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Abstract

Background: Increasing number of methods are being used to map atrial fibrillation (AF), yet
the sensitivity of identifying potential localized AF sources of these novel methods are unclear.
Here we report a comparison of two approaches to map AF based upon (a) electrographic flow
mapping and (b) phase mapping in a multicenter registry of patients in whom ablation terminated
persistent AF.

Methods: 53 consecutive patients with persistent AF in whom ablation terminated AF in an
international multicenter registry were enrolled. Electrographic flow mapping (EGF) and phase
mapping were applied to the multipolar simultaneous electrograms recorded from a 64-pole basket
catheter in the chamber (left vs right atrium) where AF termination occurred. We analyzed if the
mapping methods were able to detect localized sources at the AF termination site. We also
analyzed global results of mapping AF for each method, patterns of activation of localized
sources.

Results: Patients were 64.3+£9.4 years old and 69.8% were male. EGF and phase mapping
identified localized sources at AF termination sites in 81% and 83% of the patients respectively.
Methods were complementary and in only n=2 (3.7%) neither method identified a source.

Corresponding author: Tina Baykaner, MD MPH, tina4@stanford.eduVoice: +1 650-7362563 Fax: +1 650-7246131, Mailing
address: 780 Welch Road, MC 5773, Stanford CA 94305.

Author Disclosures; Swerdlow M, No disclosures; Tamboli M, No disclosures; Alhusseini MI, No disclosures; Moosvi N, No
disclosures; Rogers AJ, NIH (F32HL144101): Fellowship support, Stanford SSPS: 11; Leef G, No disclosures; Wang PJ, Biosense
Wehbster: Fellowship support, Boston Scientific: Fellowship support, Medtronic: Fellowship support, St. Jude Medical: Fellowship
support; Rillig A, Biosense, Medtronic, EPSolutions, Abbott: Compensation for services, Abbott, Medtronic, and Boehringer
Ingelheim: Speaker’s Bureau, Ablamap: Other, Medtronic: Other, Boston Scientific: Fellowship support; Brachmann J, Medtronic,
Inc, SIM, Boehringer Ingelheim, Biotronik: Compensation for services, Medtronic, Abbott, SIM, Boehringer, Biotronik: Speaker’s
Bureau; Sauer W, Abbott: Compensation for services; Ruppersberg P, Ablacon: Equity interest; Narayan SM, NIH: Fellowship
support, Topera: Royalty income, Abbott, Medtronic, JACC: Compensation for services, UC Regents: Intellectual property rights,
Uptodate: Royalty income; Baykaner T, No disclosures



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Swerdlow et al.

Page 2

Globally, EGF identified more localized sources than phase mapping (5.3 + 2.8 vs 1.8 £ 0.5,
p<0.001), with a higher prevalence of focal (compared to rotational) activation pattern (49% vs
2%, p<0.01).

Conclusions: EGF is a novel vectorial-based AF mapping method, that can detect sites of AF
termination, agreeing with, and complementary to an alternative AF mapping method using phase

analysis.
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Introduction

Methods

Atrial fibrillation (AF) is the most common sustained atrial tachyarrhythmia worldwide and
is associated with a significant burden. Pulmonary vein isolation (PV1) is the cornerstone of
AF ablation therapy, but with suboptimal long-term success rates! that may not increase by
ablation of lines or complex fractionated electrograms.2 An increasing number of methods
are being used to map AF and reveal localized drivers, whose ablation produces success
ranging from excellent to poor in meta-analyses.3# Heterogeneity may reflect current
limitations of AF mapping, and combining methods to map persistent AF might help to
improve outcomes.

Phase mapping is used for mapping of fibrillatory conduction with endocardial®>~ and body
surface electrograms.8 Phase mapping-based algorithms have been shown to demonstrate
localized sources and/or improve clinical outcomes®-10:11 but also have been criticized for
false positive reports.12:13 It has been suggested by Rudy et al. that combining phase with
activation mapping may improve AF mapping.12

Electrographic flow (EGF) mapping is a non-phase based mapping technique which uses
spatial and temporal reconstruction of panoramic, simultaneous endocardial electrograms,14
which may address certain limitations of mapping algorithms using only phase analysis,
such as false positive detection of localized sources or over-emphasis of rotational activity.

In this study, we hypothesized that EGF mapping could detect localized AF sources at atrial
sites where ablation terminates persistent AF. We also hypothesized that EGF mapping
would have different sensitivity and specificity in determining total number of localized
sources compared to phase mapping, given intrinsic technical differences of the mapping
methods.

Study population

We identified 53 consecutive patients with persistent AF that was refractory to =1 anti-
arrhythmic medication enrolled as part of the international registry (COMPARE-AF:
COMParison of Algorithms for Rotational Evaluation in Atrial Fibrillation, NCT02997254)
at 5 centers (Stanford University Hospital, Palo Alto, CA; University of California, San
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Diego, CA; University of Colorado, Denver, CO; Indiana University, Indianapolis, IN; and
Klinikum Coburg, Germany) in whom ablation in a documented region terminated persistent
AF to sinus rhythm or atrial tachycardia prior to PVI. We excluded patients in whom AF
terminated during PV1, linear lesions, or ablation of complex fractionated electrograms. The
study was approved by each local IRB.

Electrophysiology study and ablation

AF mapping

Patients were studied in the post-absorptive state. Class | and 111 anti-arrhythmic medications
were discontinued for > 5 half-lives (>30 days for amiodarone). Catheters were advanced to
the right atrium (RA), coronary sinus and transseptally to left atrium (LA). Contact basket
catheters (64 poles, FIRMap, Abbott) were placed at multiple positions in the RA then LA
for AF mapping, registered to 3-dimensional anatomic shells (NavX, St Jude Medical,
Sylvar, CA; or Carto, Biosense-Webster, Diamond Bar, CA). All patients had prospective
ablation at regions of interest identified by a clinical system (RhythmView™, Abbott, Inc)
which uses activation and phase-based analysis and may reveal localized rotational or focal
sources during AF. This mapping method has previously been compared to phase mapping!?
and activation mappingl® at sites of termination but, other than identifying sites where
ablation terminated AF, was not the focus of this study. Radiofrequency energy was
delivered via an irrigated radiofrequency ablation catheter (Thermocool, Biosense-Webster;
or Safire BLU, St Jude Medical) at these sites,16 followed by wide area circumferential
pulmonary vein isolation. Each case in this series had termination of persistent AF, at sites
marked prospectively on the electroanatomic shell relative to basket catheter electrodes.

methods and quantification of localized AF sources

Two novel AF mapping methods were applied to the same electrogram data: A novel
electrographic flow mapping method (Ablacon Inc., Wheat Ridge, CO) which was compared
to a novel endocardial phase mapping approach that we have made freely available.17:18

Data acquisition: Unipolar electrograms were recorded at 0.05 to 500 Hz bandpass, at 1
kHz sampling with electroanatomic location turned off to reduce electromagnetic
interference. Recording duration of 4 seconds during atrial fibrillation (the same segment
that was used clinically to guide ablation that terminated persistent AF) was used for this
analysis of localized sources at the sites of AF termination, as well as for analysis of global
AF mapping. Raw electrograms comprising 64 electrode basket and other intracardiac
channels (e.g. coronary sinus), and 12-lead ECG were exported from Bard (LabSystem Pro),
Prucka (GE Cardiolab) or Siemens recorders for analysis.

Mapping method 1: Electrographic Flow (EGF) designates the matrix of velocity vectors
describing the average propagation of action potentials in the physiological or pathological
electrical activity of the myocardium.14 Ablamap is proprietary software that processes
endocardial electrogram data with electrographic flow mapping to visualize AF drivers.14
The system analyzes the first two-seconds of electrograms for training and the remaining
two-seconds for finalization of the maps. An EGF map represents a spatial and temporal
reconstruction of electrographic potentials and their flow derived from endocardial unipolar
electrogram data collected with a 64-pole basket catheter. The results for a 4 second segment

Pacing Clin Electrophysiol. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Swerdlow et al.

Page 4

include a prevalence map of drivers, n=6 still electrographic flow images with color
representing action potential wave directionality, and one movie with arbitrary colors
representing action potential flow (Figure 1A, Movie 1 right panel). The still maps and
videos are displayed on a square (8x8) grid reflecting each electrode of the 64-pole basket
catheter. For the still EGF images, each color on the grid implicitly represents a flow
direction and overlaid arrows explicitly inform the viewer. Localized AF sources are
classified by type (rotational vs focal source), and rotational sites are further classified to
have centrifugal or centripetal activation. The Ablamap algorithm automatically marks
rotational and focal source locations on each still image. We included localized sources for
analysis, only if their presence is spatially conserved in >2 out of the 6 still electrographic
flow images. Supplemental Figure 1 shows an example of marking a rotational source on
electrodes DE5 and a focal source on electrodes E12. The prevalence map and the movies
provided visual guidance but did not affect marking localized source locations, to ensure
objectivity in marking sources.

Mapping method 2: The comparator method to map AF in this study was a phase
mapping method validated in animal models, where it did not produce false rotations (<1%),
12,19 and in human persistent AF where we have shown that it correlates with commercial
clinical mapping.’-20 Briefly, we first compute an average QRS complex for each
electrogram channel that is subtracted from its parent channel. Next, we applied a 1.5-25 Hz
fourth-order Butterworth band pass filter and computed the dominant cycle length for each
channel from the Welch Power Spectrum Density estimate. The recomposed signal was
constructed as a sum of single-period sinusoidal waves, then the Hilbert Transform was used
to compute phase maps, which are then displayed as a video on a square (8x8) grid
reflecting each electrode of the 64-pole basket catheter. A focal impulse was defined as an
electrical origin of centrifugal activation during AF, either uniform or anisotropic, and
present for at least 50% of the segment (2 seconds). Rotational activation was defined as at
least one full rotation (360°) and present for at least 50% of the segment (2 seconds). All
videos were analyzed by 3 reviewers and agreement between at least 2 out of 3 reviewers
was required to mark a localized source. Figure 1B and Movie 1 left panel shows an
example of a rotational source at GH23 produced in this way. Phase mapping software and
raw basket recordings of AF from the registry are available online at http://
narayanlab.stanford.edu.

Analysis of overlap between mapping methods

Each localized source determined by both mapping methods was marked with their
corresponding electrodes on the 8x8 grid (i.e. rotational source on DES5, focal source on E2,
Supplemental Figure 1), for later use in correlation analyses. Because such sites show
limited spatial meander, patterns repeating within <1 electrode were considered to represent
precession (‘wobble’)?! of the same organized AF pattern, we considered localized sources
with different methods that were marked at neighboring electrodes as the same localized
source (i.e., phase mapping determining a localized source at electrode G2 and
electrographic flow mapping determining a localized source at electrode G3 on the 64
electrode grid (Figure 1D and Movie 1 (Ieft pandl)).
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Statistical analysis

Results

Continuous data are represented as mean + standard deviation (SD) or median and
interquartile range (IQR) as appropriate. Normality was evaluated using the Kolmogorov-
Smirnov test. Comparisons between two groups were made with independent samples and
paired samples t-tests and summarized with means and standard deviations for independent
samples if normally distributed; or if not normally distributed, with the Mann-Whitney U
test and summarized with medians and quartiles. Nominal values were expressed as n (%)
and compared with chi-square tests, the Fisher exact test when expected cell frequency was
< 5, Pearson’s and point biserial correlation was applied for clinical demographic
correlations. A probability of < 0.05 was considered statistically significant.

Patient demographics

Table 1 shows demographics of the patients. All patients had persistent AF. Median history
of AF was 3.9 years [2.2-8.8] and median CHADS2Vasc score was 2 [1-3]. Twenty-seven
patients (50.9%) had a history of prior ablation. Termination sites lay in the left atrium in 48
(90.6%), and in the right atrium in 5 (9.4%) patients. AF termination with ablation was
guided by clinical mapping of localized sources, and occurred before pulmonary vein
isolation (PVI) in 49 patients (92.5%) and after the PVs were isolated by PVI in the
remaining 4 (7.5%) patients.

AF mapping at sites of termination

Sites at which ablation terminated AF demonstrated localized sources with phase mapping
in n=44 (83%) and with EGF mapping in n=43 (81%) of patients. In 2 patients, neither
method showed any localized sources at AF termination site (Table 2). Both mapping
methods agreed at the AF terminating site in 38/53 patients (71.7%), of which n=36 (67.9%)
represented agreement on the presence of a source and n=2 (3.8%) represented agreement on
the absence of a source.

At AF termination sites, phase mapping identified localized AF sources to be 100%
rotational in pattern; whereas EGF identified terminations sites to be 51.2% rotational (7.0%
centrifugal, 44.2% centripetal activation) and 48.8% focal activation (p<0.01) sources.

Determinants of detecting localized sources at sites of AF termination

Phase mapping was more likely or trended, respectively, to detect localized sources at sites
of AF termination in patients who had a lower prevalence of hypertension (p=0.045) and
have a lower prevalence of hyperlipidemia (p=0.065). EGF was also more likely to detect
localized sources at sites of AF termination in patients who had a lower prevalence of
hyperlipidemia (p=0.025), and in patients who did not have a history of TIA or CVA
(p=0.028) or a history of MI (p=0.048).

Clinical examples of concordant and discordant results at AF termination sites

We illustrate four case examples of comparison of the mapping methods. Figure 2 shows
two similar examples in which electrographic flow and phase mapping showed concordant
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results. The top panel is a 56-year-old man in whom ablation in the anterior left atrium
(Figure 2A), led to termination of atrial fibrillation (Figure 2B). Phase mapping and
electrographic flow mapping identified clockwise rotational activation localized at the AF
termination site, over electrodes GH23 on the grid (Figure 2C-D). A similar agreement is
shown in the bottom panel, which illustrates a 53-year-old man with persistent AF in whom
ablation in the left atrial roof, proximal to the antrum of the right upper pulmonary vein
(Figure 1E), terminated persistent AF to sinus rhythm (Figure 2F). Phase mapping and
electrographic flow mapping identified counterclockwise rotational activation localized to
the AF termination site, over electrodes BC45 on the grid (Figure 2G-H).

Figure 3 shows a case of disagreement between methods. Here, figure 3A shows the atrial
electroanatomic shell of a 49-year-old man in whom ablation in the posterior left atrium,
inferior to the LIPV terminated persistent AF to sinus rhythm (Figure 3A,B). Mapping at
this site identified a rotational source at termination site GH45 by Phase (Figure 3C) but
EGF flow showed no clear rotational or focal activation (Figure 3D).

Figure 4 illustrates another case of disagreement between methods, in a 54-year-old man in
whom ablation anterior to left atrial appendage terminated persistent AF (Figure 4A-B).
Phase mapping at this site did not identify a rotational source (Figure 4C), but electrographic
flow shows a clear focal source at the A3 electrode overlying the termination site (Figure
4D).

Global AF mapping with phase and electrographic flow

Examining all potential localized sources, i.e. where AF termination was observed as well as
non-AF-terminating sites, phase mapping determined a total of 96 localized AF sources in
53 patients, with an average of 1.8 £ 0.5 total sources per patient. Ninety-eight percent of
these localized sources had rotational and two percent focal activation patterns.

EGF determined a total of 276 localized AF sources with an average of 5.3 + 2.8 total
sources per patient, which was significantly higher compared to phase mapping (p<0.01).
We observed that 51% of sources identified by EGF mapping had rotational activation,
significantly fewer than the proportion identified as rotational by phase mapping (p<0.01),
although the absolute number of rotational sites was higher by EGF than phase (139 vs 95).
Of sources with rotational activation by EGF, 21% were determined to have centrifugal
activation, 79% to have centripetal activation. 49% of the localized sources determined with
EGF had a focal activation pattern.

Agreement on localization of all sources during left atrial mapping between phase mapping
and EGF was 31%, reflecting the higher number of sources detected by EGF. If analyzing
the agreement of EGF to phase mapping, i.e. how often EGF determined the same sites
determined by phase mapping, the agreement was 63%.

Discussion

In this study, we demonstrate that electrographic flow mapping, which is a novel way to
identify propagation patterns in AF that does not use phase analysis, is able to detect
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localized sources at sites where persistent AF terminated with ablation. We show that this
mapping approach correlates with localized AF sources identified by an open access phase
mapping algorithm, at anatomic sites which could potentially play a role in the mechanism
of the rhythm disorder.

There was agreement among the two methods in this multicenter cohort, and a combination
of phase and electrographic flow mapping appeared to be complimentary.

Regarding the activation patterns of localized AF sources (focal vs rotational activation)
where AF termination occurred, there was disagreement between methods. Although phase
mapping is able to identify both types of activation patterns of localized sources,
Vijayakumar et al. reported that phase mapping is more likely to demonstrate rotational than
focal activation.12 Sites determined to have rotational activation by phase mapping may be
marked as focal by EGF, which does not use Hilbert transform or sum of single-period
sinusoidal wave reconstruction. On the other hand, optical mapping of human AF shows that
repetitive focal activity is most likely breakthrough from sites of rotational activity on the
other side of the atrial wall 20, and so higher resolution mapping or bisurface mapping may
be needed to resolve this issue. Also, with EGF mapping, we observed that a focal activation
was often accompanied by a nearby centripetal rotational source, which may represent
passive activation driven by the focal activation (Supplemental Figure 2). Future studies
should reconcile the nature of these activation patterns across methods, as well as within
electrographic flow mapping itself (centrifugal vs centripetal activation). Using mapping
methods as complementary tools in mapping AF may have promise, and may include the
combination of activation plus phase mapping (as in our clinical system!1), contact
recordings plus body surface mapping, or electrical plus structural mapping.

Mapping of Fibrillatory Conduction:

Fibrillatory propagation in the atrium has been mapped in detail during surgical procedures.
The historical surgical maps during fibrillation showed complicated activation patterns with
no localized sources.22 However, because they involved manual assignment of activation at
multiple electrodes, few cycles of AF were analyzed (typically 2—-4). Moreover, the rules of
marking activation during fibrillatory conduction may occasionally be ambiguous i.e. how to
mark electrograms with multiple deflections or low amplitude signals.1® Electrographic flow
mapping is a new way to map propagation, which applies a consistent rule for multiple
cycles. A potentially similar approach was published by Vidmar et al. in 2016,23 termed as
‘wave-front flow field’ in that study, analyzing synthetic data as well as two clinical cases
with this methodology: a case of atrial tachycardia and another with ventricular fibrillation,
where this method is able to map localized sources in either rhythm. The other study
analyzing electrographic flow mapping is by Bellman et al.1* where the same method used
in our analysis was applied. In that study, 25 patients with persistent AF were analyzed, and
electrographic flow maps were compared to another mapping system, FIRM, which uses
activation timings and phase analyses to analyze fibrillatory conduction. Our study adds to
this data, by including a clinical endpoint of AF termination by ablation for validation, as
well analyzing a much larger cohort of patients from multicenter cohort compared to earlier
studies. Long-term implications of termination of AF with ablation have been debated with
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multiple positive and negative studies, but it still remains as the only intra-procedural end-
point, especially in persistent AF, that may have a mechanistic value.

Localized sources and AF

Mechanisms of AF are debated, but a large number of techniques have shown sources in
recent years.4 Notably, optical mapping for AF,20 often considered a gold standard, showed
rotational AF sources in human atria, which correlate well with clinical mapping methods
(FIRM)24 on simultaneous mapping of AF.2° Other AF mapping methods also reveal
localized sources, including electrocardiographic imaging (ECGi),? dipole density mapping
or AcQMap,28 CartoFinder,2” and dominant frequency mapping.2® In general, the EGF
method identifies more source regions than ECGi, FIRM or CartoFinder methods. This may
be an advantage in identifying sites missed by other methods, or a disadvantage in
identifying more “false positives’, but both have yet to be established. Whether these systems
each identify the same atrial regions remains to be determined. In the present study, we have
noted that mapping strategies using different algorithms could indeed be complimentary;, i.e.
if the AF termination site is not detected by one method, it may be detected by the other,
only being unable to detect sources in 3.8% of cases when combined (Table 2).

Conclusions

Electrographic flow mapping is a novel AF mapping method, that can detect sites of AF
termination, agreeing with phase mapping of AF. Combination of these mapping methods
may provide a complimentary approach to AF, and studies should further examine
differences in the activation patterns of localized sources between the two methods.

Limitations

Although phase mapping is non-proprietary and open-source code is available, Ablamap™,
the mapping method analyzed in this study, and RhythmView ™, the mapping method with
which clinical sites were originally identified that resulted in AF termination are proprietary.
However, identifying sites where ablation terminates persistent AF helps validate that the
sites identified by each method in this study. Although comparison of mapping methods was
done prospectively, the enrollment and creation of the registry is retrospective in nature in
our relatively small cohort, and a prospective validation of these mapping methods in a
larger study is needed. We realize there is a debate in AF mechanisms, but the goal of this
paper was to compare a new method, EGF, to phase mapping, that has previously been
described and used in clinical studies. We accept that no mapping system currently is
optimal, and ideal studies should use multiple mapping methods in the same patients
prospectively. Ablamap currently does not have FDA clearance to guide AF ablation therapy
prospectively, and given the inconsistency of re-mapping following ablation among centers
to assess complete elimination of all drivers, an on-treatment analysis of long term outcomes
is not available at this point.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A. Methodology for Electrographic Flow Mapping
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Figure 1: Critical Elements of AF Mapping: A. EGF mapping:

Core Algorithms of EGF mapping are (1) the Green’s Algorithm to generate high resolution
isochrone voltage maps from normalized QRS-complex adjusted unipolar electrograms
assuming minimal energy electrical field distribution and (2) the reconstruction of velocity
vector flow fields from 2 seconds of consecutive voltage maps using the Horn-Schunck
Algorithm. Location of sources are determined as singularities in the flow field and sources
are classified according their divergence and rotation. Prevalence maps over one-minute
show stability of the sources and centripetal Rotors over time. B. Phase mapping: QRS’s
are subtracted using a series of methods. High frequency noise and baseline oscillations are
removed via filtering, which is used to focus on the signal components that are most
characteristic of AF electrograms. Rate of each atrial signal is calculated using dominant
frequency and signals were then reconstructed as the sum of sine waves, each having a
period corresponding to the dominant frequency. Finally, spatial maps were interpolated by
the 64 electrode signals in a 29 by 29-point matrix. Then, the Hilbert transform was used to

obtain the phase signal at each pixel to construct a phase map.
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Figure2.
Two patients in whom electrographic flow and phase mapping showed concordant results.

The top panel shows AF in a 56-year-old man and where ablation in the anterior left atrium
(A), led to termination of atrial fibrillation (B). Phase mapping and electrographic flow
mapping identified a clockwise rotational activation localized at the AF termination site,
over electrodes GH23 on the grid (C-D). Movie 1 demonstrates phase and EGF videos of
this case. Bottom panel shows AF in a 53-year-old man in whom ablation in the left atrial
roof, proximal to the right upper pulmonary vein antrum (E), terminated persistent AF to
sinus rhythm (F). Phase mapping and electrographic flow mapping identified clockwise
rotational activation localized to the AF termination site, over electrodes BC45 on the grid
(G-H).
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Figure 3. Disagreement on rotational activity at AF termination site, which revealed rotational
sour ce by phase mapping, but not by EGF mapping in a

49 year old man in whom ablation in the left atrium, inferior to the left inferior pulmonary
vein (A) terminated persistent AF to sinus rhythm (B) where phase mapping identified a
rotational source (electrodes GH45) (C) but electrographic flow mapping showed no clear
rotational or focal activation (D).
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54 year old man with

persistent AF

Figure 4. Disagreement on rotational activity at AF termination site, which revealed rotational
source by EGF mapping but missed by phase mapping in

54 year old man in whom ablation anterior to left atrial appendage terminated persistent AF
(A-B). Mapping at this site did not identify a rotational source by phase (C), but
electrographic flow shows a clear rotational source at the A3 electrode overlying the
termination site (D). Both methods agree on a non-terminating AF source on this map, at
electrode F6.
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Table 1.

Demographics

Clinical characteristics

Age (years) 64.3+9.4
Male gender (n, %) 37 (69.8%)
Persistent AF (n, %) 53 (100%)
Left atrial diameter (mm) 47.2+6.2
LV ejection fraction (%) 55.74+9.8
CHADS,VAS,c score 2314

Body mass index (BMI, kg/m?) | 30.745.8

Comorbidities

Diabetes mellitus | 23.9%

Hypertension | 71.7%

Hyperlipidemia | 43.4%

Congestive heart failure | 21.9%

Chronic kidney disease | 9.4%
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Table 2.

Determination and type of localized sources by phase and EGF mapping at sites of AF termination.

Phase M apping
Rotational activation | Focal activation | No sourcesdetected | Total
Rotational activation 22 0 3 25
Electrographic Flow Mapping | Focal activation 14 0 18
No sources detected 8 0 2 10
Total 44 0 9 53
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