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INTRODUCTION

Ventricular pre-excitation is an electrocardiographic
finding characterised by a delta wave and short PR
interval. It is estimated that 1 in 1000 people will
exhibit this pattern on the ECG; however, the true
prevalence is likely under-represented because at
least half of known patients with pre-excitation do
not develop symptoms.’

This ECG pattern indicates the presence of an
accessory atrioventricular pathway (AP), an alter-
nate electrical connection between atria and ventri-
cles bypassing the normal His-Purkinje system. APs
can conduct in antegrade direction, retrograde
direction or both. Approximately 60%-75% of
these pathways are considered ‘manifest’, meaning
they are capable of antegrade conduction, and can
inscribe the classic pre-excitation pattern on the
ECG, and the rest are ‘concealed’, meaning they
are only capable of retrograde conduction, cannot
produce pre-excitation, but can still participate in
atrioventricular (AV) re-entry tachycardias.

The initial description of the syndrome by Wolff,
Parkinson and White included 11 patients with pre-
excitation and the associated tachycardia, which
was collectively termed as Wolff-Parkinson-White
(WPW) syndrome. However, many patients with
pre-excitation never develop tachyarrhythmias
and remain asymptomatic their entire lives. In one
cohort study, one-third of asymptomatic individ-
uals with pre-excitation younger than 40 eventually
developed symptoms, compared with zero patients
over 40 years old at diagnosis.' The most common
arrhythmia (80%) is atrioventricular re-entrant
tachycardia (AVRT), which directly uses the AP in
the tachycardia circuit. However, atrial fibrillation
(AF) is strikingly common (20%-30%) in patients
with WPW, which suggests the AP itself may be
involved in genesis of AF,?? perhaps as a result
of haemodynamic and metabolic consequences of
AVRT.

AF is particularly worrisome because most mani-
fest APs lack the decremental properties of the AV
node, a ‘safety regulator’ that limits conduction
to the ventricles. Rapid antegrade conduction to
the ventricles over the AP during AF can increase
the likelihood of ventricular fibrillation (VF) and
sudden cardiac death (SCD), which is the most
feared complication of WPW syndrome. Like
most cardiac tissues, each AP has a unique effec-
tive refractory period (ERP)—longest interval of
input that fails to conduct—which theoretically
limits the maximum rate of conduction through
the AP An electrophysiological study (EPS) can
allow direct measurement of ERP but also deter-
mine the shortest pre-excited R-R interval (SPRRI)
during AF. Both metrics directly measure the ability
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Learning objectives

= Risk stratify a patient with asymptomatic
pre-excitation.

= Counsel patients with asymptomatic pre-
excitation, informing them of their risk of
sudden death, and risk/benefits of treatment
versus observation.

= ldentify intermittent pre-excitation on ECG and
counsel the patient on its interpretation.

= Describe the process of invasive risk
stratification in a patient with asymptomatic
pre-excitation and counsel patients
appropriately.

of the AP to conduct rapidly; higher-risk pathways
exhibit short ERPs and SPRRI. VF is found to be
very unlikely if SPRRI of the AP is >250ms.* Inva-
sive EP evaluation has been the gold standard for
interrogating AP conduction properties and risk
stratification. However, clinical and non-invasive
evaluation can provide important clues; they are
discussed here and are summarised in table 1.

There are some rare ‘atypical’ APs that insert
into the cardiac conduction system; these include
atriofascicular (Mahaim fibre), nodoventricular/
nodofascicular and fasciculoventricular pathways.’
These rare pathways lack large-scale data but are
generally considered not to be dangerous. The
atriofascicular AP is a small fibre that connects
the lateral right atrium to the right bundle branch,
typically conducts with AV nodal-like decremental
property, to produce a wide complex tachycardia
with a left bundle branch block like pattern that
is often mistaken for ventricular tachycardia. The
decremental property prevents rapid conduction
during AF. The nodoventricular and fasciculoven-
tricular APs are downstream of the AV node, which
protects them from rapid antegrade conduction
during AF.

The overall incidence of SCD in asymptomatic
individuals with pre-excitation is quite low. A meta-
analysis of 20 studies, including 1869 asymptom-
atic adults with pre-excitation, estimated the risk of
0.13%/year® and may be higher in children in the
first two decades of life.”® Clinicians should keep in
mind that this risk is small and is only slightly higher
than the background risk of premature death in an
average US adult, just below 0.1%)/year.” However,
SCD in a patient with pre-excitation is a significant
event that cannot be ignored. Since ablation of most
APs is curative and carries a low risk of complica-
tions, a question remains whether APs should be
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Table 1
sudden cardiac death?

Clinical and electrophysiological features associated with increased risk of

Factors associated with a high-risk

accessory pathway

Factors associated with a low-risk accessory
pathway

» Inducible AVRT during EPS.
»  Multiple accessory pathways.

» Abrupt and complete normalisation of PR interval
and loss of delta on rhythm monitoring.*

» Shortest pre-excited RR interval during ~ » Asymptomatic pre-excitation.

AF <250 ms.

» Short antegrade refractory period of AP

<250ms.

» Low risk on evaluation during EP study (see left
column).

*We do not routinely perform exercise or catecholamine infusion studies on patients with pre-

excitation.

AF, atrial fibrillation; AP, atrioventricular pathway; AVRT, atrioventricular re-entrant tachycardia; EPS,

electrophysiological study.

ablated in asymptomatic individuals to eliminate
the small risk of SCD.

APPROACH

Clinical assessment of a patient with pre-excitation
involves evaluating the AP conduction properties
and determining the need for ablation. Patients
with clinical features of a more dangerous pathway
should have a lower threshold for EP study and
ablation, whereas invasive management is optional
for those with low-risk features.

Practice guidelines agree that patients with
inducible or spontaneous documented arrhythmias
such as supraventricular tachycardia (SVT) or pre-
excited AF should undergo EPS=*ablation. Outside
of these features, asymptomatic patients with pre-
excitation leave a management conundrum; these
are individuals with a very small yet measurable risk
of life-threatening arrhythmias and SCD.

European Society of Cardiology 2019 guide-
line recommends invasive evaluation (EPS=ab-
lation) for patients with a high-risk occupation
and competitive athletes (class I). All others may
still undergo EPS=+ablation (class Ila), but a non-
invasive evaluation is a reasonable alternative (class
IIb) at the discretion of the clinician.® The 2015
American Heart Association (AHA) guideline simi-
larly recommends an EPS=+ablation for all asymp-
tomatic patients with pre-excitation (class Ila),
including those with high-risk occupation (class
Ia), but also presents clinicians with an alternative
option for observation (class Ila).

In patients with asymptomatic pre-excitation,
both guideline committees leave the decision for
invasive testing/ablation with the clinician and
suggest invasive management for those with a
high-risk occupation. If non-invasive assessment is
selected, a Holter monitor and an exercise stress
test are reasonable to provide additional informa-
tion, but clinicians should be mindful of potential
shortcomings of these tests.

NON-INVASIVE EVALUATION

Ambulatory monitoring and exercise/pharmacolog-
ical stress tests are readily available non-invasive
risk stratification tools. Abrupt and complete loss
of pre-excitation (intermittent pre-excitation) in
sinus rhythm on a Holter monitor, exercise stress

test or pharmacological stress test suggests the
AP has a long ERP and renders the AP extremely
unlikely to conduct quickly during AF (SPRRI in AF
of <250ms) (figure 1A,B, are examples).'

Physiologically,  intermittent  pre-excitation
represents periodic complete block in AP conduc-
tion, suggesting that the anterograde AP conduction
is too fragile to support rapid conduction during
AF. To diagnose intermittent pre-excitation, care
must be taken to ensure the delta wave is abruptly
and completely lost (figure 1A,B). Gradual loss of
the delta wave with each consecutive beat does not
qualify as intermittent pre-excitation (example in
figure 2). This is because it may reflect progressively
less contribution of ventricular activation through
the accessory pathway and a larger contribution
of conduction through the AV node to ventricular
activation. This does not reflect the ability AP to
conduct during AF and should not be considered
as intermittent pre-excitation. A small retrospective
study suggested that gradual loss of pre-excitation
is prognostically equivalent to no loss of pre-
excitation.'! Catecholamine excess during exercise
recruits the AV node to conduct faster, which often
results in ventricular activation via the AV node,
leading to less apparent pre-excitation. During
exercise and catecholamine testing, the delta wave
becomes less obvious and can be obscured by
improved AV nodal conduction, making it unclear
whether it is truly abruptly lost. For this reason, if
exercise and catecholamine testing are to be used,
the ECG tracing must be examined very carefully
with the aforementioned caveat in mind.

Several studies have questioned the predictive
value of intermittent pre-excitation, but in these
investigations, isoproterenol and exercise stress
testing were used, which may have caused false-
positive results.’” > In addition, there remains
uncertainty as to whether true intermittent pre-
excitation was documented in those studies. Many
of the APs cited in these studies are left-sided, which
present with a very small amount of pre-excitation
due to the activation front reaching the AV node
well before the AP; diagnosing intermittent pre-
excitation where pre-excitation is subtle often
leads to false-positive results. Overall, to date, no
deaths have been reported in patients with true
intermittent pre-excitation, and we still consider
it to be a robust predictor of a low-risk pathway.
The AHA guideline places a class I recommenda-
tion on using intermittent loss of pre-excitation to
classify a low-risk AP. Certainly, seeing abrupt loss
of pre-excitation should be reassuring to the patient
and clinician that a conservative (non-invasive)
approach is safe. Figure 3 illustrates our approach.

PHARMACOLOGICAL THERAPY

Medical therapy is an option for patients with symp-
tomatic arrhythmia involving APs; it can acutely termi-
nate tachycardias involving the AP and can play a role
in long-term suppression. Class IA, class IC and class
I antiarrhythmic agents are known to lengthen the
antegrade and retrograde ERP of APs, which would
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Figure 1 (A) Holter monitor tracing demonstrating intermittent pre-excitation. The first two QRS complexes are not pre-excited, and pre-excitation
abruptly resumes beginning with the third QRS complex. Note that gradual change in the degree of pre-excitation does not. (B) Another heart rhythm
tracing showing abrupt loss of pre-excitation. The top and bottom channels are simultaneous. The first four beats are pre-excited, and the next four
beats are not pre-excited at all. This patient’s atrioventricular pathway likely has a long effective refractory period and would not be expected to
conduct rapidly during atrial fibrillation.

reduce the incidence AF as well as the rate of AP
conduction during AF, thereby reducing the risk of
VE™ Propafenone has been well studied in this
space. However, drug effects on the AP ERP appear to
at least partially reverse with catecholamines and exer-
cise, and their protective activity may not be sufficient
during certain activity levels and autonomic tone.'® "’
Opverall, antiarrhythmic medications are rarely selected
in preference to a curative procedure due to lack of
data in preventing sudden death, variable effects on
AP ERP, inconvenience, cost and significant side-effect
profile.

There are some notable medication contrain-
dications in patients with pre-excitation.'® Beta
blockers are ineffective in controlling the ventric-
ular rate in pre-excited AF, while digoxin and non-
dihydropyridine calcium channel blockers have

More Pre-Excited

Gradual Loss of Pre-Excitation

been shown to shorten AP ERP and to accelerate
the ventricular rate during pre-excited AF.'%-
Amiodarone generally increases AP ERP; however,
some case reports have suggested that it increases
rate in pre-excited AF, which leads to its contraindi-
cation in patients with pre-excitation according to
clinical practice guidelines.’® 2! These medications
are not contraindicated in patients with concealed
APs (no antegrade conduction).

THERAPEUTIC ABLATION: SHOULD ALL
PATHWAYS BE ABLATED?

There is no question that certain APs should
undergo ablation. These include APs capable of

rapid conduction characterised by a short ERP
(=250ms) on EP study or short SPRRI (< 250 ms)

Unclear if Pre-Excited

Figure 2 Holter monitor tracing demonstrating gradual loss of pre-excitation. The top tracing shows a pre-excited QRS that gradually becomes
less pre-excited. Pre-excitation is seemingly lost at the end of the tracing but may be too subtle to see. This does not represent intermittent loss of
pre-excitation because it is not clear if the AP abruptly stopped conducting or if the degree of pre-excitation is too small to see on the surface ECG.
This is commonly found on exercise stress tests where the AV nodal conduction velocity increases due to catecholaminergic effects, and there is a
comparatively greater degree of ventricular activation via the AV node (less fusion with AP); pre-excitation becomes very subtle and often impossible
to distinguish from true abrupt loss of pre-excitation. Unlike intermittent loss of pre-excitation, gradual loss of pre-excitation is not diagnostically
helpful and has outcomes similar to those of patients with fixed pre-excitation. AP, atrioventricular pathway; AV, atrioventricular.
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Patient with pre-excitation on ECG

1
n
Careful discussion with patient about
small risk 6f procedure vs. small
lifetime risk of arrhythmia

\

Figure 3  Proposed care pathway for patients with asymptomatic pre-excitation. EP,

electrophysiological.

during AF (spontaneous or induced during EP
study). In patients with pre-excitation, AVRT seems
to precede AF; hence, lack of inducible AVRT on EP
study has been considered a good prognostic sign.
Finding of multiple APs also increases the risk of
life-threatening arrhythmic events by an odd ratio
(OR) of 3.1, presumably due to increased ventric-
ular dyssynchrony generated by numerous depolar-
isation wavefronts.”> Multiple APs are commonly
found in patients with Ebstein’s anomaly. Patients
without the aforementioned risk factors have been
historically considered low risk, leaving pathway
ablation optional.

When risk stratifying in the EP laboratory, it is
important to mimic conditions during which the
aforementioned risk factors were derived.* Patients
should not be sedated or minimally sedated as
general anaesthesia undoubtedly influences AP
conduction properties and can lead to false nega-
tives.”> However, it is unavoidable in some patients
especially in the paediatric population. There are
currently insufficient data to risk stratify with
isoproterenol because the risk cutoffs (ERP and
SPRRI) were validated on baseline measurements
without pharmacological agents. Induction of AF
during the EP study offers the most direct measure

Table 2 Classification of asymptomatic accessory pathways based on risk of
procedure and risk of life-threatening arrhythmias

High-risk AP

Low-risk AP

High-risk
ablation

Careful discussion of arrhythmic and
procedural risks; cautious attempt at

Risk:benefit ratio likely favours
observation.

ablation is generally reasonable.

Low-risk
ablation

AP, atrioventricular pathway.

Risk:benefit ratio likely favours ablation.

Careful discussion considering arrhythmic
and procedural risks; observation is
generally reasonable.

Education in Heart

of AP conduction during AF (SPRRI); however, it
may require deeper sedation and cardioversion.
Practically, induction of AF is helpful if it changes
management, such as in cases where other risk
factors are borderline/low risk and is unnecessary if
the decision to ablate the AP is already made.

Catheter ablation has a very high success rate
in eliminating the AP—upwards of 95%.% ** This
raises the question: if we can remove the very
small risk of sudden death with a potentially cura-
tive procedure, why wouldn’t we ablate all APs?
Unfortunately, ablation does not come without
risk. The most common risk is collateral damage
to the AV node leading to AV block, which has
been reported in 0.17%-2.7% of ablations. This
would require pacemaker implantation, which
comes with a lifetime of pacemaker procedures.
These implications include generator replacements
and complications related to ageing leads, with the
highest lifetime procedural burden in paediatric
patients. The risk of AV block is higher in patients
with paraseptal APs and highest in mid-septal APs
due to proximity to the AV node and the bundle
of His. Cryoablation can slightly reduce this risk
by allowing prediction of acute lesion effect with
ice mapping prior to delivering an irreversible
lesion—at a cost of a potentially slightly higher
risk of AP recovery.” Other serious complications
include risk of perforation, tamponade and stroke
most often resulting from trans-septal access and
ablation within the left atrium. Coronary artery
damage has also been reported, especially in APs
that require ablation in the coronary sinus or
middle cardiac vein.?

Balancing a very small 0.13% risk of clinically
important arrhythmia with a 0.17%-2.7% of
serious procedural risk is not an easy decision
and is one that should be thoughtfully consid-
ered by the patient based on their own values
and preferences.”® In children, the stakes are
even higher since they may have a higher life-
time risk of arrhythmias but may also suffer a
lifetime of consequences in the case of inadver-
tent damage to the AV node during ablation. Our
approach is to classify APs into four categories
based on the risk of ablation and lifetime risk
of life-threatening arrhythmias if the AP is left
untreated (table 2). Asymptomatic APs that are
far from the AV node and those that are deemed
higher risk on EP study should generally have a
lower threshold to ablate—as long as the patient
accepts a small procedural risk to prevent a rare
(<1in 1000 patient years) arrhythmic event. The
threshold to ablate should be much higher for
right-sided APs and those that are close to the AV
node, since they tend to have a higher procedural
risk, which in most cases is higher than the small
lifetime risk of clinically significant arrhythmia.

CONCLUSIONS AND SUMMARY

Patients with pre-excitation and documented
arrhythmia should undergo an EPS and abla-
tion. However, patients with asymptomatic
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Key messages

= In patients with asymptomatic pre-excitation the lifetime risk of sudden

death is low.

= Electrophysiological ablation procedure is optional in patients with
asymptomatic pre-excitation and should be based on a careful discussion
with the patient, which includes potential risks of ablation versus a small
lifetime risk of arrhythmia.

= Intermittent pre-excitation suggests an accessory pathway with a long
effective refractory period (ERP) and should be reassuring to the patient and

clinician.

= Intermittent pre-excitation should be distinguished from gradual pre-
excitation on an ECG; the latter is not helpful in risk stratifying patients.

= Medical therapy with class | and Ill antiarrhythmic drugs is an option in
patients with symptomatic arrhythmia since some of these medications
increase the ERP of the accessory pathway; however, medical therapy is
rarely selected in preference to a curative procedure.

= Ablation of accessory pathways near the AV node carry the highest
procedural risk of damaging the AV node (0.17%—2.7%); other potential
complications of accessory pathway ablation include cardiac perforation/
tamponade, stroke and damage to coronary arteries.
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pre-excitation should be evaluated with a non-
invasive risk stratification test. Sudden and
complete loss of pre-excitation suggests a low-
risk pathway—one that can be safely observed
without introducing further risk of invasive
procedures. However, absence of intermit-
tent pre-excitation warrants a thoughtful and
informed discussion with the patient as to
whether they wish to have an EPS and potential
ablation if the accessory pathway is deemed of
sufficient risk. This decision requires balancing
the small attendant procedure risk versus
accepting the arguably equally small risk of a
conservative approach with further follow-up.

Funding The authors have not declared a specific grant for this
research from any funding agency in the public, commercial or
not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not applicable.
Ethics approval Not applicable.

Provenance and peer review Commissioned; internally peer
reviewed.

Author note References which include a * are considered to be
key references.

Open access This is an open access article distributed in
accordance with the Creative Commons Attribution Non
Commercial (CC BY-NC 4.0) license, which permits others to

distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided

the original work is properly cited, appropriate credit is given, any
changes made indicated, and the use is non-commercial. See: http:/
creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Anthony Tang http://orcid.org/0000-0003-3056-3114

REFERENCES

*1 Munger TM, Packer DL, Hammill SC, et al. A population study
of the natural history of Wolff-Parkinson-White syndrome
in Olmsted County, Minnesota, 1953-1989. Circulation
1993;87:866-73.

*2 Sharma AD, Klein GJ, Guiraudon GM, et al. Atrial fibrillation
in patients with Wolff-Parkinson-White syndrome: incidence
after surgical ablation of the accessory pathway. Circulation
1985;72:161-9.

3 Brugada J, Katritsis DG, Arbelo E, et al. 2019 ESC guidelines for
the management of patients with supraventricular tachycardiathe
task force for the management of patients with supraventricular
tachycardia of the European Society of Cardiology (ESC). Eur Heart
J2020;41:655-720.

*4 Klein GJ, Bashore TM, Sellers TD, et al. Ventricular fibrillation
in the Wolff-Parkinson-White syndrome. N £ngl J Med
1979;301:1080-5.

5 de Alencar Neto JN, Ramalho de Moraes SR, Back Sternick E,
et al. Atypical bypass tracts: can they be recognized during sinus
rhythm? Europace 2019;21:208-18.

*6 Obeyesekere MN, Leong-Sit P, Massel D, et al. Risk of arrhythmia
and sudden death in patients with asymptomatic preexcitation: a
meta-analysis. Circulation 2012;125:2308—15.

7 Pappone C, Vicedomini G, Manguso F, et al. Wolff-Parkinson-White
syndrome in the era of catheter ablation: insights from a registry
study of 2169 patients. Circulation 2014;130:811-9.

*8 SantinelliV, Radinovic A, Manguso F, et a/. The natural history of
asymptomatic ventricular pre-excitation a long-term prospective
follow-up study of 184 asymptomatic children. J Am Coll Cardiol
2009;53:275-80.

9 CDC Wonder. Multiple cause of death. Centers for Disease Control
and Prevention. 2021. Available: https://wonder.cdc.gov/controller/
datarequest/D77

10 Wackel P, Irving C, Webber S, et a/. Risk stratification in Wolff-
Parkinson-White syndrome: the correlation between noninvasive
and invasive testing in pediatric patients. Pacing Clin Electrophysiol
2012;35:1451-7.

11 Spar DS, Silver ES, Hordof AJ, et al. Relation of the utility of
exercise testing for risk assessment in pediatric patients with
ventricular preexcitation to pathway location. Am J Cardiol
2012;109:1011-4.

12 Kiger ME, McCanta AC, Tong S, et al. Intermittent versus persistent
Wolff-Parkinson-White syndrome in children: electrophysiologic
properties and clinical outcomes. Pacing Clin Electrophysiol
2016;39:14-20.

13 Ludmer PL, McGowan NE, Antman EM, et a/. Efficacy
of propafenone in Wolff-Parkinson-White syndrome:
electrophysiologic findings and long-term follow-up. / Am Coll
Cardiol 1987;9:1357-63.

14 Wellens HJJ, Durrer D. Effect of procaine amide, quinidine, and
ajmaline in the Wolff-Parkinson-White syndrome. Circulation
1974;50:114-20.

15 Glatter KA, Dorostkar PC, Yang Y, et a/. Electrophysiological effects
of ibutilide in patients with accessory pathways. Circulation
2001;104:1933-9.

16 Wellens HJ, Brugada P, Roy D, et al. Effect of isoproterenol on
the anterograde refractory period of the accessory pathway in
patients with the Wolff-Parkinson-White syndrome. Am J Cardiol
1982;50:180—4.

17 German LD, Gallagher JJ, Broughton A, et a/. Effects of exercise
and isoproterenol during atrial fibrillation in patients with Wolff-
Parkinson-White syndrome. Am J Cardiol 1983;51:1203-6.

18 January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/

HRS guideline for the management of patients with atrial
fibrillation: executive summary: a report of the American
College of Cardiology/American Heart Association task force
on practice guidelines and the heart rhythm society. Circulation
2014;130:2071-104.

1258

Antiperovitch P, et al. Heart 2023;109:1254—1259. doi:10.1136/heartjnl-2022-321639

ybuAdod Aq paroslold 1senb Ag 1720z ‘0T IUdy uo /wod fwg-uesy)/:dny wouj pspeojumoq €202 YdIeA 62 U0 6£9TZE-2202-lullieay/9gTT 0T Se paysiignd 1su)) :lesH


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3056-3114
http://dx.doi.org/10.1161/01.cir.87.3.866
http://dx.doi.org/10.1161/01.cir.72.1.161
http://dx.doi.org/10.1093/eurheartj/ehz467
http://dx.doi.org/10.1093/eurheartj/ehz467
http://dx.doi.org/10.1056/NEJM197911153012003
http://dx.doi.org/10.1093/europace/euy079
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.055350
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.011154
http://dx.doi.org/10.1016/j.jacc.2008.09.037
https://wonder.cdc.gov/controller/datarequest/D77
https://wonder.cdc.gov/controller/datarequest/D77
http://dx.doi.org/10.1111/j.1540-8159.2012.03518.x
http://dx.doi.org/10.1016/j.amjcard.2011.11.030
http://dx.doi.org/10.1111/pace.12732
http://dx.doi.org/10.1016/s0735-1097(87)80478-3
http://dx.doi.org/10.1016/s0735-1097(87)80478-3
http://dx.doi.org/10.1161/01.cir.50.1.114
http://dx.doi.org/10.1161/hc4101.097538
http://dx.doi.org/10.1016/0002-9149(82)90026-1
http://dx.doi.org/10.1016/0002-9149(83)90369-7
http://dx.doi.org/10.1161/CIR.0000000000000040
http://heart.bmj.com/

Education in Heart

19

20

21

22

23

Gulamhusein S, Ko P, Carruthers SG, et al. Acceleration of the ventricular

response during atrial fibrillation in the Wolff-Parkinson-White
syndrome after verapamil. Circulation 1982;65:348-54.
Sellers TD, Bashore TM, Gallagher JJ. Digitalis in the pre-excitation

syndrome. Analysis during atrial fibrillation. Circulation 1977;56:260-7.

Schiitzenberger W, Leisch F, Gmeiner R. Enhanced accessory
pathway conduction following intravenous amiodarone in atrial
fibrillation. A case report. Int J Cardiol 1987;16:93-5.

Teo WS, Klein GJ, Guiraudon GM, et al. Multiple accessory
pathways in the Wolff-Parkinson-White syndrome as a risk factor
for ventricular fibrillation. Am J Cardliol 1991;67:889-91.

Seki S, Ichimiya T, Tsuchida H, et al. A case of normalization of
Wolff-Parkinson-White syndrome conduction during propofol
anesthesia. Anesthesiology 1999;90:1779-81.

24 Jackman WM, Wang XZ, Friday KJ, et al. Catheter ablation

of accessory atrioventricular pathways (Wolff-Parkinson-

White syndrome) by radiofrequency current. N Engl J Med
1991;324:1605-11.

Gaita F, Haissaguerre M, Giustetto C, et al. Safety and
efficacy of cryoablation of accessory pathways adjacent to
the normal conduction system. J Cardiovasc Electrophysiol
2003;14:825-9.

Page RL, Joglar JA, Caldwell MA, et al. 2015 ACC/AHA/

HRS guideline for the management of adult patients with
supraventricular tachycardia: a report of the American College
of cardiology/American Heart Association Task force on clinical
practice guidelines and the heart rhythm Society. Circulation
2016;133:e506-74.

Antiperovitch P, et al. Heart 2023;109:1254-1259. doi:10.1136/heartjnl-2022-321639

1259

ybuAdod Aq paroslold 1senb Ag 1720z ‘0T IUdy uo /wod fwg-uesy)/:dny wouj pspeojumoq €202 YdIeA 62 U0 6£9TZE-2202-lullieay/9gTT 0T Se paysiignd 1su)) :lesH


http://dx.doi.org/10.1161/01.cir.65.2.348
http://dx.doi.org/10.1161/01.cir.56.2.260
http://dx.doi.org/10.1016/0167-5273(87)90273-7
http://dx.doi.org/10.1016/0002-9149(91)90626-v
http://dx.doi.org/10.1097/00000542-199906000-00038
http://dx.doi.org/10.1056/NEJM199106063242301
http://dx.doi.org/10.1046/j.1540-8167.2003.03076.x
http://dx.doi.org/10.1161/CIR.0000000000000311
http://heart.bmj.com/

	Approach to a patient with asymptomatic pre-­excitation
	Introduction﻿﻿
	Approach
	Non-invasive evaluation
	Pharmacological therapy
	Therapeutic ablation: should all pathways be ablated?
	﻿Conclusions and summary﻿
	References


