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Abstract

Mechanisms that sustain atrial fibrillation (AF) are not
yet clearly identified. Recently, there has been an increas-
ing interest in detecting spiral waves and rotors and in
understanding how these potential drivers sustaining AF
might be therapeutic targets for catheter-based ablation.
The aim of this study was to understand if arrhythmic
drivers may be detected using electrograms (EGMs) ac-
quired with a new high-resolution catheter.

Spatiotemporal organization of atrial fibrillation was
studied applying a previously developed and validated al-
gorithm based on phase analysis for local activation tim-
ings (LATs) detection and on the persistence of phase sin-
gularities for meandering and stable rotor identification
on the left atrium (LA) wall.

On in vivo data, we analysed 28 segments of ten second
duration in three patients. Six stable rotors were identified;
two rotors had a persistence of 10 seconds, the remain-
ing 4 rotors were shorter (mean persistence in time: 2.91
+ 3.27 s). Results show the proposed analysis is feasi-
ble and processing of EGMs acquired with high-resolution
catheters allows detection of stable rotors. Probably due
to low spatial coverage of the catheter, meandering rotors
were not tracked. These results need confirmation on a
larger dataset and hold promise for a comprehensive ar-
rhythmic driver detection with different mapping catheters.

1. Introduction

Atrial fibrillation (AF) is one of the most common car-
diac arrhythmia worldwide and its presence is associated
with high rates of morbidity and mortality. In addition to
drug therapy, catheter ablation provides the most effective
treatment option to restore sinus rhythm by eliminating
drivers triggering or sustaining AF. [1]

Mechanisms that sustain AF are not yet clearly iden-
tified (Figure 1) . Pulmonary vein isolation (PVI) is the
most important strategy for the management of paroxys-
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Figure 1. Different AF mechanisms: ectopic foci located
in PVs (A) and spiral waves (B). Adapted from [4]

mal atrial fibrillation, due to the presence in this area of
a focal source that can trigger AF [2]. Nevertheless, the
isolation of the pulmonary veins alone is not enough to
prevent recurrences in the long term: success rates vary be-
tween 60% to 80% for paroxysmal AF and between 50%
to 60% for persistent AF [3].

Recent studies pointed out that persistent AF is sus-
tained by further mechanism known as reentrant waves (ro-
tors). The removal of this reentry could lead to a better
procedural outcome than PVI alone. Therefore, the correct
identification of both presence and location of rotors dur-
ing the ablation procedure could support the physician to
understand which patient-specific mechanisms are respon-
sible for AF and consequently optimize therapy adminis-
tration.

The aim of this study was to understand if arrhythmic
drivers may be detected using electrograms (EGMs) ac-
quired with a new high-resolution catheter.

2. Materials and Methods

2.1. Clinical Data

Data from three patients with persistent AF were ac-
quired in electrophysiology (EP) lab at M. Bufalini Hos-
pital, Cesena, Italy. All patients underwent an ablation
procedure and the new Advisor™ HD Grid (Abbott Tech-
nologies) mapping catheter was used to acquire unipolar
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Figure 2. The Advisor™ HD Grid high resolution map-
ping catheter.

EGMs.

The Advisor™ HD Grid (Figure 2) is a high-resolution
mapping catheter compound by 16 equidistant electrodes
arranged in a 4x4 grid pattern, with an intra-electrodes
spacing of 3mm. The catheter coverage area is equal to
81mm?. This catheter is the first of its kind designed to
facilitate substrate mapping and to account for direction-
ality by recording the signals both along and through the
splines.

2.2.  Data processing

Spatiotemporal organization of atrial fibrillation was
studied applying a previously developed and validated al-
gorithm [5] based on phase analysis for local atrial activa-
tion timings (LAATSs) detection and on the persistence of
phase singularities for meandering and stable rotor identi-
fication on the left atrium (LA) wall.

After filtering the EGM signals and removing the ven-
tricular far field, we estimated the dominant frequency of
the signal according to the Botteron’s approach, and to de-
tect LAAT we used a modified version of the electrogram
recomposition from sinusoidal wavelets proposed by Kuk-
lik [6] (Figure 3).

Once the LAATs were detected, 3D phase maps were
reconstructed on the area of the 3D LA anatomical sur-
face mesh covered by the catheter. To each point on the
anatomy was assigned the phase value computed consider-
ing the signal from the nearest electrode.

The rotor detection algorithm is based on the investiga-
tion of the phase singularity (PS) points. A PS is a point
surrounded by a gradual phase transition between neigh-
bouring points up to an inversion phase (from 7 to -7), as
described by Equation 1 where c is a closed loop surround-
ing the given point, ¢ is the phase value in space, V is a
spatial derivative.

L fV(bdr (1)
2m /.,

Since we have a discrete mesh of electrodes, the integral
has to be discretized and approximated. To each region
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Figure 3. An example of raw EGM (top panel), EGM af-
ter filtering and far-field removal (central panel), resulting
phase signal (bottom panel)

of the LA mesh, the neighboring electrodes were assessed
and the phase gradient between them was computed (Ag).
If the region under investigation is surrounded by a grad-
ual phase transition between its neighboring regions plus
an inversion phase, the midpoint of the centroids of the re-
gions represents a PS point.

Since, for each time frame, the algorithm might detect
several PS points due to the discretization, a PS point was
defined as the pivot of a rotor if it persists over time. For
the correct evaluation of the persistence of the PS two pa-
rameters taking into account spatial and temporal allowed
gaps have been set.

In addition, the rotor was defined stable in the space if
the coordinates of its pivot remains inside a region of a
certain radius throughout its lifecycle. Otherwise, the rotor
was defined meandering or mobile.

Finally, only the phase singularity that persisted, within
the region covered by the catheter, for a duration greater
than twice the mean dominant period (defined as the in-
verse of the dominant frequency), is identified as rotor.

The validation of the algorithm for the identification of
PS was performed in 2D; this simplification has also been
possible considering the simple and regular geometry of
the catheter under investigation.

The algorithm for the evaluation of rotor detection and
persistence was validated using simulated rotor data. A
code that generated the artificial PS belonging to different
rotors of distinct duration was implemented. The entire
workflow was also tested with EGMs acquired artificially
from a simulated spiral wave propagation in 2D tissue.

We analysed 28 segments of ten second duration in three
patients, divided as follows:

« Patient #1: 4 segments
« Patient #2: 15 segments
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« Patient #3: 9 segments

During the ablation procedure the physician tries to ac-
quire signals in the regions where scientific studies show
a higher probability of detecting spiral patterns (roof, pos-
terior wall, regions close to the ostia of the PVs and the
region between the auricle and the left PV ostium). How-
ever, they are often not easily reachable with the catheter,
or the physician cannot maintains an adequate stability of
the catheter in the desired region and this justifies the dif-
ferent number of segments acquired for each study.

3. Results

On the simulated data, identification of synthetic rotors
was correct in 100% of the tested cases.

On in vivo data, the identified rotors location and du-
ration are summarize in Table 1, while an example of 3D
phase map is reported in Figure 4. From the analysis we
have identified six stable rotors. Two rotors had a per-
sistence of 10 seconds while the remaining 4 rotors were
shorter and on average have a duration of 2.91 s. It can be
noted that the positions in which the rotors have been iden-
tified are those indicated by scientific studies as regions
where it is more common to find spiral patterns.

Table 1. Identified Rotors

Patient Segment Position Duration [s]
#1 roof 1.06 s
#2 anterior wall, near auricola 10s
#2 wall between right PVs 1.59s
#2 floor right IPV 7.81s
#3 anterior wall 10s
#3 left side, near PVs 1.18 s
4. Discussion and Conclusions

This is the first study evaluating the presence of rotors
with the high-resolution Advisor™ HD Grid catheter.

From the processing of all the signals acquired by the 3
patients, stable rotors which lasted for the entire acquisi-
tion (10 s) were identified in 2 of the 3 patients.

The remaining 4 shorter rotors might be only a portion
of the mobile rotor that has passed through the area cov-
ered by the catheter.

In this study, it was possible to evaluate only stable ro-
tors. In fact, the limited coverage of the atrium surface, im-
posed by the small size of the Advisor™ HD Grid catheter
does not allow to cover large regions of the atrium to jus-
tify the search for meandering rotors.

The presented workflow was also tested on in vivo data
acquired from different catheters where also meandering
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Figure 4. 3D phase map from EGMs acquired with
a high-resolution mapping catheter, superimposed to the
patient-specific anatomical model; the white arrow shows
the anatomical regions around a phase singularity point.

rotors were found, probably due to the greater coverage of
the catheter used.

These results, supported by the high resolution of data
acquisition, if confirmed by analyzing a larger and possibly
multicentric datset, could validate the theory of rotors as a
mechanism for the genesis and maintenance of AF. In fact,
the existence of rotors is subject of debate in the scientific
community and some argue that they are due to artifacts
caused by low resolution catheters. Identification of the
rotors performed using data acquired with high resolution
catheters would support their existence.

The results of this work represent a starting point for nu-
merous other studies of considerable interest due to their
potential impact in clinical practice. A possible future de-
velopment of this project could be to consider different di-
agnostic catheters and verify how much and in which way
the catheter can influence the detection of the rotors.

Moreover, there may be a chance to export this method
in clinical practice, in order to be able to give to the clini-
cians a useful tool that can help during the AF ablation pro-
cedures performed with electroanatomical mapping sys-
tems. This system of automatic analysis of endocavitary
data could be used during the ablation procedure, provid-
ing in real-time the information on both the identification
of phase singularities on the 3D map and their persistence.
This could give the physician the possibility of identifying
the rotor center as an ablative target, to improve effective-
ness of the treatment of patients suffering from persistent
AF.

In conclusion, these preliminary data show that it is pos-
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sible to identify and locate rotors and this may help clini-
cians to optimize therapy administration removing the ad-
ditional drivers that sustain the arrhythmia.
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