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Idiopathic Ventricular Premature Contraction and Ventricular Tachycardia:

Distribution of the Origin, Diagnostic Algorithm, and Catheter Ablation
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Idiopathic ventricular premature contractions (VPCs), defined as VPCs in the absence of obvious struc-

tural heart disease, are one of the common types of arrhythmia in clinical practice. They are sometimes

complicated with non-sustained ventricular tachycardia (VT), and/or sustained VT with almost same

QRS morphology in 12 leads ECG. Idiopathic VT (IVT) commonly occurs by focal mechanisms and the

origins are distributed in a variety of sites in both ventricles.

In this article, the clinical characteristics of IVT/IVPCs, the diagnostic algorithm, and how to ablate
them will be reviewed. (J] Nippon Med Sch 2018; 85: 87-94)
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Introduction

Idiopathic ventricular tachycardia (IVT) is usually de-
fined as ventricular tachycardia (VT) in the absence of
obvious structural heart disease. A majority of patients
with IVT also experience ventricular premature contrac-
tions (VPCs) with a similar QRS morphology. IVT com-
monly occurs by focal mechanisms, including enhanced
automaticity and triggered activity, except with
verapamil-sensitive left ventricular tachycardia (so-called
Fascicular VT), which has been shown to be caused by a
reentrant mechanism. The origins of focal IVTs are dis-
tributed in a variety of areas of the right ventricle (RV)
and left ventricle (LV). Therefore, the catheter approach
to the target of the catheter ablation is also complex. Be-
cause the effectiveness of radiofrequency (RF) delivery
differs with the different origins of arrhythmias, the sus-
pected origin should be decided in advance of the actual
procedure for a better ablation outcome.

IVTs have a characteristic morphology of the QRS
complex according to the origin of the tachycardia. Based
on this, the diagnostic algorithm of the VI/VPC origin
utilizing the ECG morphology has been constructed and
has been shown to be useful'. In this article, the clinical
characteristics of IVT/IVPCs, the diagnostic algorithm,

and how to ablate them will be reviewed.

Classification of IVI/IVPC

The origin of IVT is widely distributed in both ventricles
and near vascular structures. Table 1 shows the classifi-
cation of idiopathic ventricular tachycardia (IVT) accord-
ing to the mechanism and origin of the tachycardia. Most
VTs arise as focal firing from various sites in the right
and left ventricles. Of those, with regard to the right ven-
tricle, the common sites of the VT origin are the outflow
tract of both the septal and free-wall aspects, the vicinity
of the tricuspid annulus and the His bundle, the right
papillary muscle, and the muscular sleeve of the pulmo-
nary artery. The left ventricle also has several specific ori-
gins of IVTs, including the left endocardial outflow tract
and the epicardial outflow tract which sometimes require
RF delivery from the coronary cusps and cardiac summit
(the area between the great cardiac vein and anterior in-
terventricular vein), posterior and anterior papillary mus-
cles, the vicinity of the mitral annulus, and the crux of
the heart (the epicardial origin around the posterior coro-
nary sinus and middle cardiac vein).

A representative IVT with a reentrant mechanism is a
fascicular VT, which is usually divided into three catego-
ries: a posterior type (most frequent), anterior type, and

upper-septal type. These are commonly susceptible to
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Table 1 Classification of idiopathic VT and VPCs according to mechanism and origin
of the tachycardia

1) Enhanced automaticity or triggered activity
-origin (successful ablation site)-
(1) Outflow tract
a) RV-Outflow tract (Septum, Free wall, RCC, pulmonary artery)
b) LV-Ourflow tract (LCC, RCC, Sub-aortic valve endocardium, Cardiac summit)
(2) anterior inflow (His bundle area, NCC)
(3) tricuspid annulus (tricuspid annulus)

(5) mitral annulus (mitral annulus)

)
)
(4) Crux (Intra-CS, Mid cardiac vein, epicardial approach)
)
)

(6) papillary muscle (left side dominant, left posterior PM> left anterior PM)

(7) His-Purkinje system (Purkinje network, bundle branch)

2) Reentrant mechanism

(1) Verapamil sensitive left ventricular tachycardia (Fascicular tachycardia)

a) Posterior type
b) anterior type
c) Upper-septal type

RCC: right coronary cusp, LCC: left coronary cusp, NCC: non-coronary cusp, CS: coro-

nary sinus, PM: papillary muscle
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Fig. 1 Electrocardiogram algorithm for identifying the
optimal ablation site of idiopathic ventricular out-
flow tract tachycardias Reproduced with permis-
sion from [journal name].

verapamil leading to termination or slowing of the tachy-

cardia.

Clinical characteristics and catheter ablation of IVTs
originating from the outflow tract (OT)*
As IVTs most commonly originate from the outflow tract
(OT), several diagnostic algorithms using surface ECGs
during periods of tachycardia have been developed™.
Figure 1 shows a representative algorithm to search for
the target site for catheter ablation® and this has been val-
ued as a good tool to obtain a rough estimate. However,

there is one shortcoming even with this sophisticated al-
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gorithm, namely the differentiation of right or left OT in
IVTs, which have a precordial transition of the R/S ratio
at V3. Usually, ECGs of typical OT-VTs originating in the
RV show R/S transition at or after V3. On the contrary,
ECGs of OT-VTs originating in the LV exhibit an R/S
transition at or before V3. Thus, the IVTs with a V3 R/S
transition may possibly originate from either ventricle.
Because approximately 35% of OT-VTs have been shown
to have an R/S transition at V3’, the discrimination be-
tween an RV and LV origin is a significant issue in clini-
cal practice. Because the outflow tract area possesses very
complex structural features, making it difficult to ap-
proach the origin of either ventricle, it is important to es-
timate the precise origin before the ablation procedure.

The current ECG algorithms do not take into account
cardiac rotation, respiratory variation, and the position of
the ECG leads on the chest, which is easily influenced by
the body habitus, breast size, and technical experience.
To eliminate the influence of these factors, Batensky et
al." compared the QRS morphology of tachycardia with
that during sinus rhythm and proposed an effective good
variable to distinguish right from left origins, that is, the
V2 transition ratio (Fig. 2). A V2 transition ratio >0.6 pre-
dicts an LVOT origin with high sensitivity and specificity.
Yoshida et al” demonstrated that the V2S/V3R index
(Fig. 2) using only the ECG during a period of tachycar-
dia is a highly accurate parameter for distinguishing the
right and left.

For the electrophysiology (EP) mapping of IVTs, acti-
vation mapping of VIT/VPCs shows a centrifugal pattern

J Nippon Med Sch 2018; 85 (2)
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Fig. 2 Novel methods to distinguish RV-OT and LV-OT origins using the surface electrocardio-

gram.

Left panel: The transition ratio is calculated in each lead with the following formula: B/
(B+C) VI+E/(E+F) SR. If the V2 transitional ratio is more than 0.6 the origin is likely to be
in the left ventricle. Reproduced with permission from [journal name].

Right panel: V25/V3R Index is calculated with the following formula: A/B

If the V2S/V3R index is less than 1.5 the origin is likely to be in the left ventricle. Repro-
duced with permission from [journal name].

Gentle/
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Fig. 3 Local bipolar and unipolar potentials from various sites during VPCs in a case with frequent
PVCs from a cardiac summit origin. Panels A through C show the bipolar (Abl-Bi) and unipolar
(Abl-Uni) recordings from the earliest site in the RVOT (A), endocardial LVOT (B), and LCC (C),
respectively. Panel D shows the recordings from the successful ablation site (anterior interven-
tricular vein: AIV). Note that at the successful ablation site, the local bipolar potential precedes
the onset of the QRS complex by 30 ms, and the unipolar recording exhibits a QS pattern with a
relatively steep configuration of the initial downslope. Reproduced with permission from [jour-

nal name].

reflecting a focal mechanism of that arrhythmia. With the
combination of pace mapping, the location of the tachy-
cardia foci can be confirmed. The unipolar recording

from the tip electrode is also useful to endorse the abla-
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tion target site, where a QS morphology with a relatively
steep onset can be recognized® (Fig. 3). In patients with
infrequent VT/VPCs, pace mapping is the only tool cur-

rently able to locate the origin. In the majority of patients
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Fig. 4 Discrete pre-potentials recorded at the left coronary cusp (successful site).

The left panel shows the local potentials recorded at the left coronary cusp (successful ablation site). Note that there

is a discrete pre-potential preceding the onset of the QRS during the VPC by 40 ms. Right panels: Cine-frames of the

RAO 30 and LAO 50 views.

HRA: high right atrium, HBE: His bundle electrogram, GCV: great cardiac vein, ABL uni: uniplar electrogram at the

ablation site, Abl: bipolar electrogram at the ablation site, MAP: monophasic action potential, RV-OT: right ventricu-

lar outflow tract. Reproduced with permission from [journal name].

with an RV-OT origin, RF deliveries from the septal or
free wall of the RV-OT result in successful ablation, how-
ever it is sometimes necessary to apply the RF energy in
the right coronary cusp or above the pulmonary artery
valve.

For LV-OT origins, the ratio of endocardial origins is
rather small, and more patients can receive successful ab-
lation by RF applications from the coronary cusp or
epicardial side. In the EP mapping inside the coronary
cusp, the role of pace mapping is quite scarce and activa-
tion mapping is the only tool to access the origin. At the
successful ablation site, the local electrogram often dem-
onstrates a discrete potential preceding the onset of the
QRS complex during the tachycardia, which may reflect
the activation of a dead-end origin’ (Fig. 4). Such discrete
potentials have recently been shown to be recorded even
at RV-OT below the pulmonary valve and to be a poten-
tial guide for successful ablation”.

When an epicardial origin is suspected, it should be
confirmed that the local ventricular activation from the

great cardiac vein is preceding the onset of the surface
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QRS complex during the tachycardia. Because this region
corresponds to the top of the cardiac structure, it is com-
monly called the cardiac summit (Fig. 3). For tachycar-
dias arising from the coronary cusps, a relatively high
power of the RF (30-50 W) can be delivered due to the
rich blood flow. To avoid injury to the coronary arteries,
it should be confirmed that the target site is located more
than 1 cm from the orifice of the coronary arteries. For a
summit origin, it is recommended to use an irrigation
catheter and apply a relatively low energy (<20 W) be-

cause the blood flow inside the veins is relatively poor.

IVT/IVPCs originating from the pulmonary artery
IVT/IVPCs sometimes originate from the sleeve muscle
of the pulmonary artery”. One study showed that a
smaller ventricular potential, compared with a RV-OT
area and a far-field atrial potential, were recorded above
the pulmonary valve". Recently, the distribution of the
successful ablation site above the pulmonary valve was
determined to be 42% for the right cusp, 33% for the left

cusp, and 25% for the anterior cusp”. The RF deliveries

] Nippon Med Sch 2018; 85 (2)
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Table 2 Classification of IVT/IVPC originating in the left ventricle except LV-OT origin

Clinical characteristics

Verapamil sensitive

Mitral annulus origin

Papillary muscle origin

Crux origin

(Fascicular VT)
Ratio in the whole 10-20% 5% 5% 2%
IVT/IVPC
Origin LV septum Mitral annulus 1) Posterior PM: 2/3 1) Vicinity of CS
1) Posterior type: 85% 1) anterior: 60% 2) Anterior PM: 1/3 2) Vicinity of midcar-
2) Anterior type: 13% 2) posteroseptal: 25% diac vein (MCV)
3) Upper septal type: 2% 3) posterior: 15%
Mechanism Macro-reentry involving Enhanced automaticity =~ Enhanced automaticity ~Enhanced automatici-

ECG manifestations
during tachycardia

Specific features of the
local electrogram at
the successful ablation
site

Difficulty of ablation

Purkinje network and false
tendon

Relatively narrow QRS
complex

1) RBBB & sup. axis
2) RBBB & RAD
3) very narrow QRS

a) Late diastolic potential
(P1,Pd): reflecting slow
conduction

b) Presystolic potential (P2,
Pp): fascicular or Purkinje
potential

Easy

or triggered activity

Wide QRS complex
Relatively narrow QRS
in septal origin

1) RBBB & inf axis

2) RBBB & sup axis

3) RBBB & sup axis

a) Far-field atrial po-
tential

b) Centrifugal pattern
in activation map

¢) QS pattern in unipo-
lar potential

Relatively easy

or triggered activity

Wide QRS complex
1) RBBB & sup axis
2) RBBB & inf axis
R/5<1.0in V6

a) Discrete pre-potential
in 40%

b) Purkinje potetnail
sometimes recorded.

Difficult

ty or triggered activity

Wide QRS
Epicardial origin high
MDI

Pseudo delta wave

QS pattern in inferior
leads

a) Far-field atrial po-
tential

b) Centrifugal pattern
in activation map

c) QS pattern in uni-
polar potential

Difficult

within the cusps resulted in the successful elimination of
the arrhythmia without any complications'"”, although it
was recommended to take extra care in order to avoid in-
jury to the vessels due to the close proximity of the abla-
tion sites with the coronary arteries".

IVT/IVPCs originating from the tricuspid annulus™"
This tachycardia accounts for approximately 7% of all
IVT/IVPCs. The characteristics of the surface QRS com-
plex include a left bundle branch block morphology and
monophasic R or RR” pattern in lead I. The R/S transi-
tion is seen at or after V4 in the free wall origins,
whereas it is recognized at or before V3 in the septal ori-
gins. The QRS width is also narrower in the septal ori-
gins than free wall origins. The EP mapping is under-
taken with a similar method as other focal tachycardias.
The emergence of atrioventricular block should be moni-
tored during the ablation for anteroseptal origins starting

with a relatively low energy delivery (around 10 W).

Classification, clinical characteristics and catheter
ablation of left ventricular origin IVI/IVPCs (ILVTs)
(Table 2)

The origin of ILVTs can be classified into 4 categories ac-
cording to the origin of the tachycardia, except for LV-OT

origins. These are fascicular VTs and focal VTs originat-
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ing from the mitral annulus, papillary muscles, and
epicardium near the CS ostium or mid cardiac vein (crux
origins).

1) Verapamil sensitive left ventricular tachycardia
(fascicular VT)

Fascicular VT accounts for approximately 10% of all
the IVT/IVPCs. The mechanism is shown to be a macro-
reentry in which the Purkinje network or a false tendon
may play a role as a slow conduction area. Fascicular VT
is classified into 3 types by the location of the culprit re-
gion: the posterior type, anterior type, and upper septal
type. The posterior type is dominant, occupying more
than 80% of this category of VI. The ECG during the
tachycardia shows a right bundle branch block (RBBB)
pattern and superior axis in the posterior type, and infe-
rior axis (right axis deviation) in the anterior type. The
mid-septal type is a very rare tachycardia showing a nar-
row QRS complex often with a QRS width <120 ms. The
ablation procedure is usually guided by the local electro-
gram, targeting the late diastolic potentials (Pd poten-
tials), which may reflect slow conduction in the reentry
circuit. The Pd potential is shown to be recorded in a
relatively wide area located around the middle aspect of
the posterior and posteroseptal LV, however, there are
some inter-individual variations as shown in Figure 5.

On the contrary, pre-systolic Purkinje potentials (Pp po-
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Fig. 5 Spatial distribution of the Pd and Pp potentials in the left ventricular septum.
Schematic presentation of the distribution of the Pd and Pp potentials. The gray and yellow areas
indicate the respective locations at which the Pp and Pd potentials were recorded in each case.
The blue dots indicate the points at which fused Pd and Pp potentials were recorded. Reproduced

with permission from [journal name].

tentials) are found in the infero-mid to anterior septal re-
gions and the distribution is exhibited in a similar pat-
tern in all 6 patients with the posterior type of fascicular
VT. At the intersection of the Pd (yellow) and Pp (gray)
areas, which is located in the mid-posterior septum, both
the Pd and Pp potentials can be detected (blue dots) and
these potentials are closely spaced or often have a fused
configuration. Furthermore, this point corresponds to the
latest Pd activation and the earliest Pp activation, sug-
gesting that it is evidently an exit site from the slow con-
duction connecting to the Purkinje fibers. The RF applica-
tion at this site has been shown to be effective and
safe™".

Recently, one study looked at the long-term outcome of
patients undergoing acutely successful ablation of fas-
cicular VT using a large population (120 patients)”. After
a median of 57 months of follow up, VT of an ECG mor-
phology occurred in 17 patients, and 6 other patients de-
veloped new onset of the upper septal fascicular VT.
Thus, approximately 80% of the patients were shown to
be recurrence-free from the arrhythmia.

2) IVT/IVPCs originating from the vicinity of the mi-
tral annulus

These correspond to approximately 5% of all IVT/
IVPCs. The ratio of the tachycardia according to the re-

gion of the annulus is 60% for the anterior region, 25%
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for posteroseptal region, and 15% for posterior region.
The ECG during the tachycardia with a free-wall origin
shows a wide QRS complex with an RBBB pattern and a
small notch in the latter half of the inferior ECG leads.
The axis is inferior with anterolateral origins and supe-
rior with posterior origins. On the other hand, a rela-
tively narrow QRS complex is detected in tachycardias
originating from the posteroseptal region or near the
aorto-mitral continuity. Figure 6 shows a diagnostic algo-
rithm for predicting the site of the origin, constructed by
Tada et al.”.

During the electrogram mapping, both the atrial far-
field potentials and near-field ventricular potentials can
be detected. At the successful ablation site, the mean of
the amplitudes of the atrial and ventricular potentials is
approximately 0.2 mV and 1.7 mV, respectively. In 40%
of the total patients, a discrete potential preceding the
QRS complex is also seen at the success sites. The cathe-
ter ablation is relatively easy with a high success rate.

3) IVT/IVPCs originating from papillary muscles
(PMs)**°

Tachycardias originating from both posterior and ante-
rior papillary muscles (PPMs and APMs) account for ap-
proximately 5% of all IVT/IVPCs. The PPM origins are
more frequent than APM origins. The ECG during the
tachycardia shows a wide QRS complex with an RBBB

J Nippon Med Sch 2018; 85 (2)
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Step 1

Precordial transition zone < V2

R or Rs pattern in V2 to V5
(RIS>3 in V2-4)

,L Yes

MAVT/PVC

Step 2 {

Positive QRS polarity in the inferior leads

| Yes
Step 3 |Notching of the R wave
in the inferior leads

Yes : No

A Y

| anterolateral || |antcromcdial II

v No
Notching of the Q wave in
the inferior leads
and
No qg- or s-wave in V1
and
Transition zone < V1
,1( Yes Y No

posterior posteroseptal

Fig. 6 Proposed ECG algorithm to predict the precise focus of mitral annulus

VT/VPCs.

Proposed diagnostic algorithm to predict the precise focus of mitral annu-

lus VT/VPCs based on the 12-lead electrocardiographic recordings. Re-

produced with permission from [journal name].

morphology, and superior axis for PPM origins and infe-
rior axis for APM origins, respectively. In most patients
with PM origins, the R/S ratio is less than 1.0 in the V6
lead, which is not the case for mitral annulus origins and
fascicular VTs. In some patients, there are multiple foci in
the PM.

Manipulation of the catheter and stable attachment of
the catheter tip on the PM are difficult due to strong pul-
sations and the anatomical complexity of the PM. Re-
cently, a 3-D mapping system incorporating an intra-
cardiac ultrasound system has become available. Using
this, real time navigation and confirmation of the posi-
tioning of the catheter tip on the PM are possible and
may improve the ablation results. In some patients, the
focus exists deep inside the PM. In these patients, at the
endocardial surface near the focus, a discrete potential
preceding the QRS complex may be detected. The appli-
cation of an RF current at that site sometimes results in a
failed ablation because of the depth of the focus. In about
half of the patients, a spiky Purkinje potential can be
seen in the local potentials, however it does not clearly
precede the QRS and sometimes overlaps with the QRS
complex, thus the Purkinje fibers have been thought to
be bystanders in this type of tachycardia.

4) IVT/IVPCs originating from the crux of the
heart.*'*

This tachycardia is a rare clinical entity and arises from

J Nippon Med Sch 2018; 85 (2)

the epicardial surface at the crux of the heart, near the
junction of the middle cardiac vein (MCV) and the coro-
nary sinus (CS). Most of this category of arrhythmias
shows a sustained VT with a short cycle length (<300
ms), sometimes followed by syncopal episodes. This
tachycardia has unique ECG manifestations such as a
very early R/S transition at the V1 or V2 leads and a QS
pattern in the inferior leads. Furthermore, due to the
epicardial origin, a wide QRS complex with a pseudo-
delta wave is appreciable and the maximum deflection
index (MDI) is often >0.55. Ablation is initially attempted
from inside of the CS and MCV targeting the earliest ac-
tivation site during the tachycardia. However, the success
rate is shown to be relatively low. The next step is an
epicardial approach. In this approach, attention should
be paid to the fact that the right coronary artery com-
monly runs near the ablation target.

In summary, idiopathic VT and VPCs have a variety of
origins, which are widely distributed in both the right
and left ventricles. To achieve a successful ablation, the
RF is applied from a variety of tissues, including the en-
docardial surface, above the pulmonary valve, at the
coronary cusps, inside the CS, MCV, GCV, and finally
from the epicardial surface using several specific ap-
proaches. It is recommended to predict the precise origin
of the tachycardia utilizing algorithms before the ablation

procedures to obtain a better ablation outcome and to
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shorten the procedure time.
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