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I. New mapping data predictors of a left ventricular outflow tract 

origin of idiopathic ventricular arrhythmias 

 

I.1. Introduction 

I.1.1. Background 

Idiopathic outflow tract (OT) ventricular arrhythmias (VA) occur in the absence of 

structural heart disease and are generally considered a benign disorder (1). However, 

they are frequently clinically symptomatic and may cause invalidating symptoms like 

palpitation, fatigue, dizziness and rarely syncope and may lead to tachycardia induced 

cardiomyopathy (2,3). These patients represent 10% of all ventricular tachycardia cases 

and this is the most frequent idiopathic VA. The OT VAs have a characteristic ECG 

pattern with inferior frontal QRS axis and show left bundle branch block (LBBB) or in 

some cases of a left ventricular (LV) origin right bundle branch block (RBBB) 

morphology (Figure 1). 

These arrhythmias have a focal origin and the underlying cellular electrophysiological 

mechanism is thought to be calcium-channel dependent delayed after depolarization 

caused triggered activity mediated by cyclic adenosine monophosphat (4). The clinical 

appearance of the arrhythmia may be premature ventricular contraction (PVC), non 

sustained or sustained ventricular tachycardia (VT) (Figure 2).  
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Figure 1. Typical ECG patterns of ventricular extrasystoles originating from the OTs. Panel A 

demonstrates an extrasystole from the right while panel B from the left ventricular OT. Although 

the axis in the frontal plane is similar, the ECGs in the precordial leads are different. 

 

Figure 2. Typical clinical appearance of OT VAs. Isolated monomorphic ventricular extrasystole 

(A), non sustained ventricular tachycardia (B) and sustained ventricular tachycardia (C). 
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In addition to pharmacological therapy, radiofrequency catheter ablation (RFCA) was 

introduced in the early 1990's (5,6) for the definitive treatment of idiopathic right 

ventricular (RV) and LV OT VAs with high success and low complication rate. Later on 

electroanatomical mapping systems with MR or CT image integration were introduced 

providing more detailed information about the OT anatomy and arrhythmia origin thus 

further increasing the success rate and safety of RFCA (Figure 3). 

 

Figure 3. The use of electroanatomical mapping system (in this case NavX) and 3D CT image 

integration. The arrythmia was originated in the aortic root marked with green dot (with 

courtesy of Barcelona Hospital Clinic, David Andreu, PhD). 

 

OT VAs most frequently arise in patients without structural heart disease in relatively 

early age but differences in age, gender and comorbidities (e.g. hypertension) were 

demonstrated depending on the site of origin (SOO) (7,8,9). Since an underlying 

cardiomyopathy was an exclusion criterion in most of the previous studies, we know 

very little about the presence and distribution of structural heart disease in this patient 

population. However, in clinical practice these arrhythmias frequently emerge in 
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patients with coexisting cardiomyopathy. The left ventricular dilation and decrease in 

ejection fraction may be a consequence of the arrhythmia and is reversible after the 

RFCA (2,3,10,11,12) both in right ventricular outflow tract (RVOT) and left ventricular 

outflow tract (LVOT) VAs. Nevertheless, there is a lack of information about the 

presence of non tachycardia induced cardiomyopathy and comorbidities like 

hypertension, diabetes, hyperlipidaemia and their relation to the arrhythmia origin in 

this patient population. If such a difference could have been demonstrated in RV versus 

LVOT VAs, it may have a predictive value in the differentiation of these arrhythmias 

before RFCA.  

Although the common electrophysiological mechanism of RV versus LVOT VA was 

proved (13), the technical aspects, difficulties and risk of RFCA significantly differ 

depending on the SOO and several algorithms have been developed to determine the 

SOO based on surface electrocardiogram analysis (14,15,16). However, the close 

proximity of the OTs (17), the presence of ECG abnormalities during sinus rhythm, and 

sometimes the presence of cardiomyopathy frequently result in an overlap in surface 

ECG features. In addition, intracardiac electrogram (EG) precocity, which is basically 

used for mapping the arrhythmia focus, varies greatly in patients with OT VAs, showing 

an overlap between successful and unsuccessful RFCA sites (18,19,20,21). Based on the 

surface ECG analysis, when the transition in the precordial leads occurs in V3 and 

during intracardiac mapping the maximum electrogram precocity is located in the septal 

RVOT, there are no reliable criteria to predict RV versus LV origin. This circumstance 

may result in extensive, unsuccessful, and unnecessary radiofrequency (RF) 

applications. A stepwise method previously described by Tanner et al. (22) proposed the 

mapping of six different anatomic structures in patients with OT tachycardia and an R/S 

transition in lead V3. In this approach a systematic mapping was recommended in the 
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RVOT, pulmonary artery, coronary sinus (CS), aortic sinuses, left ventricle and finally 

in the epicardium via percutaneous pericardial access. This time consuming and 

potentially high risk approach would be unnecessary if we had a right ventricular 

mapping parameter, which predicts the SOO accurately. 

The aim of the recent work was to find new mapping data predictors of a LV origin in 

OT VAs, what may help us to design the ablation strategy. 

I.1.2 Anatomical considerations 

The outflow tracts are defined as those anatomic regions in the right or left ventricle 

where these chambers continue into the great vessels, the pulmonary trunk and the 

aortic root. The close relationship between the OTs is a consequence of their 

embryological development. The distal portion of the initial primitive heart tube after 

looping separates into two distinct regions by septation and forms the RVOT and LVOT 

(23). It is important to note that the OT region is one of the heart’s transitional zones 

that have slow conduction properties which can explain their arrhythmogenic feature. 

The embryological development also explains the close anatomical relation between the 

OTs (17,24). The RVOT lies anterior to the LVOT and courses from rightward to 

leftward direction. The two structures are separated by the interventricular septum in 

their proximal portion, while their distal part is separated by pericardial space, thus, the 

terminology frequently used as septal RVOT is misleading (Figure 4). 
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Figure 4 a: Endocast of a normal heart viewed from the front showing the crossover 

relationship between right and left ventricular outflow tracts (arrows). Dotted ovals represent 

the orifices of the pulmonary and aortic valves. b: Atrial chamber transected and pulmonary 

and aortic valves cut at the level of the sinutubular junctions. The heart viewed from the right 

and posterior shows the central location of the aortic valve. Note the near alignment between a 

closure line of the aortic valve with that of the tricuspid valve. Dotted line represents plane of 

the atrial septum. c: Epicardial fat removed to show the ventriculoarterial junction (dotted line) 

between the pulmonary sinuses and the infundibulum and the relationship between the 

infundibulum and the aortic sinuses. Open arrow indicates the aortic mound in the right atrium. 

Ao = aorta; L = left coronary aortic sinus; LAA = left atrial appendage; LCA =  left coronary 

artery; LAD = left anterior descending artery; LV = left ventricle; MV = mitral valve; N = 

noncoronary aortic sinus; PT = pulmonary trunk; R = right coronary aortic sinus; RA = right 

atrium; RAA= right atrial appendage; RCA = right coronary artery; RV = right ventricle; TV= 

tricuspid valve. Reprinted from Heart Rhythm 2009;6:S77–S80, Siew Yen Ho Anatomic insights 

for catheter ablation of ventricular tachycardia  Page  78., Copyright 2009, with permission 

from Elsevier. 

 

Since the level of the pulmonic valves is cephalad to the plane of the aortic valves, the 

anterior portion of the aortic sinuses (that is the anterior part of the left and right 
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coronary aortic sinus) lie behind the subpulmonary infundibulum. VAs from the left and 

right coronary aortic sinuses are well recognized (16,25) and due to their anatomical 

location may mimic a RVOT origin on the surface ECG. The non-coronary aortic sinus 

lies posteriorly towards the atrial septum and therefore atrial tachycardias may arise 

from this location, even though there are reports about VAs from the non coronary cusp 

(26). There is rarely ventricular myocardium in the fibrous tissue of the aortomitral 

continuity between the aortic and mitral valves and may give a rise for VAs (27). Many 

reports presented VAs from the pulmonary artery (28,29) and the underlying anatomical 

substrate, as it is in VAs from the aortic root, could be the presence of myocardial 

extension above the level of the pulmonic and aortic valves (30).  

I.1.3 The 12 lead ECG 

Since the OT locates superiorly, VAs originating from this region have a characteristic 

ECG pattern with inferior frontal QRS axis. The typical appearance in RVOT VA shows 

a LBBB morphology with a transition not earlier than V3 while in case of a LV origin 

an LBBB pattern with transition in V2 or V3 or a RBBB pattern can be observed (31) 

(Figure 1). Several algorithms were developed for the differentiation of RV versus 

LVOT VAs and the surface ECG analysis may provide additional distinction between 

the septal and freewall or anterior, mid and posterior sites in the RVOT or may locate 

the SOO in the different aortic cusps and subvalvular left ventricular sites like the 

aortomitral continuity or anterior mitral annulus (15,16,32,33). The algorithm presented 

by Ouyang et al. (16) found that an R-wave duration index ≥ 50 % and an R/S ratio ≥ 30 

% in lead V1 or V2 predicts the left sided origin with high accuracy (Figure 5) although 

the patient population consisted of those with a transition in lead V1 or V2 when a left 

sided origin is not a question of debate.  
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Figure 5. Illustration of the measurement of the R/S ratio and R-wave duration index in this 

case in V2 in a patient with LVOT extrasystoles. According to the algorithm if the R/S ratio ≥ 30 

% or the R-wave duration index ≥ 50 % in V1 or in V2 then the focus is on the left side. In this 

case the algorithm predicted appropriately the SOO. 

 

If the zone of transition is in V3, as it is in more than 50% of all patients in some studies 

(22), the focus of the arrhythmia can be found in the RVOT or LVOT in a ratio of 

approximately 1:1, therefore additional methods were developed to discriminate the 

SOO in these patients (14,34). The V2 transition ratio (Figure 6) deals with the 

calculation of the percentage of R wave related to the whole R+S amplitude in VA 

divided by the percentage of R-wave in sinus rhythm and a value ≥0,6 predicts a left 

sided origin with 91 % accuracy in a prospective analysis in patients with V3 transition 

(14). In this study a transition zone during PVC later than in sinus could exclude an 

LVOT origin. Despite the several algorithms, the determination of the site of origin in 

case of a V3 transition is still a matter of debate. 
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Figure 6. The V2 transition ratio for the prediction of the SOO. If the calculated ratio ≥ 

0,6 then the predicted SOO is in the LVOT as in this case. 

 

I.1.4. Mapping and ablation of OT VAs 

Owing to the arrhythmia mechanism, OT VAs have a focal origin. The earliest 

activation can be determined by conventional activation mapping or by pace mapping if 

the arrhythmia is not present at baseline or after isoproterenol administration. The site of 

earliest activation indicates the arrhythmia origin and RFCA at this point eliminates the 

arrhythmia. Although the local activation time precedes the QRS onset at the successful 

site of ablation, the prematurity of the local EG itself may not be enough to predict 

successful ablation since an overlap exists between the successful and unsuccessful 

RFCA sites (18,19,20,21). A very accurate point-by point mapping is mandatory to find 
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the earliest activated site which refers to the SOO. The local bipolar EG at the SOO has 

a sharp deflection whereas the local unipolar EG shows a QS morphology without any 

initial positive wave. While the absolute value of the local activation time is not 

predictive for a successful ablation site itself, the EG morphology may indicate it as it 

was demonstrated by van Huls van Taxis et al. (20). The reversed polarity of the local 

EG in the distal and more proximal poles of the ablation catheter had a higher 

specificity but a lower sensitivity for predicting a successful ablation site than the local 

activation time with a cut off value of 23 msec. 

The introduction of electroanatomical mapping systems in the RFCA of OTVAs further 

increased the success rate, provided better anatomical insight into the geometry of the 

outflow tracts and depicted the SOO and impulse propagation more precisely. The 

administration of electroanatomical mapping made it possible to compare pace mapping 

versus activation mapping favoring the latter in locating the SOO (18,35). 

When the arrhythmia is not present at baseline or after isoproterenol administration, 

pacemapping can be used. A good match during pacemapping represents an identically 

induced morphology in at least 10 of 12 leads in comparison with the spontaneous 

arrhythmia beats (35). Sometimes it is impossible to have a good pacemap at the SOO 

but an almost identical pacemap can be achieved from a location far from the focus, 

what can be explained by the presence of preferential conduction between the different 

anatomical structures (36,37,38). Sometimes a farfield EG can be achieved from the 

contralateral side very similarly to the successful location (Figure 7).  
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Figure 7. The local EG in the unsuccessful RVOT septal site (left panel) shows a similar but 

farfield like morphology in comparison with the successful site EG (right panel) in the LVOT in 

patients with frequent PVC. The prematurity of the local EG differs only slightly between the 

two sides (37 vs 42 msec respectively). 

 

Regarding the difficulties of mapping and RFCA of frequent PVC during 

electroanatomical mapping, it is important to know that a significant spatial 

displacement of the point positions can be observed during PVC in comparison with 

sinus. The displacement is based on the difference in the acquisition time, which is in 

late diastole in sinus rhythm, while it is during systole or early diastole with PVC. The 

displacement is greater with RVOT SOO and shorter coupling interval of the PVC and 

is less pronounced in the proximity of the great arteries and annular regions (39). After 

careful mapping, the arrhythmia ablation can be performed with either conventional or 

irrigated tip catheter. The latter is providing greater efficacy and may be safer in 

embolia prophylaxis in case of a left sided ablation. If the ablation is performed in the 

aortic sinuses of valsalva or in the CS then a coronary arteriography or the 3D 

integration of CT, contrast enhanced cardiovascular MR or intracardiac 
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echocardiography images to the electroanatomical mapping system is necessary to 

avoid coronary injury (40) (Figure 8). 

 

Figure 8. 3D CT image integration into the electroanatomical mapping system. The arrhythmia 

was eliminated by RFCA from the left sinus of valsalva (red dot) in safe distance from the left 

main coronary artery(LM). The 3D CT image integration and the visualisation of the coronary 

arteries provided reliable and accurate anatomic information and thus coronary angiography 

was unnecessary. RVOT, right ventricular outflow tract; LSoV, left sinus of Valsalva; RSoV, right 

sinus of Valsalva; CS, coronary sinus; LM, left main coronary artery; LAD, left anterior 

descending coronary artery; CX, circumflex coronary artery. 

 

I.2. Aims and the corresponding electrophysiological considerations 

As it was written in the introduction, when the zone of transition is in lead V3 and the 

earliest site in the RVOT is located in the septum, there are no reliable criteria to predict 

RV versus LV origin in OT VAs, what may result in extensive, unsuccessful, and 

unnecessary RF applications. No previous study investigated the characteristics of 

electroanatomical mapping data analysis of the RVOT for the prediction of the SOO. 
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The use of activation maps with the electroanatomic mapping systems does not only 

permit finding the earliest activation point in the mapped chamber but also the depiction 

of the time course and shape of impulse propagation, which greatly depend on 

myocardial fiber orientation (41). Isochronal map areas have been previously analyzed 

in patients with RVOT VAs (18,35,42), although no previous study investigated their 

ability to predict RVOT versus LVOT origin. The RVOT fiber orientation is 

circumferential and parallel to the atrioventricular groove in the subepicardial region, 

while longitudinally aligned in the endocardial surface (24). Therefore it can be 

expected that the area/shape of isochronal maps in the RVOT would differ depending on 

the SOO, as the propagation velocity depends on the fiber orientation (43). Finally, it 

has been suggested that mapping the distal CS could help in identifying the actual SOO 

(22). 

We hypothesized that data derived from the isochronal map area measurement and 

analysis could provide new predictors accurate enough to reduce mapping requirements 

and unnecessary RF applications in OT ventricular tachycardias with V3 transition and 

septal earliest activation. Data provided by the distal CS mapping was also analyzed. 

 

I.3. Methods 

I.3.1. Patient characteristics 

From a series of 38 consecutive patients submitted for OT VA ablation, the subgroup of 

patients meeting the following two criteria (n=15) was selected for more precise 

intracardiac EG analysis: 1) a transition from negative to positive QRS complex during 

premature ventricular complex in the precordial lead V3 and 2) the earliest EG during 
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activation mapping being located septally in the RVOT in the electroanatomic map. The 

V3 transition was considered on the basis of the agreement between two observers, 

blinded to the electrophysiological data and ablation results. 

Patients with arrhythmogenic RV cardiomyopathy and those with a V3 transition and 

nonseptal activation were excluded from the analysis. Patients with baseline ECG 

abnormalities or structural heart disease were not excluded from the study. 

I.3.2. Electrophysiologic study 

The electrophysiologic study was performed in a 12-hour fasting state after written 

informed consent had been obtained. Beta-blockers and antiarrhythmic medications 

were discontinued for 5 half-lives before the procedure. A 6 Fr electrode catheter was 

introduced into the RV apex for stimulation. If the arrhythmia was not present at 

baseline, programmed RV stimulation was performed with up to 3 extrastimuli or burst 

pacing. Isoproterenol was used only in one patient with baseline PVCs to induce the 

clinical VT with the same morphology but was not maintained during mapping. The 

CARTO (Biosense Webster, Diamond Bar, CA, USA) electroanatomic mapping system 

was used to guide ablation in all cases. The ablation catheter used for mapping and 

ablation was a 7 Fr 3.5-mm-tip irrigated catheter (Navistar, Biosense Webster) in all 

cases. The 12 surface ECG leads and intracardiac EGs were displayed and recorded by 

an electrophysiologic data acquisition system (EP tracer, CardioTek, Maastricht, The 

Netherlands or Bard Labsystem, CR Bard Inc., Lowell, MA, USA). 

I.3.3. Mapping and ablation 

A detailed bipolar endocardial activation map was sequentially taken during either PVC 

or VT in the RVOT, the distal portion of the CS until the junction with the anterior 

interventricular vein, and the LVOT (supravalvular and subvalvular). The epicardium 
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was mapped in only one case. As the total number of mapped points does not properly 

reflect the mapping accuracy, the minimum density of points required to consider 

whether the electroanatomic map of a given chamber was acceptable was defined as a 

fill threshold of 15 mm. Radiofrequency was delivered at the earliest activated site after 

careful mapping of all the structures. The temperature limit was set at 45º C. A power 

limit of 40 W was used in the RVOT and the subvalvular LVOT, 20 W in the CS and 30 

W in the aortic root. At successful RF ablation sites energy delivery was continued for a 

full 60 seconds. When the PVC or VT was not eliminated after 30 seconds, energy 

delivery was discontinued and another site was selected for further applications. 

I.3.4. Data collection 

Relevant ECG data known to differentiate between RVOT and LVOT SOO, such as the 

R-wave duration index and R/S wave ratio in leads V1 and V2 (16), the V2 transition 

ratio, and the PVC transition occurring earlier/later than during sinus rhythm (14), were 

collected for analysis. The earliest activation time relative to the earliest onset of the 

QRS complex was measured online and used to decide the RF application location, after 

comparing data from the different structures. The data derived from the isochronal map 

area measurement and analyses were obtained offline, therefore the procedure results 

were not dependent on these data. The isochronal map areas were measured using the 

area measurement tool of the CARTO system. To obtain reproducible results, the 

minimum fill threshold value required to fully fill the RV 10 ms isochronal map was 

also measured (Figure 9).  
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Figure 9. Measurement of the fill threshold value in a given patient in the area of interest. This 

parameter is modified (progressively reduced) until the isochronal map area becomes 

incompletely filled. 

 

The spread of activation was characterized by defining the longitudinal and 

perpendicular diameters of the isochronal areas relative to the RVOT axis (Figure 10).  

 

Figure 10. The typical 10-ms isochronal area (dark red line) in the right ventricular outflow 

tract in patients with a ventricular arrhythmia originated in the RVOT (left) and the left 

ventricular outflow tract (right). Note the elliptic form with a shorter longitudinal and longer 

perpendicular diameter in the case of LVOT site of origin. The arrows define the longitudinal 

and perpendicular axis diameters of the ellipse. 
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The longitudinal diameter of the isochronal map area was that defined by a line parallel 

to the septal projection of the RVOT longitudinal axis (perpendicular to the plane of the 

pulmonary valve). The defined longitudinal axis specified the perpendicular axis of the 

early activated area. A new variable, the ratio between the longitudinal and 

perpendicular RV 10 and 20 ms isochronal map area diameters, was created to 

characterize the shape area.  

I.3.5. Statistical analysis 

Data are reported as median and interquartile range (IQR). The comparison between 

populations was performed with Mann-Whitney U test. Proportions were compared 

with Fisher exact test. We used the likelihood ratio (LR +), defined as Sensitivity/(1-

Specificity), to evaluate the optimal cut-off value for predicting a left-sided arrhythmia 

in our sample. A P-value of ≤0.05 was considered statistically significant. Statistical 

analysis was performed using SPSS for Windows Version 18.0. 

 

I.4. Results 

I.4.1 Patient Population 

Baseline characteristics of the 15 patients with a V3 transition and septal earliest 

activation in the RVOT are summarized in Table 1.  

These patients represent 39.5% of a series of 38 consecutive patients submitted for 

ablation. Ablation was successful in all these 15 patients, 7 of them in the LVOT (5 in 

the right sinus of Valsalva, 1 in the left sinus of Valsalva and 1 just below the aortic 

valve, between the right and left coronary cusp) and 8 in the RVOT.  
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Table 1. Baseline characteristics of patients with outflow tract ventricular arrhythmia with a V3 

transition and septal earliest activation. RVOT, right ventricular outflow tract; LVOT, left 

ventricular outflow tract; PVC, premature ventricular complex; VT, ventricular tachycardia;. 

Results expressed as median and interquartile range (analyzed with U Mann-Whitney test) or 

absolute frequencies with percentages (analyzed with Fisher exact test). 

 All patients 

(n=15) 

RVOT origin 

(n=8) 

LVOT origin 

(n=7) 

P value 

Age, yrs 49 [41-59] 45 [42-54] 59 [24-62] 0.25 

Male sex, n (%) 11 (73) 4 (50) 7 (100) 0.08 

Hypertension, n (%) 4 (27) 1 (12) 3 (42) 0.28 

Diabetes, n (%) 2 (13) 0 (0) 2 (28) 0.20 

Dyslipidemia, n (%) 6 (40) 2 (25) 4 (57) 0.32 

Cardiomyopathy, n 

(%) 

9 (60) 4 (50) 5 (71) 0.61 

Redo procedure, n (%) 2 (13) 1 (12) 1 (14) 1 

Ejection fraction (%) 50 [30-54] 51 [31-59] 42 [30-50] 0.19 

Atrial fibrillation, n 

(%) 

1 (7) 0 (0) 1 (14) 0.47 

Clinical presentation     

PVC 9 (60) 6 (75) 3 (43) 0.32 

nsVT 2 (13) 0 (0) 2 (29) 0.20 

VT 4 (27) 2 (25) 2 (29) 0.28 

 

I.4.2. Surface ECG and RVOT Mapping Data 

Differences between the surface ECG variables depending on the SOO are shown in 

Table 2.  
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Table 2. Electrocardiographic data of patients with outflow tract ventricular arrhythmia with V3 

transition and earliest septal activation, grouped by the site of origin.  RVOT, right ventricular 

outflow tract; LVOT, left ventricular outflow tract; LBBB, left bundle branch block; PVC, 

premature ventricular complex. Results expressed as median and interquartile range (analyzed 

with U Mann-Whitney test) or absolute frequencies with percentages (analyzed with Fisher 

exact test). 

 

Significant differences were only found for the R wave duration ratio in V2 during 

PVC, being higher in the case of LVOT SOO (0.31 (0.22-0.41) vs. 0.47 (0.39-0.5); 

P=0.037). 

 

 RVOT (n=8) LVOT (n=7) P value 

Electrocardiographic parameters depending on the site of origin 

QRS width in sinus rhythm (ms) 89 [75-108] 108 [87-142] 0.13 

QRS width during PVC (ms) 151 [135-155] 148 [141-159] 0.73 

Presence of baseline LBBB, n (%) 0 (0) 3 (43) 0.077 

R wave duration ratio V1 PVC  0.36 [0.19-

0.43] 

0.4 [0.31-0.44] 0.8 

R wave duration ratio V2 PVC  0.31 [0.22-

0.41] 

0.47 [0.39-0.5] 0.037 

R/S ratio V1 PVC   0.17 [0.12-

0.23] 

0.35 [0.19-

0.43] 

0.16 

R/S ratio V2 PVC 0.22 [0.10-

0.29] 

0.37 [0.27-

0.47] 

0.16 

PVC R/S transition later than in SR, n 

(%)  

3 ( 37) 1(14) 0.56 

V2 transition ratio  0.51 [0.37-

2.99] 

0.87 [0.28-5.8] 0.49 
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Differences in the variables obtained from the electroanatomic map depending on the 

SOO are shown in Table 3.  

Table 3. Mapping data of the patients with outflow tract ventricular arrhythmia with V3 

transition and earliest septal activation grouped by the site of origin. RVOT, right ventricular 

outflow tract; LVOT, left ventricular outflow tract. Results expressed as median and 

interquartile range (analyzed with U Mann-Whitney test). 

 RVOT (n=8) LVOT (n=7) P value 

Electroanatomic mapping data 

Number of mapped points 99 [62-142] 99 [31-183] 0.7 

Precocity in the RVOT (ms) 39 [30-46] 30 [19-40] 0.15 

Measured values at the 10 ms isochronal map area 

Longitudinal diameter (mm) 12 [8-16] 14 [12-16] 0.9 

Perpendicular diameter (mm) 13 [ 7-17] 28 [ 20-29] 0.001 

Ratio of longitudinal/perpendicular 

diameter 

1.04 [0.95-

1.11] 

0.49 [0.44-

0.57] 

0.001 

Area (cm2)  1.2 [0.4-2.1] 3.4 [2.4-3.9] 0.004 

Circumference (cm)  4.3 [2.9-5.9] 8 [7-9.6] 0.007 

Fill threshold 6 [4-7] 8 [3-13] 0.45 

Measured values at the 20 ms isochronal area 

Longitudinal diameter (mm) 35 [23-38] 33 [32-40] 0.7 

Perpendicular diameter (mm) 35 [21-41] 45 [41-50] 0.024 

Ratio of longitudinal/perpendicular 

diameter 

 0.96 [0.92-

1.05] 

0,75 [0.7-

0.85] 

0.005 

Area (cm2)  8.3 [4.3-12.1] 14 [7.5-23] 0.045 

Circumference (cm)  12.5 [7.5-

15.2] 

15 [10.4-

19.5] 

0.15 

Fill threshold 12 [9-15] 13 [11-21] 0.17 
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The 10 ms isochronal map area in the RVOT was significantly smaller in the RVOT 

than in the LVOT SOO group (1.2 [0.4-2.1] vs. 3.4 [2.4-3.9] cm2 respectively; P=0.004). 

A cut-off value of >2.3 cm2 was able to predict a LVOT SOO with 85.7 % sensitivity 

and 87.5 % specificity (Figure 11).  

 

Figure 11. The 10 ms isochronal map area differed significantly between the different sites of 

origin although there is an overlap, which results in low sensitivity and specificity when 

defining a cut-off value (horizontal line at 2.3 cm2). RVOT, right ventricular outflow tract; 

LVOT, left ventricular outflow tract 

The shape of the 10 ms isochrone area also differed depending on the SOO. While the 

longitudinal diameter did not differ significantly depending on the RVOT vs LVOT 

SOO (12 mm [8-16] vs. 14 mm [12-16]; P=0.9), the perpendicular diameter was 

significantly greater in the LVOT group (13 mm [7-17] vs. 28 mm [20-29]; P=0.001), 



27 

explaining the differences in the 10 ms isochronal map areas. The longitudinal to 

perpendicular diameter ratio was significantly smaller in the LVOT SOO (1.04 [0.95-

1.11] vs 0.49 [0.44-0.57]; P=0.001). The differences between groups were smaller when 

the 20 ms isochronal map area was analyzed, but still statistically significant for the 

isochronal map area (8.3 (4.3-12.1) vs. 14 (7.5-23) cm2; P=0.045), the perpendicular 

diameter (35 (21-41] vs. 45 (41-50) mm; P=0.024) and the longitudinal to perpendicular 

diameter ratio (0.96 (0.92-1.05) vs. 0.75 (0.7-0.85); P=0.005).  

The fill threshold value is a CARTO parameter expressed in millimeters, which 

indicates the distance around an acquired point that is filled by the system and colored 

according to the point precocity. Therefore the minimal fill threshold value, which fully 

colors the 10 and 20 ms isochronal map areas, indicates the mapping density of the area 

of interest. This fill threshold value did not differ significantly between the patient 

groups (Table 3) and the median value of this parameter in the 10 ms early activated 

area for the two patient groups was 6 (4-9) mm. 

The sensitivity and specificity of the ECG variables and mapping data for the VAs with 

a V3 transition and septal earliest activation is shown in Table 4. 

Table 4.  The sensitivity and specificity of different criteria to predict a left sided origin of 

outflow tract ventricular arrhythmias with a V3 transition. 

 Sensitivity (%) Specificity (%) 

R wave duration index > 50 % or R/S 

ratio > 30 % in V1 or V2 

71.5 (29.0-96.3) 62.5 (24.5-91.5) 

The V2 transition ratio 57 (18.4-90.1) 62 (24.5-91.5) 

The 10 ms isochronal map area >2.3 cm2 87.5 (42.1-99.6) 85.7 (47.3-99.7) 

Longitudinal/perpendicular axis ratio 

<0.8 of the 10 ms isochronal map area 

100 (47.3-100) 100 (51.8-100) 
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 A cut-off value of the longitudinal to perpendicular diameter ration <0.8 predicted a 

LVOT SOO with 100% specificity and 100% sensitivity (Figure 12). 

 

Figure 12. The ratio of the longitudinal / perpendicular diameter of the 10 ms isochrone area 

differed significantly between the two groups, without overlapping. A cut-off value of 0.8 

(horizontal line) separated all values from the two groups. 
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I.4.3. Coronary Sinus Mapping 

The usefulness of CS mapping to distinguish between the RVOT and LVOT SOO was 

evaluated by comparing the measured precocity between the distal CS (at the level of its 

junction with the anterior interventricular vein) and the RVOT in both groups of 

patients. In the RVOT group all patients had a higher precocity in the septal RVOT than 

in the distal CS. In the LVOT group an earlier distal CS activation was found in 28% 

(n=2), while 72% (n=5) of them had a higher precocity in the septal RVOT. In one of 

the cases with a higher precocity in the CS, the SOO was located just below the aortic 

valve, between the right and left coronary cusps, whereas in the other case, the SOO 

was in the left sinus of Valsalva. In all cases in the LVOT group, in which the higher 

precocity was found in the septal RVOT, the SOO was located in the right sinus of 

Valsalva. Two representative activation patterns from the mapped RVOT, aortic root and 

distal CS in two different SOO are shown in Figure 13. 
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Figure 13. Characteristic activation patterns in the right ventricular outflow tract, aortic root 

and coronary sinus of premature ventricular complex (PVC) with a V3 transition and an earliest 

septal activation in the right ventricular outflow tract. In the upper panel the PVC originated 

from the left sinus of Valsalva. The precocity of the local intracardiac electrogram in the distal 

coronary sinus is earlier than in the septal RVOT. In the lower panel the PVC originated from 

the right sinus of Valsalva. The precocity of the local intracardiac electrogram in the distal 

coronary sinus is later than in the septal RVOT despite the LVOT site of origin. RVOT, right 

ventricular outflow tract; LVOT, left ventricular outflow tract; LSo, left sinus of Valsalva; RSoV, 

right sinus of Valsalva; CS, coronary sinus. 
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I.5. Discussion 

The main finding of the study is that intracardiac mapping data can predict the LVOT 

versus RVOT SOO with a very high sensitivity and specificity in the population of 

patients with a V3 transition and septal earliest activation.  

I.5.1. Surface ECG 

The ECG features of RVOT VAs are accepted to be left bundle branch block 

morphology and a precordial transition that begins no earlier than V3 (31). However, an 

important proportion of patients with LVOT VA have a transition zone in V3 and the 

SOO is not straightforward. In previous studies and in the present one, the ratio of 

RVOT to LVOT SOO in patients with V3 transition was approximately 1:1 (14). 

Therefore, additional ECG features or intracardiac mapping data are necessary to 

increase the accuracy in identifying the actual SOO in this population. A recent study 

focusing on patients with a V3 transition showed that the “V2 transition ratio” could be 

used to predict the RVOT versus LVOT SOO (14). This parameter has been tested in the 

present study; however, sensitivity and specificity were lower than previously published 

in this specific subgroup of patients (14). There are three main differences between the 

two studies that could account for the discrepancy in the accuracy of the ECG criterion 

to predict the SOO: 1) in the present study, patients having structural heart disease or 

ECG abnormalities during sinus rhythm were not excluded, so that the results would be 

applicable to the whole population of patients having a V3 transition; 2) as not all 

patients with a V3 transition have a septal earliest activation (11 % of patients in the 

present series), this criterion was also required in the present study; 3) strikingly, a 

higher than expected proportion of patients in the previous series had a left sinus of 

Valsalva origin, as the precordial transition usually occurs in V1 or V2 in those patients. 
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I.5.2. Mapping Data 

The intracardiac EG precocity at the successful ablation site in the RVOT differs greatly 

in previously published studies (18,19) in patients with a RVOT SOO. As expected, 

because of the close anatomical SOO of the two groups in the present series (72% of the 

LVOT VAs originated from the right sinus of Valsalva), intracardiac EG precocity in the 

RVOT showed a big overlap between the two groups. Therefore, absolute precocity in 

the RVOT is not helpful in deciding the right place for RF application in a case of a V3 

transition. 

As also was expected because of the inclusion criteria, a small proportion of patients 

(n=1, 14%) had a left sinus of Valsalva SOO. Accordingly, previous reports have shown 

that PVCs originating from the left sinus of Valsalva usually have an earlier ECG 

transition than those originating from the right sinus of Valsalva (44). In contrast, 35% 

of patients with a V3 transition had a left sinus of Valsalva SOO in a single previous 

report (14). The low percentage of a left sinus of Valsalva SOO in the present study 

probably accounts for the fact that the distal CS mapping was not found to be useful to 

predict the SOO of OT VTs with a V3 transition and a septal earliest activation. 

To our knowledge no previous study has described the characteristic RVOT activation 

pattern that predicts a left-sided origin of OT VAs, even in the general group of patients 

with a transition in V3 or beyond. The size and shape of the early-activated area in the 

RVOT probably depends on multiple factors including the arrhythmia SOO, the 

myocardial fiber orientation in the region of interest, the velocity of impulse 

propagation, and the chamber geometry. When the VA originates in the LVOT, the 

spread of activation causes the activation wave front to reach the RVOT in a larger 

isochronal map area. In the case of a RVOT SOO, the 10 ms isochronal map area in the 
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RVOT was 1.2 [0.4-2.1] cm2, similar to a previous study where this area was 1.2 ± 0.7 

cm2 (10).  This area is significantly greater in cases with LVOT origin (3.4 [2.4-3.9] 

cm2), although with a small overlap between groups. These reported results could have 

been influenced by the administration of isoproterenol, which was not used in the 

present study. Isoproterenol would increase the impulse propagation velocity and thus 

the size of the early activated area. In fact, the difference in size of the early (10ms) 

activated area in two previous studies (18,35) was attributed to differences in 

isoproterenol administration. Therefore the results on the size of the early-activated area 

in the septal RVOT are limited for procedures performed without isoproterenol 

administration.  

On the other hand, the shape of the 10 ms isochrone area is dependent on the chamber 

geometry and the myocardial fiber orientation, as the velocity of impulse propagation is 

higher in the longitudinal direction (43). The myocardial fiber orientation in the right 

ventricle is circumferential and parallel to the atrioventricular groove in the 

subepicardial region, while there are longitudinally aligned myocardial fibers in the 

endocardial surface (24). In the present study we have found a characteristic activation 

pattern in the subendocardial RVOT that significantly differs depending on the chamber 

of origin (RVOT vs LVOT). If the SOO is located in the LVOT, the 10 ms isochronal 

map area in the subendocardial RVOT is significantly greater and the shape of 

activation shows an elliptic pattern with the long axis perpendicular to the OT axis 

orientation and parallel to the subepicardial fiber orientation. In the case of a septal 

RVOT SOO, the 10 ms icochronal map has a rounded shape. Although the present series 

had no cases with an epicardial origin (LV summit or distal CS), due to their low 

prevalence, such cases should be expected to produce a bigger 10 ms isochronal map 

area on the septal RVOT, as compared with the true septal RVOT PVCs. 
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Finally, in order to make these results reproducible and clinically applicable, the 

minimum fill threshold to fully fill the area of interest (10 ms isochronal area in the 

septal RVOT) on the electroanatomical map should be set up as ≤10 mm, according to 

the measured values in the present study (median 6 (4 to 9)). 

I.5.3. Study limitations 

The retrospective nature of the study and the small sample population are the main 

limitations and thus the value of the described criteria should be evaluated in a 

prospective study. The presence of underlying cardiomyopathy (60% of patients) and 

conduction disturbances (20% of patients) during sinus rhythm were not exclusion 

criteria. Therefore, the isochronal map area and shape could have been influenced by 

the structural/functional changes in the myocardial tissue that could lead to a different 

pattern of impulse propagation. However, it has been recently shown that a LVOT SOO 

can be more prevalent than a RVOT SOO in patients with structural heart disease or LV 

dysfunction (45) and a substantial proportion of these patients have PVCs with a V3 

transition and baseline abnormal ECG. Therefore, the exclusion of patients with 

structural heart disease or baseline ECG abnormalities from the study would decrease 

the clinical value of the identified criteria.  

Although the results on the size of the early activated area in the septal RVOT are 

limited for procedures performed without isoproterenol administration, it probably 

would not alter the activation pattern and therefore the longitudinal to perpendicular 

axis ratio would remain useful in those cases. 
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I.6. Conclusions 

A different activation pattern in the RVOT 10 ms isochronal maps exists in OT VTs with 

a V3 transition and a septal earliest activation, depending on the RVOT versus LVOT 

SOO. This information can be used to predict the SOO of OT VTs with a high accuracy, 

thereby avoiding extensive RVOT ablation or unnecessary CS or LVOT mapping. 
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II. The impact of RFCA of frequent PVC on left ventricular systolic 

function in patients with cardiac resynchronization therapy 

 

II.1. Introduction 

Cardiac resynchronization pacemaker therapy (CRT) has evolved as a highly successful 

treatment modality in congestive heart failure associated with an intra- and/or 

interventricular conduction delay. Large scale clinical trials have revealed resultant 

improvements in the quality of life and the functional capacity (46-49), and more 

recently a mortality benefit (50). However, a certain subgroup of patients exhibits only a 

minimal or no response after a technically successful implantation procedure. This 

phenomenon has been recognized since the very beginning of the CRT era; a number of 

explanations have been proposed, including suboptimal patient selection or positioning 

of the left and right ventricular electrodes, and difficulties in postimplantation device 

programming to maximize the hemodynamic benefit.  

The deteriorating effect of frequent PVC for the LV systolic function was also known 

before our study, although it was mainly investigated in patients without organic heart 

disease where the arrhythmia was responsible for the diminished LV systolic function 

(1-3,51-53). It was also known that PVCs frequently occur in patients with organic heart 

disease, and especially in those with poor left ventricular function. All patients who are 

candidates for CRT belong in this cohort. Somewhat surprisingly, we have found no 

publication before our case in which the underlying mechanism of a nonresponse to 

resynchronization therapy was attributed to frequent PVCs. We reported the first case in 
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which we ascribed the lack of a response to CRT to frequent PVCs, where a marked 

improvement was achieved by transcatheter elimination of the arrhythmia. 

 

II.2. RFCA of PVC improved the left ventricular function in a 

nonresponder to cardiac resynchronization therapy, the first clinical 

description 

II.2.1 Case report 

A 57-year-old male with nonischemic dilated cardiomyopathy was referred for CRT. He 

was in a status of NYHA III heart failure and was on optimal medical therapy, including 

carvedilol, an ACE inhibitor, digitalis, diuretics and acenocoumarol. The 12-lead ECG 

showed a left bundle branch block with a QRS width of 140 msec. Transthoracic 

echocardiography demonstrated a dilated left ventricle with an impaired systolic 

function and moderate mitral regurgitation (Table 5) 

Table 5: Transthoracic echo parameters during follow-up.  

 Before 

implantation 

6 weeks 

postimplantation 

6 months 

postimplantation 

6 months 

postablation 

Ejection fraction (%) 20 18 16 28 

End diastolic diameter of 

the left ventricle (mm) 

85 82 80 79 

End systolic diameter of 

the left ventricle (mm) 

66 74 73 66 

Mitral regurgitation (grade) II° III° III° I° 
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Tissue Doppler imaging (TDI) revealed an intraventricular wall motion delay, with the 

latest activation recorded at the posterior wall. Frequent ventricular ectopy (15% of all 

beats) and runs of nonsustained ventricular tachycardia were documented on 24-hour 

ambulatory monitoring.  

Resynchronization therapy was offered for the patient and an Insync III pacemaker 

(Medtronic Inc., Minneapolis, Minnesota) was implanted, with the left ventricular lead 

(Attain OTW, Medtronic Inc.) positioned in a posterior branch of the CS. The QRS 

width was reduced to 120 msec (Figure 14) after the implantation, and no significant 

intraventricular delay was observed on TDI echocardiography. 

 

Figure 14. 12-lead ECG before (upper panel) and after (lower panel) CRT implantation. 

Frequent ventricular ectopies can be observed in both recordings. 
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Device was programmed to DDD at lower rate of 50 beats/min, however, device 

optimization (V-V and AV delay) could not be performed properly before his discharge 

or at 6 weeks postimplantation, due to frequent PVCs. The AV delay (sensed) was 

programmed to 110 msec and the V-V delay to 0 (equal). During the following 6 

months, the clinical status of the patient did not improve; in fact, he was hospitalized for 

acute heart failure requiring intravenous diuretics on 5 occasions. Frequent 

monomorphic PVCs were still present in the 12-lead ECG recordings and also 

evidenced by the 20 % rate of ventricular sensed beats in the device log. The 

echocardiographic parameters indicated no significant change except for a worsening of 

the mitral regurgitation (Table 5). In order to avoid contamination of the echo 

measurements by the arrhythmia, they were obtained during a period of stable 

biventricular capture in at least 6 consecutive cycles. The pacemaker was otherwise 

functioning well, mostly in tracking mode at a sinus rate of 50-60 beats / min with 

excellent sensing and pacing parameters in all 3 leads. A decision was made to attempt 

the RFCA of the monomorphic PVCs, guided by CARTO electroanatomical mapping 

(CARTO™, Biosense Webster, Diamond Bar, CA). Both ventricles were mapped during 

monomorphic premature beats, using a 4-mm tip deflectable catheter (NAVISTAR™, 

Biosense Webster). The focus of the PVCs was localized to the postero-inferior left 

ventricle (Figure 15),  
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Figure15. (Left) Electroanatomical activation map of the left and right ventricles from a 

posterior view, obtained during monomorphic ventricular premature beats. The site of the 

earliest activation in the left ventricle (red area) was covered by several RF applications (red 

dots) to ensure a long-term result. (Right) Intracardiac recordings show early local activation 

on the distal ablation pole (Abld) at the site of successful RF application preceding the QRS 

onset by 44 msec. (I-II-III-V1-V6: surface ECG leads; RVAp, RVAd: proximal and distal poles 

of the catheter in the right ventricular apex; Ablp: proximal ablation electrodes) 

 

where RF energy delivery resulted in the prompt disappearance of all premature beats. 

Proper device optimization became possible after successful RFCA; the AV delay was 

programmed to 120 msec and the V-V delay to 20 msec with the left ventricular lead 

paced earlier. A marked clinical improvement was observed within a few weeks post-

RFCA: the functional class decreased to NYHA I, with no need for hospitalization 

during the following 6 months, and the dose of oral diuretics was reduced. Interrogation 
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of the device log revealed that the sensed ventricular event rate had fallen to less than 

4%. Improvements were also evident on echocardiography (Figure 16).  

 

Figure 16. Severe mitral regurgitation 6 months after CRT implantation (left), and minimal 

mitral regurgitation 6 months after ablation (right)  

 

It was noteworthy that a similar intraventricular delay could still be measured 6 months 

post-RFCA with the ventricular pacing temporarily switched off as the one which was 

measured before device implantation.  

II.2.2. Limitations and clinical considerations 

In most of the reports of PVC-induced tachycardiomyopathy, the extrasystoles 

originated from the right ventricular outflow tract, supporting the concept that the LV 

dysfunction in these patients is caused by asynchronous ventricular activation, similar to 

that often due to a left bundle branch block. In our patient, however, the PVCs 

originated from the left ventricle. One explanation for this phenomenon could be the 

truncation of the diastole by the premature beats, leading to insufficient ventricular 

filling. Another possibility is that the frequent PVCs eliminated the beneficial effect of 

the CRT. The inaccuracy of echo measurements before RFCA, because of the frequent 
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PVCs, cannot be excluded entirely, despite the significant efforts made to ensure 

reliability. However, the marked improvement in clinical status in this patient makes it 

unlikely that the improvement in the echo-derived systolic function was simply a 

measurement artifact. On the other hand, proper echo-guided fine tuning of the AV and 

V-V delays was feasible only after the arrhythmia was controlled. Accordingly, the 

resolution of the tachycardia-mediated cardiomyopathy, the more effective 

resynchronization therapy and the increase in the proportion of paced beats might all 

contribute to the positive changes observed after effective arrhythmia control had been 

achieved. 

 

II.3. Further investigations  

On the basis of the previous finding, we have made a screening in our center among 

patients with CRT. 125 consecutive patients were screened after technically successful 

CRT device implantation (ejection fraction (EF) 26±5 %, 91 male (73%), 34 female ( 27 

%), 50 CRT-D (40%), 75 CRT-P (60%), 38 ischemic (30 %),  87 non ischemic (70%) 

dilated cardiomyopathy) (54). These patients were followed up for at least 12 months. 

LV function, functional class and frequency of PVC based on the ratio of ventricular 

sensed beats in holter memory of the device were evaluated after the implantation and 

every 3 months. PVCs were considered frequent if their rate exceeded 10 % of all 

ventricular beats. Elimination of frequent PVC was attempted if the patient was a "non-

responder" to CRT after at least 6 months. Frequent PVC were found after the 

implantation at predischarge in 10 out of 125 patients (8%). Gradual decrease of PVC 

frequency along with improving LV function and functional status was observed in 4 

patients after CRT.  A responder with no symptoms had no specific treatment of the 
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arrhythmia. In 5 non-responders, the arrhythmia was successfully eliminated (or 

significantly reduced) by radiofrequency ablation (in 2 patients), amiodarone (in 2 

patients) or ablation and programming of the device to a higher basic rate (in 1 patient). 

The elimination or significant reduction of frequent PVC resulted in significant 

improvement of LV function (EF before treatment: 21±5 % after treatment: 34±7 % p: 

0,003) and functional class in all (NYHA before treatment: 3,2±0,4 after treatment: 

1,6±0,5 p:0,002) (Table 6). 

Table 6. Echocardiographic and clinical data before and after RFCA of PVC in patient with 

frequent PVC and non response to CRT (n:patients number; LV:left ventricle; EF:ejection 

fraction; PVC: premature ventricular contraction; CRT:cardiac resynchronization therapy; 

NYHA:New York Heart Association class) 

n Treatment 

(Tx) 

LV EF 

after 

CRT (%) 

LV EF 

before PVC 

Tx (%) 

LV EF 

after PVC 

Tx (%) 

PVC ratio 

before    

Tx 

PVC ratio 

after  Tx 

NYHA 

before 

Tx 

NYHA 

after  

Tx 

1 Ablation 20 16 38 20 3 IV II 

2 Ablation 22 30 48 25 1 III II 

3 Ablation + 

programming 

20 20 30 50 15 IV II 

4 Amiodarone 23 20 33 13 <1 III I 

5 Amiodarone 23 20 33 20 <1 III II 

 

This study confirmed our finding in our case report and a proper control of frequent 

PVC became a routine management for our CRT patients. 
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II.4. Discussion 

The effect of the elimination of frequent PVC in cardiomyopathy was already 

investigated even before the era of routine RFCA of the arrhythmia. Duffee et al. 

reported an improvement of left ventricular systolic function in patients with organic 

heart disease after successful pharmacological suppression of frequent PVC (55). Later 

on frequent isolated ectopic beats, mostly originating from the right ventricular outflow 

tract were investigated in case reports and retrospective analyses and reported as a cause 

of tachycardiomyopathy, a reversible form of congestive heart disease that resolved 

after the elimination of the culprit arrhythmia (1-3, 51-53). Most of the patients 

featuring in these reports were individuals with no organic heart disease and the 

ventricular dysfunction was attributed exclusively to the provoking arrhythmia. Further 

investigations revealed this improvement in the left ventricular systolic function with 

PVCs from different SOO (56) and a comparable beneficial effect of RFCA was 

demonstrated recently in patients with or without structural heart disease (57). Although 

the presence of frequent PVC in structural heart disease and heart failure is well known 

in clinical practice (58,59) and the patient population amenable for CRT belongs to this 

cohort, the beneficial effect of RFCA of frequent PVC for the response for CRT was not 

investigated before our reports. In our follow up study the prevalence of frequent PVC 

in the whole CRT population using a cut off value of 10% for significant PVC burden 

was 8% even though 50% of these patients became responder for CRT and thus did not 

require further therapy according to our protocol. The treatment of the remaining 

patients (4% of the whole study group) was successfully treated either conservatively or 

with RFCA and became responder after the elimination or significant reduction of 

frequent PVC. Further investigations from Lakkireddy et al. verified the beneficial 

effect of RFCA of frequent PVC in a large group (2034) of CRT patients in a 
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prospective multicentric study (60) using a cut off value of > 10,000 PVC in a 24-hour 

period for the definition of frequent PVC. The prevalence of non-responders was 25 % 

in their study, while the prevalence of frequent PVC was 13% among the non-

responders to CRT. In the whole CRT group the prevalence of non-responders with 

frequent PVC was 3,2%, which is comparable with our results (4%). Lakireddy et al. 

found a cut-off value of 14,3 % initial PVC ratio to have a beneficial effect of RFCA in 

LV EF, LV dimensions and NYHA functional class but clinically significant 

improvement was achieved only in those with more than 22% PVC burden. Somewhat 

surprisingly it was also demonstrated in this study that the beneficial effect of frequent 

PVC ablation was based on the more effective CRT function with higher percentage of 

biventricular pacing after RFCA rather than the deteriorating effect of the PVC itself. 

This is hard to explain since the deteriorating effect of frequent PVC for the LV systolic 

function is well known from other studies. In the study of Baman et al. (61) a more than 

24% PVC predicted a PVC induced cardiomyopathy with 79% sensitivity and 78% 

specificity, which is in line with the results of Lakireddy et al. However, these patients 

were individuals with structurally normal hearts without CRT and their LV parameters 

normalized once the arrhythmia was eliminated. In another study, Penela et al. proved 

significant and similar improvement in patients with or without structural heart disease 

(57) although those with structural heart disease had a significantly higher PVC burden 

before RFCA. These results show that the abolishment of frequent PVC alone has 

enough beneficial effect to improve the LV systolic function in patients without CRT. It 

is also remarkable that a significant number of patients, who met the criteria for primary 

preventive ICD implantation before the RFCA in the Penela study, could not fulfill that 

after ablation. On the ground of these findings it is hard to explain that the benefit from 

the RFCA ablation of frequent PVC in the Lakireddy study was based only on the 
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higher biventricular pacing rate and may raise the question of RFCA of frequent PVC 

even before the CRT. A proper screening for frequent especially monomorphic PVC 

amenable for ablation seems to be mandatory in this patient population either before or 

after CRT implantation. 

 

II.5. Conclusion 

The presence of frequent PVC in the CRT population is one of the possible reasons for 

the non response for this therapy. A thorough investigation for the presence of frequent 

PVC is mandatory in case of a low biventricular stimulation rate in those of non-

responders since RFCA of the arrhythmia may render these patients to responder. 
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