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Abstract

Introduction: The assessment of the ventricular myocardial substrate critically
depends on the size of mapping electrodes, their orientation with respect to
wavefront propagation, and interelectrode distance. We conducted a dual-center
study to evaluate the impact of microelectrode mapping in patients undergoing
catheter ablation (CA) of ventricular tachycardia (VT).

Methods: We included 21 consecutive patients (median age, 68 [12], 95% male) with
structural heart disease undergoing CA for electrical storm (n = 14) or recurrent VT
(n=7) using the QDOT Micro catheter and a multipolar catheter (PentaRay, n=9).
The associations of peak-to-peak maximum standard bipolar (BV.) and minibipolar
(PentaRay, BV,) with microbipolar (BV max) Voltages were respectively tested in
sinus rhythm with mixed effect models. Furthermore, we compared the features of
standard bipolar (BE) and microbipolar (UBE) electrograms in sinus rhythm at sites of
termination with radiofrequency energy.

Results: BV max Was moderately associated with both BV, (8 =.85, p <.01) and BV,,
(B=.56, p<.01). BVymax Was 0.98 (95% Cl: 0.93-1.04, p<.01) mV larger than
corresponding BV, and 0.27 (95% ClI: 0.16-0.37, p <.01) mV larger than matching
BVp in sinus rhythm, with higher percentage differences in low voltage regions,
leading to smaller endocardial dense scar (2.3 [2.7] vs. 12.1 [17] cm?, p <.01) and
border zone (3.2 [7.4] vs. 4.8 [20.1] cm?, p=.03) regions in microbipolar maps
compared to standard bipolar maps. Late potentials areas were nonsignificantly

greater in microelectrode maps, compared to standard electrode maps. At sites of VT
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of targets for CA.
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1 | INTRODUCTION

Catheter ablation (CA) is an important therapeutic option for patients
with recurrent ventricular tachycardia (VT) and electrical storm,
and the continuous development and clinical validation of novel
technology has led to improved procedural and patients' outcomes.?
Recently, a novel contact-force sensing catheter (QDOT Micro;
Biosense Webster) equipped with microelectrodes and thermocou-
ples has been developed and tested in very-high power short
duration CA of atrial fibrillation.® In studies involving swine models of
myocardial infarction, microelectrode voltage mapping was shown to
have superior sensitivity for the detection of viable myocardium
compared to standard bipolar mapping.*~¢ As of today, however, we
are lacking information on the clinical value of microelectrode voltage
mapping among human subjects undergoing CA for VT. The aim of
the present study is to report on the preliminary clinical experience
with microelectrode mapping as compared to standard bipolar

mapping in the setting of VT CA.

2 | METHODS
2.1 | Patients

Consecutive patients with structural heart disease undergoing CA for ES
or recurrent VT at two European referral institutions (University Hospital
“Ospedali Riuniti” and University Hospital of Antwerp) between Septem-
ber 2021 and March 2022 were retrospectively included in this study.
Left ventricular (LV) aneurysms were defined as circumscribed, thin-
walled fibrous, noncontractile outpouchings of the ventricle, identified at
preprocedural transthoracic echocardiogram.” The study protocol was
approved by the institutional review board, and each patient provided

his/her written informed consent.

2.2 | Electrophysiology procedure

The electrophysiology procedure was performed under general
anesthesia. The type of approach (endocardial vs. epi-endocardial)

termination (n = 14), uBE were of higher amplitude (0.9 [0.8] vs. 0.4 [0.2] mV, p < .01),
longer duration (117 [66] vs. 74 [38] ms, p <.01), and with greater number of peaks
(4 [2] vs. 2 [1], p <.01) in sinus rhythm compared to BE.

Conclusion: microelectrode mapping is more sensitive than standard bipolar

mapping in the identification of viable myocytes in SR, and may facilitate recognition

activation mapping, electroanatomical mapping, radiofrequency ablation, substrate mapping,
ventricular tachycardia

was chosen according to VT morphology, preprocedural imaging, and
the type of structural heart disease (ischemic vs. nonischemic).
Intracardiac echocardiography (ICE) was used in each case, to rule out
intracardiac thrombosis, monitor for procedural complications in real-
time, and verify catheter's position and catheter-tissue contact. In
case of epi-endocardial approach, the epicardium was preliminary
accessed with a posterior subxiphoid puncture, using the Sosa
technique and a deflectable sheath (Agilis EPI; Abbott). The access
route (transseptal vs. retrograde aortic) to the LV endocardium was
chosen according to operators' preference, preprocedural imaging,
and the presumed site of origin of VT. Unfractionated heparin was
administered during LV endocardial steps of procedures, to achieve

an activated clotting time 23005.2

2.3 | Electroanatomical mapping and
electrophysiology study

Electroanatomical reconstructions of the LV endocardium and/or
epicardium were obtained with the CARTO3 version7 mapping
system (Biosense Webster). Substrate mapping was performed in
sinus rhythm with the contact-force sensing catheter with micro-
electrodes and thermocouples (QDOT Micro; Biosense Webster). The
QDOT Micro catheter integrates a standard distal bipole (between
the 3.5mm tip and a 1 mm spaced 1 mm ring) recording standard
bipolar electrograms with 3 tip microelectrodes (0.167 mm? wide,
1.755 mm spaced), each recording microbipolar electrograms at 60°
angles to other microbipolar electrograms and perpendicular to the
standard bipolar electrogram. Only points with adequate catheter-
tissue contact (>3g) were acquired; for each point, the system
automatically acquired the standard bipolar electrogram and the
microbipolar electrogram with the highest amplitude, to correct for
wavefront propagation direction.*”® Operators were also allowed to
use a multipolar catheter with 5 splines, each with 4 1 mm wide
electrodes with 2-6-2 mm spacing (PentaRay; Biosense Webster),
recording bipolar electrograms between each 2 mm spaced electro-
gram pair (minibipolar electrograms). Catheter-tissue contact was
verified with fluoroscopy, signal characteristics, and ICE, and points

acquired with the PentaRay catheter were filtered using the tissue
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proximity indication (Biosense Webster) algorithm. In patients with
LV aneurysms, ICE was used to delineate the aneurysms' three-
dimensional geometry and integrate it with electroanatomical maps,
using the Cartosound module (Biosense Webster).

Conventional cutoffs were used to define dense scar regions
(<0.5 mV in the endocardium, <0.3 mV in the epicardium) and border
zones (0.5-1.5 mV in the endocardium, 0.3-0.8 mV in the epicardium)
in both the standard bipolar, minibipolar, and microbipolar maps.®? At
the same time, myocardial regions showing late-fragmented poten-
tials were annotated.

After substrate mapping, programmed electrical stimulation (PES)
was performed from multiple RV/LV sites using a minimum of two
cycle drive lengths (600 and 400 ms), with up to three extrastimuli,
until VT induction, ventricular refractoriness, or coupling interval of

200 ms were reached.

24 | CA

In case of hemodynamically tolerated VT induction, activation, and
entrainment mapping were performed with the QDOT Micro
catheter, and radiofrequency energy was delivered in regions
showing mid-diastolic electrograms and good entrainment (i.e.,
entrainment with concealed fusion and [postpacing interval—
tachycardia cycle length] <30 ms), targeting VT termination. In case
of hemodynamically unstable VT, electrical cardioversion was
performed. After VT termination, substrate homogeneization was
completed, targeting elimination of all abnormal late/fragmented
electrograms.9 Radiofrequency energy was delivered in a
temperature-controlled fashion (QMODE™; Biosense Webster),
power setting 40-50 W, and recommended contact force 5-20g;
the choice of power, contact force, and duration of radiofrequency
energy delivery were left at the discretion of operators. An
automated lesion tagging module (Visitag Module; Biosense Webster)
was used to mark the location of each radiofrequency lesion with the
following settings: catheter stable for at least 3 s within a 3 mm range
and at least 3 g of contact force for 25% of the stability time.1%* For
each case, we recorded the number of Visitags, minimum and
maximum power, as well as maximum and mean ablation index
values, as previously described.'®'? In inducible patients, PES was
repeated at end procedure; complete procedural success was defined
as absence of any VT inducibility; partial procedural success was
defined as nonclinical VT inducibility; procedural failure was defined

as persistent inducibility of clinical VT.

2.5 | Postprocedural case/electrogram analysis and
patient follow-up

After the procedure, CARTO files were deidentified and sent for
analysis to a core laboratory at the Marche Polytechnic University.
For each patient, substrate assessment with standard bipolar (QDOT

Micro), minibipolar (PentaRay), and microbipolar (QDOT Micro)
mapping were compared, by measuring the extension of dense scar
and border zone regions, as well as the extension and location of
areas displaying late potentials with each mapping approach. For
every mapping location, the maximum peak-to-peak amplitude of
microbipolar electrograms was compared with both standard bipolar
and corresponding minibipolar (by matching mapping points acquired
with the QDOT Micro catheter with those acquired with the
PentaRay catheter within 1 mm) electrograms. Furthermore, when
VT could be terminated with RF energy delivery, the characteristics
of the standard bipolar and microbipolar electrogram in sinus rhythm
at the termination point were assessed and compared, by measuring
maximum peak-to-peak amplitude, total electrogram duration, and
the number of electrogram peaks, as evaluated before any RF energy
was delivered.

Each patient was followed-up by means of implantable defibril-
lator remote monitoring to identify VT recurrences; furthermore,

telephonic follow-up was performed to assess for late complications.

2.6 | Statistics

Categorical variables are presented as count (percentage),
whereas continuous quantitative variables are reported as
mean * standard deviation or median (interquartile range), as
appropriate for normally and non-normally distributed variables,
respectively. The correlation of microbipolar and standard bipolar
or minibipolar electrogram amplitude was explored with scatter
plots and assessed with a mixed effect model, by clustering data
from all patients and accounting for the patient and the mapping
approach (endocardial vs. epicardial) as independent random
effects. Bland-Altman plots were used to evaluate agreement
between microbipolar and standard bipolar or minibipolar
electrogram amplitude. Differences in the extension of dense
scar, border zone regions, and electrogram characteristics at
termination sites in bipolar and microbipolar maps were assessed
with repeated measures ANOVA, paired t, or Wilcoxon tests, as
appropriate. The Bonferroni correction was used to account for
multiple comparisons. All statistical analyses were performed
with the software RStudio; p values <.05 were considered
statistically significant.

3 | RESULTS

The clinical characteristics of the patients at baseline are presented in
Table 1. In brief, the study population included 21 patients (age, 68
[12] years; male sex, n =20, 95%) who underwent CA for ES (n =14,
67%) or VT (n=7, 33%). Prior myocardial infarction was the most
common underlying substrate (n=12, 57%), while LV aneurysms
were noted in 10 patients (48%), mainly in patients with ischemic

cardiomyopathy (n = 7).
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TABLE 1 Characteristics of the patients at baseline.

Overall (n=21)

Age—years (IQR) 68 (12)
Male sex—n (%) 20 (95)
NYHA functional class—median (IQR) 2 (0)
BMI—kg/m?—(SD) 28.6 (5.4)
Arrhythmia type
Electrical storm—n (%) 14 (66.7)
Recurrent paroxysmal VT—n (%) 7 (33.3)
Substrate
Prior myocardial infarction—n (%) 12 (57.1)
Dilated cardiomyopathy—n (%) 3(14.3)
Congenital heart disease—n (%) 2 (9.5)
Arrhythmogenic cardiomyopathy—n (%) 1 (4.8)
Cardiac sarcoidosis—n (%) 1 (4.8)
Cardiac amyloidosis—n (%) 1 (4.8)
Hypertrophic cardiomyopathy—n (%) 1(4.8)
Left ventricular aneurysm—n (%) 10 (47.6)
Apical aneurysm—n (%) 5(23.8)
Inferior-lateral aneurysm—n (%) 4 (19.1)
Inferior-septal aneurysm—n (%) 1(4.8)
Left ventricular ejection fraction—% (SD) 37 (11)
Left ventricular end diastolic volume—mL (SD) 176 (51)
Atrial fibrillation—n (%) 8 (38.1)
Diabetes mellitus—n (%) 1(4.8)
Systemic arterial hypertension—n (%) 13 (61.9)

Abbreviations: BMI, body mass index; NYHA, New York heart association;
VT, ventricular tachycardia.

Procedural characteristics are presented in Table 2. The
procedural approach was endocardial, epi-endocardial, and epicardial
in 18 (86%), 2 (10%), and 1 (5%) patient, respectively. Six subjects
(29%) had previously undergone CA of VT; in one of them, the first
procedure was endocardial, while the second epicardial; in the
remaining five, all procedures were endocardial. The median
procedural duration was 198 (46) min, while the median mapping
time was 25 (39) min. The PentaRay catheter was used in 9 patients
(43%). The average numbers of points collected with the QDOT
Micro catheter were 599 (306) and 883 + 346 in the endocardium
and epicardium, respectively, while the average numbers of points
collected with the PentaRay catheter were 1049 £+840 and
3385+ 2689 in the endocardium and epicardium, respectively. A
total of 34 VTs were induced (2 + 1 per patient), of which 15 (44%, 1
[1] per patient) could be completely mapped. Radiofrequency energy
was delivered for a mean of 16 + 6 min, with minimum power set at
40 (10) W, and maximum power set at 50 (10) W.

TABLE 2 Procedural characteristics.

First procedure—n (%)

Second procedure—n (%)

Third procedure—n (%)

Procedural approach
Endocardial—n (%)
Epi-endocardial—n (%)

Epicardial—n (%)

Endocardial access to the left ventricle
Single transseptal puncture—n (%)
Retrograde aortic—n (%)

Number of induced VT—mean (SD)
Zero—n (%)

One—n (%)
Two—n (%)
Three—n (%)
Four—n (%)

Number of mapped VT—median (IQR)
Zero—n (%)

One—n (%)

Procedural duration—min (IQR)

Mapping duration—min (IQR)

Catheters used
QDOT Micro™—n (%)
PentaRay™—n (%)

Number of mapping points
QDOT Micro, endocardium—n (IQR)
QDOT Micro, epicardium—n (SD)
PentaRay, endocardium—n (SD)
PentaRay epicardium—n (SD)

Late potentials—n (%)

Late potentials area in standard bipolar mapping
—cm? (SD)

Late potentials area in microelectrode mapping—
cm? (SD)

Total radiofrequency time—min (SD)
Median area covered by ablation—cm? (IQR)
Ablation settings

Minimum power—W (IQR)

Maximum power—W (IQR)

Number of VISITAGs™, endocardium—n (SD)

Number of VISITAGs™, epicardium—n (SD)

WILEY—L %

Overall (n=21)
15 (71.4)
5(23.8)
1(4.8)

18 (85.7)
2 (9.5)
1(4.8)

20 (95.2)

18 (85.7)
3(14.3)
2 (1)
4(19.1)
6 (28.6)
6 (28.6)
4 (19.1)
1(4.8)
1(1)

6 (28.6)

15 (71.4)

198 (46)

25 (39)

21 (100)
9 (42.9)

599 (306)
883 (346)
1049 (840)
3385 (2689)
19 (90.5)
4.2 (4.3)

4.5 (4.2)

16 (6)
13.2 (7.1)

40 (10)
50 (10)
39 (20)
37 (12)

(Continues)
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TABLE 2 (Continued)

Overall (n =21)

Mean time spent at each ablation site—s (SD) 26 (14)
Maximum ablation index, endocardium—n (SD) 612 (67)
Mean ablation index, endocardium—n (IQR) 458 (82)
Maximum ablation index, epicardium—n (SD) 611 (6)
Mean ablation index, epicardium—n (SD) 500 (57)
VT termination with RF delivery—n (%) 14 (66.7)

Abbreviations: IQR, interquartile range; VT, ventricular tachycardia.

3.1 | Substrate analysis by simultaneous recordings
of standard bipolar and microbipolar electrograms

Standard bipolar and microbipolar electrograms were recorded at 8888
locations, 7628 of which in the endocardium, and the remaining in the
epicardium. The peak-to-peak amplitudes of standard bipolar and
maximum microbipolar electrograms were positively related at regression
analysis, but with suboptimal goodness of fit (8 =.85, intercept=0.83,
R?=0.43, p <.01; Figure 1, panel A). Maximum microbipolar electrogram
amplitude (average, 2.85 + 3.36 mV) was greater than the corresponding
standard bipolar electrogram amplitude (average, 1.87 + 2.29 mV) by 0.98
(95% Cl: 0.93-1.04, p <.01) mV, and the average percentage difference
was 39.5 + 82%. When separately analyzing electrogram amplitude inside
LV aneurysms, maximum microbipolar electrogram amplitude exceeded
standard bipolar electrogram amplitude by 1.22 [95% Cl: 0.96-1.48,
p<.01] mV (Figure 2). Although the absolute difference between
microbipolar and standard bipolar electrogram amplitude was smaller in
areas with standard bipolar voltage <1.5mV compared to areas with
standard bipolar voltage >1.5mV (0.7 vs. 1.4 mV, p <.01), the percentage
difference between microbipolar and bipolar electrograms was signifi-
cantly higher in regions with standard bipolar voltage <1.5 mV (54.7% vs.
14.3%, p<.01). Supporting Information: Figure 1 shows the Bland
-Altman plots of the absolute and percentage differences between
microbipolar and standard bipolar electrograms.

Of note, considering the standard bipolar voltage criteria for
dense scar and border zone regions in the endocardium (dense scar,
<0.5 mV; border zone, 0.5-1.5 mV) and in the epicardium (dense scar,
<0.3mV; border zone, 0.3-0.8 mV), microbipolar mapping led to
voltage category reclassification in 42.2% of mapping points in the
endocardium and in 35.8% of mapping points in the epicardium
(Figure 3; overall reclassification rate, 41.3%), mainly involving dense
scar and border zone regions, and particularly pronounced inside LV
aneurysms (57.8% reclassification rate, Figure 3, panel C).

Comparing the extension of dense scar and border zone regions
in bipolar and microbipolar endocardial and epicardial maps, we
found that both were significantly smaller in microbipolar maps than
in bipolar maps in the endocardium (p =.0007 and p =.03, respec-
tively, Table 3, Central lllustration).

In the analysis of microbipolar and bipolar electrogram amplitude
in nonischemic cardiomyopathies (Supporting Information: Table 1),
we found a greater absolute difference between corresponding
microbipolar and standard bipolar electrogram amplitudes in ar-
rhythmogenic cardiomyopathy and cardiac sarcoidosis in the en-
docardium, and in hypertrophic cardiomyopathy in the epicardium.

We also found that the locations of late potentials were always
concordant between standard electrode and microelectrode map-
ping, and that the extension of late potentials areas was non-
significantly larger with microelectrode mapping (4.5 [4.2] vs. 4.2
[4.3] cm?, p =.099; Table 2, Figure 4).

3.2 | Substrate analysis by simultaneous recordings
of minibipolar and microbipolar electrograms

Matching minibipolar and microbipolar electrograms were available at
1532 mapping points, 749 of which in the endocardium. Microbipolar
and minibipolar electrograms' amplitudes were positively associated,
but with moderate fit (8 =.56, intercept=1.19, R%=0.46, p<.01;
Figure 1, panel B). Overall, microbipolar electrogram amplitude
(average, 1.73+2.35mV) was greater than corresponding
minibipolar electrogram amplitude (average, 1.47 £ 1.94 mV; absolute
difference, 0.27 [95% CI: 0.16-0.37, p < .01]; percentage difference,
16.7 +97.5%; Figure 5). Both the absolute and the percentage
differences between microbipolar and minibipolar electrograms
amplitude were higher in regions with minibipolar voltage <1.5mV
compared to other regions (0.49 vs. -0.26 mV, p <.01, and 35% vs.
-28.3%, p <.01). Bland-Altman plots of absolute and percentage
differences between microbipolar and minibipolar electrogram
amplitudes are shown in Supporting Information: Figure 1. Voltage
category reclassification using conventional voltage criteria for dense
scar and border zone regions with microbipolar versus minibipolar
mapping occurred at 54.9% and 39.2% of mapped locations in the
endocardium and epicardium, respectively (Supporting Information:
Figure 1; overall reclassification rate, 46.9%). The comparisons of the
extension of dense scar/border zone regions and of late potentials
areas among standard electrode, minielectrode, and microelectrode
maps are reported in the Supporting Information: Tables 2 and 3,

respectively.

3.3 | Analysis of bipolar and microbipolar
electrograms at VT termination sites

Of the 15 mapped VT (cycle length, 419 + 90 ms), 14 (93%) could be
terminated with radiofrequency energy delivery in regions showing
diastolic electrograms. In 8 cases, VT termination occurred with
radiofrequency energy delivery in the endocardium, inside LV
aneurysms (Figure 6, Central lllustration, Supporting Information:

video).
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(A) MicroBipolar versus Standard Bipolar Voltage

25+

(B) MicroBipolar versus MiniBipolar Voltage

MicroBipolar Voltage - mV

MicroBipolar Voltage - mV

y . . 0 ‘ 10 15
0 10 15

Standard Bipola} Voltage - mV MiniBipolar (PentaRay) Voltage - mV

FIGURE 1 The amplitude of maximum peak-to-peak microbipolar electrograms versus the amplitude of standard peak-to-peak bipolar or
minibipolar electrograms. (A) Comparison of the amplitude of microbipolar and standard bipolar electrograms. (B) Comparison of the amplitude

of microbipolar and minibipolar electrograms. The blue curves are “smooth” locally weighted least squares regressions, with polynomial degree =
2, and span of a =.75. The gray areas surrounding the regression curve represent the 95% confidence intervals.

EGMs
Standard are higher and longer

. . than corresponding
BlpOlar Mapplng Bipolar EGMs

1-2-Re.. (364, 0) Resp . ™l 12-Re- (964, 0) Resp s " || ©1002 73 1oc 040 063 NA 14

s

FIGURE 2 Comparison of standard bipolar and microbipolar endocardial mapping. The left panel shows the microbipolar voltage map in a
case of postinfarction inferior-lateral left ventricular aneurysm, while the central panel shows the corresponding standard bipolar map using the
same voltage cutoffs. Note that the microbipolar map reveals viable myocardium in the region of the aneurysm (black arrow). The right panel
shows bipolar and corresponding microbipolar electrograms; note that microbipolar electrograms are higher in amplitude and longer.
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FIGURE 3 Voltage category reclassification from standard bipolar to microbipolar mapping using standard voltage cutoffs. Sankey diagrams
schematically representing voltage category reclassification from standard bipolar (left) to microbipolar mapping (right) for each mapping
location in the endocardium (A), in the epicardium (B), and inside left ventricular aneurysms (C).

We assessed and compared the characteristics of bipolar and
microbipolar electrograms at VT termination points in sinus rhythm,
and found that microbipolar electrograms were of significantly higher
amplitude (0.9 [0.8] vs. 0.4 [0.2] mV, p =.0006, respectively), longer
duration (117 [66] vs. 74 [38], p=.001), and had a significantly
greater number of peaks (4 [2] vs. 2 [1], p=.0009; Central
Illustration). Minibipolar electrograms at termination points were
available in 5 patients; the comparison among standard bipolar,
minibipolar, and microbipolar electrograms at sites of VT termination
are shown in Supporting Information: Table 4.

3.4 | Procedural efficacy, complications, and
follow-up

Of the 17 inducible patients (81%), complete acute success
(absence of any VT inducibility by PES at end procedure) was
achieved in 13, while partial procedural success (inducibility of
only nonclinical VT at end procedure) was obtained in 3. We
observed no early or late procedural complications (including no
steam pops), and after a median follow-up of 4 (4) months, there
were no VT recurrences.
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TABLE 3 Comparison of the extension of dense scar and border zone between standard bipolar and microbipolar mapping, in the
endocardium and epicardium.

Endocardium (n = 20)

Epicardium (n = 3)

Dense scar area (<0.5 mV) cm?
Border zone area (0.5-1.5 mV) cm?
Dense scar area (<0.3 mV) cm?

Border zone area (0.3-0.8 mV) cm?

Standard Bipolar mapping
12.1 (17)

4.8 (20.1)
11.5 (10)

5.5 (3.6)

MicroBipolar mapping p

2.3 (2.7) .0007
3.2(7.4) .03
0.2 (0.3) .18
3.2 (5.2) 43

Note: Results are presented as mean (standard deviation) or median (interquartilic range), as appropriate. p Values are calculated with paired-sample
Student t or Wilcoxon rank-sum test, as appropriate. Bold values are statistically significant.

CENTRAL

ILLUSTRATION Microbipolar
electrograms are significantly higher than both
corresponding standard bipolar and
minibipolar electrograms in sinus rhythm,
leading to significantly smaller low-voltage
regions in endocardial maps. Furthermore,
microbipolar electrograms at sites of
ventricular tachycardia termination are longer,
more fragmented, and of higher amplitude
than standard bipolar electrograms in sinus
rhythm.
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FIGURE 4 Comparison in the extension of late potentials areas between standard bipolar (Bip) and microelectrode (Micro Bip) mapping.
Note that in this patient with prior anterior myocardial infarction, late potentials are colocalized in the two maps, although the extension of the
late potentials area is slightly greater in the microelectrode map (upper panel).
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FIGURE 5 Comparison of minibipolar (PentaRay) and microbipolar mapping. The upper panel shows the minibipolar (PentaRay) endocardial
voltage map, revealing scarring of the basal posterior and inferior walls of the left ventricle. In the inferior panel, the microbipolar map using the
same voltage cutoffs shows a more heterogeneous substrate in the same region, with clearer visualization of late potentials.

4 | DISCUSSION

We present the preliminary experience with the novel QDOT Micro
catheter in substrate mapping and CA of VT in patients with
structural heart disease. The findings of our study have several
implications for clinicians.

(1) Microelectrode mapping, by capturing electrical information
from submillimetric electrodes, allows the visualization of
higher electrograms in low bipolar voltage areas in sinus
rhythm, as a result of the more sensitive detection of viable
and electrically non-inert subendocardial (or subepicardial)
myocardial tissue.>%*® This tissue, while potentially over-
looked with the use of conventional bipolar electrodes and
even with multipolar catheters, as the PentaRay, may in turn
represent a critical component of the arrhythmia circuitry and
a fundamental target for ablation.’® This finding translates
into smaller but better characterized target zones for
substrate-based CA of VT.

(2) At sites of VT termination (i.e., presumed VT isthmuses),
microelectrode mapping in sinus rhythm reveals higher, longer,
and more fractionated electrograms, highlighting the potential
pathogenicity of the regions.

(3) Using standard voltage cutoffs, a high proportion of
mapping points may change their voltage category with
microelectrode mapping compared to standard bipolar
mapping (41.3% reclassification rate) or minibipolar mapping
(46.9% reclassification rate), underscoring the need to adapt
voltage cutoffs according to recording electrode dimensions.

4.1 | Conventional electrodes, minielectrodes,
microelectrodes, and the detection of electrically
viable myocardium

The choice of specific voltage cutoffs to discriminate dense scar and
border zone regions from normal-voltage myocardium has crucial
consequences at the time of CA of VT in patients with structural
heart disease.’® In fact, low-voltage regions are also commonly
associated with slowing of conduction and, therefore, usually contain
critical VT circuit components, thus representing targets for CA.* On
the other hand, CA should be avoided in areas displaying normal
voltages, where ablation-induced injury may result in potentially
harmful conduction slowing.

Unfortunately, the available data to categorize myocardial

segments according to their peak-to-peak voltage amplitude were
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FIGURE 6 Standard bipolar and microbipolar electrogram characteristics in sinus rhythm at a site of ventricular tachycardia (VT) termination.
Note that the microbipolar electrogram is longer, with more peaks, and of slightly higher amplitude compared to the standard bipolar
electrogram. EGM, electrogram; MicroB, microbipolar; RF, radiofrequency; SR, sinus rhythm; VT, ventricular tachycardia.

derived in 1980s studies involving patients without structural heart
disease,'* using widely spaced (5-10 mm) electrodes.2**> Even more
recent reports on the correlation between electrogram voltage and
myocardial fibrosis, as assessed by whole heart histology¢ or cardiac
magnetic resonance imaging,!” are limited by the use of conventional
mapping catheters with 3.5 mm tip electrode, 1 mm ring electrode,
and 2mm interelectrode spacing.}®'” Accumulating evidence is
supporting the concept that using smaller electrodes may allow the
detection of higher amplitude signals,*~¢ which may translate into the
need to dynamically adjust voltage cutoffs in microelectrode maps,**
but the clinical impact of this phenomenon has not been quantified in
humans and needs to be investigated further. In fact, all data
regarding substrate-based ablation for VT have been acquired with a
standard bipolar configuration, and we cannot exclude that micro-
bipolar mapping may have a deep impact on the procedural approach
to substrate homogenization, pushing operators toward less exten-
sive ablation lesions sets directed to more limited regions of
interest.'®

As opposed to prior swine models of myocardial infarction,® we
found higher percentage spread between maximum microbipolar and
maximum bipolar electrogram amplitudes in lower voltage regions.®
This finding underlines how critical the information captured by
microelectrode mapping may be in the identification of surviving

bundles of myocytes inside dense scar regions as defined by standard
bipolar mapping voltage criteria, especially in the context of VT CA in
patients with ischemic cardiomyopathy. In fact, the widespread
adoption of early percutaneous coronary intervention in myocardial
infarction has led to reduced size and increased heterogeneity of
myocardial scar, whose electrical properties may be better charac-
terized by using submillimetric microelectrodes.’® Furthermore, the
three-dimensional arrangement of the three 60°-angled microelec-
trodes and the automatic selection of the electrogram with the
highest peak-to-peak voltage allows compensation of the variable
relationship between catheter-tissue contact angle and wavefront
propagation direction, which may be particularly relevant in scarred
myocardial segments, where complex patterns of wavefront propa-
gation (including ‘“zigzag” course of activation)'® have been
described.>*? Although our study had limited statistical power, we
found that the extension of areas with late potentials was non-
significantly larger with microelectrode mapping, and we may
speculate that microelecrode mapping may become an important
mapping modality for the characterization of late/fragmented, low-
voltage electrograms.

Based on our findings (Supporting Information: Table 1), we
cannot exclude that the differential diagnostic value of microbipolar
mapping compared to standard bipolar mapping may be substrate-
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specific in nonischemic cardiomyopathies, a finding that deserves

further study.

4.2 | Impact of microelectrode mapping and
temperature-controlled ablation in patients with LV
aneurysms

Ventricular aneurysms are commonly associated with recurrent VT
due to reentry involving surviving myocites inside the aneurysm or at
its edge.”?°722 |n the subset of patients with LV aneurysms in our
study (n=10), standard bipolar voltage mapping in sinus rhythm
showed dense scar electrograms in 59.7% of mapping locations
inside the aneurysm (Figure 2, panel C). However, microelectrode
mapping allowed the detection of significantly higher voltages in the
same locations. Of note, in 80% of patients in this subset, we were
able to terminate VT with radiofrequency energy delivery inside the
aneurysm; furthermore, the analysis of sinus rhythm electrograms at
termination sites showed longer and more complex electrograms
with microelectrode mapping, compared to standard bipolar mapping.
We hypothesize that these results represent an enhancement of
what was previously shown with ultra high-density mapping of
postinfarction LV scar,?® in that microelectrode mapping may
facilitate visualization of arrhythmogenic low amplitude electrograms
within scarred regions.

As an important corollary, the availability of 6 thermocouples and
adjustable irrigation flow rate allowed optimized temperature-
controlled ablation,® leading to absence of steam pops or other
procedural complications even in the challenging context of LV
aneurysms, in which the very limited wall thickness may facilitate
pericardial effusions and myocardial perforation, especially when

using high radiofrequency energy power.

4.3 | Limitations

In our study, not all patients underwent mapping with the PentaRay
catheter, and we were not able to collect standard bipolar,
minibipolar, and microbipolar electrogram at every mapping point,
due to slight differences in the mapped LV geometry. However, the
large number of collected points allowed us to draw statistically solid
conclusions on the relationships between microbipolar and either
standard bipolar or minibipolar electrograms. The present study has a
limited sample size, a short follow-up, and mainly included male
subjects. Larger numbers of patients, longer follow-ups, and more
female patients need to be studied before we may assess the safety
and efficacy of CA of VT with the novel QDOT Micro catheter.
Nonetheless, to our knowledge, this is the largest report on the use of
the QDOT Micro catheter in human subjects undergoing substrate
mapping and CA of VT, the only other report being specifically
focused on the assessment of local abnormal ventricular activity with
the QDOT Micro catheter in 4 patients.2* Finally, we did not analyze

whether microelectrodes may be of help in activation mapping of VT,

and this is a currently unanswered research question.

5 | CONCLUSIONS

Microelectrode mapping allows detection of higher voltage electro-
grams compared to standard bipolar mapping, a phenomenon which
mostly impacts on the electrophysiological characterization of
scarred regions. We believe that this preliminary experience may
pave the way for further assessments of this new technology in the
so far less explored ventricular milieu.
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