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The rising utilization of screening electrocardiograms has resulted in increased incidental
identification of ventricular pre-excitation in pediatric patients. We compared accessory
pathways of incidentally identified pre-excitation to Wolff-Parkinson-White Syndrome
(WPW) with the aim to identify factors important in preprocedural counseling and plan-
ning. This single-center, retrospective study of patients <18 years without congenital heart
disease identified 227 patients diagnosed with pre-excitation and referred for invasive
electrophysiology study between 2008 and 2017. WPW Syndrome was diagnosed in
178 patients, while 49 patients had incidental identification of pre-excitation. Anterograde
conduction of incidentally identified accessory pathways was not clinically different
between the two cohorts at baseline or upon isoproterenol infusion. However, the propor-
tion of accessory pathways meeting high-risk criteria was significantly lower than in
patients diagnosed with WPW, 12% versus 28% (p < 0.05). Retrograde conduction at
baseline of incidentally diagnosed accessory pathways was slower with a median block
cycle length 365 milliseconds (IQR 260 to 450) versus 290 milliseconds (IQR 260 to 330,
p <0.01). In the incidentally identified cohort, right-sided, paraHisian, and fascicular
pathways were more common with fewer attempted ablations (71% vs 94%, p < 0.001)
and lower success rate (91% vs 97%, p < 0.001). A binomial logistic regression analysis
further indicated patients incidentally identified with pre-excitation were associated
with having lower rates of inducible supraventricular tachycardia, atrial fibrillation,
and ablations performed, in addition, to having right-sided pathways. In conclusion, as
patients with incidentally identified pre-excitation present more frequently for consid-
eration of invasive electrophysiology study, these results impact procedural
approaches, technical considerations, patient counseling, and outcome expectations.

© 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:389—395)

Incidental identification of pre-excitation is occurring
more often in the current era due in part to the increased
utilization of electrocardiograms (ECGs). In the 2015
National Hospital Ambulatory Medical Care Survey there
were a reported 136 million emergency department visits
in the United States, with nearly 1 in 5 patients < 15 years
old. An ECG is performed in 19.4% of all emergency room
encounters, which is a 13% increase since 2006." Further-
more, current hand-held devices and smart phone applica-
tions allow for ECG recordings that are acquired with
greater ease, speed, and efficiency.” Additionally, despite a
lack of endorsement by the American Heart Association,
cardiac screening prior to athletic participation has gained
popularity in the United States.” Also, providers often order
an ECG prior to prescribing certain medications, such as
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stimulants for the treatment of Attention Deficit Hyperac-
tivity Disorder, regardless of current recommendations and
evidence.”” Although patients incidentally identified with
pre-excitation are asymptomatic, this is not necessarily a
benign condition since patients may still have a high-risk
accessory pathway (AP) that is capable of supporting a
life-threatening arrhythmia.’ " Sudden cardiac arrest due to
pre-excitation is an infrequent event, however, the potential
for a fatal outcome, coupled with the limitations of nonin-
vasive risk stratification, often leads health care providers
to recommend an invasive electrophysiologic (EP) study
along with therapeutic catheter ablation in patients with
incidentally diagnosed pre-excitation.'"”'® While previous
studies have evaluated the risk of asymptomatic pre-excita-
tion, our aim was to identify specific accessory pathway
characteristics that are unique to the population of inciden-
tally identified pre-excitation compared with patients
diagnosed with Wolff-Parkinson-White Syndrome (WPW)
syndrome.

Methods

This is a retrospective study at a single tertiary-care cen-
ter of pediatric patients who underwent invasive EP study
between January 1, 2008 and December 31, 2017. Patients
were identified by review of a clinical database. Patients
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<18 years of age with pre-excitation on a surface ECG were
included. Patients with more than trivial congenital heart
disease were excluded. Patients were categorized as having
incidentally identified pre-excitation or WPW. Patients
diagnosed with WPW reported cardiac symptoms, includ-
ing palpitations, chest pain, dyspnea, presyncope, or syn-
cope, had documented supraventricular tachycardia (SVT),
or experienced sudden cardiac arrest prior to the invasive
EP study. The local institutional review board approved
this study.

All EP studies were performed under general anesthesia
with standard placement of diagnostic electrode catheters
utilizing the Ensite NavX electroanatomical navigation sys-
tem for all cases. Patients diagnosed with WPW prescribed
an antiarrhythmic discontinued the medication at a mini-
mum of 5 half-lives prior to EP evaluation. AP risk stratifi-
cation utilized the anterograde AP block cycle length
(BCL), the AP effective refractory period (ERP), and short-
est pre-excited R—R interval (SPERRI) during atrial fibril-
lation. A high-risk AP was defined when any one of these
parameters were <250 milliseconds during baseline testing
or <220 milliseconds during isoproterenol infusion.'
Induction of supraventricular arrhythmias, including atrial
fibrillation, was attempted during the course of a standard
provocative stimulation protocol, which generally included
the use of an isoproterenol infusion, with a goal heart rate
increase of at least 20%. Arrhythmias were considered
sustained with a duration >30 seconds. Catheter ablation
was performed with either radiofrequency or cryothermal
energy.

In regard to statistical analysis, within the entire pre-
excitation cohort, 8 patients were found to have fascicular
pathways (nodofascicular, nodoventricular, fasciculoven-
tricular), 6 within the incidentally diagnosed cohort and 2
within the WPW cohort. These patients were included in
EP study outcome analysis, however, were excluded from
AP characteristic analysis since an atrioventricular pathway
was not present. Normality of the dataset was assessed
using the Shapiro-Wilk test with p <0.05 indicating a non-
Gaussian distribution. A nonparametric Mann-Whitney U
test was utilized for comparison of continuous variables
between the two study groups, reporting median and inter-
quartile ranges. Fisher’s exact analysis was used to deter-
mine differences in proportions between categorical
variables. A Kruskall-Wallis one-way analysis of variance
with post-hoc Dunn’s comparison was performed between
4 non-Gaussian distributed groups. A binomial logistic
regression analysis was performed to identify factors asso-
ciated with a single dichotomous-dependent variable. Two-
sided p values <0.05 were considered statistically signifi-
cant. All statistical analyses were performed with STATA,
version 13.1 (Stata Corp., College Station, Texas), and
GraphPad Prism, version 5.0b (GraphPad Software, La
Jolla, California).

Results

A total of 227 patients with pre-excitation were referred
for EP study, of which 178 (78%) were diagnosed with
WPW and 49 (22%) with incidentally identified pre-excita-
tion. There were no clinically significant demographic

differences between the two cohorts. The ECG indications
in the incidentally identified patients included: general
medical evaluation, preathletic and premedication screen-
ing, precordial murmur, or family history. Of the patients
diagnosed with WPW, a history of palpitations was the pri-
mary indication for the ECG. Other reasons for the ECG in
the WPW group were syncope/presyncope, chest pain, dys-
pnea, and cardiac arrest (Table 1). Several patients reported
more than one cardiac symptom. Noninvasive risk assess-
ment, which included exercise stress test and/or ambulatory
cardiac monitor, was performed in 115 (51%) patients prior
to EP study. When compared with invasive EP study data,
the effectiveness of noninvasive testing identifying path-
ways meeting high-risk criteria yielded a sensitivity, speci-
ficity, negative predictive value, and a positive predictive
value of, 0.80 (95% CI 0.56 to 0.94), 0.27 (95% CI 0.18 to
0.37), 0.87 (95% CI 0.70 to 0.90), 0.18 (95% CI 0.11 to
0.29), respectively (Supplemental Table 1).

During invasive EP study, anterograde AP characteristics
were evaluated. The APERP was only modestly prolonged
in the incidentally diagnosed cohort 340 milliseconds (IQR
310 to 370) versus 320 milliseconds (IQR 290 to 350),
p=0.01. However, the APBCL was not significantly different
between the two groups, 340 milliseconds (IQR 310 to 420)
versus 320 milliseconds (IQR 280 to 390), p = 0.07 (Figure 1).
In baseline conditions, SPERRI was also not prolonged in the
incidental group, 312 milliseconds (IQR 301 to 414) versus
325 milliseconds (IQR 270 to 362), p=0.66. An isoproterenol
infusion was administered in 219 (96%) patients. During iso-
proterenol infusion, the APBCL and the APERP shortened

Table 1
Study cohort characteristics.
Incidental WPW
pre-excitation syndrome
n=49 n=178
Male 68% 63%
Age @ EPS (years) 12.7+ 0.6 12.7+0.3
<Syo 0% 1%
5-11yo 43% 35%
>12yo 57% 64%
Family history of arrhythmia 21% 20%
Antiarrhythmic prescribed - 23%
Weight (kg) 555+£35 51.7+£15
Race/Ethnicity
White 48% 48%
Hispanic 17% 25%
Black 6% 4%
Asian 8% 8%
Other/Unknown 21% 15%
ECG Indications
General medical evaluation 27 (55%) —
Pre-athletic screen 8 (16%) -
Pre-medication screen 8 (16%) —
Precordial murmur 3 (6%) -
Arryhthmia family history 3 (6%) -
Palpitations - 158 (89%)
Syncope/Presyncope - 56 (21%)
Chest pain - 15 (8%)
Dyspnea - 11 (6%)
Cardiac arrest - 2 (1%)
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Figure 1. Individual patient distribution of accessory pathway block cycle
lengths (APBCL) and effective refractory periods (APERP) at baseline
conditions and during isoproterenol infusion. Dashed line at 250msec in
baseline condition and 220msec during isoproterenol infusion indicates
high-risk thresholds. Circle =Incidental pre-excitation, Square = WPW.
Shaded area represents isoproterenol infusion condition. Mean values were
compared using Mann-Whitney U test.

prominently in both groups with no significant differences
between groups, APBCL 250 milliseconds (IQR 240 to 270)
versus 250 milliseconds (IQR 230 to 280) milliseconds,
p=0.70; APERP 250 milliseconds (IQR 230 to 290) versus
250 milliseconds (IQR 240 to 270), p=0.39. The SPERRI
was not compared during an isoproterenol infusion since it
did not occur or was not reported often enough. During the
course of standard programmed stimulation in the baseline
condition, atrial fibrillation was induced significantly less
often in the incidental pre-excitation cohort (12% vs 32%,
p<0.05). A binomial logistic regression analysis indicated
that patients with inducible atrial fibrillation were more likely
to have WPW Syndrome than incidentally diagnosed pre-
excitation and have a high-risk AP. The presence of SVT was
not an independent predictor of atrial fibrillation induction
(Supplemental Table 2).

With respect to retrograde AP conduction, ventriculo-
atrial (VA) conduction was present equally in the two
cohorts, (94% vs 94%), but the VABCL was prolonged in
patients who were incidentally diagnosed, 365 milliseconds

(IQR 260 to 450) versus 290 milliseconds (IQR 260 to
330), p <0.01 (Figure 2). Upon isoproterenol infusion, no
differences were observed between incidental pre-excita-
tion and WPW syndrome, 255 milliseconds (IQR 245
to 280) versus 250 milliseconds (IQR 250 to 260) p=0.42,
respectively. Consequently, orthodromic reciprocating
tachycardia could be induced in only 33% of incidentally
diagnosed pre-excitation patients, while 79% of WPW
patients had inducible orthodromic reciprocating tachycar-
dia during baseline conditions (p <0.001). With isoprotere-
nol administration, an arrhythmia was induced in 58%
versus 90%, (p <0.001) (Figure 2). Antidromic reciprocat-
ing tachycardia was induced infrequently: 2 patients in the
incidentally diagnosed group versus 4 patients in the WPW
cohort.

All incidentally diagnosed patients had a single AP,
whereas 8 patients in the WPW cohort had multiple APs.
With respect to anatomic location, left-sided APs were sig-
nificantly less prevalent in the incidentally diagnosed
cohort. Conversely, right-sided APs, including paraHisian
and fascicular pathways, were more common in the inci-
dentally diagnosed cohort. None of the patients with a fas-
cicular pathway had an inducible arrhythmia. For the entire
study cohort, aggregate right-sided APs trended to have
slower anterograde conduction characteristics than left-
sided, and paraHisian APs had significantly more prolonged
anterograde conduction as compared with left-sided
pathways (Table 2).

Patients with incidental pre-excitation underwent
attempted ablation significantly less often than patients
with WPW (71% vs 94%, p <0.001). Additionally, there
was a lower rate of successful elimination of AP conduction
in patients with incidental pre-excitation (91% vs 97%,
p <0.001). All unsuccessful ablations occurred in patients
with right-sided APs. Radiofrequency energy was used pri-
marily for catheter ablation in both groups. Of patients with
incidentally diagnosed pre-excitation who underwent cathe-
ter ablation, 65% had high-risk anterograde AP conduction
characteristics and/or inducible sustained SVT. Within the
WPW cohort, 94% had similar indications for ablation
(Table 3). When APBCL, APERP, and SPERRI data were
combined to evaluate a larger data set, univariate analysis
indicated that incidentally diagnosed patients had a lower
incidence of an AP meeting high-risk criteria than the
WPW cohort (12% vs 28%, p <0.05). A binomial logistic
regression analysis indicated patients who underwent abla-
tion were more commonly diagnosed with WPW and had
inducible SVT more frequently. However, having a high-
risk AP was not an independent predictor in this model
(Table 4). There were no procedural complications in the
cohort of patients with incidental pre-excitation. There
were three minor complications in the WPW cohort, includ-
ing transient first-degree and complete AV block, all of
which resolved by the end of the procedure. These three
minor complications were associated with right-sided
pathways.

To discern relation associated with incidental identifica-
tion of pre-excitation, regression analysis revealed right-
sided APs, a lower frequency of inducible SVT, and atrial
fibrillation were all associated within this patient group.
Additionally, there were reduced odds of having an ablation
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Figure 2. (a) Individual patient distribution of ventriculo-atrial block cycle length (VABCL). Circle = Incidental Pre-excitation, Square = WPW. Shaded area
represents isoproterenol infusion condition. Mean values were compared using Mann-Whitney U test. (b) Percentage of patients with inducible SVT during
invasive EP at baseline (solid) and during isoproterenol (striped). Proportions compared using Fisher’s Exact analysis.

performed. Importantly, in this model and population, the
presence of a high-risk AP was just as likely between inci-
dentally identified pre-excitation and WPW patients
(Table 5).

Discussion

Incidentally identified pre-excitation continues to be a
diagnostic challenge and often leads to difficulties in clini-
cian decision-making and patient communication. During
the study time period, 22% of referrals for invasive EP
study at this single center were for management of inciden-
tally identified pre-excitation, with a large contribution of
ECGs performed for preathletic or premedication screen-
ing. The comparison of this population to patients diag-
nosed with WPW provided an opportunity to identify
qualities within patients incidentally identified with pre-
excitation that can aid clinical assessment and plan.

Noninvasive techniques, such as ambulatory cardiac
monitors and exercise stress tests, are recommended

during the initial diagnostic evaluation of pre-excitation
for AP risk stratification. The 2012 Pediatric and Con-
genital Electrophysiology Society/Heart Rhythm Society
(PACES/HRS) consensus statement describes intermit-
tent pre-excitation identified on noninvasive testing as
potential evidence for a low-risk AP."” We found that
noninvasive techniques had a sensitivity and negative
predictive value of 80% and 87%, respectively. Although
screening benefits of noninvasive testing have been
shown in the literature, we also observed the previously
reported limitations of noninvasive testing that include a
low specificity of 27% and low positive predictive value
of 18%. Furthermore, the accurate assessment of loss of
pre-excitation during noninvasive studies, particularly in
pediatric patients, is challenging due to competitive AV
nodal conduction that makes pre-excitation difficult to
discern, especially at elevated heart rates, which can limit
the utility of these tests.'' '’

Despite the lack of clinical significance in APERP,
APBCL, and SPERRI between the two groups, we found

Table 2
Accessory pathway location.
Incidental WPW p value AP-BCL p value
pre-excitation syndrome

Multiple pathways 0 8 (4.5%) ns
Location

Left 8 (16.3%) 103 (58.2%) <0.001 343 +9

Right 41 (83.7%) 82 (40.7%) <0.05 350 £+ 10
Fascicular 6(12.2%) 2(1.1%) <0.001 394 + 30
ParaHisian 8(16.3%) 8(4.5%) <0.01 427 + 34 <0.05%*

* Kruskall-Wallis reporting means +/— SD with posthoc Dunn’s, ParaHisian vs Left
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Table 3
Univariate analysis of ablation characteristics.
Incidental WPW p value
pre-excitation syndrome
Ablation performed 35 (71%) 168 (94%) <0.001
Ablation indication
SVT induction only 17 (49%) 108 (64%) ns
High-risk pathway only 2(6%) 1(0.6%) ns
SVT+High-risk 4 (11%) 49 (29%) 0.03
Mode
Radiofrequency 32 (91%) 150 (89%) ns
Cryoablation 2 (6%) 5B%) ns
Both 1 (3%) 13 (8%) ns
Successful 32 (91%) 163 (97%) <0.001
Complications 0(0) 3 (2%)"" ns

fewer high-risk APs in univariate analysis in the inciden-
tally identified group (12% vs 28%). However, when incor-
porated into a logistic regression model, patients with
incidentally identified pre-excitation did not have reduced
odds of having a high-risk AP within our study population.
It is important to recognize high-risk APs do occur in inci-
dentally diagnosed patients, albeit with a potentially
reduced frequency.'® *” With regard to retrograde AP con-
duction, incidentally identified pre-excitation patients had
significantly slower VA conduction compared with the
WPW cohort associated with a reduced incidence of induc-
ible orthodromic reciprocating tachycardia. Importantly,
atrial fibrillation was also induced significantly less often in
the incidentally identified pre-excitation cohort. The etiol-
ogy of atrial fibrillation in the setting of pre-excitation is
believed to arise from multiple mechanisms, including
anterograde and retrograde conduction qualities of the AP,
degeneration of intra-atrial reentrant tachycardia or AV
reciprocating tachycardia, and intrinsic molecular proper-
ties of atrial myocytes, in part described in familial forms
of WPW relating to the PRKAG2 gene.”' ~** Therefore,
based on their lower frequency of inducible atrial fibrilla-
tion, incidentally diagnosed patients may have a unique
electrical substrate impacting their risk profile. These
results help to understand the lack of cardiac symptoms,
particularly paroxysmal palpitations, in the incidentally
identified pre-excitation cohort and highlights potential fun-
damental differences in atrial and AP physiology between
the cohorts. This concept is supported by a recent meta-
analysis of asymptomatic pre-excitation patients who
underwent long-term follow-up that revealed low rates of
spontaneous atrial fibrillation over several years.”

In a univariate comparison and in multiple logistic
regression analysis of ablation predictors, those with inci-
dental pre-excitation were significantly less likely to

Table 4
Predictors of ablation.
Odds ratio p value
(95% CI)
WPW syndrome 2.95 (1.10-7.92) 0.03
High-risk accessory pathway 0.84 (0.26-2.67) ns
SVT induction 7.39 (2.38-22.91) <0.001

Table 5

Factors associated with incidental identification of pre-excitation.
Odds ratio p value
(95% CI)

Right side pathway

SVT induced during EPS

Atrial fibrillation induced during EPS
High risk accessory pathway identified
Ablation performed

3.64 (1.47-8.99) <0.01
0.20 (0.09-0.45) <0.001
0.25 (0.08-0.72) <0.01
1.01 (0.40-2.61) 0.97
0.33(0.12-0.97) 0.045

undergo catheter ablation therapy compared with symptom-
atic WPW patients. This discrepancy can partly be attrib-
uted to the noted prevalence of fascicular pathways and
low-risk paraHisian APs. Furthermore, slow retrograde
conduction resulting in a lack of inducible SVT in the inci-
dentally diagnosed pre-excitation cohort also may contrib-
ute to reduced ablation rates. This information is important
to consider during preprocedure consultation sessions.
However, it is important to further consider that AP con-
duction characteristics may evolve over time when consid-
ering if an AP is likely to be high-risk. Thus, it is possible
that an incidentally identified patient may have simply been
detected prior to the onset of symptoms confounding
results, although less likely in this study population as there
were no differences in age between the two groups.

The noted preferential distribution of right-sided APs in
incidental pre-excitation and left-sided APs in WPW may
suggest a fundamental physiologic difference of the AP for
which the basis is not completely understood. Currently,
there are inconclusive data regarding risk-stratification of
APs according to anatomic location in asymptomatic or
WPW patients.%‘27 Therefore, the importance of anatomic
location in predicting long-term risk still remains to be
determined, and a suspected AP location does not appear to
be an adequate indicator of performing ablation. Further-
more, we observed that all unsuccessful ablations and com-
plications were associated with right-sided APs. These
findings, in addition to a greater incidence of recurrence
after a successful procedure eliminating a right-sided path-
way, highlight the apparent challenging nature of treating
this location with catheter ablation.”*” Finally, it is inter-
esting to note that all 8 patients with multiple APs met crite-
ria for high risk and were in the WPW group. The lack
of multiple APs in the incidentally diagnosed cohort may
portend a lower risk as reported by Etheridge et al.™

According to PACES/HRS Consensus Statement, abla-
tion indications for a variety of populations with pre-excita-
tion are currently class II with level of evidence B/C,
leading to the possibility of open interpretation of AP risk
criteria and ablation benefit. For example, testing during
isoproterenol administration, although not standard, may
influence the decision for ablation. In addition, patients
could have undergone catheter ablation for “softer” indica-
tions such as reluctance of the referring provider to pre-
scribe high-risk medications, even though invasive testing
demonstrated an AP that did not meet high-risk criteria.
Finally, knowing conduction characteristics may evolve
over time or identifying APs near high-risk thresholds are
also considerations for ablation in the pediatric patient who
often has yet to complete growth and has many active years



394 The American Journal of Cardiology (www.ajconline.org)

ahead in which changing AP characteristics may be impor-
tant during more vigorous life experiences. These are con-
tributing factors leading to catheter ablation in patients
without inducible SVT or high-risk AP conduction charac-
teristics.

In multiple regression analysis, patients incidentally
identified with pre-excitation were associated with right-
sided pathways and reduced rates of inducible SVT and
atrial fibrillation, all contributing to lower ablation rates.
Preparation for EP study includes a standard conversation
with patients and families addressing the intent to treat and
the importance of assessing accessory pathway characteris-
tics prior to ablation being performed. This study suggests
an increased likelihood that an invasive EP procedure will
be diagnostic rather than therapeutic in incidentally identi-
fied pre-excitation patients. Additionally, this patient popu-
lation may require specific resources, including smaller tip
catheters, cryothermal energy, and long sheaths that pro-
vide better tip stability, especially for substrates in close
proximity to the normal conduction system. In conclusion,
with the increasing incidental identification of pre-excita-
tion, these results can aid expectations and anticipatory
guidance of an invasive EP procedure in this emerging
group of patients.
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