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KEY TEACHING POINTS

� Isthmus boundaries of macroreentrant ventricular
tachycardias (VTs) have discontinuous
electrograms, making it difficult to correctly
differentiate near- and far-field electrograms.

� A block line created by the extended early-meets-
late tool differs depending on which potential is
being annotated.

� The correct annotation of near-field surface
electrograms does not necessarily describe the
midmyocardial isthmus in 3-dimensional VTs.
Annotation of far-field electrograms in the diastolic
phase sometimes clearly delineates the
midmyocardium isthmus.
Introduction
Catheter ablation is an established treatment for scar-related
ventricular tachycardia (VT). Automated annotation algo-
rithms equipped with 3-dimensional (3D) mapping systems
might be useful for revealing the tachycardia circuits of he-
modynamically stable VTs without using electrophysiolog-
ical techniques.1,2 However, tiny fragmented long-duration
potentials are often recorded in the critical isthmus,3 and
differentiating far- and near-field local electrograms
(EGMs) is challenging. Additionally, it remains unknown
how to approach EGMs with multiple components and
how different the 3D mapping is according to the different
annotation timings.

Recently, new discoveries have highlighted the limita-
tions of representing human VT circuits on 2-dimensional
(2D) surfaces. Many VT circuits are transmural, involving
endocardial, midmyocardial, and epicardial pathways.4,5

Here, we encountered a 3D-VT that exhibited multiple
components within its isthmus EGMs. The isthmus image
created using the manual annotation of the diastolic
potentials was completely different from the one created
using the automated algorithm.
Case report
A 50-year-old man with a diastolic phase of hypertrophic car-
diomyopathy was referred to our hospital for worsening heart
failure and sustained VT. The QRS morphology exhibited a
right bundle branch block configuration and right superior
quadrant axis with a transition between V3 and V4 in the pre-
cordial leads, suggesting that the exit of the VT was in the
inferior lateral region of the left ventricle (Supplemental
Figure 1). After ruling out left ventricular thrombi and coro-
nary artery disease using contrast-enhanced computed to-
mography, electrical cardioversion terminated the VT.
However, the incessant occurrence of VT even after heart
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failure treatment and amiodarone administration (600 mg/
day) led us to perform catheter ablation.

Catheter ablation was performed under general anesthesia
using the CARTO 3 Version 7 system (Biosense Webster, Ir-
vine, CA). A multielectrode catheter (PentaRay; Biosense
Webster, Irvine, CA) was inserted into the left ventricle via
a transseptal approach, and programmed ventricular stimula-
tion repeatedly induced the clinical VT. Constant and pro-
gressive fusion during overdrive pacing supported the
tachycardia with a macroreentrant mechanism
(Supplemental Figure 1). Endocardial activation mapping
of the left ventricle demonstrated a centrifugal spread with
the earliest activation site located in the left ventricular pos-
terior region. The total activation time within the left ventric-
ular endocardium was 193 ms, which was shorter than the
tachycardia cycle length (TCL) of 544 ms. There were no dia-
stolic potentials recorded on the endocardial surface.

Then, epicardial mapping was performed during VT.
Given the confined epicardial space, a linear decapolar map-
ping catheter (DECANAV; Biosense Webster, Irvine, CA)
was used. The automated wavefront annotation algorithm
did not clearly describe continuous circuit on epicardial sur-
face with its total activation time of 460ms, accounting for
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Figure 1 The electroanatomical maps recorded using the CARTO 3 system (Biosense Webster, Irvine, CA) are shown. The annotation window was set from
180 ms prior to the QRS onset to 370 ms after the QRS onset with the electrode catheter inserted into the distal anterior interventricular vein (AIV) as a reference,
which is displayed as red in the ventricular tachycardia (VT) exit and blue and purple in the VT isthmus. Activation mapping created using an automated wave-
front annotation (A) and manual reannotation of diastolic electrograms (EGMs) (B), respectively. The red line displays the early meets late, whereas the white line
marks the local conduction block created by the extended early-meets-late algorithmwith upper and lower thresholds of 90% and 30%, respectively. Local EGMs
recorded from proximal to distal (from a to g in this figure) revealed widespread potentials through the isthmus (midpanel). In the middle of the isthmus (from c to
e), the former and latter EGMs were estimated to be the high-frequency near-field surface EGMs and low-frequency far-field midmyocardial EGMs, respectively.
The different timings of the EGM recordings contribute to the different block lines.
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85% of the TCL of 544ms. The extended early-meets-late
(EEML) tool with its lower threshold of 30% displayed a
noncontiguous isolated island with a U-shaped block line
(Figure 1A). Across the block line, 2 discrete EGMs were
observed: one during systole and the other during diastole.
The former EGMs were estimated to be high-frequency
near-field potentials in the systolic phase, whereas the latter
ones were low-frequency far-field potentials in the diastolic
phase. Manual reannotation of the latter EGMs made contin-
uous isthmus activation with the EEML exhibiting lateral
boundaries (Figure 1B). Because of the extensive low-
voltage area on the epicardial surface (Figure 2A), the Ripple
map did not clearly describe the diastolic activation
(Supplemental Video 1). However, the Coherent activation
map with conduction velocity vectors displayed a figure-of-
eight circuit with its estimated common pathway in the
slow or nonconducting zones (Figure 2B).

At the entrance of the lateral boundaries where all the
vectors rejoined, ventricular overdrive pacing exhibited
entrainment with concealed fusion, a stimulus-QRS interval
(285 ms) equal to the EGM-QRS interval, and a postpacing
interval (PPI)2 TCL of 0 ms, indicating that the pacing site
was in the central isthmus of the VT circuit (Figure 2A). We
applied 30 W of radiofrequency energy with 10 g contact
force at that site, which successfully terminated the VT
within 1 second. The VT was no longer inducible and radio-
frequency energy was additionally delivered until the abla-
tion index reached 500 (using 30 W output for 30–40
seconds with an initial impedance of approximately 150
ohms and impedance decreases of 15–25 ohms). The pro-
cedure was completed without any complications after
confirmation of the noninducibility of the clinical VT. The
patient was discharged after continued administration of
amiodarone (100 mg/day) and implantation of an intracar-
diac defibrillator. At 12 months postablation, no VT
occurred until this report was written.
Discussion
Current mapping systems facilitate visualization of the com-
plex VT circuit. However, the activation map is considerably
influenced by how precisely each EGM is annotated, and
various new tools and systems are being developed to
improve this process. In the present case of a 3D-VT, 2 sepa-
rate EGMs were recorded on the epicardial surface during the
VT. The preceding one was an epicardial outer-loop near-
field potential during the systolic phase and the other was a
midmyocardial far-field potential during the diastolic phase.



Figure 2 A: Voltage map during ventricular tachycardia (VT) with the low-voltage threshold set at 0.1–0.5 mV. B: Coherent activation mapping using the
manual reannotation. C: Intracardiac electrograms during ventricular overdrive pacing at the successful radiofrequency energy application site. At that site,
all the Coherent vectors rejoined and the tiny fragmented potentials during the diastolic phase were observed on the MAP catheter. Overdrive pacing from
the distal MAP electrodes (MAP 1–2) revealed entrainment with concealed fusion, a stimulus-QRS (285 ms) equal to the electrogram-QRS, and a postpacing
interval 2 tachycardia cycle length of 0 ms. The findings indicated that the pacing site was the “central isthmus” of the VT circuit. D: Radiofrequency energy
application sites on the CARTOmap (upper panel) and fluoroscopic image (lower panel). I, II, III, aVR, aVL, aVF, V1, V2, V3, V4, and V5 represent the surface
electrocardiogram; andMAPs 1–2 to 3–4 represent the electrograms of the ablation catheter placed on the left ventricular epicardium. e-QRS5 electrogram-QRS;
LAO5 left anterior oblique; PCL5 pacing cycle length; PPI5 postpacing interval; RF5 radiofrequency; s-QRS5 stimulus-QRS; TCL5 tachycardia cycle
length; VT 5 ventricular tachycardia.
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The activation mapping and block line created by the EEML
tool completely differed depending on the annotation timing.

Given that the CARTO 3 module sets the maximum nega-
tive dV/dt at the distal unipolar signal as the automated
annotation point,1,2 it may miss relevant low-amplitude de-
layed-activation EGMs and fail to display the isthmus
activation patterns. In our case, however, the CARTO 3 dV/
dt algorithm would correctly differentiate near- and far-field
signals considering the frequency and nature of those
EGMs. However, the “correct” annotation of near-field sur-
face potentials did not clearly describe the isthmus, probably
because the isthmus was located in the midmyocardium



Figure 3 A: Schematic representation of our 3-dimensional ventricular tachycardia (VT) with its isthmus within the midmyocardium. The white solid and
dotted arrows describe the wavefront direction on the epicardial surface and within the midmyocardium, respectively. The orange solid and dotted lines represent
the block lines on the epicardial surface and in the subepicardium, respectively. The surface electrodes record both near-field sharp and far-field dull potentials on
themidway of the midmyocardial isthmus.B:Annotation of near-field potentials creates a U-shaped block line on the epicardial surface.C:Annotation of far-field
potentials during the diastolic phase creates lateral boundaries.
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(Figure 3B). Conversely, whenwe focused on the diastolic po-
tentials, which were the midmyocardial far-field potentials, the
isthmus of the 3D-VT was clearly delineated between the
white block line (Figure 3C). Although the EEML algorithm
is somewhat arbitrary according to the threshold setting, the
EEML algorithm provided objective evidence of the local con-
duction gaps and helped enhance their visualization.6

Certainly, the pursuit of the “correct” near-field record-
ings and annotation is important because the isthmus often
has tiny, long-duration, and fragmented EGMs. Small elec-
trodes and close interelectrode spacing have been shown to
enhance the signal quality and enable differentiation be-
tween near- and far-field signals.7 The use of the Ocatrary
catheter (BiosenseWebster, Irvine, CA) instead of the DEC-
ANAV might have created a different activation map in our
case. Moreover, the bipolar EGMs are greatly influenced by
the wavefront direction. Omnipolar EGMs would help
resolve the directional dependency of the bipolar EGMs.8

Furthermore, a new algorithm based on the peak frequency
has recently become available to annotate near-field compo-
nents. These technologies would delineate the VT circuit
when the circuit is located on the 2D endocardial/epicardial
surface.

However, the 2D perspectives may oversimplify human
VT. In our case, annotation of the far-field signals uncovered
the midmyocardial isthmus in the 3D-VT. Both systolic and
diastolic EGMs are important constituents of macroreentrant
VTs, and selecting one over the other may lead to erroneous
descriptions of the complex electrophysiological phenome-
non. Therefore, operators should recognize which potentials
are prioritized in the constructed activation map: annotating
systolic and diastolic potentials would mean prioritizing the
outer-loop and isthmus potentials, respectively. When
focusing on the isthmus in macroreentrant VTs, annotation
of the last deflection under a fixed window from the QRS
onset to the QRS onset4 or setting the window of interest dur-
ing the diastolic phase9 are well-known methods. A 3D
perspective of the VT circuit has enhanced the precision of
the ablative therapy but revealed limitations in annotating
near-field surface EGMs for circuit delineation.
Conclusion
In our 3D-VT case, the block line created by the EEML algo-
rithm completely differed from that created by the automated
algorithm and manual annotation of the diastolic potentials.
Widespread abnormal potentials created by surface and mid-
myocardial EGMs may have contributed to this result. Cor-
rect near-field annotation of endocardial/epicardial surface
EGMs may not necessarily allow us to describe the midmyo-
cardial isthmus in human 3D-VTs.
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