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Abstract. Background. In patients with Wolf-Parkinson-White (WPW) syndrome, localization of the site of acces-
sory pathway using surface electrocardiography (ECG) is important step prior to any electrophysiological study and
ablation. The purpose: to validate a new and simple stepwise algorithm to localize accessory pathway site from sur-
face ECG during sinus rhythm. Materials and methods. It is prospective study enrolling patients with WPW syndrome
scheduled for electrophysiological study and ablation in single center from January 2015 to February 2019. Surface
ECG of patients with WPW syndrome one day prior to electrophysiological study was used to apply this algorithm to
localize the site of accessory pathway and compare it with the results of electrophysiological study next day. Results.
The total number of patients enrolled in the study was 121 patients, 73 males (60.3 %) and 48 females (39.7 %) with
a mean age of 33 £ 12 years and range of 13—69 years. Overall sensitivity and specificity of this algorithm in detecting
the site of accessory pathway using successful ablation site as a reference test are 94 and 98 %, respectively, the posi-
tive and negative predictive values were 90 and 99 %. There were six sites of accessory pathways detected by electro-
physiological study (left lateral, left inferolateral, anteroseptal, posteroseptal, midseptal and right-sided), the
sensitivity of this algorithm for each accessory pathway site was 91, 100, 100, 91, 100, 81 %, respectively, while
the specificity was 100, 95, 99, 97, 99, 100 %. Conclusions. This new algorithm to localize the site of the accessory
pathway in patients with WPW syndrome from surface ECG is easily applied and has good sensitivity and specificity.
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Introduction

Approximate localization of accessory pathway (AP) site
using preexcitation pattern is an important pre-requisite for
electrophysiological study (EPS) and catheter ablation, to
guide the strategy of EPS and ablation and to anticipate the
possible complications. Several algorithms have been deve-
loped to detect the anatomic site of manifested AP based on
delta wave and QRS polarity on surface ECG [1-6].

There is no single published algorithm offer exceptionally
high sensitivity and or specificity for all accessory pathways’
locations [6, 7].

The purpose of the study was to validate a new and simple
stepwise algorithm to localize AP site from surface ECG
during sinus rhythm.

Materials and methods

Study population. The study population consisted of con-
secutive patients underwent successful catheter ablation for
manifest AP at Nassiriya Heart Centre from January 2015
through February 2019.

Patients with multiple antegradely conducting AP and
those with structural heart disease in addition to those with
failed ablation were excluded.

All anti arrhythmic drugs were discontinued for at least 5
half-lives before the study.

Study design. This algorithm was developed over two years
since 2012 and applied at Nassiriya Heart Centre (in addition
to the already existing algorithms) and this study was designed
for prospective assessment and validation of this algorithm.

To localize the site of the accessory pathway, the ECG
criteria adopted in this study are as the following (Fig. 1):

1. Using the QRS vector in chest leads:

a) predominantly positive V1-V6 indicate left lateral/left
posterolateral AP;

b) QRS transition at V3 or later indicate right-sided AP;

¢) negative QRS in V1 and predominantly positive in V2
indicate septal AP.

2. Using limb leads:

a) in the case of 1a, negative inferior leads indicate left pos-
terolateral AP, while positive inferior leads indicate left lateral AP;
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b) in the case of 1c, negative inferior leads indicate poste-
rior septal AP, positive inferior leads indicate anteroseptal AP,
while variable positivity indicates midseptal which include
para-Hisian AP;

¢) in 1b, positivity of inferior leads detect at which site of
the right free wall the AP is located.

EPS and ablation. EPS started using 4 intravenous lines
through right and left femoral veins, one steerable decapolar
catheter with a 5-millimeter inter electrode distance posi-
tioned in the coronary sinus, then 3 quadripolar catheters
with a 5-millimeter inter electrode distance positioned at
high right atrium, his and right ventricular apex. In case EPS
proved the presence of left-sided AP, right femoral artery was
used to introduce the ablation catheter through retrograde
aortic approach.

The presence and location of AP, in addition to the
involvement of the AP in tachycardia were determined
by a previously described method [8]. The surface ECG
and intracardiac electrogram were displayed on a monitor
using EP-WorkMate system (St. Jude Medical, Minnesota,
USA).

Localization of the position of ablation catheter was done
using multiple fluoroscopy views.

Ablation were done using radiofrequency ablation cat-
heters, either 4 millimeters tip non irrigated ablation catheter

with a target temperature 55 °C and a maximum power out-
put of 35 Watt, or a 4-millimeter tip irrigated catheter with a
maximum power output of 35 Watt.

If there was no loss of AP conduction, the radiofrequency
energy was discontinued after 15 seconds, if successful, con-
tinue for 90 seconds.

If the AP conduction was still present, the catheter was
repositioned, and the procedure was repeated.

Anatomic locations of AP. The AP locations were identi-
fied according to the successful ablation sites confirmed by
multiple fluoroscopy views and were divided into 6 main
regions (Fig. 2). The anatomic location of the AP were as-
sessed by two independent observers.

Electrocardiographic analysis. By using this algorithm criteria
localization of the site of an AP from surface ECG during sinus
rhythm (speed 25 mm/min, sensitivity 0.1 mV/mm) were done
by two independent observers one day prior to EPS and the
results were reported, then the results were compared with
the results of EPS next day.

Statistical analysis. The data were analyzed in the
computer by using Statistical Package for Social Science
version 22, and the results were presented into simple
self-explanatory tabulation. Sensitivity, specificity,
positive predictive and negative predictive value were
calculated.
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Figure 1. Stepwise algorithm to detect the site of the accessory pathway depending on the QRS vector
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Results

This is study include 121 patients with manifested
accessory pathways Wolf Parkinson (WPW) syndrome, 73
males (60.3 %) and 48 females (39.7 %), with a mean age of
33 £ 12 years and range of 13—69 years, as shown in Table 1.

Table 1. Gender frequency of study patients

Gender No. %
Male 73 60.3
Female 48 39.7
Total 121 100

There were six sites of the manifested accessory pathway
with their frequencies according to electrophysiological
study, the left lateral AP being the most common one and
account for 35.5 % (43 patients) with the posteroseptal AP
the second most common 28.1 % (34 patients) (Table 2).

Table 2. Accessory pathways’ location according
to electrophysiological study

AP asli)tlgtion No. %
Left lateral 43 35.5
Left inferolateral 17 14
Anteroseptal 6 5.0
Posteroseptal 34 28.1
Midseptal 5 41
Right free wall 16 13.2
Total 121 100

By applying the new stepwise algorithm to the patient's
surface ECG, categorizing patients to six different
anatomical locations of the manifested accessory pathway,
the result was listed in Table 3.

Validation of the results shows that overall sensitivity
of this algorithm in accurately detecting the site of AP
in comparison to EPS is 94 % and specificity 98 %, the
positive predictive value 90 % and the negative predictive
value 99 %.

His Bundle

Tricuspid Annulus

Figure 2. Diagrammatic representation of 6 different
locations of accessory pathways in patients with Wolf-
Parkinson-White syndrome: 1 — left anterolateral/
left lateral; 2 — left posterolateral/left posterior; 3 —
posteroseptal; 4 — midseptal; 5 — anteroseptal; 6 —
right free wall

There were six sites of AP detected by EPS (left lateral,
left posterolateral, anteroseptal, posteroseptal, midseptal,
right-sided), the sensitivities of our new algorithm were (91,
100, 100, 91, 100, 81 % respectively), while the specificities
were (100, 95, 99, 97, 99, 100 %).

Discussion

Localization of accessory pathway site is a fundamental
step prior to the electrophysiological study and
radiofrequency ablation. It gives the electrophysiologist
a piece of valuable information which guides the patient
counseling concerning the risks and benefits of ablation, so
that one can anticipate the possible complications like AV
block post ablation due to the proximity of the accessory
pathway to the conductive system, as well as the need for
atrial septal puncture of left heart catheterization.

In addition, it helps in preparing for ablation such as
cryoablation for septal accessory pathways or the need for
special equipment for atrial septal puncture for left-sided APs.

The new algorithm has been developed depending on the
general rules of ECG localization of ventricular tachycardia
[9, 10], because the ventricles are preexcited in both
conditions.

Table 3. Correlation between the predicted accessory pathway location (new algorithm)
and the actual location based on the ablation site

EP ablation site Predicted Sitiz’%ﬁﬂ:ﬂ:‘"g to the new Accuracy parameters

Site No. LL LPL AS PS MS RS Sensitivity | Specificity | PPV NPV
LL 43 39 3 1 91 100 100 96
LPL 17 17 100 95 77 100
AS 6 6 100 99 86 100
PS 34 2 1 31 91 97 91 97
MS 5 5 100 99 83 100
RS 16 3 13 81 100 100 97
Total 121 39 22 7 34 6 13 94 98 90 99

Notes: LL — left lateral; LPL — left posterolateral; AS — anteroseptal; PS — posteroseptal; MS — midseptal;
RS — right-sided; PPV — positive predictive value; NPV — negative predictive value.
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Some of the ECG criteria for localization of AP in this
study has been used previously [11]. However, the whole
algorithm is new.

There were 6 sites of AP: one right free wall, 3 septal
positions and 2 left-sided Aps.

In this study, QRS vector and polarity were used
predominantly for localization rather than delta wave
characteristics and this approach has been used in many
studies [3—5].

The overall sensitivity of the new proposed algorithm
is 94 % with individual sensitivity approaching 100 % in
some pathway location like left posterolateral, anteroseptal
and midseptal AP. While the overall specificity is 98 %, with
individual specificity reaching 100 % in left lateral and right-
sided accessory pathways.

Arruda algorithm reported a sensitivity of 90 % and
specificity around 99 % [1]. In Fox algorithm, the sensitivity
was 90 % [2]. In addition, Taguchi et al. mentioned a
sensitivity and specificity about 94 % and respectively of
98 % [3].

Limitations. The sample size especially for midseptal
and anteroseptal AP is small and patients with multiple
AP were excluded from this study. In addition to Inherent
weakness of any algorithm in the presence of intrinsic ECG
abnormalities, variable fusion or cardiac rotation.

Conclusions

The new algorithm to localize the site of the AP from
surface ECG is easily applied with few steps needed in the
assessment with good sensitivity and specificity.
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OuiHka HoBoro aAroputmy EKI AAS BUSHOYEHHSI AOKAAI3ALT AOAATKOBUX NPOBIAHUX LUASIXIB
npu cnHapowmi BB

Pe3iome. Axmyaavnicms. ¥ nauicnris i3 cungpomoM Bosbda —
IMapkincona — Batita (BI1B) Bu3sHaueHHs po3TaliryBaHHS 10-
JIATKOBUX MPOBITHUX IILISIXiB 3@ JOITOMOTOIO TTOBEPXHEBOI €IeK-

tpokapaiorpadii (EKI') € BaxxinBumM KpokoM mnepes Oyab-sKuM
eJIeKTpOodi3ioIoTiYHNM JOCTIIKEHHSIM Ta a0Jsiieio. Mema: Bati-
JyBaTU HOBUH i TPOCTUI TTOKPOKOBUIT aJITOPUTM TSI BUSHAYEHHST
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JIOKaJTi3allii JoaaTKOBOTO MPOBIAHOTO IIIAXY 3a moBepxHeBoi EKIT
i Yac CUHYCOBOTO puT™MY. Mamepiaau ma memoodu. Y 11b0My TIPO-
CMEKTUBHOMY JAOCJIiDKeHHI B35IJIM Y9aCTh MALliEHTHU i3 CHHIPOMOM
BI1B, sikum Oys10 3aTuIaHOBAHO eJIeKTPO(di3ionoriyHe TOCTiKEeHHS
Ta abms1iio B ogHOMY LIeHTpi 3 ciyHs 2015 poky mo mrotuit 2019
poky. [TosepxHeBi EKI, 3po06eHi 3a 1eHb 10 eaekTpodizionoriu-
HOTO JOCIIKEHHS, BUKOPUCTOBYBAJIU TSI 3aCTOCYBaHHSI IIbOTO
aJITOPUTMY 3 METOIO JIOKaJTi3allil TOJaTKOBOTO TTPOBITHOTO TIJISIXY
Ta MOPIBHSHHS OTPUMaHUX PE3yJIbTaTiB i3 JaHUMM eJIeKTpodizio-
JIOTIYHOTO TOCIiIKEHHSI HACTYITHOTO IHS1. Pe3yavmamu. 3araibHa
KibKicTh nanienTiB — 121, cepen Hux 73 vonosiku (60,3 %) i 48
XiHOK (39,7 %), cepenHiii Bik sikux nopiBHioBaB 33 + 12 (mianazon
13—69) pokiB. 3arajabHi YyTIMBICTb Ta CrIeLU(iUHICTL AITOPUTMY
y BUSIBJIEHHI JOAATKOBOTO MPOBIIHOIO LIISIXY 3 BUKOPUCTAHHSIM
MiCLIST YCTIIITHOT abJIsIIil SIK peepeHTHOTo TeCTy CTAaHOBIATH 94 Ta

98 % BINIMOBIIHO, a MPOrHOCTUYHA 3HAYYILICTh TO3UTUBHOTO Ta
HeraTuBHOTO pe3ynbratiB — 90 Ta 99 %. 3a 1OMOMOTOIO €EKTPO-
(iziosoriyHOrO JOCTIIKEHHS OyJI0 BUSBJICHO IIICTh JIOKaTi3alliit
ITOAaTKOBUX TIPOBIMHMX NUISIXiB (JIiBUIT OOKOBUIA, JIiBUIT 3aIHBO-
OOKOBUI, MEPETHBONIEPETOPOAKOBUIA, 3aTHBONIEPETOPOIKOBUIA,
CepeaHBONEPErOPOKOBUIA Ta IPABUif), Uy TIMBICTb aITOPUTMY TSI
KOXHOTO MicClisl po3TalllyBaHHs cTaHOBMIIA BianosigHo 91, 100,
100, 91, 100, 81 %, Tomi sik cnietmdiunicts — 100, 95, 99, 97, 99,
100 %. Bucnoexu. HoBuii anroputm [Jist BU3HAYEHHS JOJATKOBOTO
MPOBINHOTO ILISIXY B MALi€HTIB i3 cuHapomoM BIIB 3a moBepxHe-
Boto EKI € mpocTuM y 3acTocyBaHHi Ta XapaKTepU3y€EThCSI BUCO-
KMMM 9YTJIUBICTIO i CIIeInivHICTIO.

Kiro4oBi c10Ba: nogatkoBuil MpoBiAHUI LUIAX; CUHAPOM Bolib-
¢a — INapkincoHa — Baiita; eiaekTpodisiosioriuHe 1OCTiKEHHS;
nepeayacHe 30yIKeHHS
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