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Aims Accessory pathway (AP) ablation is a standard procedure for the treatment of Wolff-Parkinson-White syndrome (WPW). 
Twelve-lead electrocardiogram (ECG)-based delta wave analysis is essential for predicting ablation sites. Previous algorithms 
have shown to be complex, time-consuming, and unprecise. We aimed to retrospectively develop and prospectively validate 
a new, simple ECG-based algorithm considering the patients’ heart axis allowing for exact localization of APs in patients 
undergoing ablation for WPW.

Methods 
and results

Our multicentre study included 211 patients undergoing ablation of a single manifest AP due to WPW between 2013 and 
2021. The algorithm was developed retrospectively and validated prospectively by comparing its efficacy to two established 
ones (Pambrun and Arruda). All patients (32 ± 19 years old, 47% female) underwent successful pathway ablation. Prediction 
of AP-localization was correct in 197 patients (93%) (sensitivity 92%, specificity 99%, PPV 96%, and NPV 99%). Our algo
rithm was particularly useful in correctly localizing antero-septal/-lateral (sensitivity and specificity 100%) and posteroseptal 
(sensitivity 98%, specificity 92%) AP in proximity to the tricuspid valve. The accuracy of EASY-WPW was superior com
pared to the Pambrun (93% vs. 84%, P = 0.003*) and the Arruda algorithm (94% vs. 75%, P < 0.001*). A subgroup analysis 
of children (n = 58, 12 ± 4 years old, 55% female) revealed superiority to the Arruda algorithm (P < 0.001*). The reprodu
cibility of our algorithm was excellent (ϰ>0.8; P < 0.001*).

Conclusion The novel EASY-WPW algorithm provides reliable and accurate pre-interventional ablation site determination in WPW 
patients. Only two steps are necessary to locate left-sided AP, and three steps to determine right-sided AP.
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What’s new?

• Our novel 12-lead ECG-based EASY-WPW algorithm enables reli
able and accurate pre-interventional AP-ablation site determination 
in adults and children.

• Only two steps are necessary to locate left-sided AP and three steps 
to determine right-sided AP.

• This can be done with the help of a simple flowchart or, in the future, 
with the help of an app.

Introduction
Wolf-Parkinson-White syndrome (WPW) is characterized by the pres
ence of an accessory pathway (AP) between the atrium and the ven
tricle. In some patients, WPW is an incidental finding as they are 
completely asymptomatic, whereas others develop palpitations, atrial 
fibrillation, syncope, or life-threatening ventricular fibrillation.1,2

Typical 12-lead electrocardiogram (ECG) characteristics of WPW 
include a short PR-interval, a delta wave, and a wide QRS complex. In 
case of recurrent or severe symptoms, an electrophysiological study 
(EPS) followed by an AP-ablation is recommended.3 For optimized pa
tient education, ablation planning and performance pre-interventional 
determination of AP-localization is desirable. Thus, several algorithms 
for AP-localization primarily including the polarity of delta waves, the 
QRS complex, or both, have been developed.4–10 However, they 
have shown to be complex, time-consuming, and often unprecise 

because of a variable anatomical heart axis, especially in children.11–14

As WPW is the most common cause of tachycardia in children,2 a 
more sensitive and reliably applicable AP-algorithm in pediatric patients 
is strongly required.

We aimed to retrospectively develop, prospectively test, and exter
nally validate a novel, simple 12-lead ECG-based algorithm considering 
the patients’ heart axis allowing for an accurate and reliable pre- 
interventional AP-site localization in adults and children.

Methods
Patients were selected consecutively between 2013 and 2021. Our multi
centre study included 211 patients with a single manifest AP. One hundred 
and nine of them (109/211, 52%) were referred to our department for AP 
assessment and ablation. One hundred and two patients (102/211, 48%) 
were treated in other centres. Additionally, a subgroup analysis for chil
dren < 18 years old (58/211, 28%) was performed. Inclusion criteria were 
as follows: (1) first ablation of a manifest AP, (2) absence of structural heart 
disease, and (3) absence of multiple APs. Further details are summarized in 
Supplementary material online, Figure S1.

The study was performed in compliance with the principles outlined in 
the Declaration of Helsinki and approved by the Institutional Ethics 
Committee (Reg. No. 2019-563).

Ablation procedure
All procedures were performed under conscious sedation using propofol 
and analgesia with fentanyl as required. Antiarrhythmic drugs (AADs) 
were discontinued at least three half-lives before ablation.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac216#supplementary-data
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For EPS, three diagnostic catheters were percutaneously inserted 
through the femoral vein. One diagnostic catheter was placed in the coron
ary sinus (CS), while the other diagnostic catheter was positioned at the His 
bundle. The third diagnostic catheter was positioned in the apex of the right 
ventricle (RV). During EPS, pathway location and characteristics were de
termined. The ablation catheter choice depended on the AP-localization 
and physician preference. Vascular access (femoral vein or artery), addition
al material (long sheath for catheter stability), and energy source (standard 
radiofrequency, irrigated radiofrequency, or cryothermy) varied with abla
tion site. During left-sided AP-ablation intravenous heparin was adminis
tered to maintain an activated clotting time (ACT) of 300 s throughout 
the procedure. Persistent ablation success was confirmed after a waiting 
period of 30 min by adenosine administration. Pericardial effusion (PE) 
was ruled out immediately after ablation and the next day.

Algorithm development
The EASY-WPW algorithm was developed retrospectively. Seven anatom
ical sites are distinguished as viewed in the left anterior oblique view (60°). 
These are defined as follows: (1) tricuspid valve (TV) anteroseptal, from 12 
to 3° clock; including the atrioventricular node (AVN) and His bundle (HIS); 
(2) TV posteroseptal, from 3 to 6° clock, including the CS ostium; (3) TV 
posterolateral, from 6 to 9° clock; (4) TV anterolateral, from 9 to 12° clock; 
(5) mitral valve (MV) anterolateral, 12 to 3° clock; (6) MV posterolateral, 
from 3 to 6° clock; and (7) MV posteroseptal, from 6 to 9° clock (Figure 1).

Algorithm assessment
After retrospective development, our novel EASY-WPW algorithm was 
prospectively tested and a multicentre external validation was performed. 
In all patients, the exact ablation site of the AP was verified by an EPS. 
Beyond that, the reproducibility of our novel algorithm was tested by three 
investigators. All three were blinded to the ablation procedures and each 
other’s conclusions. The results of the new algorithm were compared to 
those obtained from two established AP-algorithms (Pambrun6 and 
Arruda4).

Statistical analysis
All statistical analyses were performed with SPSS, version 24 (SPSS, Inc., 
Chicago, IL, USA). Categorical and ordinal data were examined by chi- 
square, Mann–Whitney tests, or Fisher’s exact tests, respectively. The ac
curacy of the algorithm was defined as the percentage of patients with an 
exact prediction of the successful ablation site. The reproducibility of the 
algorithm was set as the level of agreement between investigators in deter
mining the exact AP-localization. Kappa values > 0.75 were considered to 
indicate an excellent agreement. Data are presented as mean ± SD or per
centage value unless stated otherwise. A P-value ≤ 0.05 was considered 
statistically significant.

Algorithm description
The EASY-WPW algorithm is based on both, the analysis of QRS polarity 
and transition as well as the most positive delta wave or the most positive 
QRS complex if delta wave is not well differentiated. The delta wave is de
fined as the first 20–40 ms of the earliest QRS deflection.

Our novel algorithm includes a two-step approach for a left-sided AP 
(MV) and a three-step-identification of a right-sided AP (TV), respectively 
(Figure 2).

V1 lead polarity discriminates between left- and right-sided 
AP-localization.

Left-sided AP
Step 1 (lead V1 polarity) Positive polarity defines a left-sided AP. Step 2 (most 
positive delta wave) The most positive delta wave in leads II, III, aVR, aVL de
termines the exact AP-localization. In detail, the most positive delta wave in 
aVL indicates posteroseptal, in II or aVR posterolateral, and in III anterolat
eral AP-localization (Figure 3).

Right-sided AP
Step 1 (lead V1 polarity) Negative polarity or isoelectric V1 indicates a right- 
sided AP. Step 2 (lead V3 polarity) QRS transition in the precordial leads (≤ 
or > V3) determines the further procedure in Step 3. Step 3 (most positive 
delta wave) the most positive delta wave in leads II, III, aVR, aVL determines 
the exact AP-localization. (A) QRS transition ≤ V3: The most positive delta 
wave in II or III indicates anteroseptal and the most positive delta wave in 
aVR or aVL displays posteroseptal AP-localization (Figure 4). (B) QRS transi
tion > V3: The most positive delta wave in aVL indicates posterolateral, in II 
anterolateral, in III anteroseptal, and in aVR posteroseptal AP-localization 
(Figure 5).

ECG examples for the identification of different APs with the 
EASY-WPW algorithm are presented in Figures 3–5.

Results
Study population
The total study population consisted of 211 patients (32 ± 19 years old, 
47% female). Prospective testing included 109 patients (109/211, 52%) 
(29 ± 18 years old, 45% female). The multicentre external validation 
was performed in 102 patients (102/211, 48%) (42 ± 20 years old, 
50% female). Our novel algorithm was applied to 58 children < 18 years 
old (58/211, 27%) (12 ± 4 years old, 55% female). Forty of them were 
tested prospectively (40/58, 69%) (11 ± 4 years old, 45% female) and 18 
of them were validated externally (18/58, 31%) (14 ± 2 years old, 78% 
female).

Accessory pathway distribution
The distribution of successful AP-ablation sites in all patients and in the 
subgroup of children < 18 years old is presented in Supplementary 
material online, Figure S2.

Figure 1 Accessory pathway’s distribution. Schematic representa
tion of the atrioventricular junction region as viewed in the left anter
ior oblique view (60°). Clockwise (bold numbers) the following 
accessory pathway localizations are distinguished: TV, tricuspid valve: 
AL, anterolateral; AS, anteroseptal; PL, posterolateral; PS, posterosep
tal; MV, mitral valve: AL, PL, PS; HIS, His bundle.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac216#supplementary-data
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Algorithm accuracy
Applied to the overall study population our novel EASY-WPW algorithm 
was superior compared to the Pambrun (93% vs. 84%, P = 0.003*) and 
the Arruda algorithm (94% vs. 75%, P < 0.001*) (Figure 6).

A subgroup analysis of children < 18 years old revealed a higher accur
acy compared to the Pambrun (88% vs. 72%, P < 0.061) and significant su
periority compared to the Arruda algorithm (88% vs. 59%, P < 0.001*) 
(Figure 6). To further distinguish children < 12 years old from teenagers, 
we performed a subgroup analysis of children < 12 years old demon
strating a higher accuracy of the EASY-WPW algorithm compared to 
the Pambrun and the Arruda algorithm, too (see Supplementary 
material online, Figure S5). The results gained from our prospective test
ing are comparable to those obtained from the multicentre external val
idation (see Supplementary material online, Figures S3 and S4).

For all AP-localizations, our novel EASY-WPW algorithm achieved a 
higher accuracy in both adults and children compared to the Pambrun 
and the Arruda algorithm. Particularly good results were obtained in 
the presence of septal, anterior, and right-sided AP-localizations. 
Children performed slightly worse, but still better in direct comparison 
to the Pambrun and the Arruda algorithm. Detailed information is pre
sented in Table 1.

The averaged sensitivity, specificity, and predictive values of the 
EASY-WPW algorithm compared to the Pambrun and the Arruda algo
rithm for each AP-localization are presented in Table 2. Particularly 
good results were achieved with our algorithm in the presence of an 
anteroseptal (sensitivity and specificity 100%) or posteroseptal (sensi
tivity 98%, specificity 92%) AP in proximity to the TV.

Concerning the investigator dependent accuracy of the EASY-WPW 
algorithm, AP-localizations were correctly identified by the three inves
tigators in 92% (583 of 633) of patients with our novel algorithm com
pared to 81% (512 of 633) of patients with the Pambrun (P < 0.001*) 
and 73% (461 of 633) of patients with the Arruda algorithm (P < 
0.001*). Thus, accuracy proved consistently higher with the novel 

EASY-WPW algorithm, regardless of different investigators (see 
Supplementary material online, Table S1).

With regard to the reproducibility, the agreement between investi
gators was excellent (see Supplementary material online, Table S2).

Discussion
We developed a novel, simple stepwise 12-lead ECG-based algorithm 
allowing for an accurate and reliable pre-interventional AP-site localiza
tion in adults and children (Figures 1–6, Supplementary material online, 
Figures S3 and S4). In the past, several AP-algorithms have been pub
lished.4–14 Most of them were designed retrospectively. Only a few 
of them were additionally validated prospectively. Even fewer were 
specifically designed for use in children.12–14

To examine the accuracy and reliability of our novel EASY-WPW al
gorithm in predicting the exact AP-localization we compared it to the 
established Arruda4 and Pambrun algorithm.6

In contrast to the Pambrun algorithm, which requires an EPS our no
vel EASY-WPW algorithm as well as the Arruda algorithm can be ap
plied to pre-procedural 12-lead ECGs. Thus, our EASY-WPW 
algorithm offers several advantages for optimized patient education, ab
lation planning, and performance as not only the ablation strategy (e.g. 
choice of access, catheter, energy form, need for trans-septal puncture) 
but also the success- and complication rate (e.g. risk of AV block and 
embolism) as well as procedure- and fluoroscopy time vary consider
ably, depending on the exact AP-localization.

Discrimination of AP-localizations
The Arruda algorithm allows discrimination of 10 AP-sites, the Pambrun 
algorithm considers nine and our EASY-WPW algorithm differentiates 
between seven AP-localizations (see Supplementary material online, 
Figure S2). In our opinion, a reliable classification into seven localizations 
is sufficient to evaluate the most relevant aspects pre-interventionally. 
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Figure 2 Flowchart for stepwise AP-identification. The validated EASY-WPW algorithm with a three-step approach for right-sided AP (tricuspid 
valve) and a two-step approach for left-sided AP (mitral valve). AL, anterolateral; AP, accessory pathway; AS, anteroseptal; PL, posterolateral; PS, 
posteroseptal.
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Too many locations may complicate the algorithm unnecessarily and 
make it less accurate, as we observed particularly in terms of the 
Arruda algorithm.

Stepwise approach for AP-localization
The Arruda and the Pambrun algorithms appear complex and time- 
consuming. Our algorithm requires the fewest steps, so that it is the 
fastest and easiest to apply (Figure 2).

Algorithm efficacy
Although Arruda et al. reported on an overall sensitivity of 90% and spe
cificity of 99%4 we could not obtain satisfactory results with the Arruda 
algorithm (Figure 6, Tables 1 and 2). Concerning the accuracy, the 
Pambrun algorithm performed better than the Arruda algorithm, but 
our novel EASY-WPW algorithm proved to be superior to both 
(Figure 6, Tables 1 and 2). Arruda et al. reported that their algorithm is 
particularly useful in correctly localizing anteroseptal (sensitivity 75%, 

Step 1 Step 2

PL

V1
positive

The most positive
delta wave

II
Mitral
valve

A B

C

D

Figure 3 Left-sided accessory pathways. Schematic representation of the MV junction region as viewed in the left anterior oblique view (60°) illus
trating posteroseptal (A), anterolateral (B), and posterolateral (C ) AP-localizations. The adjacent Cabrera circles indicate the corresponding leads with 
the most positive delta wave (bold red arrow). ECG-Identification of a left-sided posterolateral AP with the EASY-WPW algorithm (D). MV, mitral 
valve; PS, posteroseptal; AL, anterolateral; PL, posterolateral; AP, accessory pathway.
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specificity 99%) and mid-septal (sensitivity 100%, specificity 98%) AP,4

which are of special interest due to their proximity to the AVN and 
HIS with risk of AV block. Applied to our study population, our 
EASY-WPW algorithm yielded better results regarding the correct pre
diction of antero- and posteroseptal AP in proximity to the tricuspid 
valve (Tables 1 and 2).

As far as reproducibility is concerned the agreement between investiga
tors was excellent (see Supplementary material online, Tables S1 and S2).

Application in children
Due to an age-dependent variability of the heart axis, algorithms pri
marily developed for adults often do not provide satisfactory results 
in children.11,14

The Pambrun as well as the Arruda study included adolescents,4,6 but 
no subgroup analysis on children was performed. Thus, no conclusions 
were made about the applicability in pediatric patients in either study. 
Wren et al. examined the accuracy in predicting the AP-localization in 
children with WPW for seven published algorithms, including the 
Arruda algorithm.11 Overall accuracy of prediction was only 30–49%. 
The identification of septal pathways was even worse with an accuracy 

of 5–35%.11 Another study reported on similar results.13 For a specific 
validation of our EASY-WPW algorithm in pediatric patients we con
ducted subgroup analyses with children < 18 and < 12 years old. 
Although the results were slightly worse, they were comparable to 
those gained from adults. In children < 18 years old, our algorithm 
was superior to the Pambrun as well as to the Arruda algorithm 
(Figure 6, Tables 1 and 2) and even in children < 12 years old our 
EASY-WPW algorithm achieves higher accuracy rates (see 
Supplementary material online, Figure S5).

Thus, our EASY-WPW algorithm seems to perform better 
in children compared to the results gained from other algo
rithms.11–14

Beyond that, studies exclusively focusing on the AP-localization 
in children are very scarce.12–14 Boersma et al. presented an algo
rithm which was retrospectively developed in 135 children with 
RFA for WPW. The authors reported on a reasonable sensitivity 
and specificity for only five AP-sites.12 The pediatric algorithm 
developed by Li et al. presents with a better accuracy for left- 
(100%) and right-sided AP (88.6%), but only allows for differen
tiation of four regions.13 Beak et al. developed another algorithm 
for children, which proved superior to established ones with a 
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Step 2 Step 3
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Figure 4 Right-sided accessory pathways with QRS transition ≤ V3. Schematic representation of the TV junction region as viewed in the left anterior 
oblique view (60°) illustrating posteroseptal (A) and anteroseptal (B) AP-localization. The adjacent Cabrera circles indicate the corresponding leads with 
the most positive delta wave (bold arrow). ECG-identification of a right-sided posteroseptal AP with the EASY-WPW algorithm (C ).TV, tricuspid valve; 
PS, posteroseptal; AS, anteroseptal; HIS, His bundle; AP, accessory pathway.
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documented sensitivity of 95.7% for septal pathways, but still 
shows worse results compared to our EASY-WPW algorithm14

(Figure 6, Tables 1 and 2).

Comparison to the St. George’s algorithm
The St. George’s algorithm is based on the polarity and morphology of 
QRS-complexes.15 As Xie et al. did not perform a subgroup analysis in 
children < 18 years old, the validity of the St. George’s algorithm in chil
dren remains unclear.

Xie et al. performed a prospective analysis in 46 patients.15 This, of 
course, does not allow for a reliable and valid evaluation of the authors’ 
algorithm for use in clinical practice.

The St. George’s algorithm distinguishes 11 regions along the atrio
ventricular annuli.15 As already demonstrated for the Arruda algorithm, 
too many locations may complicate the algorithm unnecessarily and 
make it less accurate (Figure 6, Tables 1 and 2). Basiouny et al. found sig
nificantly lower results for algorithms with more than six possible loca
tions for the AP.16

Step 1 Step 2 Step 3

V1
isoelectric

Tricuspid
valve

QRS transition
> V3

The most
positive delta

wave

AL

II

A B

C

E

D

Figure 5 Right-sided accessory pathways with QRS transition > V3. Schematic representation of the TV junction region as viewed in the left anterior 
oblique view (60°) illustrating anterolateral (A), anteroseptal (B), posterolateral (C ), and posteroseptal (D) AP-localization. The adjacent Cabrera circles 
indicate the corresponding leads with the most positive delta wave (bold arrow). ECG-identification of a right-sided anterolateral AP with the 
EASY-WPW algorithm (E). AL, anterolateral; AP, accessory pathway; AS, anteroseptal; HIS, His bundle; PS, posteroseptal; PL, posterolateral; TV, tri
cuspid valve.
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To the best of our knowledge, we are the first to present a simple 
algorithm that provides accurate and reliable results in both adults 
and children. Currently, our EASY-WPW algorithm can be applied 
using a simple flowchart (Figure 2).

Outlook
In the future, our findings could serve as a training dataset for artificial 
intelligence applications. As already demonstrated in one study,17 it is 

conceivable that deep learning models will be developed soon allow
ing for an immediate determination of AP-sites e.g. with the help of an 
app.

Limitations
As the presence of multiple APs was an exclusion criterion in our study, 
there is limited experience in using our novel WPW algorithm in pa
tients with multiple pathways. Beyond that, fibrosis and scar tissue 
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Figure 6 Direct comparison of AP-algorithms. Direct comparison of the accuracy of AP-algorithms. In all patients, the accuracy (percentage of pa
tients with an exact prediction of AP-localization) of the EASY-WPW algorithm was superior compared to the PAMBRUN (93% vs. 84%, P = 0.003*) 
and the ARRUDA algorithm (94% vs. 75%, P < 0.001*) (A). A subgroup analysis of children < 18 years old revealed significant superiority to the 
ARRUDA algorithm (P < 0.001*) (B). P < 0.05 and * indicate statistical significance. AP, accessory pathway.
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Table 1 Algorithm accuracy depending on the AP-localization

AP-localization Algorithm accuracy (%)

EASY-WPW PAMBRUN ARRUDA

All < 18 All < 18 All < 18

Total 93 88 84 72 75 59

MV 92 83 85 71 82 71

TV 95 91 82 74 69 50

septal 96 90 90 80 85 75

lateral 91 87 79 68 67 39

anterior 96 96 90 87 85 100

posterior 92 83 81 63 71 51

Algorithm accuracy (percentage of patients with an exact prediction of AP-localization) depends on the AP-localization in the entire cohort of patients compared to the subgroup of 
children < 18 years old. MV, mitral valve; TV, tricuspid valve; All, all patients; < 18, subgroup of children < 18 years old.
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induced by a prior ablation or structural heart disease may affect the 
delta wave ECG pattern.

Conclusion
Our novel 12-lead ECG-based EASY-WPW algorithm enables 
reliable and accurate pre-interventional AP-ablation site determination 
in adults and children with a single AP and without structural heart dis
ease. Only two steps are necessary to locate left-sided AP and three 
steps to determine right-sided AP. This can be done with the help of 
a simple flowchart or, in the future, with the help of an app.
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Supplementary material is available at Europace online.
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