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Abstract

Background: Ablation of idiopathic ventricular arrhythmias (VAs) in the cardiac crux region is one of the challenging
procedures due to the complex anatomical structure where the four chambers of the heart are offset. Although this
region is complex, the contiguous cardiac structures allow for the ablation of arrhythmias from adjacent sites.

Case presentation: We present different anatomical approaches in radiofrequency ablation and the ECG character-
istics from a case series of VAs originated from the basal inferior ventricular septum, the corresponding endocardial
aspect of the basal cardiac crux region.

Conclusions: Ablation of VAs originated from the basal cardiac crux region requires detailed mapping in the proxi-
mal coronary venous system and the adjacent structures including the RV, RA, and LV. In addition to the characteristic

than in V1 and V3.

ECG of basal crux VAs, our three cases present an abrupt precordial transition in V2 with R wave amplitude greater
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Introduction

Idiopathic ventricular arrhythmias (VAs) occur in
patients with a structurally normal heart. In most
patients, these VAs originate from the outflow tract,
while less common sites such as cardiac crux region
are being identified based on their unique electrocar-
diographic (ECG) characteristics. Ablation of VAs in the
cardiac crux region is a challenging procedure due to its
anatomically complex structure, where the four chambers
of the heart intersect. Although this region is complex,
the contiguous cardiac structures allow for the ablation
of these arrhythmias from adjacent sites. We present dif-
ferent anatomical approaches in RF ablation and the ECG
characteristics of a case series of patients with VAs that
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originated from basal inferior ventricular septum, the
corresponding endocardial aspect of basal cardiac crux
region.

Case 1

The patient was a 21-year-old female who complained
of palpitations and dizziness with chest discomfort and
presented with monomorphic VT. Due to her unstable
hemodynamic status, synchronized electrical cardiover-
sion was delivered, which terminated the tachycardia and
restored a normal sinus rhythm. There were no abnor-
malities on transthoracic echocardiography (TTE) and
cardiac computed tomography (CT) scan. The standard
ECG obtained during VT (Fig. 1a) showed a left bundle
branch block (LBBB) QRS morphology with a QS pattern
in the leads II, III, and aVFE. An rsR’ complex in V2 with
Rs wave at V5 and V6 was noted. Maximum deflection
index (MDI) and pseudo-delta wave were 0.57 and 38 ms,
respectively. The patient underwent electrophysiological
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Fig. 1 a A 12-lead ECG of clinical VT. b Intracardiac EGM at the basal infero-septum of RV (the transient suppression site of VT). ¢ Left panel: right
ventriculography. Right panel- ablation catheter positioning at the successful site. d Left panel: intracardiac EGM at the successful ablation site during
VT showed V and A signals at the distal ablation catheter. A and V signals were also noted at the distal ablation catheter during atrial pacing. Middle
panel: electro-anatomical mapping showed the successful ablation site (white arrow) from an RA approach close to the CS ostium (slow pathway
region). Right panel- cardiac CT scan revealed the RA adjacent-side to the basal infero-septum of the LV (black arrow). CS indicates coronary sinus;
EGM, electrogram; LAQ, left anterior oblique view; LA, left atrium; LV, left ventricle; RA, right atrium; RAO, right anterior oblique view; RV, right

(EP) study, and clinical VT was induced by rapid right
ventricular pacing. After right ventriculography (Fig. 1c,
left panel), three-dimensional electro-anatomical map-
ping (CARTO, Biosense Webster, the USA) of the right
ventricle (RV) was performed with a PentaRay (Biosense
Webster, the USA) catheter during both normal sinus
rhythm and VT. The location of the VT was precisely
mapped, and the earliest activation sites (30 ms preQRS)

were found at the basal infero-septum followed by (27 ms
preQRS) the proximal of the middle cardiac vein (MCV).
Despite a well-matched pace-mapping (PASO showed
scoring of 98%), the area of the earliest activation site was
broad and the unipolar electrogram showed rS pattern at
the target site (Fig. 1b). Radiofrequency energies (Ther-
moCool SmartTouch SF, Biosense Webster, the USA)
were extensively delivered at the basal infero-septum
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from RV endocardium and resulted in only transient sup-
pression of the clinical VT. Ablation within the proximal
of MCV was limited by impedance rise. Alternative map-
ping at the right atrium (RA) adjacent-side to the basal
infero-septum of the left ventricle (LV) was performed
and showed a broad ventricular signal earlier than QRS
onset by 35 ms followed by a local A signal at the distal
mapping catheter (Fig. 1d left panel). Radiofrequency
energies were applied with a power of 40 W and maxi-
mum temperature of 35 °C to the site (Fig. 1c, d) and
resulted in complete elimination of VT without compli-
cations and were no longer inducible.

Case 2

A 58-year-old male patient presented a first episode of
palpitations associated with chest discomfort after run-
ning a marathon and was diagnosed to have monomor-
phic VT. Transthoracic echocardiography was normal,
and cardiac CT scan revealed non-significant coronary
artery disease. Twelve-lead ECG obtained during VT
(Fig. 2a) showed an LBBB morphology with rR’ pattern in
V2. A QS pattern in the inferior leads and an Rs wave in
V5 were observed. An MDI and pseudo-delta wave were
0.65 and 60 ms, respectively. The patient underwent EP
study, and VT was induced by programmed ventricu-
lar extra-stimulus. A 2F octapolar JLL microcatheter
via Judkins right 4 catheter (JR4) was placed through
L1-type Swartz sheath (St. Jude Medical, St. Paul, MN,
the USA), and mapping in the MCV where the proximal
area showed local ventricular activation 35 ms earlier
than QRS onset (Fig. 2b). Radiofrequency energies (Ther-
moCool SmartTouch SF, Biosense Webster, the USA)

Page 3 of 5

were delivered at the earliest ventricular site inside the
proximal MCV but did not terminate the tachycardia.
Further mapping was performed using PentaRay (Bio-
sense Webster, the USA) catheter at basal infero-septum
from the RV endocardium and showed earlier ventricular
activation than the proximal MCV. The local ventricu-
lar electrogram preceded QRS onset by 38 ms at the site
(Fig. 2¢). Applications of RF energies with a power 40 W
and maximum temperature of 35 °C at the target site
eliminated VT without complications.

Case 3

A 77-year-old male patient who presented palpita-
tions and exertional dyspnea was referred to our center
because of non-sustained ventricular tachycardia (NSVT)
and frequent premature ventricular complexes (PVCs).
The patient had undergone percutaneous coronary inter-
vention in the left anterior descending coronary artery
one year prior to this admission. Transthoracic echocar-
diography revealed a reduced ejection fraction of 36%
without significant LV chamber dilatation, suggesting
potential PVC-induced cardiomyopathy. A 12-lead ECG
of clinical PVC (Fig. 3a) revealed an LBBB pattern with
abrupt precordial transition R wave in V2 and a QS pat-
tern in the inferior leads. An MDI and pseudo-delta wave
were 0.66 and 42 ms, respectively. Three-dimensional
electro-anatomical mapping (CARTO, Biosense Webster,
CA, the USA) was performed on the RA and RV using a
DecaNav catheter (Biosense Webster, the USA). An early
ventricular activation of 33 ms earlier than QRS onset
was seen in the infero-medial aspect of the RA which is
anatomically adjacent to the basal inferior septum of the
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Fig.2 a A 12-lead ECG of clinical VT. b Left panel: intracardiac EGM at the ablation site within the proximal of MCV. Right panel: ablation
catheter positioning during the ablation within the proximal of MCV (small white arrows show the microcatheter positioned in MCV). ¢ Left
panel: intracardiac EGM at the successful ablation site showed the earliest ventricular activity of 38 ms preQRS. Right panel- ablation catheter
positioning and electro-anatomical mapping showed the successful ablation site (white arrow) at the basal inferior ventricular septum. MCV
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Fig. 3 a A 12-lead ECG of the clinical PVC. b Left panel: intracardiac EGM at the ablation site of the inferior septal process via an RA approach
showed V and A signals. Middle panel: right ventriculography. Right panel. fluoroscopic view and electro-anatomical mapping with ablation catheter
positioning via the RA infero-medial aspect, which is adjacent to inferior septal process. ¢ Left panel: intracardiac EGM at the successful ablation site
showed the earliest ventricular activity of 38 ms preQRS. Right panel: the application of RF energies at the inferior septal process via a retrograde
trans-aortic approach. Note the far-field signal of PVC at the distal ablation might indicate intra-mural origin. Yellow arrow showed the ablation

site via RA approach, and white arrow indicates the successful ablation site from retrograde approach. Note that, the sandwich lesion sets to

LV (Fig. 3b). Applications of RF energies (ThermoCool
SmartTouch SF, Biosense Webster, the USA) at the earli-
est ventricular activation site resulted in temporary sup-
pression of the clinical PVC. A retrograde trans-aortic
approach was performed to map the basal inferior sep-
tum from the LV endocardial aspect and revealed the
earliest ventricular activation 38 ms preceded the QRS
onset (Fig. 3c). Radiofrequency ablation was applied at a
power of 50 W with maximum temperature 35 °C at the
latter site using a retrograde aortic approach and success-
fully ablated the clinical PVC.

Discussion

The cardiac crux region is a complex anatomical struc-
ture where the four chambers of the heart intersect. The
inferior basal septum of the LV or the so-called inferior
septal process (ISP) of the LV (attitudinally correct car-
diac anatomy term) is a thick ventricular muscle located
at the most basal inferior structure of the muscular inter-
ventricular septum, and it is one of the anteriorly bound-
ary structures of the crux region. The surface ECG can
suggest the epicardial origin of VAs from the basal crux
region such as MDI > 0.55 and pseudo-delta wave dura-
tion>34 ms [1-3]. Arrhythmias that originate from
the basal cardiac crux region are considered a subset
of ISP arrhythmias, and RF ablation from the endocar-
dial aspect of VAs that originate from the ISP has been
recently reported [4, 5]. Bricefo et al. described the char-
acteristics and ablation approach for idiopathic VAs that
arise from the slow pathway region, which is a structure
composed of the thin RA wall adjacent to the ISP [6].
Santangeli et al. described a catheter ablative technique

with an infero-medial RA approach to eliminate VAs aris-
ing from the ISP after prior unsuccessful attempts [4]. As
noted in the above discussion that the ISP is a thick mus-
cular structure, Futyma et al. reported a case of ISP VT
that was transiently suppressed using standard unipolar
ablation and also required bipolar RF ablation delivered
between the LV and RA sites to completely eliminate VAs
[7]. A report from Kawamura et al. showed that the usual
successful ablation site of the basal cardiac crux region is
performed in the proximal of the MCV, while the apical
crux VAs require percutaneous epicardial approach to
completely eliminate the arrhythmias [8]. However, abla-
tion within the proximal of the coronary venous system
may increase the risk of procedural complications such
as perforation and stenosis of coronary sinus as well as
coronary artery damage including AV nodal and poste-
rior descending arteries, which run through the peri-
crux area and close to the coronary venous branches.
We experienced that ablation at the basal crux region
requires extensive RF energy deliveries. Thus, recogniz-
ing the risk of procedural complications related to the
ablation is crucial. Repeated sophisticated high-density
mapping, careful power titration and using ablation index
might be helpful for the safety procedure.

Interestingly, the above three cases present an abrupt
precordial transition in V2 with R wave amplitude
greater than in V1 and V3. However, the anatomical
approach and the successful ablation sites were distinct
in all three patients: on the RA adjacent-side to the ISP
(Case 1), the basal infero-septum of the RV close to the
ostium of MCV (Case 2), and the ISP from a retrograde
aortic approach (Case 3). Anatomically, these target sites
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are contiguous structures in the basal crux area (Fig. 1d
right panel) and therefore achieved the transient disap-
pearance of VAs during extensive ablation at the adjacent
structures. Therefore, the ablation of VAs at the basal
crux region requires detailed mapping in the proximal
coronary venous system as well as all the adjacent struc-
tures including the RV, RA, and LV. We also found that
the contact force applied to the target site of the basal
infero-septum of the RV was poor, and the ablation cath-
eter could easily slip into the coronary sinus. In contrast,
the contact force and catheter stability were better in the
RA infero-medial approach.

Conclusion

Ablation of VAs originated from the basal cardiac crux
region requires detailed mapping in the proximal coro-
nary venous system and the adjacent structures including
the RV, RA, and LV. The importance of understanding of
the complex anatomical relationship within this region is
crucial for successful ablation and avoiding complica-
tions. In addition, our three cases showed the character-
istics ECG of basal crux VAs including a QS pattern in
the inferior leads, an abrupt precordial transition in V2
with R wave amplitude greater than in V1 and V3 as well
asan R/S>1in V5 or V6.
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