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ABSTRACT 

Background: after the introduction of catheter ablation of atrioventricular accessory pathways (APs) in Wolff-

Parkinson-White (WPW) syndrome, to facilitate planned ablation and minimize catheter-related injury, 

predicting the AP was required. Localization of APs can be anywhere around the atrioventricular (AV) annuli, 

left- or right-sided, or within the septum or a rare possibility of Mahaim fibers.  

Objective: to compare between three algorithms in their accuracy in predicting the exact site of accessory 

pathway.  

Patients and Methods: one hundred patients with manifest pre-excitation who underwent electrophysiological 

study (EPS) and successful ablation of accessory pathway who were subjected to history taking, complete 

physical examination stressing on 12-lead of pre-excited electrocardiogram (ECG).  

Results: the distributions of the accessory pathway with left lateral accessory pathway being the most 

prevalent (27%) while the postero-lateral being the least prevalent one (2%) and that Right-sided accessory 

pathway was most frequently predicted by Arruda algorithm in 31% of patients and least frequently predicted 

by D’Avila in 17% of patients while its actually present in 23% of patients according to the EP study, Left-

sided accessory pathway was most frequently predicted by D’Avila (61%) and least frequently predicted by 

Arruda (49%) whereas it was truly present in 51% of patients according to EP study. Mid and antero-septal 

accessory pathways were most frequently predicted by Chiang and least frequently predicted by Arruda while 

it was present in 26% of cases proved by EP study. In all algorithms, 72 % of predictions were correct for 

Chiang, 81 % for D’Avila, and 71 % for Arruda and the percentage of predictive accuracy of all algorithms did 

not differ between the algorithms (p=1.000; p=0.076; p=0.064, respectively) The best algorithm for prediction 

of right-sided and left-sided accessory pathways was D’Avila (p<0.001). The best algorithm that is particularly 

useful in predicting antero-septal and mid-septal accessory pathways was Chiang (p<0.001).  

Conclusion: prior knowledge of the AP location allows better planning, faster and safer procedure, as well as 

decreased exposure to ionizing radiation and unnecessary punctures. In all algorithms, 72% of predictions were 

correct for Chiang, 81% for D'Avila, and 71% for Arruda and the percentage of predictive accuracy of all 

algorithms did not differ between the algorithms (p=1.000; p=0.076; p=0.064, respectively). The best algorithm for 

prediction of right-sided and left-sided accessory pathways was D'Avila (p<0.001). The best algorithm that is 

particularly useful in predicting anteroseptal and mid-septal accessory pathways was Chiang (p<0.001). 
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INTRODUCTION 

After the introduction of catheter ablation 

of atrioventricular accessory pathways (APs) in 

Wolff-Parkinson-White (WPW) syndrome, to 

facilitate planned ablation and minimize catheter-

related injury, predicting the AP was required. 

Localization of APs can be anywhere around the 

atrioventricular (AV) annuli, left- or right-sided, or 

within the septum or a rare possibility of mahaim 

fibers 
(1)

. Several algorithms with varying degrees 

of complexity and accuracy based on the analysis 

of QRS and delta wave morphology on the 12-lead 

electrocardiogram (ECG) have been proposed for 

accurate localization of APs. Although the 12-lead 

ECG is an easy, noninvasive tool to determine the 

localization of APs and guide ablation procedures, 

employed algorithms are complex to put into 

practice and remember; in addition, delta wave 

polarity is difficult to assess 
(2)

. 

Wren et al.
(3)

 compared the accuracy of 

seven algorithms for predicting the accurate 

location of AP in children with WPW syndrome 

and reported that the power of all the tested 

algorithms in predicting APs was less accurate in 

children than in adults (if only exact predictions 

were accepted, accuracy ranged from 30 to 49 %). 

In another study, 11 relevant algorithms were 

tested in adult patients and it was reported that the 

accuracy of the algorithms is dependent on the 

number of AP sites (AP sites >6, accuracy 

40.6±10.9%; AP sites ≤6, accuracy 61.2±8.0%) 

and also the algorithms that did not include delta 

wave polarity had lower accuracy (delta wave 

polarity not included, accuracy 36.6±11.2 %; delta 

wave polarity included, accuracy 52.3 ± 13.1%)
(4)

. 
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AIM OF THE WORK 

Therefore, we aim to evaluate the accuracy 

of three published algorithms in predicting APs and 

their limitations regarding the site of the APs and 

the presence of delta wave polarity in the algorithm 

design. 

PATIENTS AND METHODS 

A total number of one hundred (100) 

subjects who had been diagnosed as Wolff-

Parkinson-White syndrome (WPW) at the 

Cardiology department of El Galaa Military 

Hospital and Al-Hussein University Hospital, Al-

Azhar University from October 2011 to February 

2018. The study was approved by the Ethics 

Board of Al-Azhar University. 

 All patients were subjected to history 

taking, complete physical examination, stressing on 

12-lead ECG with manifest pre-excitation. Their 

age ranges between 18 & 54 (mean 25.5). Patient 

who were younger than 18 years old at time of 

examination were excluded as well as patients 

known to have congenital heart defects, patients 

with multiple APs or patients with concealed APs. 

All patients underwent 12-lead ECG before 

EPS and localization of the accessory pathway 

using the three algorithms was done by two 

electrophysiological experts. 

EPS was done and the localization of APs 

using intracardiac traces was performed by two 

electrophysiological experts and the localization 

and site of ablation was recorded using CINE in 

left anterior oblique (LAO) 45 degree which was 

confirmed in right anterior oblique (RAO) 45 

degree. 

Statistical analysis: 

Data were analyzed using Statistical 

Program for Social Science (SPSS) version 23. 

Quantitative data were expressed as mean± 

standard deviation (SD). Qualitative data were 

expressed as frequency and percentage. 

The following tests were done: 

The differences in the prevalence of match 

cases regarding the accessory pathway location 

between algorithms were statistically significant or 

not were evaluated by McNemar’s test. Degrees of 

agreement between AP location and each other 

algorithm regarding the distribution of localizations 

were determined by calculating coefficients of 

kappa. Kappa values over 0.75 were considered as 

excellent, and 0.40 to 0.75 and below 0.40 were 

considered as fair to good and poor, respectively. 

Ethical and Approval Issues  

Informed consents were taken from all of the 

patients included in our study. The study was approved 

by the Ethics Board of Al-Azhar University. 

RESULTS 

The distributions of the accessory pathway 

with left lateral accessory pathway being the most 

prevalent (27%) while the postero-lateral being the 

least prevalent one (2%). 

 

Figure (1): Distribution of the accessory pathway 

among the study group. 

Right-sided accessory pathway was most 

frequently predicted by Arruda algorithm in 31% of 

patients and least frequently predicted by D’Avila 
(2)

 

in 17% of patients while it actually present in 23% of 

patients according to the EP study. 

Left-sided accessory pathway was most 

frequently predicted by D’Avila (61%) and least 

frequently predicted by Arruda 
(5)

 (49%) whereas it was 

truly present in 51% of patients according to EP study. 

Mid and antero-septal accessory pathways 

were most frequently predicted by Chiang 
(6)

 and 

least frequently predicted by Arruda while it was 

present in 26% of cases proved by EP study. 

Table (1): Percentage of predicted sites according 

to algorithms and EPS 

Accessory pathway Arruda Chiang D’Avila EPS 

Count (%) 100 (100%) 100 (100%) 100 (100%) 100 (100%) 

Right-sided 31 (31%) 20 (20%) 17 (17%) 23 (23%) 

Left-sided 49 (49%) 56 (56%) 61 (61%) 51 (51%) 

Midseptal/anteroseptal 20 (20%) 24 (24%) 22 (22%) 26 (26%) 

In all algorithms, 72 % of predictions were 

correct for Chiang, 81 % for D’Avila, and 71 % for 

Arruda and the percentage of predictive accuracy of 
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all algorithms did not differ between the algorithms 

(p=1.000; p=0.076; p=0.064, respectively). The best 

algorithm for prediction of right-sided and left-sided 

accessory pathways was D’Avila (p<0.001). The best 

algorithm that is particularly useful in predicting 

antero-septal and mid-septal accessory pathways was 

Chiang (p<0.001). 

DISCUSSION  

In 1930, Wolff, Parkinson, and White 

described a syndrome, later named after them, that 

affected young patients without structural heart 

disease, manifesting with a short PR interval, wide 

QRS complex, and episodes of paroxysmal 

tachycardia in the electrocardiogram (ECG)
 (7)

. 

The Wolff-Parkinson-White syndrome 

(WPW) is a form of ventricular preexcitation in 

which part of the ventricular myocardium is 

depolarized early by one or more accessory 

pathways (APs) that bypass the atrioventricular 

(AV) node, establishing a direct link between the 

atrium and the ventricle 
(8)

.
 

The APs result from an abnormal 

embryological development of the myocardium 

during differentiation of the fibrous tissue that 

separates the atria and ventricles. They are 

classified based on their location, number, 

direction, and conduction properties 
(9)

. 

There are currently two basic therapeutic 

options for patients with WPW pharmacological 

therapy and catheter ablation. Radiofrequency 

catheter ablation is a safe, effective, and curative 

approach, given its high individual effectiveness 
(10)

. 
 

The approach used for the electrophysiological 

study (EPS) and ablation depends on the location of the 

AP, which should, whenever possible, be established by 

ECG. Prior knowledge of the AP location allows better 

planning, faster and safer procedure, as well as 

decreased exposure to ionizing radiation and 

unnecessary punctures, allowing an early choice of 

appropriate catheters and energy sources 
(3)

. 
 

Since the introduction of ablation, several 

algorithms to predict the AP location have been 

published. Each algorithm considers distinct 

electrocardiographic criteria, has different 

techniques and “gold standards,” adopts different 

nomenclatures and number of identified regions, 

and presents decreased discriminative ability in the 

presence of multiple APs, myocardial infarction, 

and left ventricular hypertrophy. In preliminary 

results, the algorithms showed good discriminating 

ability and their use should be considered as a 

guide to locate the AP 
(2,5,6)

. 

The aim of this study was focused on the 

comparative valuation of the discriminative ability 

of electrocardiographic algorithms in locating the 

AP in patients with WPW syndrome referred for 

radiofrequency catheter ablation, seeking to 

identify the best algorithm currently available for 

use in clinical practice. 

In this study, we tested three different 

algorithms potentially locating the AP in nine 

possible positions, proposed by Arruda et al. 
(5)

, 

Chiang et al. 
(6)

 and D’Avila et al. 
(2)

. The objective 

was to evaluate the diagnostic capability of the 12-

lead ECG in locating the AP in patients with a 

WPW pattern referred to EPS and radiofrequency 

catheter ablation. 

The sample consisted of 100 individuals, 

74 males (74%) and 26 females (26%), aged 

between 18 and 54 years (mean 28 ± 9.4 years). 

We found a significant difference between the 

number of men and women with a WPW pattern. 

This finding is in agreement with the results 

published by Cain et al. 
(11) 

who found a similar 

prevalence (60.9%) in men diagnosed with the 

WPW syndrome. 

We observed that 79% of the patients 

presented with palpitation, which is in line with 

findings by Brembilla-Perrot et al. 
(12) 

who 

reported that more than 50% of the individuals with 

a WPW pattern develop tachyarrhythmia. 

Our study showed that in all algorithms, 72 

% of predictions were correct for Chiang et al. 
(6)

, 

81 % for D’Avila et al. 
(2)

, and 71 % for Arruda et 

al. 
(5)

 and the percentage of predictive accuracy of 

all algorithms did not differ between the algorithms 

(p=1.000; p=0.076; p=0.064, respectively). This 

finding is concordant with the results of Maden et 

al.
(13)

 who found that 71.5 % of predictions were 

correct for Chiang et al. 
(6)

, 72.4 % for D’Avila et 

al. 
(2)

, and 71.5% for Arruda et al. 
(5)

 and the 

percentage of predictive accuracy of all algorithms 

did not also differ between the algorithms 

(p=1.000; p=0.875; p=0.885, respectively). 

In our study, the best algorithm for 

prediction of midseptal/anteroseptal APs was 

Chiang et al. 
(6)

 with 17% predictive accuracy. 

This is far from expected according to previous 

studies that reported most appropriate algorithm to 
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estimate the approximate location of septal APs 

was Arruda et al. 
(5) 

algorithm. D’Avila et al. 
(2)

,  in 

our study placed the second and showed predictive 

accuracy of 16% for midseptal/anteroseptal APs 

unlike what was reported by Wren et al.
 (3) 

who 

tested seven algorithms in a pediatric population; 

and reported that D’Avila et al. 
(2) 

was the worst in 

predicting midseptal and anteroseptal pathways 

(accuracy was only 5%). 

For right APs, which were present in 23% 

of patients, we found that there was no significant 

difference between the three algorithms although 

D’Avila et al. 
(2)

 placed the first with 16% 

predictive accuracy (the others had equal predictive 

accuracy with 15%). These values were far from 

those expected when looking at the results of 

Maden et al. 
(13) 

who reported that Arruda was the 

most accurate in predicting right APs with 

predictive accuracy 42%. The algorithm by 

Iturralde et al. 
(14) 

showed the best results in 

locating the right AP correctly with predictive 

accuracy 69.2%. The inclusion of adjacent APs 

revealed that the algorithm by Boersma et al. 
(15)

 

was the most suitable to identify the approximate 

location of right APs (100% accuracy). 

Finally, the agreement rates that we obtained 

for left APs (43% to 50%) were close to those expected, 

showing that D’Avila et al. 
(2)

 was significantly better 

than the others in predicting these APs correctly. 

D’Avila et al. 
(2)

 expected correctly 50 individuals with 

left AP out from the 51 individuals with actual left AP 

according to EP with predictive accuracy of 98% 

followed by Arruda et al.
 (5)

 and finally Chiang et al. 
(6)

. 

This is in line with Teixeira et al. 
(16)

 who supposed that 

if they include adjacent APs; the algorithm by D’Avila 

et al. 
(2)

(eight locations, 87% agreement rate) showed a 

value close to that expected and should be considered 

for locations close to left APs. On the contrary, Maden 

et al. 
(13)

 results demonstrated that Chiang et al. 
(6) 

was 

the most accurate in predicting left APs (it could predict 

93 out of  97 left APs) while D’Avila et al. 
(2) 

was the 

least accurate (it could predict 84 out of 97 left APs). 

In summary, the application of the three 

algorithms to correctly predict septal, right, and left 

AP locations as a whole revealed that D’Avila et al. 
(2) 

achieved 82% correct prediction of the actual APs by 

EPS followed by Chiang et al. 
(6) 

with 75% correct 

prediction and lastly was Arruda et al. 
(5)

 with 72% 

correct prediction. The three algorithms showed no 

significant difference with each other in predicting 

septal and right APs while D’Avila et al. 
(2) 

differed 

significantly from others by achieving an excellent 

prediction of the left APs (98% accuracy). This 

summary agrees partially with what was reported by 

Teixeira et al.
 (16)

 that the application of the seven 

algorithms to correctly predict septal, right, and left 

AP locations revealed that none of these algorithms 

achieved the expected results. 

The actual location of a successfully 

performed AP ablation is the best parameter to 

identify the location of the AP. In contrast, location 

of the AP through ECG may be questionable, 

considering that APs may have a morphologically 

different ventricular insertion from the AP path. 

Thus, an ECG with a WPW pattern is dependent 

mainly on the location of the ventricular insertion 

of the AP and unrelated to its path. As described by 

Fox et al. 
(17)

 some algorithms tend to predict the 

APs correctly on a specific anatomic location, but 

may lead to error when the AP is located in other 

anatomic regions, such as a septal location. For 

these authors, the ECG, in fact, provides only an 

initial approach to the AP location. 

CONCLUSION  

Prior knowledge of the AP location allows 

better planning, faster and safer procedure, as well 

as decreased exposure to ionizing radiation and 

unnecessary punctures. In all algorithms, 72% of 

predictions were correct for Chiang, 81% for 

D'Avila, and 71% for Arruda and the percentage 

of predictive accuracy of all algorithms did not 

differ between the algorithms (p=1.000; p=0.076; 

p=0.064, respectively). The best algorithm for 

prediction of right-sided and left-sided accessory 

pathways was D'Avila (p<0.001). The best 

algorithm that is particularly useful in predicting 

anteroseptal and mid-septal accessory pathways 

was Chiang (p<0.001). 
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