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Abstract

Background: High-density mapping of ventricular tachycardia (VT) 
with PentaRay® (Biosense-Webster) provides high resolution with 
discrimination of local abnormal electrograms and slow conducting 
channels. We evaluate the feasibility of PentaRay® to characterize the 
anatomical substrate and assume an influence of the outcome despite 
limitations.

Methods: Over a 24-month period, 26 endocardial and four epicar-
dial maps were obtained of 26 VT patients (18 ischemic cardiomyo-
pathy (ICM, 69.2%) and 8 non-ischemic cardiomyopathy (NICM, 
30.8%), age 65 ± 9 years). Catheter ablation (CA) was performed 
with the aim of transecting the isthmus. The endpoint was non-in-
ducibility of any VT. Manual review of the maps was performed and 
focused on evaluating scarring, bipolar electrograms, and procedure 
times.

Results: In 55.6 ± 34.4 min, 1,085.9 ± 726.2 points were created. The 
mean ablation time was 50.8 ± 30.1 min. The endpoint was achieved 
in 12 patients (46.2%). The mean dense scar area and the mean patchy 
scar area were 49.4 ± 51.8 cm2 (range 0 - 190 cm2) and 14.7 ± 14.9 
cm2 (range 0 - 110 cm2), respectively. Analyzing the learning curve, 
we found a tendency in decreasing procedure times. During the 
course of follow-up treatment averaging a 14-month period, device 
interrogation showed that 17 patients (65.4%) had remained free of 
any arrhythmia recurrence.

Conclusion: The high-density maps with PentaRay® were safely cre-
ated in a short period of time. Our manual review of the maps reveals 
limitations of current annotation criteria; nevertheless, medium-term 
outcomes were encouraging. Further prospective studies are required 

to validate our findings in a larger cohort of patients.
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up

Introduction

Catheter ablation (CA) of ventricular tachycardia (VT) in the 
treatment of structural heart disease (SHD) with the primary 
goal of the interruption of critical areas with slow conduction 
offers the possibility of improving patient quality of life, re-
ducing mortality as well as painful defibrillator interventions 
and heart failure hospitalizations [1-3]. High-density map-
ping seems to have a substantial impact on clinical outcomes 
subsequent to having performed CA. This may be explained 
by a more mechanistic understanding of slow conduction ar-
eas during sinus rhythm (SR), and therefore, by being able to 
more efficiently target the entry site to interconnected chan-
nels [4].

The 20-pole PentaRay® catheter (Biosense-Webster Inc., 
Diamond Bar, CA, Fig. 1a-f) is one of the newer multipolar 
mapping catheters for VT ablation, and is assumed to be ac-
curate in mapping and guiding ablation of VT [5-8]. Knowing 
the advantages offered by the catheter, we hypothesize that VT 
ablation with the PentaRay® yield to reduction of VT recur-
rences in follow-up due to its high resolution. With a manual 
review of the “on-the-fly” electrograms annotated automati-
cally during the procedure, we discuss limitations of automatic 
algorithms for annotation.

Materials and Methods

Study population

In a single-center study taking place from November 2014 
to November 2016, 26 patients with SHD (either ischemic 
cardiomyopathy (ICM) or non-ischemic cardiomyopathy 
(NICM)) undergoing VT ablation with the PentaRay® were 
retrospectively analyzed. Indication consisted of documented 
episodes of repetitive sustained VT resistant to antiarrhyth-
mic drug therapy and requiring external cardioversion, im-
plantable cardioverter defibrillator (ICD) antitachycardia pac-
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ing or shocks.

Electrophysiological study and left ventricular access

The electrophysiological study and ablation were conducted 
by collectively administering midazolam, propofol and sufen-
tanil. Intra-arterial blood pressure monitoring and digital pulse 
oximetry were continuously performed. ICD therapies were 
inactivated. The mode of access to the left ventricle (LV) was 
performed at the operator’s discretion: by transseptal and/or 
retrograde routes with or without percutaneous subxiphoid 
pericardial access for additional epicardial mapping. VT in-

duction was attempted at baseline with programmed ven-
tricular stimulation (PVS) from the right ventricle (RV) apex 
at three drive trains (500, 400 and 330 ms, provided this was 
hemodynamically tolerated), with up to three extra-stimuli 
decremented to ventricular refractoriness or 200 ms.

Electroanatomical mapping (EAM) with PentaRay® and 
acquisition of bipolar electrograms

An EAM of the left ventricle (LV) was performed either in SR 
or in paced rhythm. The catheter was introduced either retro-
gradely - using standard sheaths - or transeptally/epicardially 

Figure 1. (a, b) Right anterior oblique (RAO) view showing the steerable sheath (large curve Agilis™, SJM), and the 20-pole 
steerable catheter PentaRay® with 1 mm electrodes distributed over five soft, radiating spines (2-6-2 mm interelectrode spac-
ing) entering the left ventricle by passing the mitral valve. (c-f) Fluoroscopy images in RAO and left anterior oblique (LAO) view 
showing the various 180° of unidirectional flexion of the PentaRay® with its soft and very flexible branches allowing reaching any 
region in the left ventricle.
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- using the Agilis NxT steerable introducer (St. Jude Medical). 
A maximum fill threshold of 10 mm was established to fill the 
LV cavity, and sufficient sampling of the low-voltage area was 
performed to obtain a fill threshold < 8 mm. In order to cre-
ate the voltage map, regular bipolar cut-off of < 0.5 mV was 
used to determine scarring, 0.5 - 1.5 mV border zone, > 1.5 
mV normal tissue [9], and 0.5 - 1.0 mV epicardial scar bor-
der zone [10]. “Patchy patterns” of electroanatomical scarring 
were defined as < 2 low-voltage areas separated by areas of 
preserved voltage (> 1.5 mV) [11]. During point acquisition, 
all sites with either late potentials (LP as described by Vergara 
et al [12]), or local abnormal ventricular activity (LAVA, as 
described by Jais et al [8]) within or adjacent to areas of dense 
scarring were identified and marked accordingly on the map. 
Pacing maneuvers were typically performed at the border zone 
of the scar where LAVA is more often found hidden within the 
far-field ventricular electrogram. Pace-mapping (PM) was also 
performed at sites within channels, in defined areas containing 
any abnormal electrogram, as well as in regions in which VT 
exits were suspected - based on 12-lead ECGs, when available. 
In this context, we used the definition of channels described 
by Hsia et al [13]: 1) a path demonstrating contiguous elec-
trogram recordings with voltage amplitude higher than that 
of the surrounding areas as evidenced by distinct voltage map 
color differences and 2) a path involving at least two distinct, 
orthodromically activated sites within the reentrant circuit as 
defined by entrainment mapping. Before locations were tagged 
on the EAM, stability and adequate splaying of the PentaRay® 
splines over the endocardium was fluoroscopically confirmed, 
and ventricular ectopic beats were vigilantly excluded. In the 
case of hemodynamically stable VT, the VT was mapped to 
identify the site of the earliest ventricular activation as well as 
abnormal presystolic ventricular potentials, if any were pre-
sent. Whenever feasible, entrainment mapping was performed 
at sites with abnormal electrograms, long S-QRS latencies, and 
paced QRS morphology coinciding with VT [14]. Tachycardia 
was terminated by overdrive pacing, ablation or by external/
internal cardioversion. At the end of the procedure, the maps 
were stored for offline calculation of scar areas and bipolar 
electrograms.

Radiofrequency ablation and procedural endpoint

Radiofrequency current was delivered using an irrigated-tip 
catheter (Thermocool, Biosense-Webster) with a power setting 
of between 30 and 50 W, and a temperature limit of 43 °C. In 
patients with inducible VT and hemodynamic stability, abla-
tion was performed at the site of the critical isthmus based on 
entrainment maneuvers and timing of the local EGM during 
VT. In the case of non-inducibility or hemodynamic instabil-
ity, a substrate-based ablation approach with elimination of all 
annotated points (LPs and LAVAs) was performed. Channels 
identified inside dense scarring were connected to the sur-
rounding tissue (Fig. 2). Linear ablation lesions were placed 
to transect the VT isthmus. To evaluate the procedural suc-
cess, PVS was repeated subsequent to CA: complete success 
was defined as VT induction at baseline and no inducible VT 
subsequently to ablation; partial success as 1) abolition of ≥1 

clinical VTs with other VTs remaining inducible and 2) non-
inducibility in PVS at baseline or when we abandoned PVS 
subsequently to ablation due to non-inducibility or hemody-
namic instability. A failure was considered when it was not 
possible to eliminate the clinical VT. A remapping at the end 
of the procedure to identify residual LAVAs and/or LPs was 
not performed.

Postprocedural EAM analysis

All EAM was reviewed offline. Each recorded electrogram - 
its morphology and timing in relation to QRS complex in the 
surface ECG - was verified by two experienced electrophysi-
ologists. The description of the LV focused on the extension of 
scarring based on low-voltage areas and bordering zones. The 
total scar area, the dense scar and the “patchy pattern scar” 
were all calculated using the measurement tool included in the 
CARTO®3 software. The total number of points on each map 
- as well as the number of LPs, LAVAs and channels - was 
documented. We completed the data by including and entering 
the procedure duration and fluoroscopy times - both sets of 
recordings having started with the transfemoral puncture and 
ceasing after the last PVS. Furthermore, mapping and abla-
tion times were included when available. The mapping time 
included both the creation of “geometry” as well as voltage 
acquisition.

Follow-up

All patients had had or received ICD, and were clinically mon-
itored at 3 monthly follow-ups which included device interro-
gation. Recurrence was defined as the occurrence of sustained 
VT and/or appropriate ICD therapies. Antiarrhythmic therapy 
and/or the decision to conduct a re-ablation procedure were at 
the discretion of the treating physician.

Statistical analysis

Baseline parameters are presented as mean ± SD, proportion, 
and median with interquartile range for continuous, categori-
cal, and count variables, respectively. Comparisons were done 
using a Student’s t-test, χ2 test (or Fisher exact test, where ap-
plicable), or Mann-Whitney U test, as appropriate.

Results

Baseline characteristics

The majority of the 26 patients (aged 65 ± 9 years) were 
male (84.6%) with characteristics of advanced SHD, includ-
ing markedly depressed ventricular function. Out of the 26 
patients, 25 patients were carriers of a device: 21 patients 
(80.8%) had an ICD, and four patients (15.4%) had had car-
diac resynchronization therapy (CRT). More than half of the 



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org296

Multielectrode Mapping Catheter Cardiol Res. 2017;8(6):293-303

patients (14 patients, 53.9%) were NYHA ≥ 3. Further, 50% of 
the patients had already had ≥ 2 VT ablation procedures in the 
past. The ejection fraction (EF) averaged 28.1±11.5%. Etiolo-
gies of SHD included 18 patients with ICM (69.2%), and eight 
with NICM (30.8%). The infarction area of the ICM patients 
was anterior/septal in 50.0%, inferoposterior in 11 (42.3%), 
and lateral in two (7.7%) of the cases. Etiologies included two 
idiopathic, one arrhythmogenic right-ventricular dysplasia, 
three myocarditis and two toxin-induced NICM types. More 
patients with ICM had a history of electrical storm or incessant 
VT than those with NICM (Table 1).

Mapping and ablation procedure

Transseptal, retrograde aortic, and epicardial approaches were 
performed in 24 (82.3%), six (23.1%), and four cases (15.4%), 
respectively. We aimed to do PVS at baseline in all patients, 
but we remained to perform PVS in one patient with high-
er grade aortic stenosis and one patient with hemodynamic 
instability at baseline. Thus, PVS was done in 24 patients 
(92.3%). In 17 out of these 24 patients (65.4% of the total 
cohort), VT was inducible; in seven patients, VT was not in-
ducible. The induced VTs showed a cycle length of 366.2 
± 90.5 ms on average. In seven ICM patients, multiple VT 
(ranging from 2 to 5) was observed. During VT, entrainment 

mapping could succeed in three patients (11.5%), and led to 
VT termination in two. In the remaining 14 patients (46.2% 
of the total cohort), mapping during VT was impossible to 
perform due to either non-inducibility (in two patients, as 
mentioned above), hemodynamic intolerance (in seven pa-
tients), or conversion to another VT after VT induction (in 
five patients). PVS after ablation was performed in only 12 
patients from those 17 patients induced at baseline. These 12 
patients were not inducible after ablation. They were con-
sidered as complete success with VT inducibility at baseline 
and non-inducibility after ablation according to the method 
section (46.2%). The procedure success of patients with non-
inducibility after ablation was considered as partial success 
(14 patients, 53.9%). No failure occurred. No patients expe-
rienced pericardial bleeding; there were no strokes, phrenic 
palsies, coronary injuries, or procedure-related deaths. The 
procedure lasted 175.4 ± 52.0 min on average (ranging from 
80 to 300 min), the mapping time averaged 55.6 ± 34.4 min 
(ranging from 15 to 160 min), and the fluoroscopy time av-
eraged 50.8 ± 30.1 min (ranging from 15 to 130 min). For 
further details, see Table 2.

Learning curve of the PentaRay®

Figure 3 shows boxplots of the procedure duration as well as 

Figure 2. Boxplots of the procedure duration, mapping time, ablation time, and fluoroscopy time. We found a tendency to in-
creased competence with the technology (P not significant), comparing phase 1 (the initial 10 cases) representing the learning 
curve, and phase 2 (the next 10 cases).
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the times of mapping, ablation, and fluoroscopy. The learn-
ing curve consisted of two unique phases, whereby phase 1 
(the initial 10 cases) represented the initial learning curve. 
Phase 2 (consisting of cases 11 - 20) experienced increased 
competence with the technology chosen to use: procedure 
duration, mapping and fluoroscopy times in phase 1 took 
174, 49.1, and 21.8 min compared to the times of those pa-
tients belonging to the phase 2 group taking 161, 39.5, and 
13.5 min, respectively (P values not significant). In compari-
son, the ablation time increased from 43.5 min in the phase 
1 group to 47.0 min in the subsequent phase 2 group (P value 
not significant).

Postprocedural EAM analysis

Scarring

A total of 30 EAM were reviewed offline by two experienced 
electrophysiologists. In 26 endocardial maps and four epicar-
dial maps, a mean number of 1,085.9 ± 726.2 mapping points 
having been created in 55.6 ± 34.4 min was determined and 
analyzed. To describe the ventricle and the abnormal substrate, 
we first measured the number of scar and the size of each scar. 
The total number of scars visible in 30 EAMs ranged between 

Table 1.  Clinical Characteristics of PentaRay® Patients

Variable N = 26
Age, years 61.8 ± 10.1
Sex, males 22 (84.6%)
Device 25 (97.2%)
  Single chamber ICD 15 (57.7%)
  Dual chamber ICD 6 (23.1%)
  Cardiac resynchronization therapy with ICD 4 (15.4%)
Ischemic cardiomyopathy 18 (69.2%)
  Three-vessel disease and/or CABG 12 (46.1%)
  Anterior wall/septal myocardial infarction 13 (50.0%)
  Posterior/inferior wall myocardial infarction 11 (42.3%)
  Lateral wall myocardial infarction 2 (7.7%)
  Sustained VT and/or ICD shock 8 (30.8%)
  Electrical storm 2 (7.7%)
  Slow VT 4 (15.4%)
Non-ischemic cardiomyopathy 8 (30.8%)
  Sustained VT and/or ICD shock 2 (7.7%)
  Electrical storm 3 (11.5%)
Ejection fraction < 35% 23 (88.4%)
Ejection fraction in mean, % 28.2 ± 11.5
Atrial fibrillation 10 (38.5%)
NYHA ≥ 3 14 (53.9%)
≥ 2 prior VT ablation 13 (50%)
≥ 2 scars (patchy pattern and/or dens scar) 15 (57.7%)
Hypertension 23 (88.5%)
Diabetes 11 (42.3%)
Hyperlipidemia 22 (84.6%)
Smoking 10 (38.5%)
Antiarrhythmic therapy 22 (91.7%)
  Beta-blocker 25 (96.2%)
  Amiodarone 11 (42.3%)
  Sotalol 1 (3.8%)

CABG: coronary artery bypass graft; ICD: internal cardioverter defibrillator; NYHA: New York Heart Association; VT: 
ventricular tachycardia. Values are expressed as mean ± SD or n (%).
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1 and 5. We found the majority of patients (57.6%) having 
more than one area of scarring. A maximum of two dense 
scars was accounted for in patients with ICM; a maximum of 
five patchy scars were accounted for in patients with NICM. 
The average absolute surface area of dense scarring and the 
mean patchy scarring area was 49.4 ± 51.8 cm2 (ranging from 
0 to 190 cm2) and 14.7 ± 14.9 cm2 (ranging from 0 to 110 
cm2), respectively. Dense scarring averaged 15.3 ±16.5 cm2; 
the mean percentage of patchy scarring was 1.7 ± 5.1 cm2. 
The requirement that VT was related to the scarring on EAM 
was fulfilled in our study; the suspected local VT exits, firstly 

based on 12-lead ECGs, were often able to be confirmed by 
EAM.

Bipolar electrograms

In the following step, we verified each recorded bipolar elec-
trogram, its morphology and timing in relation to the QRS 
complex in the surface ECG and correlated it to the underly-
ing tissue by setting the transparency in CARTO®3 at 100% 
(Fig. 4). Noise, artifacts, and near-field versus far-field speci-

Table 2.  Procedural Data of the PentaRay® Patients

Variable N = 26
Total area LV in cm2 311.7 ± 100.5
Number of VT ≥ 2 7 (26.9%)
VT cycle length in ms
  VT 1 cycle length in ms 366.2 ± 90.5
  VT 2 cycle length in ms 402.8 ± 114.1
≥ 1 scar in voltage map 15 (57.6%)
  Ischemic cardiomyopathy 9 (34.6%)
  Non-ischemic cardiomyopathy 6 (23.1%)
LV approach
  Retrograd 6 (23.1%)
  Transseptal 24 (92.3%)
  Epicardial 4 (15.4%)
Programmed ventricular stimulation pre-ablation 24 (92.3%)
  Inducible VT 17 (65.4%)
  ICM 14 (53.9%)
  NICM 3 (11.5%)
  Non-inducibility in programmed ventricular stimulation 7 (26.9%)
Programmed ventricular stimulation post-ablation 12 (46.2%)
Hemodynamic stability during VT 9 (34.6%)
Hemodynamic instability during VT 17 (65.4%)
Complication 0 (0%)
Procedure success
  Complete 12 (46.2%)
  Partial 14 (53.9%)
  Failure 0 (0%)
Entrainment maneuver 3 (11.5%)
Procedure time, min (range 80 - 300 min) 175.4 ± 52.0
Mapping time (range 15 - 160 min) 55.6 ± 34.4
Ablation time (range 15 - 130 min) 50.7 ± 30.1
Mapping points 1,085.9 ± 726.1
Fluoroscopy time 22.1 ± 13.7

ICM: ischemic cardiomyopathy; LV: left ventricle; NICM: non-ischemic cardiomyopathy; VT: ventricular tachycardia. 
Values are expressed as mean ± SD or n (%).
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fications were rigorously analyzed and excluded, when neces-
sary. The points that had to be discarded as they were judged 
to be noise/far-field/artifact were not counted, so that we can-
not relate them to all the points acquired automatically in the 
EAM. The majority of abnormal EGMs was recorded in areas 
of scarring/low-voltage, i.e. fractionated potentials, double 
potentials, LPs and LAVAs. LPs were recorded in 24 patients 
(92.3%) and LAVAs in 20 patients (76.9%). The number of 
LPs in all patients averaged 36.4 ± 29.9 (ranging from 0 to 
116) - higher than the number of LAVAs which averaged 
11.0 ± 11.3 (ranging from 0 to 39). We identified channels 
in 73.1% of patients. Fractionated potentials were present 
in all patients (hereby ranging from 4 to 93 and averaging 
28.5 ± 20.9). It was remarkable how difficult it sometimes 
was to distinguish between the bipolar signals, although the 
most important signals are clearly defined and pictured in the 
literature. In the offline analysis without pacing maneuvers, 
it was not always possible to clearly identify LAVAs from 
“mere” fractionated potentials. By setting the transparency 
in CARTO®3 at 100%, we attempted to determine the loca-
tion of each point in the map, thereby serving to better guide 
our interpretation. Furthermore, we aimed adjusting the color 
scale display in order to ultimately identify potential channels 
within dense scarring [13, 15]. Nevertheless, by increasing 
the transparency and analyzing the annotated bipolar electro-
grams, it was remarkable how many points were missing by 
the operator during the ablation procedure itself, especially 

inside the dense scar area.

Follow-up

One patient was lost during follow-up. The only patient with-
out a device received an ICD following the ablation procedure. 
During the course of follow-up lasting 14 months on average, 
25 patients (97.2%) were monitored with device interroga-
tion. Freedom from VT recurrence was achieved in 17 patients 
(65.4%, one patient with NICM). In eight patients (30.8%), we 
found VT recurrences during device interrogation (for further 
details, see Table 3).

Discussion

The main findings of our study are as follows: 1) the catheter is 
feasible and safe in a real world scenario; 2) the catheter serves 
to acquire an accurate and high-density map of the abnormal 
substrate in a short time; 3) LPs and LAVAs can be quickly tar-
geted; 4) channels can be identified. Our study offers a detailed 
description of the clinical utility of the multielectrode mapping 
catheter PentaRay® during VT ablation in a small series of pa-
tients with severe ICM and NICM (the half of them had ex-
perienced ≥ 2 VT ablations in the past), specifically designed 
with this purpose. The focus was not on the comparison of 

Figure 3. Two electroanatomic map of a patient with non ischemic cardiomyopathy. Left lateral and right anterior oblique views 
of the epicardium and a part of the left ventricle are depicted. Substratemap of the pericardium obtained with the PentaRay® was 
set at 45% transparency, so that each recorded bipolar electrogram, its morphology and timing in relation to QRS complex could 
be related to the underlying tissue.
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multielectrode mapping catheters with linear catheters as other 
authors did recently [5, 16, 17]. In our opinion, the only com-
parable study in the current literature focusing the same issue 
of clinical utility of the PentaRay® was recently published by 
Cano et al [18]. In addition, we offer an offline analysis of the 
EAM created with the PentaRay®. We observed that despite 
limitations of “on-the-fly” electrograms annotated automati-
cally during the procedure, the detailed mapping seems to be 

associated with achieving a satisfied clinical outcome.

Study-based feasibility, safety and accuracy of the Penta-
Ray® mapping catheter

Using standard sheaths, the PentaRay® could easily be ad-
vanced into the LV. We preferred the transseptal approach 

Figure 4. Example of the accuracy of the PentaRay® mapping catheter identifying a channel in a patient with a prior anterior wall 
myocardial infarction. (a) CARTO®3-guided electroanatomic map (EAM) of the left ventricle: activation map left sided, in which 
the area with the latest activation appears in blue, and the voltage map right sided with identification of a large dense scar in the 
anterior wall; to the left the bipolar signals of LAVAs at the center showing the latest activities suggesting a channel identified by 
the PentaRay® (white line in the EAM). This channel yields from inside the dense scar into the border zone and was identified 
as ablation target. (b) At baseline, VT was successful induced and well tolerated (CL 330 ms). (c) During VT, in the border zone, 
prasystolic fractionated signals but not mid-diastolic potentials (gray arrow) were recorded with the PentaRay® and annotated 
on the EAM (white points and gray arrow). Mapping the dense scar, the channel was then found inside dense scar and also an-
notated on the EAM (EAM, arrow). (d) VT terminates under radiofrequency ablation (blue point in the maps); the first beat is a 
paced rhythm.

Table 3.  Follow-Up of the PentaRay® Patients

Variable N = 26
Follow-up in months (range 1 - 33) 14.7 ± 8.5
Lost to follow-up 1 (3.8%)
Recurrence of VT
  None 17 (65.4%)
  Non-sustained VT with amiodarone 3 (11.5%)
  Sustained VT 5 (19.2%)
Further ablation due to recurrences of VT 5 (19.2%)
  Non-sustained VT with amiodarone after 3 months 1 (3.8%)
  Sustained VT with amiodarone after 6 months 4 (15.4%)
Death 4 (15.4%)

ICM: ischemic cardiomyopathy; LV: left ventricle; NICM: non-ischemic cardiomyopathy; VT: ventricular tachycardia. 
Values are expressed as mean ± SD or n (%).
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(chosen in 24 patients, 82.3%), and as already described [8], 
entering the LV with the smooth catheter by crossing the mitral 
valve was feasible and safe - with no complications attributa-
ble to the catheter. We had always aimed to represent the whole 
cavity of the left ventricle. To picture well the anterior wall of 
the LV, we pushed in case of a transseptal access the Agilis 
NxT steerable introducer carefully forward and deep in the LV. 
Due to the high torque capabilities and the nearly unlimited 
maneuverability of the PentaRay®, loops against the anterior 
wall were easily done without traumatic injuries (Fig. 1). The 
best regions to reach with the PentaRay® were the lateral wall 
and the septum, regardless of the access. If some regions could 
not be reached, we changed the access from transseptal to 
retrograde and vice versa. A large number of points (1,085.9 
± 726.2 mapping points, produced in 55.6 ± 34.4 min) were 
simultaneously and quickly acquired - with high-resolution 
and clean (noise-free) electric signals. The sharpness of the 
bipolar electrograms not only facilitated the identification of 
LPs and LAVAs, but even channels as well (Fig. 2). Due to 
the fact that the PentaRay® covers a surface diameter of > 7.0 
cm2 and offers the possibility to pace from any electrode, we 
accelerated the time allocated for analyzing the signals during 
the procedure. The ability to detect scarring, patchy scars and 
corresponding border zones was impressive. As described in 
the literature [19], EAM enables to identify scars in so-called 
NICM, the very heterogeneous group of myocardial diseases 
- including multiple etiologies, but also frequently idiopathic 
conditions.

Analyzing the learning curve with the PentaRay®, we 
found a tendency in decreasing the total procedure duration, 
fluoroscopy and mapping times. Hence, we could shorten the 
procedure duration by 13 min (in mean 174 min starting with 
the PentaRay®, and 161 min in the latter cases), the mapping 
time by 10 min (in mean 49.1 and 39.5 min, respectively), and 
the fluoroscopy time by 8 min (in mean 21.8 and 13.5 min, 
respectively). Thus, our procedure duration and mapping times 
are still below those of Cano et al [18], who needed 189 ± 56 
min for the procedure and 44 ± 20 min for mapping. As has 
been emphasized recently [18, 20], the reduction of mapping 
and procedural time in this context is of great value consider-
ing that the hemodynamic stability of these patients may be 
easily disrupted with longer procedures. Recent multicenter 
VT ablation studies have reported mean VT ablation procedure 
times ranging from 240 to 263 min, which are significantly 
longer when compared with the procedural times described in 
our series [21, 22].

Patients’ outcome

We favored a strict approach: complete success was only 
achieved with the inducibility at the beginning of the proce-
dure and non-inducibility subsequent to ablation. For which 
reason a patient was not induced or not inducible before or 
after ablation, we considered the absence of PVS as partial 
success. Thus, complete success was achieved in less than half 
of the patients (46.2%). Even though we succeeded in induc-
ing a high percentage of patients with PVS prior to ablation 
(24 patients, 92.3%), only 17 of them had had inducible VTs 

(65.4%). Due to different reasons, only 12 patients experienced 
PVS after ablation (46.2%). We underscore with our results 
the discussion of Tung et al [23], who recently described the 
limitations associated with achieving acute procedural success 
with PVS. It remains to discuss if a strict approach concern-
ing follow-up consisting of 100% device interrogation perhaps 
better reflects the acute successful ablation rate than PVS did. 
It was determined that 17 patients (65.4%) had remained free 
of any arrhythmia recurrence in a 14-month follow-up.

Online and offline analysis of intracardiac signals

In brief, the EAM created with CARTO®3 consists of “elec-
trical points” sampled by the mapping catheter “on-the-fly” 
through having contact with the anatomical structure. One of 
the major challenges of multipolar mapping is how to handle 
“on-the-fly” electrogram analysis during the procedure. One 
must be able to visualize and consume all the given informa-
tion in a convenient manner to facilitate ablation. While auto-
mated software can exclude internal points, it has yet to pro-
vide additional well validated means to automatically exclude 
noise and artifact without operator intervention, or to otherwise 
identify high value or high yield electrogram characteristics 
to focus ablation efforts. Current annotation criteria might be 
limited and imprecise, especially in fractionated low voltage 
signals in scarred myocardium. The question remains whether 
or not the accuracy of multipolar mapping catheters and soft-
ware are comparable to human interpretations. According to 
our observation, in a recent study with a 64-pole new basket 
catheter [24], manual electrogram review using the “virtual 
probe” confirmed that 100% automatically detected LP could 
be confirmed in only 69%; the remaining LP were annotated 
incorrectly due to an artificial signal (“false positive”). As seen 
in our manual review after the procedure with two observers, 
verifying the high number of points in high-density mappings 
is time consuming and difficult as well; impossible to perform 
such a strict analysis during the procedure - it might distract 
the intraprocedural workflow. Thus, automatic algorithms for 
annotation and display on the 3D map are crucial. New annota-
tion algorithms might overcome this limitation in future [24].

Limitations

The study consisted of a small sample size and had no pre-
specified protocols for VT. However, this is a consecutive 
series of patients being treated in a university hospital that 
reflects “real world” experience in the truest sense. The advan-
tage of measuring the area of dense and patchy scars is ques-
tionable, as we did not correlate the scar extension with other 
imaging modalities. In our sample size, details of the myocar-
dial infarction history were lacking. This information would 
have been helpful in order to characterize the abnormal sub-
strate. During the procedure, artifacts and noise were manually 
excluded; nevertheless we decided to exclude further bipolar 
electrograms in our offline analysis, but we did not count them. 
A comparison of our results with point-by-point VT ablation 
seems not reasonable due to the limited number of patients 



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org302

Multielectrode Mapping Catheter Cardiol Res. 2017;8(6):293-303

involved and their heterogeneity regarding their SHD.

Conclusions

In this initial experience of 26 consecutive patients undergoing 
ablation for ventricular arrhythmias, mapping - exclusively us-
ing the PentaRay® mapping catheter - was fast, safe and effec-
tive in all patients. Despite limitations, the PentaRay® permits 
a detailed anatomic characterization of the endocardial sub-
strate by systematically analyzing the local electrogram volt-
age characteristics that correlate with documented components 
of the reentrant circuit. Acute success was high and medium-
term outcomes were encouraging. Further prospective studies 
are required to validate our findings in a larger cohort, includ-
ing head-to-head comparisons with other contemporary map-
ping systems, e.g. ultra-high resolution mapping with reliable 
automatic point annotation using 64 electrodes (Rhythmia™, 
Boston Scientific, USA).
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