physicians Edinb 1999; 29:94-100

Indications
In general, any tachycardia that produces haemodynamic
compromise, heart failure, or angina, and is resistant to
prompt medical management should be terminated
electrically. Most supraventricular arryhthmias, with the
exception of atrial flutter and fibrillation, are usually
responsive to medical therapy. Atrial flutter often responds
poorly to drug therapy, thus DC cardioversion should be
considered at an early stage.
The selection of patients with chronic atrial fibrillation
for cardioversion is more difficult. Although there have
been no randomised comparative studies, electrical rather
than chemical cardioversion is generally chosen in this
situation although this position may change with the
development of new anti-arrhythmic agents. The decision
to cardiovert depends on two factors: the likelihood of
success in the long term, and the perceived advantages of
maintaining sinus rhythm. The likelihood of success depends
most importantly on the length of time in atrial fibrillation.41
Increased age, left atrial size and impaired left ventricular
function are also important factors reducing the likelihood
of success. It is generally accepted that cardioversion for
atrial fibrillation of greater than three years duration or
with left atrial size greater than 60 mm is unlikely to succeed.
An attempt should be made to restore sinus in most other
patients,42 especially if they are under 70 years. The potential
benefits of restoration of sinus rhythm are improvement of
symptoms and reduction of complications of atrial
fibrillation. The latter has been presumed but not proven,
and is the subject of a number of ongoing studies.42
Technique
It is not necessary to withhold digoxin before elective
cardioversion unless there is clinical evidence of digoxin
toxicity. Firm pressure should be applied to the paddles to
reduce transthoracic impedance. A synchronised shock on
the R wave is used for all cardioversions except for
ventricular fibrillation. There is no evidence that any paddle
position is more effective.42 It is normal to start with the
anterior-apex position, and if this is unsuccessful despite
increasing energy delivered, then another position, usually
antero-posterior is tried. For cardioversion of atrial
fibrillation, shocks should begin at 100 J and for atrial flutter
at 50 J.42 For atrial fibrillation a commonly used sequence
is 100 J/200 J/360 J/360 J and then one or two attempts
with a different paddle position using 360 J.
Results and complications
The initial success rate of cardioversion for atrial fibrillation
is 70-90%42 but only about 20% will remain in sinus rhythm
at 12-months follow-up. 41 Similar factors to those
influencing likelihood of initial success determine the risk
of relapse. Using additional anti-arrhythmic therapy can
improve maintenance of sinus rhythm. For example, 5070% of patients using amiodarone are still in sinus rhythm
at 12 months.43,44 Using a serial cardioversion and antiarrhythmic drug approach, approximately one third of
patients can be maintained in sinus rhythm at four years.41
Direct current cardioversion has a low incidence of sideeffects. Arrhythmias induced by the cardioversion generally
are caused by inadequate synchronisation. Occasionally, a
properly synchronised shock can produce ventricular
fibrillation. To reduce thrombo-embolic complications
patients should be anticoagulated for at least four weeks
97
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before and after cardioversion unless the atrial fibrillation
has been present for less than two days.45 Although atrial
flutter is probably of lesser thrombo-embolic risk, some
authors advocate a similar anti-coagulant regime. 45
Anticoagulation for other atrial arrhythmias is not necessary.
Direct current cardioversion does not lead to elevation in
cardiac specific enzymes.46,47
There has been some interest in internal cardioversion
with shock delivery between a catheter placed just inferior
to the bundle of His and a backplate. Levy et al48 compared
internal with external cardioversion for atrial fibrillation.
Internal cardioversion was initially more successful (91%
versus 67%) but there was no difference in maintenance of
sinus rhythm between the groups. Internal cardioversion
may occasionally be tried if external shocks have failed.

TABLE 2

Results and complications of radiofrequency ablation.
Rhythm

Success rate

Complications

Atrioventricular
re-entry
tachycardia

82-91% 12,13

2.1-4.4% 12,13

Atrioventricular
nodal re-entry
tachycardia

96-100% 15

0-3% incidence of
heart block 15

Paroxysmal atrial
flutter

73-100% 20

0.8-5% 12,13

Atrial tachycardia

92% 21

INTERNAL ATRIAL DEFIBRILLATORS

Implantable defibrillators have been shown to improve
survival in malignant ventricular arrhythmias49,50 and are
an accepted treatment option. Implantable atrial
defibrillators are at a much less advanced stage of
development. Their improvement faces the problems of
accurate detection of atrial fibrillation, efficacy of
termination, patient tolerability and the potential for proarrhythmia.51 Atrial electrograms are of lower amplitude
than those in the ventricle, and hence are harder to detect.51
In addition there is a potential for confusion with low
amplitude atrially detected ventricular electrograms.51 The
lowest defibrillation thresholds are achieved with shocks
delivered between electrodes in the distal coronary sinus
and right atrium.52 In some patients intolerable pain can
result from discharges <1 J.53,54 Concerns regarding the
possibility of induction of malignant ventricular arrhythmias
have lead to the development of dual chamber defibrillators
as well as ‘stand-alone’ atrial devices.51 In March 1997 the
first dual chamber atrial and ventricular defibrillator was
implanted.55 The first multicentre trial of ‘stand-alone’
implantable atrial defibrillators is underway.56

Atrial fibrillation

4

5

6

7

CONCLUSIONS

The non-pharmacological treatment of supra-ventricular
arrhythmias has expanded rapidly over the last decade and
will continue to do so. Non-pharmacological options are
likely to be selected earlier as expertise and equipment
improve, and complication rates continue to decrease. The
non-pharmacological treatment of arrhythmias offer the
benefit of cure and thus the avoidance of long-term drug
therapy with the attendant inconvenience, side-effects, and
risk of pro-arrhythmia. The curative ablation of atrial
fibrillation is the biggest challenge remaining for
interventional electrophysiologists, but significant advances
are being made.
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Thursday 28 and Friday 29 October 1999
in association with:
Astra Clinical Research Unit; British Heart Foundation; British Medical Association; Centre for Post Graduate Medical
Education, Leicester; Chief Scientist Office; General Medical Council; Medical and Dental Defence Union of Scotland;
Medical Research Council; Royal College of Physicians and Surgeons of Glasgow; Royal College of Physicians of
London; Scottish Council for Postgraduate Medical and Dental Education; The Association of the British
Pharmaceutical Industry; The Cancer Research Campaign; The Royal Society of Edinburgh; The Wellcome Trust.

During the two day conference a multidisciplinary panel chaired by Lord Kilpatrick of Kincraig will
attempt to answer the following key questions in relation to misconduct in biomedical research.

• What is research misconduct?
• How common is it?
Registration Fee

£250

• How is it detected?
• How should we respond?

(includes VAT, welcome reception, conference documentation & conference lunch)

(before 24/09/99)

£300

(thereafter)

A reduced fee of £100 is available for young investigators, under 35 years of age
and who are in a training position.

approved for 12 CME credits

Registration and Abstract Forms can be obtained from:
Mrs Margaret Farquhar, Consensus Conference Co-ordinator, Education, Audit and Research Department,
Royal College of Physicians of Edinburgh, 9 Queen Street, Edinburgh, EH2 1JQ, Scotland, UK

Tel: + 44 (0) 131 225 7324
Email: m.farquhar@rcpe.ac.uk
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FAX: + 44 (0) 131 220 4393
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