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VENTRICULAR ARRHYTHMIAS - CATHETER ABLATION

Multielectrode Unipolar Voltage Mapping m
and Electrogram Morphology to Identify
Post-Infarct Scar Geometry

Validation by Histology

Claire A. Glashan, MD,? Bawer J. Tofig, MD, PuD,? Hans Beukers, MD,? Qian Tao, PuD, Sira A. Blom, BSc,?
Peter R. Villadsen, MD,” Thomas R. Lassen, MD,” Marta de Riva, MD,? Steen B. Kristiansen, MD, PuD,"
Katja Zeppenfeld, MD, PuD*

ABSTRACT

OBJECTIVES This study sought to evaluate the ability of uni- and bipolar electrograms collected with a multielectrode
catheter with smaller electrodes to: 1) delineate scar; and 2) determine local scar complexity.

BACKGROUND Early reperfusion results in variable endocardial scar, often overlaid with surviving viable myocardium.
Although bipolar voltage (BV) mapping is considered the pillar of substrate-based ablation, the role of unipolar voltage
(UV) mapping has not been sufficiently explored. It has been suggested that bipolar electrograms collected with small
electrode catheters can better identify complex scar geometries.

METHODS Twelve swine with early reperfusion infarctions were mapped with the 48-electrode OctaRay catheter and a
conventional catheter during sinus rhythm. BV electrograms with double components were identified. Transmural

(n = 933) biopsy specimens corresponding to mapping points were obtained, histologically assessed, and classified by
scar geometry.

RESULTS OctaRay UV (UVqta) and BV (BVota) amplitude were associated with the amount of viable myocardium at a
given location, with a stronger association for UVoa (R? = 0.767 vs 0.473). Cutoff values of 3.7 mV and 1.0 mV could
delineate scar (area under the curve: 0.803 and 0.728 for UVocta and BVocta, respectively). The morphology of bipolar
electrograms collected with the OctaRay catheter more frequently identified areas with 2 layers of surviving myocardium
than electrograms collected with the conventional catheter (84% vs 71%).

CONCLUSIONS UV mapping can generate a map to delineate the area of interest when using a multielectrode
catheter. Within this area of interest, the morphology of bipolar electrograms can identify areas in which a
surviving epicardial layer may overlay a poorly coupled, potentially arrhythmogenic, endocardium.

(J Am Coll Cardiol EP 2022;8:437-449) © 2022 by the American College of Cardiology Foundation.

yocardial infarction (MI) results in sub-
endocardial scars with variable involve-
ment of the intramural and
subepicardial layers. The subendocardium, being

exposed to oxygenated blood in the left ventricle

(LV), can, to varying degrees, survive the occlusion
of the upstream coronary artery. The involvement
of the subepicardium is highly variable and depen-
dent on time to reperfusion and pre-existing
collaterals."”
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ABBREVIATIONS
AND ACRONYMS

BV = bipolar voltage

BVconv = bipolar voltage using
conventional catheter

BVo.ta = bipolar voltage using
the OctaRay catheter

EGM = electrogram

IGR = interquartile range
LV = left ventricle

MI = myocardial infarction
TB = transmural biopsy
UV = unipolar voltage

UVocea = unipolar voltage
using the OctaRay catheter

VM = viable myocardium

VT = ventricular tachycardia

Substrate-based approaches to post-MI
ventricular tachycardia (VT) aim to delin-
eate areas with thin layers of surviving
myocardium, which are critical to sustain VT.
Voltage mapping, in which the amplitude of
local electrograms (EGMs) is used as a sur-
rogate for the amount of viable myocardium
(VM), has become the pillar of substrate-
based ablation and has been shown to be
effective in delineating areas of transmural
scar.’ However, in scars in which a substan-
tial layer of subepicardial myocardium sur-
vives, the near-field EGM arising from thin
endocardium may be obscured by the far-
field EGM arising from the epicardium.* In
this situation, a simple reliance on EGM
amplitude can be misleading, and a more
detailed examination of the EGM character-

istics is needed to distinguish between areas with 2

layers of surviving VM and areas of healthy tissue. It
has recently been suggested that EGMs collected us-
ing microelectrodes are narrower, thus allowing for

better
compared to

discrimination of multiple components

conventional electrodes without

requiring pacing maneuvres.*?

The aims of this study were 2-fold: 1) to assess the

ability of unipolar voltage (UV) and bipolar voltage
(BV) mapping with a novel, multielectrode mapping
catheter to delineate areas of scar using the true gold
standard for validation: histology; and 2) to deter-
mine whether EGMs collected using smaller elec-
trodes are better able to identify areas with 2 layers of
surviving VM compared to conventional electrodes.

SEE PAGE 450

METHODS

ANIMAL MODELS. The study was approved by
the Danish Animal Experiments Inspectorate (file
no. 2017-15-0201-01259) and complied with local
institutional guidelines. In domestic Danish swine
(76 + 4 kg), MI was induced by inflating an intravas-

cular balloon placed after the first diagonal branch of

the left anterior descending coronary artery for
65 minutes before deflation of the balloon, as previ-
ously described.*® After 10 weeks, the animals were
brought back to the laboratory for the electrophysio-
logic procedure.

ELECTROANATOMIC MAPPING AND ABLATION. Endo-
cardial voltage mapping of the LV was performed
during stable atrial rate using the OctaRay catheter
(Biosense Webster) and the CARTO3 (version 7.0)

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 8, NO. 4, 2022
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system. The OctaRay catheter consists of 8 splines,
each with 6 electrodes with a width of 0.5 mm and
surface area of 0.9 mm? (center-to-center spacing:
2 mm) (Figure 1). After mapping with the OctaRay, a
re-map was made using a conventional mapping
catheter (ThermoCool SmartTouch Surround Flow
catheter, Biosense Webster) with contact forceof =9 g
(Figure 1). UV EGMs were taken against Wilson’s
central terminal and were filtered at a high-pass filter
setting of 2 Hz and a low-pass setting of 240 Hz. BV
EGMs were filtered at a high-pass setting of 16 Hz and
low-pass setting of 500 Hz.

Subsequently, using the conventional catheter, 3
ablation lesions, remote from the scar areas, were
applied and tagged to allow for accurate integration
of mapping data with full heart histology.”

Sacrifice was performed under general anesthesia
with potassium chloride to arrest the heart at the end-
diastolic phase, which facilitates accurate ex vivo
registration with the electroanatomic maps. The heart
was excised, rinsed, and filled with HistOmer® to
maintain end-diastole dimensions and fixated in 4%
formaldehyde (Sigma-Aldrich).

EX VIVO IMAGE INTEGRATION. The fixed heart was
sliced into 4.5-mm-thick slices using the HistOtech
Quick Slicer Flex.” Three-dimensional meshes were
created from photographs of the slices, imported into
CARTO, and merged with mapping data (Figure 2,
Supplemental Figure 1).%7-°

HISTOLOGIC ANALYSIS. Transmural biopsy (TB)
samples with a width of 10 mm were taken from
nonablation OctaRay mapping sites and stained with
Picrosirius to visualize histology with collagen stain-
ing red and myocardium staining yellow. Biopsy
specimens were visually inspected and classified as
having no fibrosis, dense scar with only a thin layer of
surviving endocardial viable myocardium (1-layer
VM), scar throughout the width of the biopsy sam-
ple with surviving viable myocardium on both the
endocardial side and epicardial side (2-layer VM), or
border zone fibrosis (transition from scar to trans-
mural viable myocardium within 1 biopsy specimen)
(Figure 3). Custom software calculated the wall
thickness, percentage of fibrosis, and amount of VM
(in square millimeters) in each TB specimen.

EGM PAIRING AND ANALYSIS. All CARTO maps were
exported and processed in ParaView version 5.6
(Kitware Inc) with custom-made Python plugins. The
collected mapping points were projected onto the
CARTO conventional mesh. Each OctaRay point was
paired with the closest conventional catheter map-
ping point. If no conventional point was available
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FIGURE 1 Schematic of Catheters Used

1mm proximal
electrode

3.5mm tip
electrode

0.5mm wide
electrodes

!

The conventional catheter (ThermoCool SmartTouch Surround Flow catheter, Biosense Webster) consists of a 3.5-mm-tip electrode
separated from a 1-mm-ring electrode by 1-mm spacing. The OctaRay catheter consists of 8 splines, each with 6 electrodes with a width
of 0.5 mm (0.9-mm? surface area) with center-to-center spacing of 2 mm.

within 3 mm, no pair was made. At locations with
either 2 layers of VM or border zone fibrosis pattern
for which both conventional and OctaRay EGMs were
available, the paired BV EGMs were classified as
consisting of either 1 component or more than 1
component. Bipolar EGMs consisting of 1 component
were further subdivided into near field only or far
field only. Far-field components were defined as
broad, rounded potentials and near-field as sharp,
narrow, high-frequency potentials.'®"" EGMs with 2
components were classified as having either 2 com-
ponents distinct in time (2 separated near fields, a
near field followed by a far field, or a far field followed
by a near field) or 2 overlapping components: a near
field occurring within the far-field component (either
at the onset or offset of the far-field component)
(Figure 4).

STATISTICAL ANALYSIS. Continuous data are re-
ported as mean + SD, or median (interquartile range
[IQR]), as appropriate. Categorical data are expressed
as percentages or frequencies. Continuous variables
were compared using the unpaired Student’s t-test or
by using linear regression analysis with a mixed-
effects model to account for data grouped within 12

animals. Paired nominal data were compared using
the McNemar test. Receiver-operating characteristic
(ROC) curve analysis was performed to determine the
optimal cutoff values, defined as the value maxi-
mizing the sum of sensitivity and specificity. Statis-
tical analysis was performed using IBM SPSS,
version 25.

RESULTS

ANIMAL MODELS. Twelve swine were included.
Coronary occlusion was performed a median of
71 days (range: 70-73 days) before mapping. At the
time of mapping, the swine weighed 97 + 3 kg. A
median of 682 (IQR: 608-834) mapping points were
collected per LV using the OctaRay catheter. The
conventional catheter re-map consisted of a median
of 217 (IQR: 192-239) points per LV. Image integra-
tion was performed successfully in all swine
(Figure 2).

HISTOLOGIC ANALYSIS. A total of 933 TB specimens
were taken (median: 67 per heart; IQR: 80-86). Of
these, 263 had no pathologicafibrosis.*° These biopsy
specimens had a median wall thickness of 11.4 mm
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FIGURE 2 Ex Vivo Image Integration

Ablation
lesions
visible on
4.5mm gross
pathology
slices

3D mesh merged
with CARTO map
using ablation
lesions and
ELIET RET S
landmarks

O Octaray mapping point |

Ablation point

3D mesh created
from endocardial
contours

Inverse image integration
projects mapping points
. into gross pathology
slices from which biopsies
can be taken

After the mapping and placement of 3 ablation lesions, the heart is excised and fixed in formaldehyde before being sliced into 4.5-mm-thick
slices. The 3D-dimensional meshes were drawn from photos of the slices, and these meshes were loaded into CARTO, where they were merged
with the in vivo CARTO maps, using the 3 ablation lesions as landmarks. After merging, the data were exported, and in vivo mapping location
points were projected onto the pathologic slices. Next, 10-mm-wide TB samples were taken from locations at which mapping data were
available and stained with Sirius red for fibrosis (red indicates fibrosis, and yellow represents viable myocardium). Catheter schematic not to
scale. 3D = 3-dimensional; ABL = ablation; Bi = bipolar; Uni = unipolar.
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FIGURE 3 Histologic Classification
No fibrosis Borderzone 2 Layers VM 1 Layer VM

Transmural biopsies

10mm wide

Sirius red staining (red indicates fibrosis, and yellow represents viable myocardium). No fibrosis: only minimal interstitial fibrosis present. Border zone: transition from
some amount of fibrosis to transmural VM within the width of 1 biopsy specimen. Two layers of VM: 1 layer of fibrosis overlying a surviving subendocardial layer of VM
with an overlying layer of epicardial myocardium. One layer of VM: 1 layer of fibrosis overlying a surviving subendocardial layer of VM without an overlying layer of

epicardial myocardium. Catheter schematic not to scale. VM = viable myocardium.

(IQR: 9.5-13.7), 3.5% fibrosis (IQR: 2.4-4.9), and
108.7 mm? VM (IQR: 91-128.4). The 670 biopsy speci-
mens with fibrosis had a median wall thickness of
7.3 mm (IQR: 4.9-10.3), 39.3% fibrosis (IQR: 18-62.4),
and 42.3 mm? VM (IQR: 17.3-76.5) (Table 1). Of the 670
biopsy specimens, 200 showed a border zone fibrosis
pattern, 416 showed 2 layers of VM, and 54 showed 1
layer of VM.

VOLTAGES AND CORRESPONDING HISTOLOGY. Biopsy
specimens with no fibrosis generated OctaRay UV
(UVocta) amplitudes with a median of 4.64 mV (IQR:
3.52-6.05). The median OctaRay BV (BVoca) was
1.59 mV (IQR: 0.74-2.66). Biopsy samples with scar
generated UVpe, and BV, of 2.66 mV (IQR:
1.79-3.77) and 0.53 mV (IQR: 0.29-1.21), respectively
(Table 1).

FIGURE 4 Electrogram Classification

One component

&QM

|_|Far field signal

ANear field signal A

Two component

Distinct
components

Overlapping
components

[

(A) One-component electrograms. Far-field components are defined as broad, rounded potentials and near-field components as sharp, narrow,
high-frequency potentials. (B) Electrograms with 2 components: 2 distinct near fields, a near field followed by a far field, a far-field followed by
a near field, or a near field occurring within the far-field component.
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No Fibrosis (n = 263)

TABLE 1 Histologic and Voltage Parameters in Biopsy Samples With and Without Fibrosis

Fibrosis (n = 670)

Percentiles

Percentiles

5 25 50 75 95 5 25 50 75 95
Wall thickness, mm 6.9 Ol5 n.4 13.7 17.0 RAS) 4.9 7.3 10.3 13.7
Fibrosis, % 1.4 2.4 3.5 4.9 8.0 7.4 18.0 39.3 62.4 84.2
Viable myocardium, mm? 67.2 91.0 108.7 128.4 159.1 5.8 17.3 42.3 76.5 1n3.2
UVocta, mV 2.24 3.52 4.64 6.05 8.12 0.94 1.79 2.66 3.77 5.75
BVocta, MV 0.26 0.74 159 2.66 5.76 0.14 0.29 0.53 1.21 3.46

BVocta = bipolar voltage using the OctaRay catheter; UVoca = unipolar voltage using the Octaray catheter.

In all biopsy samples, there was a positive rela-
tionship between the voltages generated and the
amount of VM in the whole TB sample (Figure 5A). For
both UVgca and BVocra, the association appeared to
plateau at higher VM values, in line with previously
published  results.® In  biopsy specimens
with <91 mm® VM (25th percentile of biopsy speci-
mens without fibrosis; n = 627), linear regression
analysis was performed, and a positive linear rela-
tionship was seen for both BVga and UVocta-

Interestingly, the fit for UV (R? = 0.767; P < 0.001)
was stronger than for BVo, (R* = 0.473; P < 0.001), and
the same change in VM resulted in a larger change in the
UVocta generated compared to the BVpe, (B = 0.062 vs
0.024 mV/mm?).

Similarly, there was a stepwise increase in the
voltages generated by biopsy specimens classified as
having 1 layer of VM, 2 layers of VM, and border zone
and no fibrosis, respectively (Figure 5B). A pairwise
analysis showed that there was a significant differ-
ence between both the BVs and UVs generated by
biopsy specimens with no fibrosis compared to those
with border zone fibrosis. The voltages generated by
border zone biopsy specimens were also significantly
larger than voltages generated at locations with 2
layers of surviving myocardium. Interestingly,
although there was a significant difference in the UVs
generated at locations with 2 layer of VM compared to
locations with 1 layer of VM, this difference was not
significant for BVgcta.

Using receiver-operating characteristic analysis, a
UVocta cutoff of 3.7 mV was able to distinguish be-
tween locations with no fibrosis and locations with
fibrosis with a sensitivity and specificity of 74% (area
under the curve: 0.803). A BVga cutoff of 1.0 mV
(sensitivity: 70%; specificity: 67%; area under the
curve: 0.728) was found.

Of the 933 biopsy specimens, 320 were paired to
points collected with the conventional catheter
(BVconv). At these 320 locations, a median BV, of
0.97 mV (IQR: 0.45-2.0) was recorded. Locations
without fibrosis (n = 73) generated a median BV ¢y of
1.9 mV (IQR: 1.0-3.3), and locations with fibrosis
(n = 247) generated a median BV ¢,y of 0.77 mV (IQR:
0.38-1.5).

Figure 6 shows a representative example of voltage
maps using these cutoff values (UVocta: 3.7 mV;
BVocta: 1 mV; BVigony: 1.5 mV). Three locations from
which a biopsy specimen was taken without fibrosis
were only correctly classified as “normal” all 3 times
in the UV, map, whereas the BVgea and BVeony
maps both overestimated the scar size.

BV EGM MORPHOLOGY: CONVENTIONAL VS OctaRay. Of
the biopsy samples with 2 layers of surviving VM, 147
biopsy samples had a conventional mapping point
located within 3 mm from where the OctaRay data
were collected. The classification of the EGMs
collected from the OctaRay and conventional catheter
are shown in Figure 7. At 88 locations (60%), both
conventional and OctaRay EGMs consisted of 2 com-
ponents, implying that the underlying histologic
fibrosis pattern could be inferred from the EGM
morphology (1 component arising from the surviving
subendocardial layer; a second component arising
from the surviving subepicardial layer). Of impor-
tance, the OctaRay EGM showed 2 components at 123
locations (84%) with 2 layers, whereas the conven-
tional EGM showed 2 components at only 104 loca-
tions (71%) (P = 0.011). At 35 locations, 2 components
were seen on the OctaRay EGM, whereas only 1
component was seen on the conventional EGM
(Figure 8). At 8 locations (5%) neither EGM showed 2
components. In areas that were classified as scar
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based on the UV, of <3.7 mV but that had a BVgcta
of >1 mV, 75% of BVo.a EGMs showed a near field in
far-field morphology, 20% showed 2 distinct compo-
nents, and 5% showed only a far-field signal. Inter-
estingly, none of these EGMs showed only a far-field
signal.

Of the biopsy specimens with a border zone pattern
of fibrosis, 55 had both conventional and OctaRay
mapping data. At these border zone locations, the
OctaRay EGM showed 2 components 87% of the time
(48/55), whereas the conventional EGM showed 2
components only 69% of the time (38/55) (P = 0.031).
Interestingly, at 30 of these 55 locations, the UVt
amplitude was <3.7 mV, and within this subselection,
the OctaRay EGM showed 2 components 93% of the
time versus 77% of the time for the conventional EGM.

DISCUSSION

This study is the first to couple both the UVs and BVs
collected using a novel multielectrode catheter with
the true gold standard for fibrosis identification—
histology—in an early reperfusion post-MI animal
model. Furthermore, we have been able to couple
EGMs collected with small electrodes with those
collected with a conventional catheter and compare
the EGM characteristics at locations with non-
transmural scar as identified on histology.

MAIN FINDINGS. 1) Both BVya and UV, collected
using the OctaRay multielectrode catheter are
affected by the amount of VM at that location. 2)
Cutoff values generated to delineate scar were 3.7 mV
for UVpea and 1.0 mV for BVpe,, Of importance,
UVocta Was better able to delineate scar than BVgcta
(Central Illustration). 3) The morphology of bipolar
EGMs collected using the novel multielectrode cath-
eter are more effective in identifying areas with 2
layers of surviving VM than EGMs collected with a
conventional catheter.

VOLTAGE MAPPING USING A NOVEL MULTIELECTRODE
CATHETER. Using histology as the true gold standard
for scar identification, we have coupled the voltage
data collected with the OctaRay catheter with the
amount of VM underlying the catheter with a high
degree of accuracy.” Both UVgea and BVpoea were
sensitive to changes in VM occurring at any site
throughout the myocardial wall, in line with previ-
ously published data.*° As the amount of VM present
at a given location increases, so too do the UV, and
BVocta generated at that location. In early animal

Glashan et al
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FIGURE 5 Relationship Between OctaRay Voltages and Histology

A &
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(A) Relationship between voltages and viable myocardium throughout the myocardium.
Median + IQR voltages (UVocta and BVocta). (Top left) A mixed-models linear regression
analysis for biopsy samples with <91 mm? VM (25th percentile of biopsy samples without
fibrosis; n = 627). (B) Voltages generated (median + IQR) per fibrosis pattern category.
P values of pairwise Student's t-tests. BVqc, = bipolar voltage using the OctaRay catheter;
IQR = interquartile range; UVocta = unipolar voltage using the OctaRay catheter;

VM = viable myocardium.

studies, permanent occlusion models gave rise to
compact, transmural scars, and in these circum-
stances, a single cutoff value performs excellently."”
However, in the current era of early reperfusion,
scars are not simple transmural areas of fibrosis.
Rather, scars are more heterogeneous, with some
areas with only a thin layer of surviving VM on the
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FIGURE 6 Unipolar and Bipolar Voltage Mapping

Uni Octa

-

3.70mV

Bi Conv

1.50mV

UVocta = unipolar voltage using the OctaRay catheter.

Representative CARTO maps using generated cutoff values (3.7 mV, 1.0 mV, and 1.5 mV for UVocta, BVocta, and BVcony, respectively). Catheter
schematic not to scale. BVcony = bipolar voltage using the conventional catheter; BVoa = bipolar voltage using the OctaRay catheter;

endocardial surface and other areas in which a layer
(of variable thickness) of surviving VM overlays the
scar on the epicardial side.” Our data suggest that the
voltage amplitude can be used to not only identify
areas of scar but can also be used to infer the amount
of surviving VM overlaying areas of scar. When sim-
ply applying—and relying on—a singular cutoff value,
some information provided by the voltage map will
be lost. Therefore, we must adapt our use and inter-
pretation of voltage mapping accordingly and use a
voltage map not as a guide to focus ablation but,

rather, as a guide to delineate an area in which more
detailed mapping can be performed. With this in
mind, the OctaRay catheter, with its 48 electrodes,
allows for rapid sinus rhythm mapping, thereby
quickly narrowing down the area of interest in
which further electroanatomic exploration can be
focused.”

Surprisingly, the relationship between the voltages
generated at a given location and the amount of VM at
that location appears stronger for UVg., than for
BVocta (R = 0.767 vs 0.473). This is not only
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FIGURE 7 EGM Characterization in Biopsy Samples With 2 Layers of Viable Myocardium

Octaray electrogram

1 component |

2 components

Far field ‘NearfieIdENearfieId; Near field; | Far field; | Near field
only only | nearfield | farfield | nearfield |in far field Total
£ | Far field
[
5 only " 4
Q| RO .............................c.. e
€1 5 Nearfield - 26
=4 f_’ only
(o N R R —
£ " 2
8 Nearfl.eld, 7
o near field
g g Near field;
o ) X 8
= c | farfield
c o
o g- )
g s Farflfc.eklj(,j 3
S | & near fie
Near field
in far field 86
Total| 18 6%4‘9‘17‘93

@Both EGMs incorrect
Conventional correct, Octaray incorrect
Octaray correct, Conventional incorrect
@®Both EGMs correct

EGM morphology (OctaRay and conventional) at locations with 2 layers of viable myocardium. EGM = electrogram.

academically interesting but practically important.
When performing a voltage map to generate a
global overview of the scar in a chamber, electro-
physiologists will get a more reliable idea of the scar
location if they choose to rely on the UVgea map
rather than the BVge, map (Figure 6). Although
initially surprising, the better performance of UVt
over BV, may have a number of explanations. First,
as recently shown in a head-to-head comparison be-
tween minielectrodes and microelectrodes, BV am-
plitudes are influenced by the angle of the wavefront
propagation relative to the dipole.'* When comparing
the voltage data collected by microelectrodes (using
the QDot [Biosense Webster] catheter) at exactly the
same location, a different orientation in dipole
resulted in an average difference in voltage ampli-
tude of 54%.'* Unipolar amplitudes, on the other
hand, are far less affected by the direction of
wavefront propagation.”> Second, contact force is
not measured by the OctaRay catheter. Because BV
amplitudes may be more sensitive to a lack of

contact than UV amplitudes, the outperformance of
UVoeta may be partially explained by this factor.”™
This may also explain the cutoff value generated
for BVocta: 1.0 mV is somewhat lower in amplitude
than one would expect from a small and narrow-
spaced catheter. Even if the contact force is not
known, the global map generated by UV, ampli-
tude may still be relied on to demarcate areas
without fibrosis, which can then be excluded from

further detailed mapping.'**°

EGM MORPHOLOGY. We have shown that UV, can
be used to generate a global view of where scar is
located. However, this does not allow one to identify
areas within this scar that consist of 2 layers of VM,
which may be susceptible to initiating and/or main-
taining VT.'7-'® Currently, some centers choose to use
a pacing maneuver to unmask areas with poor
coupling.''® By further challenging these areas with
extrastimulus pacing, areas with functional conduc-
tion delay can be identified. It has been shown that

Glashan et al
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FIGURE 8 Bipolar Voltage Electrogram Morphology

CONV. OCTA.

Examples of biopsy specimens with 2 layers of viable myocardium and 1-component
conventional (Conv.) electrograms and 2-component OctaRay (OCTA.) electrograms.
Catheter schematics not to scale.

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 8, NO. 4, 2022
APRIL 2022:437-449

targeting these areas improves outcomes in post-MI
patients.'>'® By mapping with smaller electrodes
with narrower EGMs, we have shown that we can
more easily separate the 2 components that arise from
2 layers of MV, even in sinus rhythm.* Furthermore,
the high-frequency near-field signal can be more
readily distinguished from the rounded far-field
signal when both are simultaneously activated
(Central Illustration). These sites, rapidly identified
during sinus rhythm mapping, can then be targeted
for additional pacing maneuvers to prove poor
coupling and additional conduction delay, which may
be related to VT.

Making a sinus rhythm map with the OctaRay
catheter provides the electrophysiologist with a
plethora of information: the combination of UVt
amplitudes with BVo, EGM morphology not only
allows for the rapid delineation of scar from healthy
tissue but also provides insights into the specific ge-
ometry of the fibrosis within the scar area.

STUDY LIMITATIONS. A swine infarct model with an
anterior infarct was used in this study; voltages
generated by the OctaRay catheter still need to be
validated in humans with various scar locations. The
cutoff values generated need to be validated in hu-
man LV ischemic cardiomyopathy tissue. The histol-
ogy of 2-dimensional slices corresponding to the
mapping points were taken. However, voltage map-
ping is influenced by the myocardial tissue sur-
rounding the catheter tip in all 3 dimensions, and
when merging the mapping data with the gross pa-
thology, minimal translocation may have occurred,
resulting in differences in mapped versus histologi-
cally analyzed tissue. Although care was taken to
ensure good contact, the OctaRay catheter does not
measure contact force. Furthermore, the effect of the
wavefront was not taken into consideration when
performing BV mapping using the OctaRay catheter.
Voltage amplitude was measured as peak to peak,
which may account for some of the discrepancies
seen between BVpe, and UVge, amplitudes.
Although the relationship between voltage mapping
and histology has been elucidated, the specific his-
tologic characteristics of VT-related sites have not
been explored. Although multicomponent EGMs were
correlated with multiple layers of VM, epicardial
mapping is needed to definitively identify which
component arises from the epicardium and which
from the endocardial layer.
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CENTRAL ILLUSTRATION OctaRay Unipolar Voltage Amplitudes and Bipolar Voltage Electrogram Morphology
Allow for the Rapid Identification of Complex Postinfarct Scar Geometry

UVg.ta Voltage Map Can Better Distinguish
Areas With Fibrosis From Areas Without

Fibrosis Compared to BVgt,
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Glashan CA, et al. J Am Coll Cardiol EP. 2022;8(4):437-449.

Morphology of BV EGMs Collected With

OctaRay are More Effective in Identifying
2 Layers of Surviving VM than Conventional EGMs

CONV. OCTA.

First Component

v Second Component

(Left) The relationship between OctaRay voltages and viable myocardium generated at a given location. The unipolar voltage collected using the OctaRay catheter is
better able to distinguish between areas of fibrosis and areas without fibrosis than the OctaRay bipolar voltage, with cutoff values of 3.7 mV and 1.0 mV, respectively.
(Right) At locations with 2 layers of viable myocardium, bipolar voltage collected using the OctaRay more frequently show double-component electrograms than

conventional catheter bipolar voltage electrograms do (84% vs 71%; P = 0.011). Catheter schematics not to scale. AUC = area under the curve; BV = bipolar voltage;
BVocta = OctaRay bipolar voltage; CONV. = Conventional; EGMs = electrograms; OCTA. = OctaRay; ROC = receiver-operating characteristic; sens. = sensitivity; spec =

specificity; UVocta = OctaRay unipolar voltage; VM = viable myocardium.
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We matched OctaRay points with conventional
points within a radius of 3 mm. Although small, even
this difference in location may have a significant ef-
fect on the histologic substrate underneath the cath-
eter and, as such, on the EGMs generated.

CONCLUSIONS

Using histology as the gold standard in a reperfusion
postinfarction model, we have been able to show that
UV mapping using the novel OctaRay catheter is
better able to delineate areas of scar than BV map-
ping. Furthermore, bipolar EGMs collected using the
OctaRay catheter are better able to identify areas with
2 layers of viable myocardium than bipolar EGMs
collected using a conventional catheter.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:
Voltage mapping remains an essential component of
VT ablation in ischemic cardiomyopathy. As increas-
ingly smaller electrodes are developed, unipolar
voltage mapping becomes a better tool to delineate
scar areas. Bipolar electrograms collected using
multielectrode catheters are better able to delineate
areas of 2 layers of viable myocardium, which may
harbor arrhythmic substrate.

TRANSLATIONAL OUTLOOK: These data were
collected from an animal model, and the findings need
to be validated in humans. Current multielectrode
catheters do not have the ability to measure contact
force. The development of multielectrode catheters
with this feature would be a great advantage.

disclose.
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