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Abstract: This paper presents an analysis of the 
Arruda accessory pathway localization method (for 
patients suffering from Wolff-Parkinson-White 
syndrome) with suggestions to increase the overall 
performance. The Arruda method was tested on a 
total of 121 patients,   and an 90% localization 
performance was reached. This was considered 
almost as performing result as the highest published 
(90%) by L. Boersma in 2002. After a deeper 
analysis of each decision point of Arruda localization 
method we considered that the lead AVF is not as 
relevant as other used leads (I, II, III, V1). The 
overall performance (90%) was slightly lower then 
the correct decision rate (91,67%) at the weakest 
decision element (AVF+) of the method. The 
vectorial space constructed from the most used leads 
(II, V1, AVF) is not orthogonal which can be a 
reason for weaker rate in case of AVF. 

Introduction 
 
A. Description of the Wolff-Parkinson-White syndrome 
 

The Wolff-Parkinson-White syndrome is 
characterized by an accessory pathway (by-pass tract) 
between the atria and ventricles that conducts in parallel 
with the atrioventricular (AV) node - His bundle, but 
faster [1], [2]. An accessory AV connection can conduct 
in both directions. The presence of these by-pass tracts 
may predispose to atria-ventricular reentrant 
tachycardia. Moreover, in the setting of atrial 
fibrillation, the WPW syndrome can cause a 
catastrophically rapid ventricular response with 
degeneration to ventricular fibrillation (VF). 

Electrocardiographically the WPW syndrome can be 
characterized by a specific pattern in sinus rhythm, 
paroxysms of re-entry tachycardia (the incidence in the 
young adult population is about 10% and growing up 
with age to 30%) and more rarely by paroxysm of atrial 
fibrillation (20–30% of patients with the syndrome) or 
atrial flutter [3], [4]. 

In the case of WPW syndrome, the 
electrocardiogram (ECG) tracing is a mixture of the 
electrical activities [5] caused by the accessory AV 
connection and normal AV conduction system. The fast 

impulse conduction produces an initial deflection in the 
QRS complex (delta wave) [6]. The length of this delta 
wave is determined by the difference between the 
accessory AV connection and normal AV conduction 
times. The modified ventricular activation causes 
secondary abnormalities in ventricular repolarization 
such as: ST segment displacement (elevation or 
depression), T wave shape distortion and abnormal U 
wave appearance. The accessory AV connection’s 
conduction capacity variances can cause alternating 
WPW pattern, concertina effect, and episodic 
conduction. Changes may occur hour by hour or day by 
day. 

An adequate analysis of this phenomenon is 
necessary, because 0.1-0.2% of the population suffer 
from WPW syndrome [7], [8]. When the accessory 
connection’s refractory period is too short, the patient’s 
life is in danger due to a possible VF. Unfortunately the 
exact risk for developing VF during high ventricular 
rates is unknown [9]. 

In consequence of the accessory connection’s cells 
small mass, their electrical properties cannot be seen on 
an ordinary ECG measurement (with maximum 12-bit 
resolution). 
 
B. WPW syndrome analyzer methods 
 

Usually the WPW analysis is focused to develop and 
validate an AP localization method [10]. A number of 
investigations have correlated ECG patterns and 
algorithms for detecting the localization of the AP [11]–
[16]. Some study has been focused on the localization, 
realized through three-dimensional (3D)-heart 
reconstruction by the inverse solution of the ECG [17]–
[22]. 

Several approaches have been explored to handle the 
problem of multiple solutions by using equivalent 
cardiac generators (such as equivalent dipole [23] and 
multipole), heart surface isochrones [17]–[18], or 
epicardial potential [19]–[22]. The high sensitivity of 
solutions to the different disturbances forced the 
investigators to explore regularization techniques [19]–
[21]. These methods allow a significant progress, but 
the different uncertainty elements of the processing 
limit the potentially beneficial ECG inverse solutions 
from becoming a routine clinical tool at present. 
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 In this paper we present a sensibility analysis of the 
Arruda’s stepwise method [16], and a decomposition 
algorithm to increase the performance of AP 
localization. Our main purpose is to decipher the 
location of the ventricular insertion. 

Materials And Methods 
 
A. The starting data 
 

This study starts from results of paper M. Arruda, J. 
McClelland, X. Wang, K. Beckman, et al, 
“Development and Validation of an ECG Algorithm for 
Identifying Accessory Pathway Ablation Site in Wolff-
Parkinson-White Syndrome” [16].  In Arruda’s paper 
the study population considered of 256 consecutive 
patients referred for RF catheter ablation of a manifest 
accessory atrioventricular pathway. Subjects wth more 
than one anterogradely conducting AP were excluded 
from the retrospective phase of study. There were 157 
men and 99 women (mean age 32±15 years, range  to 
78). The algorithm to predict AP location was 
developed by correlating the preablation ECG with the 
successful RF ablation site in 135 consecutive patients 
with a single antergradely conducting AP. The method 
was then tested prospectively in 121 consecutive 
patients undergoing RF catheter ablation to assess its 
accuracy in predicting the successful ablation site.  
 
B. The ARRUDA localization method 
 

Our first task in WPW syndrome analysis was to 
determine the location and nature of the accessory 
connection. As the standard 12-lead ECG recordings 
held most of the desired information, we could locate 
the AP from our measurements.  

We preferred to solve this localization with Arruda’s 
stepwise method [16] instead of the Fitzpatrick 
algorithm [11]. The clinically tested and well-known 
Arruda method had used only five leads (I, II, III, aVF, 
V1) from the 12-lead ECG recordings. However this 
localization method could reach 90% recognition rate, 
some modification in this place identification algorithm 
could be benefic. Starting form the stepwise method of 
Arruda, we had to determine its performance and 
eventually to propose some modifications.  

The possible AP locations were divided into three 
major regions, which were further divided thereafter, as 
follows: 

• Septal accessory pathways: anteroseptal tricuspid 
annulus and right anterior paraseptal (AS/RAPS), 
mid-septal tricuspid annulus (MSTA), 
posteroseptal tricuspid annulus (PSTA), 
posteroseptal mitral annulus (PSMA), 
subepicardial posteroseptal (SEC); 

• Right free-wall accessory pathways: right anterior 
(RA), right anterolateral (RAL), right lateral (RL), 
right posterolateral (RPL), right posterior (RP); 

• Left free-wall accessory pathways: left 
anterolateral (LAL), left lateral (LL), left 
posterolateral (LPL), left posterior (LF). 

 

 
 

Figure 1: Schematic representation of the heart as 
viewed in the left anterior oblique projection. 

 
These major and minor locations were illustrated in 

Figure 1, indicating also the place of the His bundle 
(HIS). The starting points of our WPW analysis were 
the study of delta wave and QRS complex mixture. We 
had to analyze the amplitude relations of the R, S and 
delta ( ∆ ) waves in order to determine the AP location. 
The onset of the delta wave in each lead was measured 
from the onset of the earliest delta wave in any of the 12 
leads. After 20 ms the displacement of the delta wave in 
each lead was classified as positive (+), negative (-) or 
isoelectric (0). 
 

 
 
Figure 2: Stepwise Arruda method for determination of 
AP location 
 

Several attempts have been made to correlate 
electrocardiographic findings with anatomic locations of 
accessory AV pathways in patients suffering from 
WPW syndrome. ECG criteria based upon surgical 
dissection of accessory pathways have shown accuracy 
in identifying AP location. The ARRUDA method 
differs from prior algorithms in its combined use of the 
resting ECG, utilization of only five ECG leads (I, II, 
III, V1, aVF), and by prospective validation of the 
algorithm. The relationship between the predicted 
location (based upon the ECG algorithm) and the actual 
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 location (based upon ablation site) is shown in Table 1. 
These predictions were analyzed in order to determine 
the strong and week points of Arruda’s method. From 
decision tree represented by Figure 2 we could evaluate 
each step.  

Our analysis started from Table 1 and evaluates each 
step (1-23) of Arruda’s stepwise method. Then the used 
leads were represented vectorial to evaluate the 
sensibility of each decision. Finally all decision were 
evaluated, a new decision tree were constructed and 
evaluated with signal samples shown in M. Arruda’s 
paper [16]. 

 
Table 1: Location and detection rate of the accessory 
pathway 
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RA/RAL 17 17          100 97 
RL 13 1 11  1       85 100 

RP/RPL 9 1  8        89 100 
AS/RASP 4 1   3       75 99 

MSTA 5     5      100 98 
PSTA 22     2 18  2   82 100 
PSMA 1       1    100 99 

LP/LPL 4       1 3   75 96 
LL/LAL 32        3 29  91 100 

SEC 14          14 100 100 
All 121           90 99 

Results 
 

We considered important to represent the 
relationship between the predicted and actual (based 
upon ablation site) distribution of AP location (see in 
Table I). Ablation sites are represented in vertical and 
the predicted locations in horizontal direction. 
 
Table 2: Accuracy of each decision point for all 
accessory pathways 
 
Place 
no. Ablation site Number Failed Decision 

performance 
4 LP/LPL 4 1 1; 4/3/1   3; 4/4/0 

5 LL/LAL 32 3 1; 32/32/0   3; 
32/29/3 

7 Subepicardial 
(SEC) 14 0 1; 14/14/0 

6; 14/14/0 

12 PSMA 1 0 
1; 1/1/0   6; 1/1/0 
8; 1/1/0   10; 1/1/0 

11; 1/1/0 

14 AS/RAPS 4 1 
1; 4/4/0   6; 4/4/0 
8; 4/3/1   10; 4/4/0 

11; 4/4/0   13; 3/3/0 

15 MSTA 5 0 
1; 5/5/0   6; 5/5/0 
8; 5/5/0   10; 5/5/0 

11; 5/5/0   13; 5/5/0 

16 PSTA/PSMA 22 4 

1; 22/20/2   6; 
20/20/0 

8; 20/20/0   10; 
0/18/2 

21 RP/RPL 9 1 1; 9/9/0   6; 9/9/0 
8; 9/9/0   19; 9/8/1 

20; 8/8/0 

22 RL 13 2 

1; 13/13/0   6; 
13/13/0 

8; 13/13/0   19; 
3/11/2 

20; 11/11/0 

23 RA/RAL 17 0 

1; 17/17/0   6; 
17/17/0 

8; 17/17/0   19; 
7/17/0 

 
Table 2 represents the performance of each decision 

point from Arruda’s stepwise algorithm. From this data 
the decision performance was determined and 
represented in Table 3.  

 
Table 3. Global accuracy of each decision point 

 
Place no. Decision number Failed decisions Performance 

1 121 3 97,52% 
3 36 3 91,67% 
6 83 0 100,00% 
8 69 2 97,10% 

10 30 2 93,33% 
11 10 0 100,00% 
13 8 0 100,00% 
19 39 3 92,31% 
20 19 0 100,00% 

Discussion 
 

After we had analyzed the Arruda AP localization 
algorithm, we observed that most times the estimation 
errors (places 3, 10, 19) were correlated with aVF sign 
test. In the graphical representation of the localization 
algorithm (see in Figure 3) the sensitive spots (all of 
them represent aVF+) were encircled.  
 

 
 
Figure 3: The most sensitive spots in stepwise Arruda 
AP localization algorithm 
 

In our study about 75% of the prediction errors were 
caused by a week aVF sign decision (see in Table 1). 
The localization made by simple comparison shows 
lower recognition percentage in case of RL, PSTA, and 
LL/LAL locations. In case of PSTA the SR ≥  relation 
in 1V  and aVF- could happen, so these restrictions do 
not imply in all cases LP/LPL. 
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 These considerations were tested on our database, 
and must be used with care due to the followings: 

• Our database was too small to guarantee a solid 
statistical confirmation; 

• The selected patients were not 100% 
representative (due to the small number); 

• We used only few recordings from one patient, so 
the WPW syndrome could manifest in other way 
(it could change its behavior hourly). 

Conclusion 
 

Several attempts had been made to correlate ECG 
findings with anatomic locations of accessory AV 
pathways in patients with WPW syndrome. Most of 
them use different leads, based on empirical methods. 
When we took a closer look at the Arruda method we 
observed that the most used leads ( 1V , II, AVF) cannot 
form an orthogonal coordinate system. Instead of the 
AVF lead we would prefer to use the AVL lead, which 
is perpendicular to lead II. Unfortunately we had no 
possibility to realize a test with the registrations used in 
case of Arruda’s method testing. The about 89% 
recognition rate we considered quite good, compared 
with the highest published value of 90% [24]-[28]. 
These considerations could be useful to create a better 
non-invasive localization method.  
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