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Effect of exercise on ventricular response to atrial
fibrillation in Wolff-Parkinson-White syndrome
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SUMMARY Ten patients with Wolff-Parkinson-White syndrome underwent cardiac electro-
physiological study extended to include the induction of atrial fibrillation at maximum exercise in
the upright position. This was performed using a new temporary bipolar lead with a helical active
fixation tip for atrial pacing. The highest rate of atrioventricular conduction via the accessory

pathway was greater during exercise than at rest in all 10 patients (mean increase 28%). In three
cases the resulting ventricular rate exceeded 300 beats/min, but no patient had severe symptoms or

ventricular arrhythmias.
The exercise induced enhancement of accessory pathway conduction may significantly but unpre-

dictably affect the risk from spontaneous atrial fibrillation especially in patients with coronary artery

disease or in those taking antiarrhythmic drugs. The test procedure was sufficiently simple and well
tolerated to be included in our routine electrophysiological investigation.

In patients with Wolff-Parkinson-White syndrome a
spontaneous episode of atrial fibrillation may be con-
ducted by the ventricles at a very high rate if the
accessory pathway has a short refractory period. This
can itself result in syncope and may progress to ven-
tricular fibrillation.' -3 It is in an effort to assess this
risk that in the cardiac programmed stimulation study
the maximum rate of atrioventricular conduction via
the accessory pathway is tested by rapid atrial pacing
and induction of atrial fibrillation.

Recently, a young patient underwent such a study,
which showed a maximum ventricular rate with atrial
pacing, or in atrial fibrillation, of 130 beats/min. A
few weeks later, however, he had an apparent syn-
copal attack while playing football. This led us to
question whether the standard study, performed with
the patient supine and at rest, was able to indicate the
full extent of the risk in the ambulant patient.
We therefore extended the electrophysiological

investigation to see if upright posture and exercise
affected the behaviour of the accessory pathway. We

Requests for reprints to Dr Jonathan C P Crick, Department of
Cardiology, Guy's Hospital, St Thomas Street, London SEI 9RT.

*Present address: Department of Cardiology, St Bartholomew's Hospital,
London ECIA 7BE.

Accepted for publication 29 January,1985

report here the results of such studies in 10 patients
with Wolff-Parkinson-White syndrome who were tak-
ing no drugs.

Patients and methods

The 10 subjects were selected from 13 consecutive
patients undergoing. investigation for Wolff-
Parkinson-White syndrome. Two were excluded from
this analysis becuase they were taking antiarrhythmic
drugs; one other patient developed disorganised ven-
tricular activity with syncope during the resting pro-
grammed stimulation study so that further study dur-
ing exercise was considered inappropriate. Seven were
men, three women; their ages ranged from 14 to 47
(mean 29) years. All patients had electrocardiograms
showing consistent delta waves and short PR inter-
vals, and all had regular tachycardias either
documented or strongly suggested by symptoms. The
delta wave pattern indicated that the accessory path-
way was left sided in four, right sided in two, and
septal in four.

All patients underwent standard programmed
stimulation studies including rapid atrial pacing and
the induction of atrial fibrillation at rest. The findings
established the potential for orthodromic tachycardia
and confirmed that the site of the accessory pathway
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Fig. 1 Electxardiograms recorded frorn the samepa dining enBta avial pacing when supie at rest (a) and
dining peak bicwle excise in the upight position (b). Loss of aniovenriadar conduction via the accessoiypathway (AP)
(rrowed) occwred ata rate of240 beatsmin at rest and at330 beatsknin duingexercise. (In tis patient (case 7) te highest
rates were achieve during avialfibrilation.)

had been correctly predicted from the electrocardio-
gram. No dual accessory pathways were evident.
One of the problems in extending the study to

include atrial pacing on exercise is instability of the
atrial electrode. We have used a new type of tempor-
ary pacing lead with active fixation (OSYPKA
TUllSS, Siemens-Elema (UK), Sunbury on Thames,
Middlesex). It is a No 5 French gauge bipolar lead
with a helical tip electrode and a removable stylet,
which can be curved for positioning in the right
atrium. The lead was inserted via the right subclavian
vein in nine patients, in six at the time of the resting
stimulating study, and in three as a separate proce-
dure. In one patient with a left sided accessory path-
way a standard bipolar electrode in the proximal
coronary sinus, inserted via the subclavian vein, was
left in place after the resting study and used for the
exercise study.

All patients were exercised upright on the bicycle
ergometer. The upright position was chosen because
previous experience indicated that posture
significantly affected the behaviour of re-entry
tachycardias including the effective refractory period
of the accessory pathway for retrograde conduction.45
The bicycle ergometer was used rather than the

treadmill because of the better quality electrocardio-
gram produced and the partial support given to the
patient in case faintness developed. The electrocar-
diogram was monitored continuously as two external

channels and right atrial electrogram. A lightweight
portable programmed stimulator (Biotronik USM-30,
Biotronik (UK) Ltd, Slough, Berkshire) was also
connected to the atrial lead. Resuscitation facilities
were immediately available, as were adequate person-
nel to manage the patient physically and medically
should syncope occur.

Exercise was performed with workload -increasing
by 50 W every 2 minutes up to the maximum capabil-
ity, in all cases limited by fatigue with sinus rates over
150 beats/min. During peak exercise atrial pacing was
started and the rate increased until atrioventricular
block occurred and atrial fibrillation was induced as
confirmed by the atrial electrogram. Exercise was
then stopped, and spontaneous reversion to sinus
rhythm occurred in eight cases. One patient reverted to
atrial flutter with 2: 1 atrioventricular block and one
to an orthodromic atrioventricular re-entry tachycar-
dia at 170 beats/min. They were converted to sinus
rhythm by atrial pacing using burst overdrive and
single timed extrastimulus respectively.

Results

The usual behaviour of atrioventricular conduction in
Wolff-Parkinson-White syndrome was seen with
incremental atrial pacing at rest: progressive widening
of the QRS complexes with increasing pre-excitation.
This was due to lengthening delay in the atrioven-
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Fig. 2 Electrocardiogram showing the node dominant response to incremental atrial pacing during exercise. In
this patient (case 4) the test was performed at submaximal exercise (chosen for illustration); 1: 1 atrioventricular
conduction was maintained via the atrioventricular(AV) node up to a rate of320 beats/min after conduction block
in the accessory pathway (AP) had developed at 290 beatslmin (arrowed).

tricular node as shown by a decreasing HV interval
associated with an increasing AH interval. At a rate
determined by its refractory period there was sudden
block in the accessory pathway resulting in either con-
tinued conduction, with delay, by the atrioventricular
node and His bundle (which may be called "node
dominant" behaviour) or the development of second
degree atrioventricular block ("accessory pathway
dominant"). Figure 1 shows an example of the latter
behaviour, with block occurring at 220 beats/min.

With exercise, as the sinus rate increased, the delta
wave became less apparent. This was associated with a
shortening of the P to non-delta R wave interval and
therefore presumably the atrioventricular nodal con-

duction time. On atrial pacing the reverse was seen
with increasing pre-excitation and widening of the
QRS interval at first progressively and then in some
cases abruptly probably owing to block in the
atrioventriuclar node, possibly bundle branch block.
Atrioventricular conduction continued with little
change in the stimulus to R wave interval until in
eight patients 2: 1 block occurred in the accessory
pathway. Figure 1 also shows this accessory pathway
dominant pattern with block at a substantially higher

rate (330 beats/min) than at rest in the same patient.
Figure 2 shows the node dominant behaviour seen

in the other two patients during peak exercise. There
was at first the usual increasing degree of pre-

excitation with atrial pacing; the delta wave then sud-
denly disappeared leaving a narrow QRS complex
with a longer PR interval; 1: 1 conduction continued,
however, to a higher rate at which Wenckebach type
block occurred. In these patients the highest rate of
accessory pathway conduction was taken as the rate at
which the loss of delta wave occurred.
As atrial pacing rate was increased further, atrial

fibrillation was induced and conducted irregularly via
the accessory pathway or atrioventricular node. In
four patients at rest and in three during exercise the
shortest interval between two similar pre-excited
complexes during atrial fibrillation indicated a higher
maximum forward conduction rate via the accessory
pathway than seen during the incremental atrial pac-
ing, suggesting that with these cases intra-atrial or

pacemaker exit block had been the limiting factor.
The maximum rate of atrioventricular conduction

by the accessory pathway was higher during exercise
than at rest in all 10 patients. Thus even with this

Table Details ofpaients and results

Case No Age (yr) Sex AP site* Resting Exercise
maximwn APt
(beats/min) SR4 Maximum APt % Increase in

(beats/nin) (beatslmin) maximum APS

1 14 M Right 130 (N) 150 200 (N) 54
2 30 F Septal 240 160 300 25
3 31 F Right 215 185 260 21
4 32 F Left 260 175 330 (N) 27
5 38 M Septal 230 175 (AF) 255 (F) 11
6 28 M Left 230(F) 175 290(F) 26
7 16 M Left 240 (F) 180 350 (F) 46
8 37 M Left 240 (F) 160 310 31
9 18 M Septal 270 (F) 170 300 11
10 47 M Septal 230 160 300 30
Mean 29 229 169 290 28

*AP site, site of accessory pathway.
tMaximum AP, maximum rate of anterograde conduction via the accessory pathway (N, node dominant; F, in atrial fibrillation).
*SR, sinus rate on exercise just before atrial pacing (AF, atrial flutter with 2: 1 block).
SPercentage increase in maximum rate of anterograde conduction via the accessory pathway during upright exercise compared with resting
supine.
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Fig. 3 Individual results from 10 patients showing maximum
anterograde conduction rate via the accessory pathway when
supine at rest and during peak exercise.

small number the result is statistically highly
significant (p<0002). The Table and Fig. 3 show the
individual results; the mean increase was 280/o, range

11% to 54%.
In three patients the maximum rate during exercise

exceeded 300 beats/min. There was, however, no dis-
organised ventricular activity, and, although one
patient felt moderately faint, all were able to continue
pedalling unaided. Most reported that their symp-
toms were much milder than those produced by
incremental atrial pacing during the original resting
study.
The procedure resulted in no other complications:

in particular, no patients developed symptoms or

signs of myocardial perforation with the use of the
active fixation leads.

Discussion

The aims of these studies were twofold: the practical
and the scientific. The primary aim was to answer the
practical question: is the patient at risk of circulatory
collapse or ventricular fibrillation if atrial fibrillation
were to occur spontaneously during exercise? The
second question was whether exercise had an appreci-
able effect on the refractory period of the accessory
pathway in patients with consistent pre-excitation.
Although this has not to our knowledge been tested
before, there is some indirect evidence of enhance-
ment of anterograde accessory pathway conduction by
exercise.

In a previous study from this laboratory, of
tachycardia termination windows, two patients had
Wolff-Parkinson-White syndrome and orthodromic
tachycardias.4 In these, ventricular extrastimuli
showed a shorter retrograde refractory period in the
accessory pathway with upright posture and exercise
resulting in the shrinking or disappearance of the
termination window. A result of sustained tachycardia
has also been shown by Curry et al to be a shortening
of accessory pathway refractoriness,5 although the
mechanism for this probably involves a direct effect of
the rate as well as haemodynamic reflexes. Hammill
et al recently described two patients in whom ortho-
dromic tachycardia could be sustained only in the
upright position,6 although it was not stated whether
block occurred in the normal or the accessory path-
way when supine.

There have been several studies in which exercise
seemed to facilitate ventricular pre-excitation in sinus
rhythm in patients with intermittent pre-
excitation.7- 10 In other similar cases, however, exer-
cise has resulted in block in the accessory path-
way7 1011: this block was probably caused by the
increase in sinus rate as shown by both the similar
effect of atropine in two7' and the opposite effect of
carotid massage.'2
An increase in the maximum rate of conduction

through the accessory pathway could be expected to
be caused by stimulation of adrenoreceptors in the
pathway either by circulating catecholamines or by
increased tone in the sympathetic innervation. Iso-
prenaline infusion has been shown to cause recovery
of pre-excitation in five patient in whom it had disap-
peared either spontaneously or after antiarrhythmic
treatment.'2 More important to this study are the
findings of Wellens et al, who measured the effective
refractory period of the accessory pathway in seven
patients with Wolff-Parkinson-White syndrome and
found that in six it shortened after an infusion of iso-
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prenaline.'3 The measurements were made during
pacing at a constant rate to avoid any direct rate
effect. Cosio et al reported a patient presenting with
ventricular fibrillation while playing racquet ball, in
whom isoprenaline reduced the shortest pre-excited
RR interval in atrial fibrillation from 270 to 180 ms. 14
Our results confirm that exercise combined with

upright posture significantly increases the maximum
rate of atrioventricular conduction via the accessory
pathway. The degree of increase, however, varied
widely between patients and was not related to age or
the site of the pathway.
The haemodynamic tolerance to ventricular rates of

up to 350 beats/min during exercise was an unex-
pected finding. It contrasts with our usual experience
that some patients at rest feel severely faint at lower
rates, sometimes below 200 beats/min, despite the
lower requirement for cardiac output. The difference
could be due to catecholamine induced short systole
and rapid myocardial relaxation combined with
increased venous return from the active leg muscles.
The benefits of these mechanisms could be lost should
myocardial ischaemia or ventricular failure occur.
Thus an important factor in the ability of the study
patients to sustain an adequate circulation and con-
tinue exercising with high ventricular rates may be the
low age of this group and the presumed absence of
coronary artery disease. Tolerance of the high rates
may also be impaired by drugs which prolong systole
or otherwise exert a negative inotropic effect; this
could outweigh the intended benefit of prolonging the
refractory period of the accessory pathway.
The haemodynamic tolerance may be a major factor

determining the risk of ventricular fibrillation. In the
conTtext of the first aim of the study the tests were all
negative, in that none of the patients had serious
symptoms or ventricular arrhythmias in response to
the atrial fibrillation. The patient whose collapse
prompted the study developed no symptoms during
the test but had a vasovagal faint in sinus rhythm after
stopping exercise. It should not be concluded from
these negative findings that exercise may not in some
cases increase the risk from spontaneous atrial fibrilla-
tion as the number of patients is low and the propor-
tion of patients with Wolff-Parkinson-White syn-
drome who have a dangerously short anterograde
accessory pathway refractory period is quite small.3
The wide variation between patients in the degree

of rate increase was not related to age or the site of the
pathway. Moreover, the compensatory haemo-
dynamic responses are determined by several factors
that are not readily predictable. Only testing the
individual patient can, therefore, determine what
additional risk, if any, exercise may entail for that
patient. We found that the simple stimulation test
during exercise was practicable and rather less
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traumatic for the patient than the resting study,
allowing us to incorporate it in our routine clinical
investigation. Although the prognostic significance of
the degree of rate increases with exercise is at present
uncertain, the development of syncope or ventricular
arrhythmias with this manoeuvre would indicate a
need for medical or surgical intervention and a further
test to check that the intervention was in fact
successful.

It is perhaps paradoxical that patients with elec-
trocardiographic evidence of pre-excitation are gener-
ally submitted to programmed stimulation studies
only after they have suffered suspected tachycardias.
In the case of orthodromic tachycardias our experi-
ence suggests that the initiation usually depends on a
premature atrial depolarisation conducted antero-
gradely only via the atrioventricular node followed by
retrograde conduction via the accessory pathway: this
condition is more likely where the accessory pathway
has a longer refractory period. In the case where the
presenting tachycardia is atrial fibrillation, the
patient's survival has already shown a relatively low
risk. It may thus be that patients with pre-excitation
and no history of palpitation include some of those
most at risk of sudden death.
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