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The importance of electrical mapping of VT in the approaching era

of clinical imaging
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Abstract

We are facing a new challenge: will imaging be the resolutive tool or will new mapping catheters and mapping system together

with mathematical simulation solve this rebus? Clinical imaging will always remain attractive, particularly for elective cases and

may add decisive information to best plan an ablation strategy: it represents a great tool in the hands of the electrophysiologist;

however, as electrophysiologists, the imaging we should pursue is electrical – the depiction of the entire reentry circuit remains

the sole proof of the target to ablate.

Editorial by Antonio Frontera and Paolo Della Bella

Arrhythmology Department, IRCCS San Raffale, Milan, Italy
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Looking back over the years, the approach to ventricular tachycardia ablation has changed significantly.
Initial efforts began in the 1980’s consisted of intra-operative mapping performed during cardiac surgery with
20-electrode arrays placed by hand on the endo-epicardial surface(1): this was the first electrical imaging
and was subsequently used to guide subendocardial resection. Approaches then transitioned to catheter-
based techniques in the 1990s when direct current shock energy and radiofrequency energy were used to
modify abnormal areas responsible for the genesis of ventricular arrhythmias(2)(3). Later, a significant
transformative step forward was the advent of 3D mapping systems which allowed for detailed activation
mapping and the targeting of pathological substrate.

However, the cornerstone of electrophysiological mapping has been the development of multi-spline, multi
electrode mapping tools which has elevated the concept of high density mapping to prominence. Today,
3D maps created during sinus rhythm provide excellent substrate characterization(4)(*): LAVA and LPs
became our main targets as expressions of channels and slow conduction areas(5)(6). Furthermore, due to
multi electrode mapping catheters, even mapping of hemodynamically non tolerated VT has become feasible:
the enhanced recording density and sweeping characteristics that cover a large area in a short amount of
time allow for the electroanatomic imaging of the diastolic pathway of the VT reentrant circuit (7).

In the last decade, technological advances in pre-procedural imaging(8) has allowed for the merging of cardiac
MRI to 3D mapping systems adding crucial information such as ventricular thickness(9), scar dimensions, and
coronary artery localization. The role of cardiac imaging has shifted from a diagnostic to an adjunctive tool
to guide our interventional approaches for the treatment of VT, particularly in the setting of post-myocardial
infarction VT.

In this issue of Journal of Cardiovascular Electrophysiology, Nazarian et al (reference ) published first
evidence of specific features of electroanatomic maps with LGE voltage mapping and have highlighted the
importance of cardiac magnetic resonance as an adjunct for characterizing the VT substrate in the setting of
non ischemic cardiomyopathy (NICM). The authors have added another piece to the NICM puzzle: clinical
imaging may help the electrophysiologist look transmurally. In fact, the authors state that late gadolinium
enhanced (LGE) distribution predicts the epicardial distribution of scar in electroanatomic maps. EGMs
are expressions of signal propagation, and any delay or obstacle found along the trajectory results in longer
duration or fractionation. However, current mapping only takes into account the planar propagation of
the impulse and not the transmurality of the scar. Nazarian et colleagues elegantly demonstrate what we
suspected: local activity signal abnormalities (LAVA) and delayed activity (LPs) were more prevalent in
non transmural (mid-myocardial and subepicardial) LGE locations: this confirms that current mapping
technology can still detect, in non-transmural scar, signal abnormalities. Indeed, sites with transmural
LGE were associated with longer duration EGMs and fractionated potentials: this increased duration is
an expression of delayed propagation in this deep substrate. However, it is clear we are missing electrical
information: clinical imaging may fill this void.

The battlefield is in the depth of the myocardium where signal propagates in three dimensions where we are
unable to map. This research opens new scenarios in the setting of VT ablation in NICM patients: the first
step of clinical imaging in the 3D characterization of deep substrate.

Based on our experience(10)(11), as well as reflected in the literature(12), NICM poses a difficult substrate
in which the outcome, freedom from ventricular arrhythmias, remains lower as compared to ischemic car-
diomyopathy.

Recently, Tung et colleagues(13) demonstrated via simultaneous endocardial and epicardial mapping that
VT circuits often involve the 3-dimensions; in this research, the authors documented that in NICM patients,
28% of cases had the reentry circuit exhibiting planar propagation and complete reentry confined to the
endocardium. 3D circuitry occurred in 49% of cases. Recently, our group demonstrated that during VT, the
complete electroanatomic imaging of diastolic pathway not only allows for targeted ablation of all areas that
are operational during VT, but results in favorable success rates, with up to 88% freedom from VT out to
18 months (14). Findings such as these only emphasize the importance of accurate and thorough mapping
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of VT circuitry in order to effectively eliminate VT.

We are facing a new challenge: will imaging be the resolutive tool or will new mapping catheters and mapping
system together with mathematical simulation solve this rebus?

Clinical imaging will always remain attractive, particularly for elective cases and may add decisive infor-
mation to best plan an ablation strategy: it represents a great tool in the hands of the electrophysiologist;
however, as electrophysiologists, the imaging we should pursue is electrical – the depiction of the entire
reentry circuit remains the sole proof of the target to ablate.

In conclusion, let cardiac imaging play an integral role in determining the underlying etiology and prognos-
tic significance of VT, but let electrophysiologists perform the electrical imaging they were deemed to.
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