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Abstract
Purpose Ventricular arrhythmia (VA) arising from the tricuspid annulus in the posterior septum (PS) (TAPS-VA) has similar electro-
cardiographic characteristics as VA arising from the mitral annulus in the PS (MAPS-VA) because the two locations are adjacent. We
examined the electrocardiographic characteristics that differentiate MAPS-VA from TAPS-VA and the efficacy of catheter ablation.
Methods We studied 13 patients whose VAs were successfully ablated in the TAPS (n = 7) and MAPS (n = 6).
Results QRS morphologies of both groups were characterized by left and right bundle block morphologies in lead V1, superior
axis deviation, and precordial transition at ≤ leadV3 in nine patients. Compared with TAPS-VA,MAPS-VA had (1) R < Swave in
lead II, (2) precordial transition in lead V2, (3) s-wave in lead V6, and (4) slurred initial part of the QRS complex in the precordial
leads, e.g., [4a] pseudo delta wave ≥ 34 ms, [4b] intrinsicoid deflection time ≥ 85 ms, and [4c] maximum deflection index ≥ 0.55.
Patients who met ≥ 2 of (1)–(3) and any of [4a]–[4c] could be classified as havingMAPS-VA, with a sensitivity and specificity of
100%. VA recurred in one patient in the TAPS group during the median follow-up of 7 (interquartile range 6 to 15.5) months.
Conclusions VA arising from the PS has superior axis deviation, and left and right bundle block morphologies with relatively
early precordial transition. MAPS-VA can be differentiated from TAPS-VA based on electrocardiographic characteristics. This
study provides useful information for treatment involving catheter ablation for VA arising from the PS.
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1 Introduction

Idiopathic ventricular arrhythmia (VA) is VA that occurs in
patients without underlying heart disease, and it may originate
from various sites in the ventricle [1, 2]. The most common
site for idiopathic VA is the right ventricular outflow tract,
although VA may also occur in the left ventricular inferior
septal region, para-Hisian region, tricuspid annulus (TA) [3,
4], mitral annulus (MA) [5–7], and rarely, the cardiac crux on
the epicardium side [8, 9]. VA arising from the posterior-

superior process (PSP) of the left ventricle (LV) has been
reported in very rare cases [10].

Twelve-lead electrocardiograms (ECG) of the VA originat-
ing in the ventricular outflow tract show a waveform indicat-
ing a left bundle branch block (LBBB) and inferior axis devi-
ation. Since the left ventricular outflow tract is close to the
right ventricular outflow tract anatomically, various electro-
cardiographic methods for differentiating ventricular outflow
VA have been developed [11–13]. As the TA is close to the
MA at the ventricular posterior septum, VA originating from
the TA in the posterior septal region (TAPS-VA) and that
originating from the MA in the posterior septal region
(MAPS-VA) show similar ECG waveforms. It has been re-
ported that TAPS-VA shows superior axis deviation with pre-
cordial transition in lead V2 or V3 [3, 4], and MAPS-VA
shows superior axis deviation with precordial transition in
lead V1 or V2 [5, 6]. Both types of VA have a relatively early
precordial transition; however, there is no report comparing
the ECG characteristics of TAPS-VA and MAPS-VA. This
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study aimed to compare TAPS-VA and MAPS-VA directly to
determine their ECG characteristics and the efficacy of cathe-
ter ablation.

2 Methods

2.1 Study population

Among 175 consecutive patients who underwent radiofre-
quency catheter ablation (RFCA) for idiopathic VA at
Sendai City Hospital between 2008 and 2015, 13 patients with
VA originating from the atrioventricular (AV) annulus in the
posterior septal region were included in this study. Of the 13
patients, 7 underwent successful RFCA for TAPS-VA (TAPS
group), and 6 underwent successful RFCA for MAPS-VA
(MAPS group). Age, sex, symptoms, the medical history,
presence of syncopal episode, medication, and left ventricular
ejection fraction were recorded for all patients. To evaluate the
incidence of coronary artery disease, all patients underwent at
least one of the following tests preoperatively: echocardiogra-
phy, coronary angiography, coronary computed tomography
(CT), myocardial perfusion scintigraphy, or cardiac magnetic
resonance imaging (MRI).

2.2 ECG analysis

The 12-lead ECGs obtained during VA before ablation were
analyzed, with a focus on the following characteristics: form
of VA, LBBB or right bundle branch block (RBBB) morphol-
ogy in lead V1, frontal plane axis, precordial transition, QRS
duration, R/S ratio in lead II, lead II/III amplitude ratio, lead
aVR/aVL amplitude ratio, and s-wave in lead V6. To assess
the slurred initial part of the QRS complex in the precordial
leads, we measured the following four items described by
Berruezo et al. [14] and Daniels et al. [15]: the pseudo delta
wave, intrinsicoid deflection time, shortest RS complex, and
maximum deflection index (MDI). These measurements were
based on the measurement criteria in the aforementioned arti-
cles. All measurements were conducted at a paper speed of
50 mm/s by two independent electrophysiologists who used a
digital caliper that measured in increments of 1 ms. Capital
letters (Q, R, and S) were used to refer to relatively high
amplitude waves (> 0.5 mV), and small letters (q, r, and s)
were used to refer to relatively low amplitude waves (<
0.5 mV).

2.3 Electrophysiological study—mapping
and ablation

The patients discontinued all anti-arrhythmic drugs before ini-
tiation of the electrophysiological study (EPS) and RFCA. All
patients underwent EPS and RFCA using a three-dimensional

(3D) electroanatomical mapping system (CARTO XP,
CARTO 3; Biosense-Webster, Diamond Bar, CA). Multiple
electrode catheters were inserted from the femoral vein and
placed in the coronary sinus (CS), His bundle, and right ven-
tricular (RV) apex. When VAwas not observed, isoproterenol
at 1–7 μg/min was administered intravenously to induce ar-
rhythmia. For patients in whom no arrhythmia was induced
even after this procedure, program stimulation and burst pac-
ing were performed from the RVapex. A 3.5-mm irrigated-tip
catheter (ThermoCool Navistar, Biosense-Webster) was used
for mapping and ablation. A contact force-sensing catheter
was used in three patients (TAPS group, case 7; MAPS group,
cases 12 and 13). The local activation timewas measured from
the onset of the distal bipole of the mapping catheter to the
earliest onset of the QRS complex in any of the 12 ECG leads.
Based on ventricular activation during VAwith multiple elec-
trode catheters, a mapping catheter was inserted into the RV
and/or the LV, and 3D activation mapping for VA was per-
formed. For patients in whom arrhythmia originating in the
LV was suspected, mapping of the LV was initiated after map-
ping the RV. When CT and MRI images were available, the
3D map was merged with CT and MRI images using intra-
cardiac echocardiography. A tag indicating the AV annulus
and His bundle locations on the 3D map was used to under-
stand the anatomical position. The origin of the VAwas iden-
tified by activation and pacemapping. The criteria for ablation
were obtaining the earliest ventricular activation and/or pace
map matching of 11/12 or more. RFCAwas conducted with a
setting of 25–30 W for 30 s per site. The indicators of suc-
cessful ablation were defined as follows: loss of VA achieved
with RFCA, no arrhythmia even after the discontinuation of
RFCA, and no recurrence of VA even after isoproterenol load-
ing and ventricular stimulation. The catheter position for the
successful ablation site was recorded using fluoroscopy and
3D mapping. The anatomical position was examined using an
electrogram, 3D mapping, and fluoroscopy. The definitions
for the electrogram of the AV annulus were as follows: a si-
multaneous recording of atrial and ventricular electrograms of
at least 0.05 and 0.5 mV, respectively, during sinus rhythm,
and an A/V ratio of less than 1. The anatomical positions for
both TAPS and MAPS were defined according to the classi-
fication of the attachment site of the accessory pathway [16].
The definitions of TAPS were as follows: a recording of AV
annulus electrograms during sinus rhythm, the level of the CS
ostium was the same as that of the posterior septum in the left
anterior oblique (LAO) fluoroscopic view, and a location of
4–5 o’clock for the TA on the 3D mapping system. The def-
initions of MAPS were as follows: a recording of AVannulus
electrograms during sinus rhythm, the same level of the CS
ostium in the LAO fluoroscopic view, and a location of 7–8
o’clock for the mitral annulus on the 3Dmapping system. The
presence of complications during the perioperative period was
evaluated.
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2.4 Follow-up

Patients’ ECGs were monitored for 48 h after the ablation and
assessed for the recurrence of VA. Follow-up was performed
for 6 months or more in the outpatient department to assess the
recurrence of VA according to the patients’ symptoms, 12-lead
ECG, and ambulatory electrocardiography.

2.5 Statistical analysis

Continuous variables are expressed as mean ± 1 standard devi-
ation. For comparison of the continuous variables between the
two groups, the Student’s t test was conducted. For comparison
of the nominal scale between the two groups, the Fisher’s exact
test was used. The statistical significance level in all the tests
was set at p = 0.05. JMP pro 12.1.0 (SAS Institute Inc., Cary,
NC) was used to perform statistical analysis.

3 Results

3.1 Clinical characteristics

The subjects consisted of 13 patients (eight men and five
women) with VA originating in the posterior septum region
(seven patients in the TAPS group; six patients in the MAPS
group). Table 1 shows patient characteristics for both groups.
One patient in the MAPS group had a history of syncope. The
basic rhythm was sinus rhythm for all patients except patient
2. The QRS complex for the basic rhythm indicated LBBB in
patient 9. Testing showed no signs of coronary artery disease
in any of the patients. VA reduction was achieved with
bisoprolol in patient 6. However, the other patients showed
no clear efficacy of the drugs for VA.

3.2 ECG findings

Ten of the 13 patients presented with premature ventricular
contraction (PVC), whereas two patients in the MAPS group
and one in the TAPS group presented with non-sustained ven-
tricular tachycardia. The 12-lead ECGs for both groups are
shown in Figs. 1 and 2. The QRS complex for both groups
showed superior axis deviation, LBBB (n = 7) and RBBB
(n = 6) morphologies in lead V1. Among patients in both
groups, nine had a precordial transition at ≤ lead V3.

ECG characteristics in the TAPS group mainly showed a
precordial transition for lead V4. However, there were two
(29%) patients with precordial transition for lead V2 and one
(14%) for lead V3. Rs and rS patterns were found in leads II and
III, respectively. An R-wave larger than the S-wave in lead II
was observed for five patients (71%). None of the patients in
the TAPS group had a slurred initial part of the QRS complex in

the precordial leads based on Berruezo’s criteria and MDI, ex-
cept one patient who showed a pseudo delta wave ≥ 34 ms.

ECG for theMAPS group showed a precordial transition for
lead V2 in all patients. Leads II and III primarily indicated the
rS pattern. In the MAPS group, a slurred initial part of the QRS
complex in the precordial lead was observed based on a pseudo
delta wave in all patients. Five patients had an intrinsicoid
deflection time ≥ 85 ms, three had MDI ≥ 0.55, and none had
the shortest RS complex ≥ 125 ms in either group.

Table 2 shows the results comparing each ECG charac-
teristic between the two groups. MDI was significantly
higher in the MAPS group (0.55 ± 0.05) than in the TAPS
group (0.45 ± 0.04) (p = 0.002). The pseudo delta wave
(23.9 ± 7.6 vs 45.3 ± 6.9; p < 0.001) and intrinsicoid deflec-
tion time (58.4 ± 24.5 vs 97.3 ± 16.5, p = 0.0071) were sig-
nificantly higher in the MAPS group than in the TAPS
group. The R/S ratio in lead II was significantly higher in
the TAPS group (2.78 ± 0.58) than in the MAPS group
(0.50 ± 0.64) (p = 0.029). There was no significant differ-
ence between the two groups in the shortest RS complex
(74.0 ± 20.52 vs 79.6 ± 13.8; p = 0.58), II/III amplitude ratio
(0.86 ± 0.54 vs 0.55 ± 0.17; p = 0.19), and aVR/aVL ampli-
tude ratio (0.71 ± 0.28 vs 0.50 ± 0.13; p = 0.13). The num-
bers of patients with a precordial transition for lead V2 and
an s-wave in lead V6 were significantly higher in the MAPS
group than in the TAPS group (p = 0.029).

The following ECG indicators were identified as character-
istics predictive of MAPS: (1) the R/S ratio in lead II of 1 or
less; (2) a precordial transition for lead V2; (3) an s-wave in
lead V6; and (4) the presence of a slurred initial part of the
QRS complex in the precordial leads ([4a] pseudo delta wave
≥ 34 ms; [4b] intrinsicoid deflection time ≥ 8 ms; and [4c]
MDI ≥ 0.55). The sensitivity, specificity, and the positive
(PPV) and negative (NPV) predictive values of these items
are shown in Table 3. When patients who met criteria (1) to
(3) were diagnosed as havingMAPS-VA, the sensitivity, spec-
ificity, PPV, and NPV were 83.3, 100, 100, and 87.5%, re-
spectively. All these values were 100% in patients who met at
least two of the criteria from (1) to (3) and any of [4a] to [4c].

3.3 Electrophysiological study—mapping
and ablation

VAwas induced spontaneously in all patients, except patient
10, in whom VAwas induced after isoproterenol loading and
ventricular pacing. In ventricular voltage mapping, none of the
patients showed a low ventricular voltage area with a voltage
< 1.5 mV, which would suggest a damaged myocardium.
Seven patients underwent electroanatomical mapping with
merged images from CT and MRI. Five patients underwent
electroanatomical mapping using intra-cardiac echocardiogra-
phy. All VAs were successfully ablated by four radiofrequen-
cy applications (interquartile range 1 to 8) for the posterior
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septum. The local ventricular activation time recorded at the
successful ablation site preceded the onset of the QRS com-
plex by 27.9 ± 7.5 ms in the TAPS group and by 28.5 ± 6.6 ms
in the MAPS group (p = 0.87). The local electrograms at the
successful ablation sites fulfilled the criteria for AVannulus in
all patients. The successful ablation sites on fluoroscopy and
3D mapping were found in the posterior septal portion of the
AV annulus at the level of the CS ostium in all patients.
Figure 3 and Fig. 4 show the local electrograms, fluoroscopic

view, and 3Dmap at the successful ablation sites for patients 7
and 9. In the MAPS group, the local electrograms preceded
the onset of the QRS complex by 13.5 ± 3.5 ms in the poste-
rior septal region of the RVand by 12.8 ± 5.1 ms in the prox-
imal CS. In the TAPS group, mapping was not performed in
the posterior septal region of the LV. Regarding complica-
tions, transient complete AV block was observed in patient 6
during radiofrequency application, but no perioperative com-
plications were found in the other patients.

I

II

III

aVR

aVL

aVF

V1
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500ms
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Fig. 2 Twelve-lead
electrocardiogram of QRS
complexes during ventricular
arrhythmia in the mitral annulus
in the posterior septum group
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Fig. 1 Twelve-lead
electrocardiogram of QRS
complexes during ventricular
arrhythmia in the tricuspid
annulus in the posterior septum
group
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3.4 Follow-up

The patients were followed up for 7 (interquartile range 6 to
15.5) months. PVC recurred in patient 4 one month after dis-
charge. The remaining 12 patients showed no recurrence ac-
cording to the symptoms, ECG, and ambulatory ECG.

4 Discussion

4.1 Main findings

This study highlights the ECG characteristics of TAPS-VA and
MAPS-VA. The QRS complex for VA showed superior axis
deviation, and LBBB and RBBB morphologies with relatively
early precordial transition in each group. Four ECG character-
istics were identified that predicted MAPS-VA. It was possible
to characterize patients whomet at least two of criteria (1) to (3)
and any of the criteria [4a] to [4c] as having MAPS-VA, with a
diagnostic sensitivity and specificity of 100%. Although RFCA
was successful in all 13 patients during the acute phase, 1

patient in the TAPS group experienced recurrence of VA during
the late phase after RFCA.

4.2 Anatomy around the ventricular posterior septum
and its electrophysiological importance

The area around the ventricular posterior septum is an important
region electrophysiologically because it contains many anatomi-
cal structures that may be arrhythmogenic. Anatomically, the ven-
tricular posterior septum is a part of the trigonal pyramidal region
consisting of a summit with the membranous septum and a base
with the epicardium of the cardiac crux, i.e., the so-called inferior
pyramidal space [17]. The two sides of the trigonal pyramid con-
sist of the right and left atria, and the other side is formed by a
complex of the muscular septum of the LVand the PSP of the LV.
The plane of the TA is displaced by 0.5 to 1.0 cm inferiorly and
apically relative to the plane of theMA. Therefore, the crest of the
muscular ventricular septum contacts the right atrium (RA) direct-
ly. The posterior septal area, which has been conventionally used
in cardiac electrophysiology, is the inferior part of the inferior
pyramidal space anatomically. Since the CS ostium is positioned
at the inferior part of the inferior pyramidal space, the level of the

Table 2 Comparison of
electrocardiographic
characteristics between TAPS
group and MAPS group

TAPS group MAPS group p value (*< 0.05)

QRS duration, ms 138.4 ± 7.6 143.2 ± 9.9 0.35

II R/S ratio 2.78 ± 0.58 0.50 ± 0.64 0.029*

II/III amplitude ratio 0.86 ± 0.54 0.55 ± 0.17 0.19

aVR/aVL amplitude ratio 0.71 ± 0.28 0.50 ± 0.13 0.13

V2 transition (%) 2 (29) 6 (86) 0.021*

s-wave in V6 (%) 1 (14) 5 (83) 0.029*

Pseudo delta wave, ms 23.9 ± 7.6 45.3 ± 6.9 < 0.001*

Intrinscicoid deflection time, ms 58.4 ± 24.5 97.3 ± 16.5 0.007*

Shortest RS complex, ms 74.0 ± 20.52 79.6 ± 13.8 0.58

MDI 0.45 ± 0.04 0.55 ± 0.05 0.002*

TAPS tricuspid annulus in the posterior septum, MAPS mitral annulus in the posterior septum, MDI maximum
deflection index

Table 3 Sensitivity, specificity,
and positive and negative
predictive values of
electrocardiographic
characteristics for predicting
ventricular arrhythmia arising
from MAPS

ECG characteristics (n) Prediction Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

(1) II R/S < 1 (8) MAPS 100 71 75 100

(2) V2 transition (8) MAPS 100 71 75 100

(3) s-wave in V6 (6) MAPS 83 85 83 46

[4a] Pseudo delta wave ≥ 34 ms (7) MAPS 100 85 86 100

[4b] Intrinscicoid deflection time
≥ 85 ms (5)

MAPS 83 100 100 88

[4c] MDI ≥ 0.55 (3) MAPS 50 100 100 70

All of (1)–(3) (5) MAPS 83 100 100 88

(1)–(3) ≥ 2 and any of [4a]–[4c] (6) MAPS 100 100 100 100

MAPS mitral annulus in the posterior septum, MDI maximum deflection index, NPV negative predictive value,
PPV positive predictive value
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Fig. 3 Patient 7 in the tricuspid
annulus in the posterior septum
group. a Pace mapping and local
electrocardiogram of the
successful ablation site. The local
ventricular electrogram preceded
the QRS onset by 20 ms during
PVC. b The red tag (arrow) indi-
cates the successful ablation site
on the 3D mapping system. The
3D mapping system is merged
with CT image. The CT image of
the left atria is removed for clarity.
c Fluoroscopic views of the abla-
tion catheter at the successful ab-
lation site. 3D, three-dimensional;
ABL, ablation catheter; CT, com-
puted tomography; CS, coronary
sinus; LAO, left anterior oblique;
PVC, premature ventricular con-
traction; RAO, right anterior
oblique; SR, sinus rhythm; uni,
unipolar
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Fig. 4 Patient 9 in the mitral
annulus in the posterior septum
group. a Pace mapping and local
electrocardiogram of the
successful ablation site. The local
ventricular electrogram preceded
the QRS onset by 33 ms during
PVC. b The red tag (arrow) indi-
cates the successful ablation site
on the 3D mapping system. The
3D mapping system is merged
with CT image. The CT image of
the left atria is removed for clarity.
c Fluoroscopic views of the abla-
tion catheter at the successful ab-
lation site. 3D, three-dimensional;
ABL, ablation catheter; CT, com-
puted tomography; CS, coronary
sinus; LAO, left anterior oblique;
PVC, premature ventricular con-
traction; RAO, right anterior
oblique; SR, sinus rhythm; uni,
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CS ostium is the same as that of the posterior septum of the
ventricle on LAO fluoroscopic projection.

Electrophysiologically, the TA in the septal region is classi-
fied into three regions: the anterior septal region, mid septal
region, and posterior septal region [16]. The His bundle is lo-
cated in the anterior septal region of the TA. Idiopathic VA
originating in the vicinity of the His bundle arises from both
the TA anterior septal region and the TAmid septal region [18].
The His bundle penetrates the membranous septum and con-
tinues as a branching portion. The left posterior fascicle runs
through the ventricular inferior septum in the direction of the
apex. Various arrhythmias occur based on these anatomical
structures around the ventricular inferior septum. The most
common form of idiopathic left ventricular tachycardia arises
from the left posterior fascicule region [19]. VA originating in
the cardiac crux on the epicardium side has been reported [8, 9],
and VA originating in the PSP of the LV, which can be ablated
from the RA, was recently reported [10]. Since the anatomical
locations of these VAs are close to the TAPS and MAPS re-
gions, the 12-lead ECG findings of these VAs resemble those of
TAPS-VA and MAPS-VA. The diagnosis of VA by 12-lead
ECG is important to ablate VA originating from the ventricular
posterior/inferior septum region.

4.3 Electrocardiographic characteristics and presumed
mechanism in the TAPS and MAPS groups

In the TAPS group, the QRS complex of VA showed superior
axis deviation and LBBB and RBBB morphologies with rel-
atively early precordial transition. Precordial transition was
most commonly found in lead V4. However, there were two
patients (29%) with precordial transition in lead V2 and one
patient (14%) with precordial transition in lead V3. It was
notable that the precordial transition of the TAPS-VA was
relatively early, despite the origins within the RV. Lead II
primarily showed an Rs pattern, while lead III showed an rS
pattern. Tada et al. [3] reported that VA originating in the TA
accounted for approximately 8% of idiopathic VA. VA arising
from the TA in the septal region accounted for approximately
74%, and that in the free wall region accounted for 26% of all
VAs arising from the TA. In the study by Tada et al. [3], VA
arising from the TA in the posterior septal regions showed
LBBB or RBBB morphology in lead V1, and a precordial
transition in lead V3 or earlier. In the present study, two pa-
tients in the TAPS group who had the precordial transition in
lead V2 needed to be differentiated from those with VA orig-
inating in the LV. Leads II and III are thought to be useful for
classifying the localization around the TA. Leads II and III
have positive polarity in the anterior septal region and nega-
tive polarity in the posterior region [3, 18]. In the TAPS group,
R/S ratio > 1 in lead II was found in five patients (71%). In
TAPS-VA, it is presumed that activation of the ventricular
posterior septum propagates downward and leftward, which

is parallel to lead II, causing the higher initial R-wave in lead II
than in MAPS-VA. There have been no reports describing a
slurred initial part of the QRS complex in VA originating in
the TA. Our study showed that no patient in the TAPS group
had a slurred initial part of the QRS complex in precordial
leads based onBerruezo’s criteria andMDI, except one patient
who showed a pseudo delta wave ≥ 34 ms.

In the MAPS group, the QRS complex of VA had LBBB or
RBBB morphology in lead V1 and superior axis deviation.
Precordial transition was observed in lead V2 in all patients.
Lead II primarily showed an rS pattern, while lead III showed
rS or QS patterns. Tada et al. [5] reported 19 patients with VA
originating in the MA. In their study, the most common VA
origin site was the anterior region (58%), followed by the pos-
terior septum region (31%) and posterior region (11%). The
inferior leads showed positive polarity for the anterior region
and negative polarity for the posterior septum or posterior re-
gion. For the precordial transition, only VA originating in the
septal region was observed in lead V2, and other regions
showed no transitions. Tada et al. [5] reported that six patients
in the posterior septum group showed QS and rS patterns in
leads II/III. In the MAPS group, lead II primarily showed an rS
pattern, while lead III showed rS or QS patterns, which is con-
sistent with that reported by Tada et al. [5]. Compared with the
TAPS group, the MAPS group showed a significantly lower R/
S ratio in lead II (2.78 ± 0.58 vs 0.50 ± 0.64; p = 0.029).

The percentages of an s-wave in lead V6 were 8% [3]
among patients with VA originating in the TA and 92% among
patients with VA originating in the MA, with the exception of
the anterior region of the MA [7]. Additionally, an s-wave in
lead V6 was more common in the MAPS group than the
TAPS group (14 vs 83%; p = 0.025), and this finding was
useful for differentiating patients with MAPS-VA from those
with TAPS-VA. An s-wave in lead V6 reflects the excitation
of the ventricular septum and the RV; therefore, an s-wave in
lead V6 appears when the ventricular septum and the RV are
excited later than the free wall of the LV. The presence of an s-
wave in lead V6 is consistent with LV outflow arrhythmia,
which is useful for differentiating idiopathic RVoutflow tract
arrhythmia [11]. Similarly, an s-wave in lead V6 was useful
for distinguishing between the RVand LV in patients with VA
originating in the posterior septum.

In the present study, we identified a set of ECG diagnostic
criteria with excellent sensitivity and specificity to distinguish
MAPS-VA from TAPS-VA because we included the criterion
that MAPS-VA has a slurred initial part of the QRS complex
in the precordial leads. Kumagai et al. [7] reported a delta
wave-like morphology of ECG of VA originating in the MA.
In their report [7], the intrinsicoid deflection time was 99 ±
13ms, which is similar to the result for theMAPS group in our
study (97 ± 16 ms). According to Kumagai et al. [7], since the
delta wave and the intrinsicoid deflection time are indicators
of arrhythmia originating in the epicardium side, the origin of
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VA arising from the MA may be deep inside the
subendocardium or epicardium. Anatomically, the epicardial
side of the ventricular posterior septal region is the cardiac
crux. The ECG characteristics of VA originating in the cardiac
crux include the following: (1) negative delta wave in inferior
leads, (2) positive QRS complex in leads V2–V6, (3) MDI ≥
0.55, (4) prominent R-wave in lead V2 [8], and (5) QS pattern
in lead V1 [9]. Regarding the ECG of the MAPS group, find-
ings (2) to (4) were consistent with MAPS, but the MAPS
group had an r-wave in the initial component of lead II and
various QRS morphologies (including R, qR, and rS patterns)
in lead V1, which was not consistent with findings (1) and (5).
Bazan et al. [20] compared the QRS morphologies during
pace mapping from endocardial and epicardial sites of the
LV. At the basal inferior region of the LV, the r-wave was
identified as an initial component of the QRS complex of
inferior leads through endocardium pacing, and the QS pattern
in inferior leads was identified through epicardial pacing.
Based on the findings of Bazan et al. [20], the initial r-wave
in lead II in the MAPS group may suggest that the origin of
VA is the endocardial side of the posterior septum. The reason
that the MAPS group had a slurred initial part of the QRS
complex in the precordial leads despite an origin on the endo-
cardial side was thought to be the fact that the myocardial wall
thickness of MAPS region [21] is larger than that of the TAPS
region [22]. A thicker wall could produce the more anisotropic
conduction that is associated with the initial precordial slur-
ring. During the actual ablation procedure in theMAPS group,
we found that the slurred initial part of the QRS complex in
the precordial leads for PVC disappeared when ablation to the
MAPS region was repeated. This finding supports the hypoth-
esis that the myocardial mass in the MAPS region is involved
in slur formation.

The VA arising from PSP of the LV (PSP-VA), which was
ablated from RA under intra-cardiac echocardiography, has
been reported by Santangeli et al. [10]. The ECG waveform
of PSP-VA had a slurred initial part of the precordial leads,
and the group exhibiting an RBBB with a left superior axis
had similar ECG characteristics to those of the MAPS group.
This group of PSP-VA met three of our criteria ([1] R < S
wave in lead II, [2] s-wave in lead V6, and [3] slurred initial
part of the QRS complex in the precordial leads), and it would
be diagnosed as belonging to the MAPS group. Although it is
necessary to examine a large number of ECG waveforms of
PSP-VA, it has the characteristics of MAPS. If ablation for
MAPS is ineffective, the RA approach under intra-cardiac
echocardiography guidance may be required.

4.4 Catheter ablation

Since successful treatment was achieved in both groups dur-
ing the acute and late phases, RFCA for VA originating in the
posterior septum was considered effective. One patient in the

TAPS group experienced recurrence during the late phase.
The treatment outcome of VA arising from the TA in the septal
region was reported to be inferior to that from TA in the free
wall region [3]. The recurrence was attributed to poor fixation
of the ablation catheter to the TAPS region, leading to inade-
quate ablation. To improve the stability of catheter ablation, a
long guiding sheath should be used during ablation of the
TAPS region. Regarding complications, transient complete
AV block was observed in patient 6. In patient 6, the His
bundle potential recording site was lower than usual, and tran-
sient atrioventricular block was observed by the site of abla-
tion before successful ablation. The causes of the occurrence
of transient atrioventricular block in this case may have been
as follows: the catheter was not fixed enough because a long
guiding sheath was not used and the His bundle potential
recording site was anatomically low because of enlargement
of the ascending aorta.

4.5 Limitations

There are several limitations to this study. First, since a rare
type of arrhythmia was examined, the sample size was small.
VA originating in the ventricular posterior septum accounts
for < 30% of all AV annular VAs. The sensitivity and speci-
ficity of our diagnostic criteria are expected to change in a
larger study with more participants, but the consistency of
our criteria would be maintained. Second, since precordial
transition would be influenced by cardiac rotation, it is neces-
sary to assess the precordial transition of the basic rhythm.
This study included patients with pacing rhythm issues and
one patient with LBBB, but the total number of participants
was small. Therefore, we could not consider cardiac rotation.
Third, since no left-sided mapping was performed in the
TAPS group, the precedence of local ventricular activation
of the LV could not be assessed. Fourth, since we had no case
of VA of the basal crux in our series, we could not directly
compare the 12-lead ECG waveform of VA of the basal crux,
TAPS-VA, and MAPS-VA. Therefore, we referred to previous
reports [8, 9] about the 12-lead ECG waveform of VA of the
basal crux. Further study of the direct comparison of the 12-
lead ECG waveforms of the TAPS group, MAPS group, and
basal crux group is required.

5 Conclusions

VA arising from the AVannulus in the posterior septal region
has superior axis deviation, and LBBB and RBBB morphol-
ogies with relatively early precordial transition. Based on the
four ECG characteristics, it is possible to differentiate MAPS-
VA from TAPS-VA. The results of such differentiation may be
useful for treatment involving catheter ablation for the ven-
tricular posterior septum.
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