SUDDEN CARDIAC DEATH IN THE WOLFF-
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ABSTRACT

Sudden death in the Wolff-Parkinson-White syndrome is an uncommon eventbut strikes in otherwise healthy children oryoung adnlts,
often without much warning. They tend to occur in symptomatic but have also been reported in asymptomatic individuals. Several
studies have been done profiling the sudden death swrviver in the Wolff-Parkinson-White syndrome. In general, they tend to be
symptomatic, have a short RR interval between preexcited beats during atrial fibrillation, have multiple pathways and may be
associated with familial occurrence and Ebstein’s anomaly. Several noninvasive investigations can help fo assess the risk Sfor sudden
death, butthe gold standard remains the use of electrophysiological testing. The management of patients with documented ventricular
fibrillation or resuscitation from sudden death is unquestionably ablation of the accessory pathway but for the asymptomatic patients,
it is still controversial whether they should be rontinely studied by electrophysiological studies.
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INTRODUCTION

Sudden death in the Wolff-Parkinson-White (WPW) syndrome
is rare but tragic as it mainly occurs in young and otherwise
healthy children and adults with no evidence of underlying
heart discase. This occurs mainly in symptomatic patients bug
have been rarely reported in previously asymptomatic patients,
Efforts have thus been made to understand the mechanisms of
arthythmias in the WPW syndrome with electrophysiological
studies to allow better assessment of the risk involved and
help plan in its management.

The estimated prevalence of WPW varies from 0.1 to 3
per 1000"¥, The true prevalence of WPW is difficut to deter-
mine as routine electrocardiograms are not done in the general
population. Subtle and intermittent preexcitation adds to the
problem, as they may be missed on routine electrocardiographic
screening. In view of its rarity in the geaeral population, it is
not surprising that studies of the incidence of sudden death in
children and young adults*% suggest that sudden death from
WPW is rare. However a significant aumber of case reports
12 and long term follow up studies®?3 of patients with
preexcitation on the surface electrocardiogram suggest that the
incidence of sudden death varies from 0% to 4% and has been
estimated to occur in the order of | per 100 patients years of
follow up®t. With the availability of surgical and catheter ab-
lation of the accessory pathways with minimal morbidity and
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mortality, this has meant patients who are at risk can be cured
and the risk of sudden death extinguished.

Mechanism Of Sudden Death In WPW

Sudden death in the majority of patients with WPW is be-
lieved o occur secondary to rapid conduction over the acces-
sory pathway during atrial fibrillation. The rapidity of conduc-
tion over the accessory pathway is determined by several
factors including the properties of the accessory pathway, ven-
tricular refractoriness and the properties of the atrioventricular
nodat pathway®***, Conceated conduction into the accessory
pathway ““and conduction over the atrioventricufar node have
been postulated (o be important as it has been suggested that
rather than a short refractory period of the accessory pathway
alone, it is lack of concealed conduction, that allows the ven-
tricles to teach very high ventricular rates and at times 1o
fibrillate®. In those patients in whom the accessory pathway
can conduct rapidly and produce very fast ventricular rates
(Fig 1}, ventricular fibriltation (V) can result and is the main
mechanisin for the sudden death in these patients™**. This
mechanism is believed to be contributory even in patients with
uaderlying heart diseases eg hypertrophic cardiomyopathy©®.
Other causes for sudden death are rare and is related to under-
lying heart disease such as coronary artery disease and long
QT syndrome®3,

Fig 1 - 12 Lead electrocardiogram showing rapid
preexcited atrial fibrillation
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Profile Of The Patient With Sudden Cardiac Death

In the Duke study®, comparing patients who had a history of
VF related to precxcitation with those without, there was a
higher prevalence of both reentrant tachycardia and airial fi-
brillation and multiple accessory pathways. The shortest KR



intecval (SRR) between preexcited beats during atrial fibrilla-
tion was less in the group with VF (mean SRR, 180 vs 240 ms,
P < 0.0001) as was the average R-R interval {mcan average R-
R, 269 vs 340 ms, P < 0.0001}. Similarly, in the European
study®®, where 26 patients with WPW and spontancous VF
were studied, it was shown that the antegrade conduction prop-
erties of the accessory pathway were a major determinant of
the occurrence of VE. Other markers of risk for VF were the
type of previous documented supraventricular tachycardia,
documentation of more than one supraventricular tachycardia
and presence of 2 or more accessory pathways. VF was the
first spontancous manifestation of the disease in 27% of the
paticnts in this series.
Thus the profile of the patients with sudden death includes:
(1) Symptomatic
The majority of the patients who had history of VF were
symptomatic’****®. However several case reports and fol-
low up studies!®83#23) guapest that some palients may
present with sudden cardiac death as the first presentation
of the WPW.
(1) Shortest RR interval between preexcited beats during atrial
fibrillation < 250ms
The major studies™ found that with rare exceptions, pa-
tienis with a history of VE have been found during base-
line electrophysiological studics to have a SRR between
preexcited beats during atrial fibrillation < 250 msee.
(iii}Short antegrade effective refractory period (ERP) of the
accessory pathway
A long antegrade ERP of the accessory pathway (> 270
ms) makes it unlikefy that fast ventricuiar rates during
atrial fibrillation will occur. In the Duke study® all pa-
tients in the VF group had ERPs < 350 ms.
(iv)Multiple accessory pathways
An increased risk has been described in the studies from
Duke™ and the European study®, 1t has been estimated
that the odds ratio for VF is increased by almost 3 times in
those patients with multiple aceessory pathways®®.
(v) Familial WPW
A recent study from Duke®™ on familial WPW suggested
that there was an increased incidence of VE and sudden
death. Whether this increased incidence is due to the fa-
milial occurrence of the WPW or due to the commonly
associated multiple pathways, which by itself had been
shown 1o be associated with sudden death, is uncertain.
(vi) Ebstein's anomaly
Patients with Ebstein’s anomaly have a reporied higher
incidence of sudden cardiac death®. This may however
be related to the more frequent occurrence of multiple ac-
cessory pathways and the higher incidence of spontaneous
atrial flutter-fibrittation. Also the myocardium especially
the right ventricle may be abnormal and more predisposed
to ventricular arrhythmias.

ASSESSMENT FOR RISK OF SUBDEN DEATH

Who should be assessed?

All symptomatic patients with preexcitation pattern on the elec-
trocardiogram should be evaluated for risk of sudden death.
Wellens®!? believes that even asymptomatic patients should be
evaluated, to identify those at risk of sudden death. Certain
categories of asymptomatic patients such as athletes or those
engaged actively in sports, airline pilots or those who operate
mass transportation vehicles®? should routinely be evaluated.

What to assess?

Al present, the reference method for determination of the risk
of sudden death is the deliberate induction of atrial fibrillation
during invasive clcctrophysiological studies or by
transesophageal pacing, and measuring the SRR between
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preexcited beats. Klein® found that the SRR between
preexcited beats during atrial fibrillation and not the antegrade
ERP of the accessory pathway correlated best with a history of
VE, and the correlation of antegrade ERP of the accessory
pathway and SRR between preexcited beats during atrial fi-
brillation rcmains controversial. Initial studies®™® in small
groups of patients showed there was a close correlation be-
tween the ERP of the accessory pathway and the SRR during
atrial fibrillation, and thus advocated using the antegrade ERP
of the accessory pathway as an indirect guide to ventricular
rates during atria) fibrillation. Two studies®4 reported a sig-
nificant but poor correlation between these 2 variables while
another™ found nd correlation between the antegrade ERF of
the accessory pathway and SRR between preexcited beats dur-
ing atrial fibrillation. Sharma ct al*® observed that the devia-
tions betwecen SRR and ERP were dependent on the initial
SRR. The SRR was overestimated by the ERP when the SRR
was short and underestimated when the SRR was long. Others
have aiso noted that the refractory period of the accessory
pathway failed to predict the ventricular rate during ateial fi-
brillation®”, There are several theoretical reasons for the poor
reliability of the antegrade ERP of the accessory pathway as a
guide to SRR between precxcited beats during atrial fibrilla-
tion. These may include electrophysiclegic and anatomic de-
terminanis of accessory pathway, antegrade and retrograde con-
cealed conduction into accessory pathway and ventricular
refractoriness. Furthermore during atrial fibrillation, rapid ven-
tricular rates and changes in autonomic tone and sympathetic
stimulation may affect conduction and refractoriness of the
accessory pathway ™.

NONINVASIVE TESTS

As it will be impossible to de invasive test in all patients with
precxcitation, various noninvasive tests have been advocated
to attempt to estimate the risk. These include the electrocar-
diogram, 24 hour Holter monitoring, exercise stress test and
pharmacologic test with antiarthythmic drugs. In those patients
in whom the noninvasive test suggest a short refractory period
for the accessory pathway, invasive electrophysiological stud-
ics should then be performed. These noninvasive tests, how-
ever, correlate better with the antegrade ERP of the accessory
pathway rather than the SRR during atrial fibrillation and pa-
tients, assessed noninvasively to have a long antegrade ERP,
may still have rapid, hemodynamically unstable arthythmias.

Electrocardiogram

The clectrocardiogram at rest or as monitored by ambulatory
monitoring may demonstrate intermittent preexcitation or atrial
fibrillation. Intermitient preckcitation {Fig 2) was found fo sug-
gest a long antegrade refractory period and a fairly rcliable
predictor of a slower ventricular response (SRR > 250 ms)
during atrial fibrillation®™, However as reported by Critelli ct
al®¥ there were false positives. In the study by Klein™), 4 out
of the 26 patients had an SRR < 250 ms. This was attributed to
pseadonormaiization with apparent loss of delta wave and subtle
preexcitation being still present. Another possibility was that
multiple accessory pathways could interplay and cancel out
the deita wave in some leads. Finally, the possibility of the
influence of sympathetic tone on the accessory pathways in
some patients may result in a rapid veatricular response during
atrial fibriltation. The normalized QRS should be preceded by
a2 P wave since it may be duc to a His extrasystole. Also
normalization of the QRS immediately after a ventricular
ectopic may be due to concealed retrograde conduction into
the aceessory pathway and thus prevent antegrade conduction
over the accessory pathway for the next beat®™,

Spontaneous atrial fibrillation

When documented,this is the best noninvasive test as the ab-



sence of ventricular preexcitation during spontaneous atrial
fibritlation: confirms that the antegrade refractory period of (he
accessory pathway is long and the patient is thus not at risk for
sudden decath. In those with ventricular preexcitation, the SRR
interval between preexcited beats during atrial fibrillation can
be measured and the risk cstimated.

Fig 2 - Intermittent loss of the delta wave on the 12 lead ECG

cxercise Stress Test

Sudden and complete disappearance of preexcitation during
exercise (Fig 3) points to along antcgrade ERP for the acces-
sory pathway™*" but false positive tests have bcen re-
ported™*¥. In order 1o detect loss of preexcitation, special
attention should be paid to the clectiocardiogram after exer-
cise #s well, where in the case of exercise induced block in the
accessory pathway a sudden marked change in the electrocar-
diogran: takes place on resumption of atrioventricular conduc-
tion over the accessory pathway. In patients with subtle
preexcitation {Hig 4) at rest it can be very difficult to sce the
loss of preexcitation willk exercise and may faiscly give the
impression of antegrade block in the accessory pathway. The
preexcitation may alse be inappareni because sympathctic
stimudation during exercise will speed up atrioventricular nodal
conduction and therefore diminish the degree of precxcitation
secent on the clectrocardiogram. Since the PR interval may
shorten with exercise, a gradual diminution of preexcitation
during exercise not accompanied be PR prolongation cannot
be considered to represent loss of preexcitation. Multiple leads
must be cxamined since precxcitation may appear to be lost in
somgc leads while clearly still present in other leads.

Pharmacologic Tests

Wellens noted that the magnitude of the increase in the refrac-
tory period after intravenous class 1 antiarthythmic drugs is
related to the initial ERP of the accessory pathway; being
refatively small if the ERP is < 270 ms and relatively great if
the ERP > 270 ms and initially proposcd the ajmaline’™ and

Fig 3A - Loss of preexcitation with exercise. Shows the
electmcal dlogram at rcst with an obvious delta wave
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I'ig 3B - Loss of preexcitation with exercise. During
treadmill stress test, the delta wave is abrupily lost
and associated with prolongation of the PR interval
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Fig 3C - Loss of preexcitation with exercise. Delta waves
are seen again during recovery
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Fig 4 -12 Lead electrocardiogram showing subtle
precxcntatmn
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subsequently the procainamide™” infusion tests, Other drugs
which have been used include disopyramide™, propafenone™
and flecainide™. Faiture te produce complcte block in the
accessory pathway by intravenous ajmaline (I mg/kg body
weight given over 3 mins or procainamide 10 mg/kg body
weight over 5 mins) strongly suggest a short antegrade ERP of
the accessory pathway (< 270 msee). Drug induced abolition
of resting preexcitation hag been thought to preclude the de-
vetopment of dangerously kigh ventricular rates during atrial
fibritlation. Such tests however have limitations and cases have
been reported where the preexcitation was abolished by ajmaline
but during clectrophysiologicat study the ventricular rate dur-
ing alrial fibrilfation was < 200 ms"*". Other disadvantages of



these tests include reports of mortality® and significant ad-
verse reactions eg bradycardia and hypotension with
procainamide may occur and compiete heart block transiently
with ajmaline. Another problem is that patients with minimal
precxcitation on the surface electrocardiogram may be impos-
sibie to evaluate. Abrupt loss of preexcitation may be easier to
judge in the patient with greater degree of precxcitation.

Esophageal Pacing

Another less invasive test proposed is the usc of csophageal
pacing to disclose the refractory period of the accessory path-
way and the SRR during the atrial fibrillation®2, This tech-
nique may be valuable when other noninvasive tests are equivo-
cal and is especially useful in children. Esophageal pacing
could be used to identify risk and also for assessing response
to drug therapy. Atrial pacing via the esophagus is also easier,
cheaper, and less traumatic, and for many patients will provide
most, if not all, the necessary information.

INVASIVE TESTS

The additional costs and specialized equipment and personnel
involved makes it fess available, The invasive test involves a
complete electrophysiological study®®. It gives an asscssment
of the functional properties of the accessory pathway and is
able to determine the SRR during atrial fibrillation. These help
in the decision for medical or ablative therapy by surgery or
catheier ablation. Invasive tests are also required for accurate
locatization prior to ablative therapy.

Sensitivity, Specificity and predictive value of the tests for
assessment of risk of sudden death

In general the tests for assessment of risk for sudden death
have good sensitivity and negative predictive values in identi-
fying patients at risk (based on criteria of SRR < 230 ms) but
tow specificity and positive predictive valuc®™¥. The SRR
between preexcited beats during atrial fibrillation, was the most
accurate variable in the prediction of sudden death with a posi-
tive predictive value of 19%. Its value however lies more in its
negative predictive value than its positive predictive value and
specificity for sudden death®. In a study of asymptomatic
WPW patients®®, 17% of asymptornatic patients with the WPW
pattern were found to have a similar ventricular response (SRR
< 250 msec) during a baseline electrophysiological study. A
more recent study of asymptomatic patients® found that 31%
of asymptomatic patients had an SRR between preexcited beats
during atrial fibrillation £ 250 ms. No patient died suddenly
during a median follow up of 4,3 years. Thus the number of
patients at risk for VF according to this criterion is much
greater than the very few in this group who die.

MANAGEMENT

Patients With Documented Ventricular Fibrillation Or
Resuscitated From Sudden Cardiac Death

There is no question that patients who have documented VI or
resuscitation from sudden death should be treated by ablation
of the accessory pathway either by surgery or catheter abla-
tion. Drugs that can suppress the conduction properties of the
accessory pathway may also be used. However drugs arc usu-
ally not useful in these group of patients who almost invari-
ably have a short effective refractory period of the accessory
pathway and a short effective refractory period of the acces-
sory pathway and a short SRR between preexcited beats dur-
ing atrial fibriliation®®. This is because it has been shown that
the magnitude of increase in the refractory period of the acces-
sory pathway after drugs is related to its initial length®?. Also
in those in whomn it appears that the use of drug therapy is
useful, there have been reports of reversal of the drug effect by
adrenaline at doses which are equivalent to that present with
exercisc®,
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Feasibility Of Primary Prophylaxis In Symptomatic

Patients

The patients may be separated into those with documented

preexcited atrial fibrillation and those with symptomatic tachy-

cardia only.

a. Patients with documented preexcited atrial fibrillation and

a rapid ventricular response (SRR during atrial fibrilla-
tion < 250 ms}
These patients have been shown to have a higher inci-
dence of atrial vulnerability and sustained atriaj fibrillation
at electrophysiological studies®'. As they have a poten-
tially life threatening arrhythmia, primary prophylaxis with
abfation by either surgery or catheter ablation is probably
preferced. This approach has also been demonstrated to be
safe and successful in children®. Medical therapy demon-
strated to be effective by electrophysiclogical studies may
also be an acceptable alternative.

b. Padents with symptomatic tachycardia but no history of
sponianeous atrial fibrillation, and an inducible SRR dur-
ing atrigl fibrillation < 250 ms
These patients have a lower risk as compared with the
above category as they have not demonstrated spontane-
ous atrial vulnerability. The probability of atrial fibrilla-
tion developing in this group of patients is unknown but
have been documented®®. Arguments may be made to
treat them with ablative therapy prophylactically especially
if the risk of such therapy is minimal, as some of these
patients have been shown to develop atrial fibriliation later
in fife. In one study®” with a follow-up period of over 2
years, 29% of patients who initially presented with parox-
ysmal supraventricular tachycardia only, developed atrial
fibrillation. Ablative therapy have been shown 10 decrease
the incidence of atrial fibrillation in patients with WPW
syndrome",

Primary Prophylaxis In Asymptomatic Patients?

The most difficult problem is & asymptomatic patients with an
SRR < 250 ms during induced atrial fibritlation. The risk of
sudden death in asymptomatic paticnts is extrenmely low al-
though sporadic case repor(s attest to its occurrence in this of
patients. Small prospective studies of asymptomatic patients®e%
with the WPW pattern have faifed to show an increased risk
for sudden death. Thus currently therc is not enough data to
give firm recommendations. In certain categories of patients
however, such as airline pilots or professional athletes, pro-
phylactic ablative therapy may be considered.
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