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ÖZET 

WOLFF-PARKINSON-WHITE SENDROMLU 
HASTALARDA AKSESUAR YOLUN EKG İLE 
LOKALİZASYONUNU SAGLAYAN YENİ BİR AKIM 
ŞEMASININ OLUŞTURULMASI VE AYNI AMAÇLA 
ÖNERiLMiŞ OLAN ÜÇ AKIM ŞEMASININ 
SINANMASI 

Çalışmamızın amacı, Wolff-Parkinson-White (WPW) sen­
dromlu hastalarda aksesuar yolun (AY) sinus ritmindeki 
yüzeyel EKG ile lokalizasyonwıu sağlayacak yeni bir 
akım şemasını radyofrekans kateter ablasyonu (RFA) 
kılavuzluğunda oluşturmak ve aynı amaçla önerilmiş olan 
diğer akım şerna/arının başarısını sınamaktır. Çalışmaya 
tek atriyoventriküler AY'u olan ve yüzeyel EKG'de "mani­
fest'' ya da "intermittent" preeksitasyon gösteren WPW 
sendromlu 65 hasta alındı. EKG'de yetersiz preeksitasyon 
(QRS genişliği '5100 ms) saptanan ve RFA işlemi 
başarısız olan hastalar çalışma dışı bırakıldı. AY mitral 
ve triküspid annuluslar etrafında belirlenen 8 anatomik 
bölgeden birine lokalize edildi. EKG'ler QRS kompleksi 
polaritesi, delta dalgası potarilesi ve QRS kompleksi 
amplitüdü açısından incelendi ve AY bölgeleri arasında 
ayrım sağlayan kriterler belirlendi. En yüksek başarıyı 
sağlayan kriterler bir araya getirilerek bir akım şeması 
oluşturuldu. Yeni akım şeması ile AY hastaların 
%92'sinde 7 farklı bölgeden birine doğru olarak lokalize 
edildi. Ancak sağ ve sol posteroseptal yolları EKG ile bir­
birlerinden ayırmak mümkün olmadı. Başka 

araştırmacılar tarafından önerilmiş olan üç farklı akım 
şemasının başarısı aynı hastaların EKG'leri ile sınandı. 
Bu akım şernaları ile AY'ların sırasıyla %87, %91 ve 
%93'ünün doğru lokalize edildiği bildirilmiş olmasına 
karşın, serimizde doğru lokalizasyon oranları sırasıyla 
%72, %74 ve %62 düzeylerinde kaldı. Sonuç olarak, 
oluşturduğumuz yeni EKG akım şemasının RFA işlemine 
kılavuzluk edebilecek bir noninvazif yöntem olduğu ,fakat 
prospektif bir seride sınanarak yüksek başarı oranının 
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teyit edilmesi gerektiği kanısma varıldı. Diğer üç akını 
şenıası ile elde elliğimiz sonuçlara benzer şekilde, bizim 
akım şemamıwı da farklı bir hasta grubunda daha düşük 
başarı göstermesi beklenebilir. 

Anahtar kelime/er: Woljf-Parkinson-White sendromu, 
yüzeyel EKG, akım şeması, radyofrekans kateter abiasya­
nu 

Currently, radiofrequency catheter ablation (RFA) is 
the first choice for curative treatm.ent of patients 
with Wolff-Parkinson-White (WPW) syndrome (1-

4). The success of this procedure depends on precise 
location of the accessory pathway (AP). Evaluation 
of the surface electrocardiogram (ECG) can be the 
first step to determine the AP location. After appli­
cation of the RFA asa treatment modality for the pa­
tients with WPW syndrome, some electrocardio­
graphic algorithms were proposed to localize the AP 
to one of eight or nine anatomical zones around the 
mitral and tricuspid annuli (S-7). The data obtained 
from the surface ECG can be helpful in planning and 
shortening the RFA procedure. The aims of th is 
study were to form a new algorithm under the guid­
ance of RFA to localize the AP in patients with 
WPW syndrome using the surface ECG during sinus 
rhythm, and to deterrnine the prospective accuracy 
of three different electrocardiographic algorithms 
proposed by Fitzpatrick et al (S), D'A vi la et al (6) and 
Chiang et al (7) for the same purpose. 

METHODS 

Patients: Sixty-five consecutive patients (23 females, 42 
males; mean age 37±12 years) with WPW syndrome, who 
have only one atrioventricular AP and manifest (56 pa­
tients) or intermittent (9 patients) preexcitation on the sur-
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face ECG were included in the study. The exclusion erite­
rin were inadequate preexcitation (QRS duration ~100 ms) 
and an ultimately unsuccessful RFA procedure. None of 
the patients had previous myocardial infarction. There 
were 2 patients with hypertrophic obstructive cardiomyo­
pathy and 2 patients with Ebstein's anomaly. Other pa­
tients were free of structural heart disease. A verbal or 
written informed consent was obtained from a ll patients. 
The study protocol was approved by the local ethics com­
mittee of our institution. 

Electrocardiographic data: After a wash-out period of at 
least 5 half- lives for all antiarrhythmic drugs, 3-channel si­
multancous ECG recordings (paper and spced 25 mm/s, 
calibration 1 cm/1 mY) were obtained in all patients dur­
ing sinus rhythm before e lectrophysiologic study. The 
maximal QRS duration of each ECG was measured. If 
morc than one ECG of a particular patient was present, the 
morc preexcitcd one (the ECG with grcater QRS duration) 
was chosen for the analys is. Also, the most preexcitcd 
QRS complex at each Icad was ana lyzed. The analyzed 
ECG paraınciers were QRS complcx polarity, delta wave 
polarity and QRS complcx amplitude. QRS complex pola­
rity was classified as positive, negative and isobiphasic. A 
QRS complex was defined as positive, when the deflec­
tions above the baseline wcre larger than the deflections 
under the baseline. It was considered as a ncgative com­
plex when the contrary occurrcd. Equal positive and ncı;a­
tive amplitudes was the critcrion for an isobiphasic com­
plcx. QRS complex amplitude was dcfined as the differ­
ence between the positive and negative amplitudes i ıı mili­
volts. Delta wavc polarity was classified as positivc, nega­
tivc, biphasic or isoelectric (7>. Examples for this derinition 
are shown in Figurc 1. 

Electrophysiologic study and radiofrequency catheter 
ablation: All patients underwent e lectrophysiologic study 
and successful RFA after giving informed consent. Tcch­
niqucs of thcsc procedurcs in patients witlı WPW syn­
drome have been deseribed previously ısı. Transvenous 
atrial approach through the femoral vein \vas uscd for the 
ablation of riglıt-s ided pathways. If sııccessful ablation 
could not be performed through this route, basilic or sub­
clavian veins were used to reach the right atrium. The ab­
lation of left-sided pathways including left posteroseptal 
pathways was perfo rmed w ith retrograde arterial approach. 
In case of failure with this technique, the AP was ablated 
using antegrade transseptal approach. The radiofrequency 
current was not delivered in the coronary sinus. A local 
electrogram showing the AP potential or continuous activ­
ity or an A-V interval s horter than 40 ms w ith V wave at 
least 5 ms earlier than the del ta wave indicated a good site 
for energy delivery. 

Location of the accessory pathway: The position of the 

ablation catheter at the successful ablation site was record­
ed in posteroanterior, 30 degrees right anterior oblique and 
45 degrees left anterior oblique projections. The successful 
ablation sites, which show the locations of the APs, were 
grouped into eight anatomieal zones around the mitral and 
tricuspid annuli (Figure 2): Anteroseptal , ınidseptal , right 
posteroseptal, left posteroseptal, left anterolateral, left pos­
terolateral, right anterolateral and right posterolateral. Five 
of these AP s ites including anteroseptal and ınidseptal re­
gions are right-sided and three of theın are left-sided. An­
teroseptal and midseptal pathways were defined as right­
sided because they were ablated on the right side of the 
heart. 

Formation of the algorithm: O ur goal was to form an 
ECG algoritlun depending mainly on QRS complex polari­
ty as the ECG parameter. Dclta wave polarity and QRS 
complex amplitude were considered as assisting ECG pa­
raıneters. Therefore, a three step ECG analysis was per­
formed. At the first step, all 12 leads of the ECGs were re­
viewed to find out different QRS complex polarity pat­
terns able to distinguish betwecn the eight predctcrmined 
anatomical locations of the APs. The most re liable and 
powerful criteria were used to form an algorithın (Algo­
rithın 1). At the second step, the same analysis was per­
formed for del ta waves and the algorithm was revised with 
delta wave polarity criteria to increase its success rate (Al­
gorithın 2). The third step was planned as a limited ECG 
analysis, whieh depends on the results obtained with Algo­
rithın 2. If Algorithm 2 was found to be inadequate for dis­
eriminating betwcen some AP locations, the related ECGs 
were analyzed for QRS coınplex amplitude criteria, which 
could be integrared into the algorithm. 

l'rospective study: Three different e lectrocardiographic 
algorithıns proposed by Fitzpatrick (5), D'Avila !6l and Chi­
ang (7) to localizc the AP in patients with WPW syndrome, 
were tcsted prospcctively with the same 65 ECGs. These 
three algorithms rely on d i ffcrcrı t ECG paraınciers and the 
anatoınica l positions of the APs were also defined differ­
ently in each algorithın. In D'Avi la's algorithın (6), QRS 
complex polarity in four leads and QRS ınorphology in 
one Icad should be analyzed to differentiatc between 8 AP 
sites (anteroseptal , midseptal, posıeroseptal, left late ral , 
lefı posterior, left parasental , right lateral and riglıt para­
septal). Chiang's algorithın (7) involves R/S ratio in two 
leads and del ta wave polarity in three leads as the ECG pa­
rameters and discriıninates between 9 AP zones (right an­
teroseptal/anterior, ınidseptal , right posteroseptal, left pos­
teroseptal , left lateral/anterolateral, left posterior/posıero­
lateral, right anterolatera l, right latera l and right posteri­
or/posterolateral). Many different ECG parameters are in­
cluded in Fitzpatrick's algorithın !5l to dist inguish between 
18 AP sites: the QRS transition zone in chest lcads, the 
sum of the polarities of the del ta wavesin leads II , lll and 

isoeleetne line 

positive positive negative negative biphasic biphasic isoelectric 

Figure l. Classilical i on of delta wave polarity. The vertical lines show the beginning of the delta wave and the end of the del ta wave defined 
as the onset of rapid depolarization; but they do not indicate a fixed period. 
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MV 

AS: an/erosepta/, MS: midseplal, RPS: righl posıerosepıa/, 
LPS: /efi posleroseplal, LAL: /efi anlerolaleral, LPL: left pos­
lerolaıeral, RAL: riglıl anierolale ra/, RPL: riglıl poslerolaıer­
al, AV: aorıic va/ve. TV: lricuspid va/ve, MV: milral va/ve, 
CS: coronary sinus, His: His bwıdle 

Figure 2. Anatomical localizaLions of lhe accessory palhways 

aVF, delıa wave fronıal plane axis, relative amplitude of 
the R versus S wave in leads a VL and I, R wave amplitude 
in Icad m and delta wave amplitude in lead Il. The ana­
tomical positions of the AP sites were the same as in our 
study (Figure 2); but anteroseptal and midscptal regions 
were named as right anterosepıal and right midsepıal in 
this algorithm <sı. 

Statistical analysis: Results are expressed as mean ± SD. 
The sensitivity, specifıcity and diagnostic efficiency of 
each ECG eriterian for differentiation between AP sites 
were calculated. Also, the sensitivity, specifıcity, positive 
predictive value and diagnostic effıciency of the new algo­
rithm for each AP location were determined. The accuracy 
of the prospectively tested algorithms in our serial and 
their sensitivity for each AP location were calculated. The 
effect of the degree of preexcitation on the accuracy of the 
algorithms were analyzed by two different methods: First, 
Student ı-test and Mann-Whitney U test were used to com­
pare the QRS d uration of the mislocated pathways with the 
correctly located pathways. Second, chi-square test was 
used to compare the success of the algorithms in patients 
with different degree of preexcitation; that is patients with 
a QRŞ duration ~1 10 ms versus >1 10 ms, ~ı 15 ms versus 
> 115 m s, ~ı 20 m s versus > 120 m s, ~ 1 30 m s versus > 130 
ms and ~140 ms versus >140 ms. Ap value <0.05 was 
considered as sıatistically signifıcant. 

RESULTS 

QRS durations and pathway locations: The mean 
QRS duration of the 65 ECGs was 127±15 ms. 

There were 36 right-sided and 29 left-sided path-
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ways (QRS duration 130±15 ms and 123±14 ms, re­

spectively). Of the 36 right-sided pathways, 8 (12%) 
were anteroseptal (QRS d uration I 32± 19 m s), 2 

(3%) were mjdseptal (QRS duration 1 1 5±7 ms), 12 
(1 8%) were right posteroseptal (QRS duration 

124±9 ms), 3 (4%) were right anterolateral (QRS du­

ration 126±11 ms) and ll ( 17%) were right postero-

1atera1 (QRS d uration 138±1 7 ms). Of the 29 left­

sided pathways, 4 (6%) were left posterosepta1 (QRS 

duration 137± 15 ms), 16 (%25%) were left antero­

lateral (QRS duration 120±12 ms) and 9 (14%) were 
left posterolateral (QRS duration 122±14 ms). 

Electrocardiographic analysis and formation of 

the algorithm: 

QRS complex polarity: Reliable and powerful QRS 

complex polarity criteria which can differentiate be­

tween AP locations or location groups are shown in 
Table 1. Of these criteria, the most accurate ones 

were used to establish Algorilhm 1 (Figure 3). Lead 

V ı, which can be u sed to differentiate left free wall 
pathways from right free wall and septal pathways, 

was placed at the beginning of the algorithm. A pos­

itive or isobiphasic QRS comp1ex in lead Yı was 

present in 88% of left free wall pathways; but among 
right free wall and septal pathways, only one left 

posteroseptal pathway showed a positive QRS com­

plex in lead Yı (specificity 97.5%). QRS complex 

po1arity in lead lll was used to distinguish between 

left anterolateral and left posterolate ral pathways. 

All left anterolateral pathways demonstrated positive 

QRS complex polarity and 8 of left posterolateral 
pathways showed negative (7 pathways) or isobi­

phasic (1 pathway) QRS complex polarity in this 

lead. 

The right arın of the algorithm was more complicat­

ed (Figure 3). It included left free wall pathways 

with a negative QRS complex in lead Yı (2 left ante­

rolateral and 1 left posterolateral), right free wall and 

septaJ pathways. Lead III was used to discriminate 

left anterolateraJ and anteroseptal pathways from the 
other pathways. A positive QRS complex in lead III 
was present in all left anterolateral pathways and in 

7 of 8 anteroseptal pathways. One anteroseptal path­

way showed a isobiphasic QRS complex and all 
midseptal, posteroseptal and right free wall path­

ways had a negative QRS complex in lead III. Lead 
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Tablc ı. Accuratc QRS complex pola rity criteria of the surfacc ECG which can be used to discriminate betwecn accessory pathway 
locations or location groups. 

Acccssory pathway location ECG criteria* Sensitivity (%) Specilicity Diagnostic efficiency (%) 

LFW vs sepıum and RFW VI(+/+) 88 97.5 93.8 

AS and LAL vs other APs lll (+) 95.8 97.6 69.9 

LAL vs other APs aVL(-/+) 87.5 93.9 92.3 

PS VS RFW ll(-) 75 85.7 80 

PS VS RFW Vı(+) 100 71.4 86.7 

AS vs MS and PS ill(+/+) 100 100 100 

PS vs As and MS ll(-) 75 100 84.6 

PS vs AS and MS aVF(-) 100 100 100 

PS vs AS and MS Yı(+) 100 80 92.3 

LAL vs AS aVL(-/+) 87.5 62.5 79.2 

LALvsAS Vı(+) 100 87.5 95.8 

LAL vs LPL In(+) 100 88.9 96 

LALvs LPL aVF(+) 100 66.7 88 

RAL vs RPL aVF(+) 100 90.9 92.9 

LFM: /eft free wall, RFW: riglır free wal/, AP: accessory patlıway, PS: posrerosepral, 1: or,(+): posirive QRS complex, (±): isobiphasic 
QRS conıplex, (-): negative QRS complex, vs: versus, other abbreviation as in Figure 2. 
*The polariry of rlıe QRS complex slıown in parentlıeses reflecrs rlıe erilerian w lı i c/ı Joeares rlıe AP ro rlıe form er anaronıical region( s) indi­
cared in rlıar row. 

ALGORITHMl 
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Figure 3. A new algorithm to localize the accessory pathway in 
patients with WPW syndrome by analyzing QRS complex polari­
ty in only four leads and QRS morphology in one Icad on the sur­
face ECG during sinus rhythm. (*Qrs pattem was originally de­
seri bed by D'Avila et al (6); abbreviaıions as in Figure 2 and Ta­
ble 1). 

V ı was u sed to differentiate left anterolateral path­
ways from anteroseptal pathways because all left an­
terolateral pathways demonstrated a positive QRS 
complex and all anteroseptal pathways except one 
had a negative QRS complex in lead Yı . 

A QRS complex polarity criterion which was able to 
differentiate midseptal pathways from posteroseptal 

and right free wall pathways could not be found. But 
the "Qrs pattem" (a deep "Q" wave followed by a "r" 
wave and a "s" wave) in lead III, which was origi­
nally deseribed by D'Avila et al (6) in midseptal 
pathways, was present on the ECGs of our two pa­
tients with midseptal pathways. Therefore, this cri­
terion was integrared into our algorithm. Lead Yı 
was used to discriminate between posteroseptal and 
right free wall pathways. All posteroseptal pathways 
showed positive QRS complex polarity and 10 of 14 
right free wall pathways demonstrated negative QRS 
complex polarity in this lead. 

Four right posterolateral pathways, which were 
located in the paraseptal region of the right free wall, 
had a positive QRS complex in lead Yı. At the fina! 
step, the differentiation between right anterolateral 
and right posterolateral pathways was made using 
lead aVF. All right anterolateral pathways had a pos­
itive QRS complex and 10 of ll right posterolateral 
pathways showed a negative (9 pathways) or isobi­
phasic (1 pathway) QRS complex in this lead. A 
QRS complex polarity criterion which can differen­
tiate between left posteroseptal and right posterosep­
tal pathways was not present. 

Fifty-seven (87.7%) of the 65 APs were located cor­
rectly with Algorithm I. The eight mistakes included 
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Ta ble 2. Sensitivity, spccificity, positive predictive value a nd d iagnostic efficiency of Algorithm 1 for each AP location. 

Accessory pathway location Sensitivity (%) Specificity (%) Positive predictive value (%) Diagnostic efficiency (%) 

Anterosepıal 88 100 100 98 

Midseptal 100 100 100 100 

Posteroseptal 94 92 79 92 

Left anterolateral 100 96 89 97 

Left posıerolateral 89 98 89 97 

Righı anıerolaıeral 100 98 75 98 

Righı posıeroleteral 55 100 100 92 

Table 3. Delta wave polarity criteria of the surface ECG which can be used to discriminate between accessory pathway locations or 
location groups. 

Accessory pathway location ECG criteria* Sensitivity (%) Specificity Diagnostic enideney (%) 

LFW vs sepıum and RFW 1(-/+) 97.5 64 86.2 

LFW vs sepıum and RFW aV U -/+) 72 90 83.1 

AS and LAL vs other APs IIJ(+) 9 1.7 87.8 89.2 

AS vs MS and PS lll (+) 100 100 100 

PS vs AS and MS aVF(-/bf) 8 1.3 100 88.5 

RPS V S LPS ll(+/±) 66.7 75 68.8 

RPS VS LPS VI (-) 50 100 62.5 

LAL vs AS aVL(-) 8 1.3 87.5 83.3 

LALvs LPL lll (+) 87.5 66.7 80 

LAL vs LPL aVL(-} 8 1.3 88.9 84 

LALvs LPL aVF(+) 87.5 66.7 80 

RAL vs RPL aVF(+) 100 90.9 92.9 

(+): positive de/ta ıvave. (±): isoelectric de/ta ıvave, (-): negative de/ta ıvave, bf: biphasic de/ta ıvave, otlıer abbrevialions as in Figure 2 
andTab/e / . 
*TJıe polarily oftlıe de/ta wave slıown in parenllıeses reflects 1/ıe eriterian wlıiclılocates tlıe AP 10 tlıeformer anatomical region( s) indical­
ed in 1/ıat row. 

ı anteroseptaı pathway located to the left anterolater­
al region, ı left posteroseptal pathway located to the 
left posterolateraı region, ı left posterolateral path­
way judged to be a left anterolateral pathway, 4 right 
posterolateral pathways misdiagnosed as posterosep­
tal pathways and 1 right posterolateral pathway lo­
cated to the right anterolateral region. Seven of these 
8 mislocations were in the neighbouring AP sites. 
The sensitivity, specificity, positive predictive value 
and diagnostic effıciency of Algorithm ı for each AP 
location are shown in Table 2. The sensitivity for 
right posterolateral pathways was relatively low. 

Delta wave polarity: Delta wave polarity criteria 
which can discriminate between AP locations or lo­
cation groups are shown in Table 3. A reliable and 
powerful delta wave polarity criterion to distinguish 
between right and left posteroseptal pathways could 
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not be found. In addition, none of these criteria were 
more accurate than related QRS complex polari ty 
criteria (Tab le 1 ). The statistical power of del ta wave 
polarity and QRS complex polarity criteria was simi­
lar for differentiation of anteroseptal pathways from 
midseptal and posteroseptal pathways, and right an­
terolateral pathways from right posterolateral path­
ways (Table 1 and Table 3). All right anterolateral 
pathways had a positive delta wave and 10 of 1 l 
right posterolateral pathways showed a negative or 
biphasic delta wave in lead aVF. The integration of 
this lead aVF criterion in the algorithm formed Al­
gorithm 2 (Figure 4). The combined use of QRS 
complex polarity and delta wave polarity cri teria in 
lead a VF prevented incorrect locatio n of one right 
posterolateral pathway to right anterolateral region 
and increased the success rate of the algorithm to 
89.2%. 
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Figure 4. The new algorithm after integration of the delta wave 
polarity c riterion in Icad aVF. (*Qrs pattem was originally de­
scribed by D'Avila et al (6): aVF: delta wave in Icad aVF, '(p): 
positive delta wave, (n): negative delta wave, (bf): biphasic delta 
wave, other abbreviations as in Figure 2 and Table 1 .) 

QRS complex amplitude: QRS complex amplitude 
analysis was carried out in patients with right antero­
lateral, right posterolateral, right posteroseptal and 
left posteroseptal pathways. The aims of this analy­
sis were to find criteria which can differentiate be­
tween right and left posteroseptal pathways, and be­

tween right free wall and posteroseptal pathways. 
The former could not be achieved, but the latter was 

accomplished using QRS complex amplitude in lead 
II. The QRS complex amplitude in lead II was ~0.2 
m V in 15 of 16 posteroseptal pathways and >0.2 m V 
in ll of 14 right free wall pathways. When this eri­

terian was used together with QRS complex polarity 
in lead V 2, I instead of 4 right posterolateral path­
way was misdiagnosed as a posteroseptal pathway; 

however a new error appeared: A right posteroseptal 
pathway was mislocated to right posterolateral 
region. Nevertheless, this last revision in the algo­
rithm decreased the number of mislocations to five 
and increased the sensitivity of the algorithrn to 
92.3%. Four of the 5 mislocations were in the neigh­
bouring AP sites. The exception was the anteroseptal 
pathway of a patient with Ebstein's anomaly located 
to left anterolateral region. The pathways of the 
other three patients with structural heart disease 
were located correctly with the new algorithm. 

The revised algorithm (Algorithm 3) is shown in 
Figure 5. The sensitivity, specificity, positive predic-
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Figure 5. The new algorithm after integration of the QRS com­
plex amplitude criterion in Icad Il. (*Qrs pattem was originally 
deseribed by D'Avila et al (6); Il amp.: QRS complex amplitude 
in Icad II, m V: milivolt, other abbreviations as in Figure 2, Table 
1 and Figure 4.) 

tive value and diagnostic efficiency of Algorithm 3 
for each AP location are summarized in Table 4. The 
success of Algorithm 3 was similar for patients with 

differents degrees of preexcitation. In addition, a sig­
nificant difference between the QRS duration of the 
misdiagnosed pathways and the remaining pathways 

was not present. 

Prospective study: Although the reported success 
rates of the algorithms of Fitzpatrick (5), D'Avila (6) 
and Chiang (7) were 87%, 92% and 93%, respec­

tively, these algorithms demonstrated lower success 
rates in our study group (72%, 74% and 62%, 
respectively). 

Fitzpatrick's algorithm: Fourty-seven (72.3%) of 
65 APs were located correctly with this algorithm. 
Eleven (61 %) of the 18 mislocations were in the 
neighbouring AP sites. One right-sided pathway was 
misdiagnosed asa left-sided pathway and 3 left-sid­
ed pathways were judged to be right-sided. The APs 
of three patients with structural heart disease could 
not be located correctly. The reported and prospec­
tively deterrnined sensitivities of this algorithm for 
each AP site are summarized in Table 5. The algo­
rithm showed a lower sensitivity for midseptal, left 
posteroseptal, Ieft pasteralateral and right posterolat-
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Table 4. Sensitivity, specificity, positive predictive value and diagnostic efficiency of Algorithm 3 for each AP location. 

Accessory pathway location Sensit.ivity (%) Specificity (%) Positive predictive value(%) Diagnostic efficiency (%) 

Anteroseptal 88 100 100 98 

Midseptal 100 100 100 100 

Posteroseptal 88 98 93 95 

Left anterolateıal 100 96 89 97 

Left posterolateıal 89 98 89 97 

Right anterolateıal 100 100 100 100 

Right posterolateral 91 98 91 97 

Table 5. The reported and prospectively determined sensitivities of Fitzpatrick's algorithm (5) for each accessory pathway site. 

Accessory pathway location Number of patients 

Right anteroseptal 8 

Right midseptal 2 

Right posteroseptal 12 

Left posteroseptal 4 

Left anterolateral 16 

Left posterolateral 9 

Right anterolateral 3 

Right posterolateral ll 

eral pathways in our study group. The results were 
similar for the remaining AP sites. Fitzpatrick's al­
gorithm (5) demonstrated similar success in patients 
with different degrees of preexcitation. A significant 
difference between the QRS duration of the misdiag­
nosed pathways and the remaining pathways was not 
present_ 

D'Avila's algorithm: Fourty-eight (73.8%) of 65 
APs were located correctly with this algorithm. The 
location of one anteroseptal pathway could not be 
determined between anteroseptal and left anterolat­
eral regions because the QRS complex in lead a VL 
was isohipbasic and this possibility was not covered 
in the algorithm. Thirteen (8 ı%) of the 16 misloca­
tions were in the neighbouring AP sites. Two right­
sided pathways were misdiagnosed as left-sided 
pathways and ı left-sided pathway was judged to be 
right-sided. The AP of only one patient with structu­
ral heart disease was rnislocated. The reported and 
prospectively determined sensitivities of this algo­
rithm for each AP site are summarized in Table 6. 
The algorithm showed a lower sensitivity for ante­
roseptal, posteroseptal, left posterior and right para­
septal pathways in our patients. The results were 
similar for the remaining AP si tes. D'A vila's al go-

ıso 
-, 

Reported sensitivity (%) Sensitivity in our series(%) 

91 88 

71 50 

76 75 

80 25 

100 94 

85 67 

83 100 

100 45 

rithm (6) showed similar success in patients with dif­
ferent degrees of preexcitation. A significant differ­
ence between the QRS d uration of the misdiagnosed 
pathways and the remaining pathways was not 
present_ 

Chiang's algorithm: Fourty (61.5%) of 65 APs 
were located correctly with this algorithm. Seven­
teen (68%) of the 25 mislocations were in the neigh­
bouring AP sites. Eleven right-sided pathways was 
misdiagnosed as left-sided pathways and 2 left-sided 
pathways were judged to pe right-sided. The APs of 
two patients with structural heart disease could not 
be located correctly. The reported and prospectively 
determined sensitivities of this algorithm for each 
AP site are summarized in Tab le 7. The results were 
similar for left lateral/anterolateral and right antero­
Iateral pathways, but the success of the algorithm 
was considerably Iower for the other AP sites. A sta­
tistically significant difference between the QRS rlu­
ration of the rnisdiagnosed pathways and the remain­
ing pathways was not present. However, the success 
of this algorithm was significantly lower in patients 
with limited preexcitation: lt was 33% in 12 patients 
w ith a QRS d uration of:-::; 1 10 ms and 68% in the re­
maining patients (p<0.03). 
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Table 6. The reported and prospectively determined sensitivities ofD'Avila's algorithm (6) for each accessory pathway site. 

Accessory pathway location Number of patients Reported sensitivity (%) Sensitivity in our series (%) 

Anteroseptal 8 92 63 

Midseptal 2 50 100 

Posteroseptal 16 87 69 

Left lateral 16 98 100 

Left posterior 8 100 13 

Left paraseptal ı 82 100 

Right lateral 9 100 100 

Right paraseptal 5 93 60 

Table 7. The reported and prospectively determined sensitivities of Chiang's algorithm (7) for each accessory pathway site. 

Accessory pathway location Number of patients 

Right anteroseptal/anterior 8 

midseptal 2 

Right posteroseptal 12 

Left posteroseptal 4 

Left lateral/anterolateral 16 

Left posterior/posterolateral 9 

Right anterolateral ı 

Right lateral 7 

Right posterior/posterolateral 6 

DISCUSSION 

The new algorithm: We were able to design a new 
ECG algorithm localizing the AP to one of seven 
sites around the mitral and tricuspid annuli with a 
success rate of 92%. This was accomplished through 
a three step ECG analysis, which favors the use of 
QRS complex polarity criteria to form the skeleton 
of the algorithm. Therefore, our fina! algorithm de­
pends mainly on QRS complex polarity in four leads 
and QRS morphology in one lead; but one delta 
wave polarity and one QRS complex amplitude cri­
terion were included in the algorithm to increase its 
success rate. Nevertheless, the integration of these 
delta wave polarity and QRS complex amplitude cri­
teria increased the accuracy of our algorithm only by 
4%. None of the delta wave polarity criteria was 
found to be more accurate than the related QRS 
complex polarity criteria, delta wave polarity was 
classified according to the more detailed definition 
of Chiang et al m. In our study, we modified this 
definition by finding the beginning and the end of 
each delta wave, instead of describing delta wave 

Reported sensitivity (%) Sensitivity in our series (%) 

91 38 

83 50 

80 58 

87 25 

98 88 

96 67 

90 100 

90 71 

94 17 

polarity as the polarity of a fixed initial part of the 
QRS complex. Chiang et al (7) proposed that the po­
larity of the initial 40 ms segment of the most preex­
cited QRS complex in each of the extremity Ieads, 
and the polarity of the initial 60 ms segment of the 
most preexcited QRS complex in each of the precor­
dial leads represented the polarity of the delta wave 
in the respective leads. However, the length of the 
del ta wave is influenced by the degree of preexcita­
tion (9, 1 0), and this rule m ay not be valid, when lim­
ited preexcitation is present. In our study group, the 
QRS complex polarity criteria were stili superior to 
delta wave polarity criteria, when the original defıni­
tion of Chiang et al (7) was applied or the classic def­
inition of Gallagher (ı ı) for del ta waves was used. 
QRS complex polarity is easier to determine and it 
seems to be a more reliable ECG parameter than del­
ta wave polarity for localization of APs. 

The new algorithm was very successful in distin­
guishing between right-sided and left-sided path­
ways. The only exception was the patient with Eb­
stein's anomaly. The other four mislocations were in 
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the neighbouring AP sites. Such a rnistake will not 
influence the plan of the RFA procedure, and there­
fare it is clinically insignificant. On the other hand, 
differentiation between right and left posteroseptal 
pathways is irnportant for elinical purposes because 
retrograde arterial approach through the femoral ar­
tery is preferred for the ablation of the latter instead 
of delivering energy in the coronary sinus by using 
transvenous atrial approach. A major lirnitation of 
our algorithm is its incapacity for this differentia­
tion. Under the limits of our analysis, we could not 
find any reliable ECG criterion fulfilling this pur­
pose. D'A vi la et al (6) had also not reported a QRS 
complex polarity criterion discriminating right and 
left posteroseptal pathways. Duckeck et al (12) sug­
gested that delta wave polarity in lead V ı is a good 
ECG parameter for this purpose and Chiang et al (7) 

also integrated this criterion into their algorithm. 
However, the diagnostic efficiency of this criterion 
was only 62% in our series. The complex anatomy 
of the posteroseptal space and the close location of 
right and left posteroseptal pathways to each other 
seem to prevent electrocardiographic discrimination 
of these pathways. 

An important limitation of our study is the presence 
of only 2 (3%) patients w ith midseptal pathways. 
This small sample size precluded the determination 
of reliable ECG criteria for the diagnosis of midsep­
tal pathways. The ECGs of our patients with midsep­
tal pathways showed the "Qrs pattern" in lead III, 
which w as originally defined by D'A vila et al (6) as a 
spesific fınding for midseptal pathways. Thus, we 
integrated this criterion into our algorithm and ob­
tained a sensitivity of 100% for the diagnosis of 
rnidseptal pathways. However, this value is mistead­
ing because in the serial of D'Avila et al (6), "Qrs 
pattern" was present in only 50% of the patients with 
midseptal pathways. Moreover, this pattern is also 
not spesifıc for midseptal pathways: We noticed it 
on the ECG of a patient with a left posteroseptal 
pathway. This left posteroseptal pathway was not 
mislocated to the midseptal region with our algo­
rithm, but it was misdiagnosed as Jeft posterolateral 
pathway because QRS complex polarity in lead V ı 
was positive. Left posteroseptal pathways may have 
a positive QRS complex in lead V ı on the surface 
ECG (6,13). This possibility is not covered in our al­
gorithm because only one such example was present 
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in our serial and the ECG features of this left poste­
roseptal pathway was very similar to left posterolat­
eral pathways. For these reasons, the overall success 
rate of our algorithm will probably be lower in a pa­
tient population with more midseptal and left poste­
roseptal pathways. Nevertheless, a substantial 
change should not be expected because usually less 
than 15% of the patients have midseptal and left pos­
teroseptal pathways (5,7) . 

Prospective study: The first independent prospective 
evaluation of the algorithms proposed by Fitzpatrick 
(5), D'A vi la (6) and Chiang (7) w as performed in o ur 

study. These algorithms demonstrated much lower 
success rates in our study group compared to their 
reported accuracy. The sensitivity of Fitzpatrick's (5) 

and D'Avila's (6) algorithms was relatively lower in 
four of the eight AP sites (Table 5 and 6), which 
caused a decrease in the overall success rate of their 
algorithms. The reported and prospectively deter­
mined sensitivities of their algorithms were similar 
in the remaining AP locations. On the contrary, Chi­
ang's (7) algorithm was less accurate in all AP sites 
except left lateral/anterolateral and right anterolater­
al regions (Table 7). The presence of few patients 
with midseptal, right anterolateral and left paraseptal 
pathways prevented a reliable interpretation of the 
accuracy of the algorithms for these AP sites. Be­
yond this limitation, the results of the prospective 
study can be explained in several ways: 

All algorithms were based on the analysis of several 
ECG parameters of a patient population. The most 
powerful ECG criteria obtained through this analysis 
were put together to form the most successful algo­
rithm. Therefore, every algorithm reflects the ECG 
features of that study population. However, the ECG 
may show great variation in patients with WPW syn­
drome depending on the degree of preexcitation 
(10,13,14). Different degrees ofpreexcitation for simi­
lar AP zones in different study groups may influence 
the success of the algorithm. Only Fitzpatrick et al 
(5) reported the mean QRS duration of the ECGs for 
each AP site. Generally, preexcitation was more pro­
nounced intheir study group and lower sensitivity of 
their algorithm in right posterolateral and left poste­
rolateral pathways may be due to the Jess preexcited 
ECGs of o ur patients (QRS d uration I 50±1 7 m s ver­
sus 139±18 ms for right posterolateral pathways, 
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133± 16 m s versus 1 22± 14 m s for left posterelateral 
pathways). The ECGs analyzed in Chiang's study (7) 

also seem to have more pronounced preexcitation 
compared to our study. Minimal preexcitation pat­
tem (a term applied by Teo et al (9) to deseribe a 12-
lead ECG, in which the maximal delta wave duration 

in any Jead was <40 ms) was present in only 6% of 
the patients in Chiang's (7) study group, whereas 

15% of our patients had minimal preexcitation on 
their ECGs. 

Different interpretations when evaluating the ECG 
and localizing the AP with RFA are other factors 
which may influence the results of the prospective 
study. Criteria involving delta waves may be diffi ­
cult to evaluate, especially in case of limited preex­

citation (QRS d uration ~I 1 O ms). Chiang's algo­
rithm (7), which includes mainly delta wave polarity 
criteria, was the least successful algorithm in our se­
ries. On the o ther hand, D'Avila's algorithm (6), 

which involves only QRS com]Jlex polarity criteria 
except the "Qrs pattt~m", was the most accurate algo­
rithm. In other words, the results of our prospective 
study also supports the superiority of QRS complex 
polarity criteria over delta wave polarity criteria. 
Another possible explanation for errors is the deler­

mination of AP location under f luoroscopic 
guidance. Real anatemical borders do not exist 
between AP zones, and pathways located near the 

borders of these regions may be the source of some 
misinterpretations. However, the high proportion of 
pathways mislocqted to the neighbouring AP zones 
should not be taken as a proof for the high frequency 
of such misinterpretations because closely located 

APs, which lie at the opposite sides of an arbitrary 
border, may show similar preexcitation patterns on 
the 12-lead ECG, thus the ir electrocardiographic 

differentiation is also difficult. In our study, this fact 
was observed in the 4 right posterelateral pathways 
misdiagnosed as posteroseptal with Algorithm 1 due 
to the positive QRS complex in lead V 2- All of these 
right posterelateral pathways were located in the 
right paraseptal region and their preexcitation 
pattern was very similar to posteroseptal pathways. 

Finally, each algorithm may involve criteria which 
are inadequate to discriminate between some AP lo­
cations. Three of the 4 left posteroseptal pathways 
were misclassified as right-sided with Fitzpatrick's 

algorithm (5) . The precordial QRS transition w as be­
tween the Ieads Yı and Yı in these three patients. 
The criterion proposed fo r discrimination of right 
and left-sided- pathways showing this precordial 
QRS transition pattem (the-difference of the ampli­
tudes of R-wave and S-wave in Jead I) failed iı:ı our 

patients with left posteroseptal pathways. On the 
other han d, it was successful in the I 6 of 17 other 

pathways (1 midseptal, 12 right posteroseptal, 2 Ieft 
anterolateral, 1 left posterolateral) exhibiting the 
same QRS transition patlern. The only exception 
was the anteroseptal pathway of the patient w ith Eb­
stein's anomaly mislocated to the left antere lateral 
region. 

S ix of the 8 left posterior pathways were considered 
as left paraseptal pathways w ith D'A vila's algorithm 
(6) because QRS complex polarity in Jead III was in­
sufficient to di fferentiate between these locations. In 
this algorithm, a positive or isobiphasic QRS com­
plex in lead V ı locates the AP to the left free w all _ 

and a positive, isobiphasic or negative QRS complex 
in lead III discriminates the location of the AP be­
tween left lateral, left posterior and left paraseptal 

regions, respectively. In other words, D'Avila et al 
(6) halved the left postere lateral region in left poste­
rior and left paraseptal zones and they limited the di­
agnosis of a left posterior pathway w ith the presence 
of equal negative and positive deflections in lead llL 
Such an approach does not seem to be reaSonable 
when using a diagnostic tool which shöws substan­
tial variability due to the degree of preexcitation and 
the orientation of the heart within the chest 
( 1 O, 13, I 4 ). Chiang et al (7) reported that they could 
distinguish between three AP sites on the right free 
wall by analyzing only the delta wave polari ty in 

lead a VF. The sensitivity of this eriteri on w as 7 1% 
in our patients with right free wall pathways. We be­

lieve that surface ECG is not sensitive enough to de­
fine three different AP sites on the right and left free 
walls of the heart. Moreover, such detailed informa­
tion is also not necessary to guide the RFA proce­
dure. 

Chiang's algorithm (7) was found to be significantly 

Jess accurate in patients with limited preexcitation 
(QRS d uration ~ 1 10 ms). Such a significant differ­
ence was not observed in the algorithms of Fitzpa­
trick (5) and D'Avila (6)_ Limited preexcitation was 
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present in 12 (18%) of our patients, 6 of them had 
septal or right free wall pathways. In this subgroup 
of patients, a correct diagnosis was achieved in 4 

(67%) of the 6 left free wall pathways with Chiang's 
algorithm, but none of the septal and right free wall 
pathways were located correctly. Chiang et aJ (7) de­
fined delta wave polarity as the polarity of the first 
40 ms of the QRS complex in extremity leads and 
the polarity of the fırst 60 ms of the QRS complex in 
precordiaJ leads. Our findings indicate that this defi­
nition may be erroneous in patients with limited pre­
excitation. Delta waves may be hardly discernible in 
these patients and their duration may be shorter than 
40 ms in extremity leads and shorter than 60 ms in 
precordial leads. Therefore, an initial fixed interval 
of the QRS complex may not always reflect the po­
larity of the del ta wave. Chiang et al (7) reported that 
their algorithm predicted the pathways of all patients 
with minimal preexcitation pattern correctly, but all 
of these patients had left free wall pathways. Our se­
rial included 10 patients with minimal preexcitation 
pattern, 4 of them had septal or right free fall path­
ways. In this subgroup, only 3 left free wall path­
ways could be diagnosed correctly with Chiang's al­

gorithm and all of the septal and right free wall path­
ways were mislocated. On the other hand, the suc­
cess rates of the aJgorithms of Fitzpatrick and D' Avi­
la in these patients were very close to their overall 
accuracy: Both algorithms located 7 (70%) of these 
10 pathways correctly. Thesedata demonstrate that 
the value of Chiang's algorithm is questionable in 
patients with limited or minimaJ preexcitation, espe­
cially if they have a septal or right free wall path­
way. 

Limitations: Inadequate preexcitation, structural 
heart disease, skeletal abnormalities, the orientation 
of the heart w i thin the chest and the position of chest 
electrodes are factors which can interfere with the 
use of the surface ECG to localize the AP (13,14). 
Our algorithm and the other algorithms are designed 
to localize only one atrioventricular pathway during 
sinus rhythm. They can not be used in variants of 
WPW syndrome and their value in patients with 
multipl APs and during atrial fibrillation or atrial 
pacing remains to be tested. 

Conclusions: We concluded that our new ECG al­
gorithm is a useful noninvasive tool to guide the 
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RFA procedure; but a prospective study is needed to 
verify its high success rate. A drop in the accuracy 
of our algorithm should be expected in a different 
group of patients,as we have shown for the other al­
gorithms. Much lower success rates of the other al­
gorithms in our series may be due to different de­
grees of preexcitation for s imilar AP zones, different 
interpretations when evaluating the ECG or localiz­
ing the AP under fluoroscopic guidance, and finally 
the presence of some inadequate ECG criteria in 
each algorithm. 
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