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Aims The precise localization of manifest posteroseptal accessory pathways (APs) often poses diagnostic challenges con-
sidering that a small area may encompass AP that may be ablated from the right or left endocardium, or epicar-
dially within the coronary sinus (CS). We sought to explore whether the QRS transition pattern in the precordial
lead may help to discriminate the necessary ablation approach.

...................................................................................................................................................................................................
Methods
and results

Consecutive patients who underwent a successful ablation of a single manifest AP over a 5-year period were in-
cluded. Standard 12-lead electrocardiograms were reviewed. A total of 273 patients were identified. Mean age was
31 ± 15 years and 62% were male. Of the 110 identified posteroseptal AP, 64 were ablated from the right endocar-
dium, 33 from the left endocardium, and 13 inside the CS. While a normal precordial QRS transition was most of-
ten observed, a subset of 33 patients presented an atypical ‘double transition’ pattern which specifically identified
right endocardial AP. The combination of a q wave in V1 with a proportion of the positive QRS component in
V1 < V2 > V3, predicted a right endocardial AP with a 100% specificity. In case of a positive QRS sum in V2, this
‘double transition’ pattern predicted a posteroseptal right endocardial AP with 99.5% specificity and 44% sensitivity.
The positive predictive value was 97%. The only false positive was a midseptal AP. In the case of a negative or iso-
electric QRS sum in V2, APs were located more laterally on the tricuspid annulus.

...................................................................................................................................................................................................
Conclusion The combination of a q wave in V1 with a double QRS transition pattern in the precordial leads is highly specific

of a right endocardial AP and rules out the need for CS or left-sided mapping.
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Introduction

Radiofrequency catheter ablation has become the preferred treat-
ment option for patients with symptomatic Wolff–Parkinson–White
(WPW) syndrome. The success of the procedure depends on the ac-
curate localization of the accessory pathway (AP) whose first step is
provided by the analysis of the pre-excitation pattern on 12-lead
electrocardiogram (ECG) during sinus rhythm. Several algorithms
based on the delta wave and/or QRS polarity have been previously
proposed to characterize the AP localization in WPW patients.1–10

However, these criteria only provide an approximate indication of
the AP localization and their accuracy is modest especially for certain
locations.11 More specifically, the precise localization of posterosep-
tal AP often poses a diagnostic challenge. This likely reflects the com-
plex anatomy at the crux of the four cardiac chambers, where a small
area may encompass AP that may be approached from the right or
left endocardium, or require an ablation performed epicardially inside
the coronary sinus (CS). Furthermore, the latter location has only
been considered in a limited number of studies correlating the ECG
patterns with the AP insertion site.1,6

Considering the differences in procedure risks and success
rate depending on the need for a left-sided approach or a CS abla-
tion,12–16 an accurate anticipation of the precise location of postero-
septal AP is critical to inform the discussion and consent process
with the patient and to guide the initial mapping strategy.

The purpose of the study was to identify novel ECG patterns that
may help in the differential diagnosis of posteroseptal AP. More spe-
cifically, we south to explore whether patterns of delta wave polarity
or the QRS complex morphology in the precordial leads may help re-
fine the localization of such AP.

Methods

Study population
The study population consisted of consecutive patients referred for abla-
tion of manifest AP over a 5-year period. Patients with the following crite-
ria were excluded: (i) presence of more than one anterogradely
conducting AP, (ii) radiofrequency ablation aborted or unsuccessful, and
(iii) Mahaim fibres.

A total of 273 patients were identified. Mean age was 31± 15 years
(range 9–76) and 62% were male. Written and informed consent was
obtained from all patients.

Electrophysiological study
All procedures were performed in sinus rhythm after withdrawal of all
antiarrhythmic drugs. Two diagnostic catheters were percutaneously
inserted through the right femoral vein including a steerable quadri- or
decapolar catheter positioned in the CS. Surface ECG and bipolar intra-
cardiac electrograms (EGMs) were monitored continuously and stored
on a computer-based digital amplifier/recorder system (Labsystem Pro,
Boston Scientific, USA). Unipolar and bipolar EGM were band-pass fil-
tered from 1 to 500 Hz and from 30 to 250 Hz, respectively.

Mapping and ablation of accessory pathways
The ventricular insertion site of the AP were localized and ablated by
mapping the earliest bipolar ventricular potential relative to the delta
wave onset, associated with a QS pattern on the unipolar waveform, dur-
ing sinus rhythm or atrial pacing as previously described.17 Ablation en-
ergy source was most often standard radiofrequency. Irrigated
radiofrequency was used when ablation was performed within the CS or
for redo procedures. Left-sided AP were mapped using either a transsep-
tal or retrograde aortic approach. A long sheath was used for right lateral
and right anterior AP. Anterior, anteroseptal, and parahissian AP were
targeted using either a left subclavian approach or a long sheath.

Regarding the mapping strategy of posteroseptal AP, CS ablation was
not attempted prior to a meticulous left-sided mapping. Whenever
favourable EGMs were recorded from the right posteroseptal (RPS) en-
docardial region, ablation was attempted from the tricuspid annular re-
gion adjacent to the CS ostium. Mapping outside and inside the CS was
confirmed by fluoroscopy. Coronary sinus angiography was performed in
case of suspected CS diverticulum or unsuccessful initial ablation
attempts. If right-sided endocardial mapping appeared suboptimal, access
to the left side was gained to map the posteroseptal region of the mitral
annulus. The EGMs obtained from the left side were compared to those
recorded from inside the CS. Ablation was attempted at the site with bet-
ter EGMs but the right or left endocardium were preferentially targeted
first.

What’s new?

• There are no identified electrocardiogram (ECG) signs that
allows the specific identification of epicardial coronary venous
accessory pathways (APs).

• The double QRS transition pattern in the precordial leads is a
highly specific ECG finding which discriminates posteroseptal
APs ablated from the right endocardium from those requiring
a left-sided or epicardial coronary venous approach.

• In case of a double precordial transition in the precordial leads,
the AP can be localized septally or laterally along the posterior
tricuspid annulus depending on the polarity of the QRS in lead
V2.

Figure 1 Schematic representation of the atrioventricular annuli
as viewed in the left anterior oblique view, with the classification of
the accessory pathway locations. AS/PH, anteroseptal/parahissian;
CS, coronary sinus; IVC, inferior vena cava; LL/LAL, left lateral/left
anterolateral; LP, left posterior; LPL, left posterolateral; LPS, left en-
docardial posteroseptal; MCV, mid-cardiac vein; PS-CS, subepicar-
dial posteroseptal; RA/RAL, right anterior/right anterolateral; RL,
right lateral; RMS, right mid-septal; RP, right posterior; RPL, right
posterolateral; RPS, right endocardial posteroseptal; VS, venous
structure such as diverticula.
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The successful ablation site was identified radiographically in the left
anterior oblique view with the catheter recording the His-bundle poten-
tial pointing directly towards the operator. In this projection, the CS os-
tium was identified by a point located directly below on the same sagittal
plane, on the shaft of the catheter placed within the CS.

Classification of the accessory pathway

location
AP locations were classified into three main regions further subdivided in
13 locations similar to the classification proposed by Arruda et al.1

(Figure 1).

(1) Septal AP were divided into five locations: (i) anteroseptal/parahis-
sian from 1 o’clock to the area where a His-bundle potential was
recorded; (ii) right mid-septal included AP located on the septal sec-
tion of the tricuspid annulus comprised between the parahissian
and the posteroseptal locations; (iii) RPS included AP located
around the CS ostium; (iv) subepicardial posteroseptal (PS-CS) con-
sisted of AP successfully ablated >_1 cm within the CS including
those ablated in the mid-cardiac vein, in diverticula or other venous
structure; and (v) left posteroseptal (LPS) consisted of left endocar-
dial AP ablated from 7 o’clock to 8 o’clock along the mitral annulus.

(2) Right free wall AP were divided into four locations: (i) right anterior/
right anterolateral from 1 o’clock to 10 o’clock; (ii) right lateral from
8 o’clock to 10 o’clock; (iii) right posterolateral from 7 o’clock to 8
o’clock; and (iv) right posterior from 5 o’clock to 7 o’clock.

(3) Left free wall AP were divided into three locations: (i) left lateral/left
anterolateral from 12 o’clock to 4 o’clock; (ii) left posterolateral
from 4 o’clock to 5 o’clock; and (iii) left posterior from 5 o’clock to
7 o’clock.

Electrocardiogram analysis
The standard resting 12-lead ECG was analysed at 25 mm/s sweep speed
and with a standard gain of 1 mV/cm with a filter setting of 0.05 Hz (high
pass) and 100 Hz (low pass). The 12 leads were recorded simultaneously.
Two investigators blinded to the ablation results independently analysed
the ECG. In case of disagreement, a consensus was obtained. The onset
of the delta wave in each lead was measured from the onset of the earli-
est delta wave observed in any of the peripheral leads. The delta wave
was measured within the first 40 ms of the earliest delta wave onset. The
polarity of the delta wave was classified as positive, negative, or isoelectric
and was characterized within each the first and the second half of the
40 ms period, as illustrated in Figure 2A.

The polarity and relative amplitude of each component of the QRS
complexes were characterized in each lead. The precordial QRS transi-
tion was evaluated by characterizing the ratio between the positive (R
wave) and the sum of positive and negative components of the QRS
across each precordial leads (Figure 2B).

Statistical analysis
Continuous variables are presented as arithmetic means ± standard devi-
ation. Categorical variables are expressed as absolute numbers and per-
centages. Categorical variables were compared with the v2 test or the
Fisher’s exact test, as appropriate. All tests were two-tailed, and statistical
significance was assumed for P-values <0.05. Statistical analysis was per-
formed using the software SPSS, 17.0 (SPSS, Inc., Chicago, IL, USA).

Results

A total of 274 patients with a single manifest AP successfully ablated
were identified. Two patients had Ebstein’s anomaly. One previously
published case was excluded from the analysis because of an atypical
AP located at the collar of a right atrial appendage diverticulum.18

The mean age was 31± 15 years and 62% were male.
The distribution of the AP localizations is illustrated in Figure 3A. A

total of 110 posteroseptal AP were identified, which represented
40% of the study population. Of these AP, 64 (58%) were ablated at
the right endocardial posteroseptal region, 33 (30%) at the left endo-
cardial posteroseptal region, and 13 (12%) inside the CS (Figure 3B).

Delta wave polarity
The polarity of the delta wave in the inferior leads and V1 is reported
in Table 1. No delta wave polarity pattern was found to specifically
discriminate the different posteroseptal AP locations. A negative po-
larity of the initial 20 ms of the delta wave in lead II has been associ-
ated with AP ablated within the CS as reported by Arruda et al. This
finding was indeed more often observed in PS-CS AP with 77% of
cases displaying a negative delta wave compared to 41% and 39%, in
RPS and LPS, respectively (P = 0.017 and 0.022, respectively).
However, a negative initial delta wave in lead II was also often ob-
served in right free wall (35%) and left posterior AP (40%). Of note,
the same findings applied to patients with a negative initial delta wave
in all inferior leads since all patients with a negative delta wave in lead

Figure 2 Delta wave polarity (A) and precordial transition assess-
ment (B). (A) The delta wave was measured within the first 40 ms of
the earliest delta wave onset. The polarity of the delta wave was
classified as positive, negative, or isoelectric and was characterized
within each the first, and the second half of the 40 ms period. (B)
Example of a normal precordial QRS transition in a patient with a
left endocardial posteroseptal accessory pathway. The precordial
QRS transition was evaluated by characterizing the ratio between
the positive (R wave) and the sum of positive and negative compo-
nents of the QRS across each precordial leads.
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II, also displayed a negative delta wave in leads III and aVF. Using the
stepwise diagnostic algorithm proposed by Arruda et al.,1 a negative
delta wave in lead II would provide a 77% sensitivity, 68% specificity
and 18% positive predictive value (PPV) [95% confidence interval
(CI) 9–30%] to identify a PS-CS AP.

Different combinations of inferior leads delta wave polarities were
also evaluated. The combination of a positive initial delta wave (0–
20 ms) in lead II, with negative delta waves in lead III and aVF, is
expected to point towards a more right-sided location.5 This pattern
was only observed in nine patients (3%); eight with right endocardial
AP (seven RPS, one right mid-septal), and one with a left-sided post-
eroseptal AP. Though the sensitivity was only 6%, this finding pro-
vided a 96% specificity and 89% PPV (95% CI 51–99%) to predict a
right endocardial septal AP.

Similarly, we evaluated the combination of a negative or isoelectric
initial delta wave (0–20 ms) in V1, combined with a negative delta
wave in lead aVF to identify RPS AP as proposed by Arruda et al.1

This combination provided a 58% sensitivity, 93% specificity, and 73%
PPV to identify RPS AP (95% CI 58–84%). A higher specificity (96%)
was found when the analysis included only a negative initial delta
wave in both V1 and aVF, which provided a 45% sensitivity and 78%
PPV (95% CI 61–90%). A positive delta wave in V1 provided limited
specificity to predict a left-sided posteroseptal AP considering that

this feature was observed in most PS-CS AP (62%), and in a substan-
tial number of RPS AP (14%).

Precordial QRS transition
A normal precordial QRS transition with a progressively increasing
R-wave proportion across the precordium was observed in most of
the cases (Figure 2B). In a subset of patients, an atypical QRS transition
pattern was observed with a proportion of the positive QRS compo-
nent increasing from lead V1 to V2, and beyond V3, but decreasing
between lead V2 and V3 (positive QRS component in V1 < V2 > V3).
This pattern produced a ‘double transition’ as illustrated in Figure 4.
The combination of a q wave in V1 with a proportion of the positive
QRS component in V1 < V2 > V3 predicted a right endocardial AP
with a 100% specificity (sensitivity 30%). This pattern was observed in
33 patients (12% of the study population). Of these patients, 28
patients had an RPS AP (including one at 5 o’clock), one had a right
mid-septal AP, three had a right posterolateral AP, and one a right lat-
eral AP. Of note, this double transition pattern was also specifically
related to right endocardial AP when a q wave was lacking in V1 as
long as the QRS was predominantly negative with a substantial de-
gree of pre-excitation (defined as a QRS width > 130 ms). Including
such cases, the double transition pattern yielded a 34% sensitivity and
100% specificity to identify right endocardial AP. Of the total

Figure 3 Accessory pathway distribution across the 13 locations (A), and across the three posteroseptal locations (B): the RPS region (red), the
LPS region (blue), and the PS-CS (green). AS/PH, anteroseptal/parahissian; CS, coronary sinus; IVC, inferior vena cava; LL/LAL, left lateral/left antero-
lateral; LP, left posterior; LPL, left posterolateral; LPS, left endocardial posteroseptal; MCV, mid-cardiac vein; PS-CS, subepicardial posteroseptal; RA/
RAL, right anterior/right anterolateral; RL, right lateral; RMS, right mid-septal; RP, right posterior; RPL, right posterolateral; RPS, right endocardial
posteroseptal; VS, venous structure such as diverticula.
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population, this pattern helped to identify almost about one out of
seven AP (n = 37).

Additionally, a more precise localization of the AP could be
achieved by assessing the QRS polarity sum in V2. Namely, in case of
a positive QRS sum in V2 (Figure 4A–C), this ‘double transition’ pat-
tern could identify an RPS AP with a specificity of 99.5%, a sensitivity
of 44%, and a PPV of 97% (95% CI 80–100%). The only false positive
was a right mid-septal AP. On the other hand, in case of a negative or
equiphasic QRS sum in V2 (Figure 4D), the AP was localized more lat-
erally with respect to the middle of the cavotricuspid isthmus. This
pattern provided 99.6% specificity, 27% sensitivity, and 80% PPV
(95% CI 30–99%) to identify a right posterolateral or lateral AP. The
only false positive was an RPS AP in a patient with Ebstein’s anomaly
and complete right bundle branch block after ablation.

A proposed algorithm based on the ‘double transition’ pattern is il-
lustrated in Figure 5.

Discussion

Main findings
The major finding of our study is the identification of a novel ECG
sign which allows to specifically discriminate posterior and postero-
septal AP that are successfully ablated from the right endocardium.
The ECG sign consisted in the association of either a q wave or a pre-
dominantly negative wide QRS in V1, with a proportion of the posi-
tive precordial QRS component in V1 < V2 > V3, producing a
‘double precordial transition’ pattern. Out of a study population of
273 patients, this pattern was 100% specific of an AP that could be

ablated from the right endocardium and allowed to rule out the need
for a left-sided approach or an ablation performed within the CS.
Moreover, our study showed that the AP localization could be fur-
ther refined depending on the QRS polarity in V2. Namely, in case of
a positive QRS, the AP was localized on the right endocardial poster-
oseptal region, whereas in case of a negative or isoelectric in V2, the
AP was localized more laterally on the tricuspid annulus.

This double transition pattern may help to characterize the AP lo-
calization of almost about one out of seven AP referred for ablation.

Subepicardial accessory pathway:
previous studies
Our data adds to a number of previously published studies based on
the analysis of the delta wave and/or the QRS polarity.1–8 Regarding
the specific characterization of posteroseptal AP, the goal of most
algorithms was to discriminate the laterality between right or left en-
docardial localizations. To our knowledge, only a limited number of
studies have included in their analysis epicardially situated AP requir-
ing ablation performed within the CS.1,6,16,19 Arruda et al. developed
a stepwise ECG algorithm based on the analysis of the polarity of the
delta wave within the initial 20 ms of the pre-excitation. In the ab-
sence of a suspected left free wall AP, which was based on the polar-
ity of the delta wave in lead I and V1, the identification of a negative
delta wave in lead II was specifically associated with subepicardial AP
ablated within the CS (100% sensitivity and specificity). In the present
study, we found that a negative delta wave was indeed significantly
more often observed in PS-CS AP compared to RPS and LPS AP.
However, the specificity and sensitivity of that finding were low con-
sidering that about 40% of endocardial posteroseptal (left and right),

Figure 4 Representative examples of 12-lead electrocardiograms. In left endocardial (A) and subepicardial (B) posteroseptal accessory pathways, a
normal precordial lead transition was observed (blue arrow) with a progressively increasing R-wave proportion (displayed in percent) across the pre-
cordium. On the other hand, an abnormal transition pattern was specifically observed in a subset of patients with right endocardial accessory path-
ways (C–F): a ‘double precordial transition’ is observed (blue arrows), with a proportion of the positive QRS component in V1 < V2 > V3. The QRS
polarity in lead V2 allowed to further localize the accessory pathway along the tricuspid annulus: a positive QRS sum indicated a posteroseptal right
endocardial accessory pathway (C–E), whereas a negative or isoelectric QRS sum in lead V2 predicted a more lateral localization as illustrated in a
posterolateral right accessory pathway (F).
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left posterior and right free wall AP, all displayed a negative delta
wave in lead II. Accordingly, its sensitivity, specificity, and PPV in pre-
dicting a subepicardial AP were 77%, 68%, and 18%, respectively.
Interestingly, our findings compare to the 70% sensitivity reported in
a latter study by Arruda’s group on a much larger number of subepi-
cardial AP (n = 126).16

The finding of a negative delta wave in all inferior leads has been
regarded by some authors as suggestive of an RPS AP, generally re-
lated to the CS orifice region.5 In our study population, this finding
provided the exact same information as a negative delta wave in lead
II with respect to the AP localization, since all of these patients also
displayed a negative initial delta wave in lead III and aVF. Accordingly,
this combination rather suggested a subepicardial AP localization
though with limited specificity.

Takahashi et al.6 evaluated the initial 40 ms of the delta wave in or-
der to identify AP ablated within the CS from a selected population
of 117 patients with manifest posteroseptal AP. They found that a
negative delta wave in lead II was more often observed in AP ablated
within the CS compared to those ablated right or left endocardially
(87% vs. 21%, P < 0.01). The sensitivity of this finding was quite high in
this selected population of posteroseptal AP (87%), but the specificity
and PPV were lower (79% and 50%, respectively). They also ob-
served that a positive delta wave in lead aVR was more often ob-
served in subepicardial AP compared to RPS and LPS AP (57% vs. 9%,
P < 0.01). The sensitivity, specificity, and PPV of this finding were 52%,
91%, and 62%. Moreover, among posteroseptal AP, a negative delta
wave in V1 was present only in right endocardial posteroseptal AP
(28% vs. 0%, P < 0.01). Considering the different characterization of
the delta wave polarity in our study, these results cannot be directly

compared. Notwithstanding, a positive delta wave in lead aVR, in
both the first and second half of the 40 ms period, was specific of AP
localized in the posteroseptal region but was rarely observed in our
study population. This finding was observed in only 15% of PS-CS AP
compared to 3% and 6% in RPS and LPS AP, respectively (P = 0.07
and 0.31, respectively). Regarding the negative delta wave polarity in
V1 as defined in their study, this finding was indeed specific of right
endocardial AP in our study population. However, a negative delta
wave was also observed in LPS and PS-CS AP, with a prevalence of
12% and 15%, respectively (as compared to 69% in RPS AP, P < 0.01
for both comparisons).

Based on the data discussed here and on our study results, no evi-
dence seem to support that a specific ECG pattern allows to selec-
tively identify subepicardial AP on standard sinus rhythm ECG.
Conceptually, the identification of such a pattern seems unlikely con-
sidering the proximity and overlap of structures in that region. It
seems rather more realistic to aim for the identification of criteria
that are specific for AP located at some distance of the overlapped
endo- and epicardial components of the septum and the left atrium,
as done in the present study.

Delta wave polarity combinations
Different combinations of delta wave polarity in V1 and in the inferior
leads were evaluated in order to accurately localize AP in the poster-
oseptal region. In the stepwise algorithm proposed by Arruda et al.,
left free wall AP were first identified based either on the polarity of
the initial delta wave (0–20 ms) in lead I (isoelectric or negative), or a
R wave >_S wave in V1. As a second step, subepicardial AP were

Figure 5 Summarized proposed algorithm based on the ‘double transition’ pattern. AS/PH, anteroseptal/parahissian; CS, coronary sinus; IVC, infe-
rior vena cava; LL/LAL, left lateral/left anterolateral; LP, left posterior; LPL, left posterolateral; LPS, left endocardial posteroseptal; MCV, mid-cardiac
vein; PS-CS, subepicardial posteroseptal; RA/RAL, right anterior/right anterolateral; RL, right lateral; RMS, right mid-septal; RP, right posterior; RPL,
right posterolateral; RPS, right endocardial posteroseptal; VS, venous structure such as diverticula.
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identified based on the delta wave polarity in lead II as previously dis-
cussed. RPS AP were identified based on the combination of a nega-
tive, or isoelectric, initial delta wave in V1, combined with a negative
delta wave in lead aVF. In our study population, this pattern was fairly
specific and provided 58% sensitivity, 93% specificity, and 73% PPV.
Its specificity could be further increased when only negative delta
waves were considered in both V1 and aVF (45% sensitivity, 96% spe-
cificity, and 78% PPV). Though somewhat more sensitive, this pattern
remained however less specific than the ‘double transition’ pattern.

The delta wave polarity comparison between lead II and lead III has
been proposed to discriminate AP more likely to be approachable
from the right side: the larger the negative delta wave in lead III rela-
tive to lead II,19 the more likely a posteroseptal AP will be ablated on
the right endocardial side. Similarly, a positive initial delta wave (0–
20 ms) in lead II combined with a negative delta wave in lead III and
aVF has been shown to point towards an RPS AP.5 The latter pattern
was rarely observed in our study population (n = 9) but was indeed
fairly specific of a right endocardial AP (mostly RPS) with only one
LPS. The sensitivity of this finding was only 6% but it provided a 96%
specificity and 89% PPV.

The double transition and QRS polarity
in V2
The ECG pattern consisting of a ‘double precordial transition’ was
specifically associated with right endocardial posterior and postero-
septal AP. While this association has not been specifically reported
so far, Xie et al.8 noticed in their study evaluating the polarity and
morphology of the QRS that, among patients with RPS AP, 5 out of
11 of them (45%) had ‘a higher R wave in leads V2 and V4 than in V3’.
Interestingly, this proportion is similar as the one observed in our
study population (i.e. 44%).

The mechanism underlying this pattern remains uncertain. Lead V2
and V3 face the right free wall and, rearward, the septum. Consistent
with this, both leads have been shown to be useful for the identifica-
tion of right septal or right free wall AP. In case of a ‘double precor-
dial transition’, we found that the lead polarity in V2 was useful to
localize the AP along the posterior tricuspid annulus. Namely, a posi-
tive QRS identified AP localized septally, whereas a negative or iso-
electric QRS in lead V2, identified AP localized laterally with respect
to the middle of the cavotricuspid isthmus. Similar to our findings,
D’Avila et al.7 found that among right-sided AP with a predominantly
negative QRS complex in lead III, all 11 right lateral AP showed a neg-
ative QRS complex in V2, whereas most RPS AP displayed a positive
QRS. Likewise, Fitzpatrick et al.4 found that the most significant vari-
able to discriminate right free wall from right septal AP was the pre-
cordial transition: a precordial transition at or before lead V3 (i.e.
either a dominant R wave or equiphasic R/S wave in lead V3) indi-
cated a septal location, whereas a QRS transition at or after lead V4,
indicated a lateral location.

The relative negativity of the QRS in lead V3 with respect to lead
V2, as seen with the ‘double transition’, does not seem to be specifi-
cally attributable to the fused septal activation resulting from conduc-
tion over the atrioventricular node and the AP. Indeed, while some
degree of fusion cannot be excluded, this pattern was also observed
during maximal pre-excitation in over 80% of our study population
and, more importantly, it has also been observed for ventricular

arrhythmias originating from the posterolateral tricuspid annulus,20

or near the crux of the heart, which are expected to reproduce max-
imally pre-excited posteroseptal AP.21

Clinical implications
This novel ECG pattern allows the accurate anticipation of the locali-
zation about one out of seven AP addressed for ablation. Therefore,
it provides important information in terms of procedure planning and
to guide the initial mapping strategy. Importantly, considering that it
provides a 100% specificity to identify AP accessible via a right-sided
approach outside of the CS, knowledge of this pattern may be critical
to inform the discussion and consent process with the patient, con-
sidering differences in risks and expected success rate depending on
the need for a left-sided approach or a CS ablation. These considera-
tions are all the more relevant for patients with asymptomatic pre-
excitation considering that the role of ablation in this situation is less
clear.

Study limitations
One limitation of the study is the fact that the AP localization was
based on the last radiofrequency application site which allowed the
durable elimination of the AP. Some of these AP, especially those
from the posteroseptal area, may actually overlap/extend in adjacent
areas and require ablation on contiguous sites such as applications on
both endocardial sides, or on the left endocardium combined with
CS applications. This limitation is however inherent to all similar stud-
ies. Another limitation regarding posteroseptal pathways pertains to
our ablation strategy. In order to limit risks to the patient, radiofre-
quency application within the CS was not performed before ruling
out a possibly successful ablation from the left endocardial side. This
strategy may possibly underrepresent the prevalence of subepicardial
AP compared to an ablation strategy performing CS ablation more
liberally.

Conclusions

A double QRS transition pattern in the precordial leads is a specific
finding which discriminates posterior and posteroseptal AP that can
be successfully ablated from the right endocardium without the need
for epicardial coronary venous or left-sided mapping.
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