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Abstract
Objectives The aim of this study was to describe the correlation between atrial electrogram duration map (AEDUM), spati-
otemporal electrogram dispersion (STED) and low voltage areas (LVA) in patients with persistent atrial fibrillation (PsAF).
Background The degree of left atrial (LA) tissue remodelling and augmented anisotropic conduction is one of the major 
issues related to PsAF ablation outcome.
Methods This study enrolled consecutive patients with PsAF undergoing pulmonary vein isolation. In all patients, voltage, 
AEDUM and STED maps were created, and the correlation was reported between these three mapping methods.
Results A total of 40 patients with PsAF were enrolled. The mean age was 62.2 ± 7.4 years, and males were 72.5% (n = 29). 
The overall bipolar voltage of the LA was 3.06 ± 1.87 mV. All patients had at least one AEDUM area (overall AEDUM area: 
21.8 ± 8.2  cm2); the mean longest electrogram (EGMs) duration was 90 ± 19 ms. STED areas with < 120 ms was 46.3 ± 20.2 
 cm2 which covered 45 ± 22% of the LA surface. AEDUM and STED areas were most frequently reported on the roof, the ante-
rior wall and the septum. The extension of the AEDUM areas was significantly smaller than STED areas with CL < 120 ms 
(21.8 ± 8.2 vs 46.3 ± 20.2; p-value < 0.0001). In 24 patients (60%), AEDUM areas was entirely included in the STED areas 
with CL < 120 ms. In the three (7.5%) patients with LVA, no correspondence with STED and AEDUM was noted.
Conclusion AEDUM and STED maps allow to identify areas of conductive dysfunction as a possible atrial substrate even 
if a normal voltage is detected.
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Graphical Abstract

Functional Substrate Analysis in Patients with Persistent Atrial Fibrillation
Correlation between AEDUM, Spatiotemporal Electrogram Dispersion and Low Voltage Areas
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Abbreviations
AEDUM  Atrial electrogram duration map
AF  Atrial fibrillation
CFAE  Complex fractionated atrial electrograms
CL  Cycle length
ECV  Electrical cardioversion
EGM  Electrogram
LA  Left atria
LVA  Low voltage area
PsAF  Persistent atrial fibrillation
PVI  Pulmonary vein isolation
SR  Sinus rhythm
STED  Spatiotemporal electrogram dispersion

1 Introduction

Pulmonary vein isolation (PVI) is the cornerstone of inter-
ventional management of atrial fibrillation (AF) [1]. PVI 
is also considered an appropriate therapeutic strategy for 
persistent AF (PsAF) but is less effective [2, 3]. Major 
issues pertaining to PsAF recurrence depend on the extent, 
localization and the degree of atrial tissue damages [4]. 

Atrial tissue remodelling is characterized by patchy and 
interstitial fibrosis and by changes in spatial distribution 
of intercellular connexins. These alterations cause dis-
turbances in wave propagation between cardiomyocytes 
thus contributing to non-uniform anisotropic conduction, 
which may eventually create the substrate for re-entry and 
maintenance of arrhythmias [5–8]. Many approaches have 
been proposed to detect and measure left atrial (LA) tissue 
dysfunctional areas: the identification of low voltage zone 
during AF [9–11], the evaluation of complex fractionated 
atrial electrograms (CFAE) [12], the mapping of the func-
tional rotational activity maintaining AF [13] as well as 
areas of spatiotemporal electrogram dispersion (STED) 
[14]. Among them, STED seems to be the most promising 
approach for the identification and subsequently ablation 
of fibrosis areas [15, 16].

A novel functional substrate electroanatomical map 
— atrial electrogram duration map (AEDUM) — based 
on the local duration of the bipolar electrogram (EGM) 
registered in sinus rhythm (SR) was recently developed 
[17]. The AEDUM approach is founded on the assump-
tion that prolonged EGMs (≥ 45 ms) identify areas of slow 
and inhomogeneous activation potentially critical for the 
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maintaining of AF. Although the AEDUM approach was 
tested in a small cohort of patients, the ablation approach 
targeting the AEDUM areas seems to be a feasible and 
effective strategy to treat patients with PsAF [17].

The aim of this study is to evaluate the correlation 
between AEDUM, spatiotemporal electrogram dispersion 
and low voltage areas (LVA) in patients with PsAF.

2  Methods

2.1  Study population

Patients who met the standard indications for PsAF abla-
tion were retrospectively enrolled in this study from 
May 2019 [1]. All procedures were performed at the 
Arrhythmology Unit of the Isola Tiberina – Gemelli Isola 
Hospital, Rome, Italy. Exclusion criteria were uncontrolled 
hypertension, severe valvular dysfunctions, uncontrolled 
thyroid disease, severe chronic obstructive pulmonary 
disease, alcohol/drug abuse and systemic inflammatory 
diseases. Anti-arrhythmic medications were discontinued 
at least 5 half-lives before hospital admission. Amiodar-
one administration was interrupted at least 1 month before 
ablation. The study protocol was approved by the local 
ethics committee, and written informed consent from all 
patients was obtained before each procedure.

2.2  Mapping procedure

All procedures were conducted under general anaesthesia. 
After mapping during AF, electrical cardioversion (ECV) 
was performed, and a SR map was then obtained. A sec-
ond ECV was performed after PVI in the case SR was not 
restored or AF was triggered again during mapping. All 
procedures were performed using the EnSite Precision™ 
Mapping System and the multipolar diagnostic cath-
eter Advisor™ HD Grid Mapping Catheter, Sensor Ena-
bled™ (Abbott, Minneapolis, MN, USA), using HD-wave 
configuration.

2.2.1  Voltage map

The voltage map was created by using the EnSite Preci-
sion AutoMap Mapping Tool™. Automatic mapping cri-
teria were set as follows: score threshold 90%, speed limit 
10 mm/s, distance 0.1 mm, signal-to-noise 5, and enhanced 
noise rejection on. LVA were defined as having bipolar volt-
age < 0.5 mV [18]. Bipolar EGMs were filtered at 30 and 
300 Hz. The substrate map’s interpolation, interior projec-
tion and exterior projection were all set to 7.

2.2.2  AEDUM map

EGM duration was measured through the Ensite Precision 
Automatic Turbomap Tool which allowed to review SR 
maps and calculate the duration of each point’s EGM as the 
temporal distance (ms) between the first and last deflection 
of each bipolar endocardial EGM [17, 19].

An experienced biomedical engineer verified the meas-
urement of the EGM duration intraoperatively after having 
completed the LA map. The points used to measure the EGM 
duration were carefully reviewed also offline to confirm the 
correct measurement. The AEDUM map shows through a 
color-coded representation the distribution of EGM dura-
tions. A cut-off value of 45 ms was chosen to identify areas 
of atrial conductive dysfunction, and zones with EGMs 
longer than 45 ms were defined as AEDUM areas.

2.2.3  STED map

STED maps during PsAF were performed through Ensite 
Precision CFAE Mapping Tool. As previously validated, 
the algorithm measures the time interval between multiple, 
discrete deflections in a local AF EGM recording over an 
8-s data interval and then averages the inter-deflection time 
intervals to calculate the mean cycle length (CL) of the local 
EGM during AF [7, 20]. This means CL is then projected 
onto the LA anatomical shell as a colour-coded display, 
simultaneously applied for each recording HD Grid bipole. 
The shorter the CL, the more rapid and fractionated the local 
EGM. User-defined peak-to-peak EGM amplitude, EGM 
width and post-EGM refractory period were selected to 
assist in algorithm deflection detection and have been previ-
ously validated. Deflection width, sensitivity and refractory 
criteria were set at 20 ms, 0.05 mV and 50 ms, respectively, 
to avoid double-counting individual EGM deflections and 
taking into consideration a noise floor of 0.01 mV. Specifi-
cally for this study, areas displaying “STED” were character-
ized by a mean CL of less than either 60 or 120 ms and by 
colour crowding in the LA geometry (Fig. 1).

2.3  Analysis of AEDUM and STED areas

The LA was divided into 14 segments as previously 
reported [21]. The following were noted for each patient: 
(1) the extent of the total area with voltage < 0.5 mV during 
SR and the corresponding segments; (2) AEDUM areas and 
corresponding segments during; (3) STED areas and corre-
sponding segments during AF with both CLs mean < 60 ms 
and between 60 and 120 ms; (4) the prolonged EGMs for 
each patient were independently analysed by two electro-
physiologist (PR and MM) to identify slow and fast com-
ponents of the signal. Fast components were defined as at 
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least two inversions in signal direction during 15 ms; (5) 
maximum AEDUM EGM duration and their standard devi-
ations; (6) the degree of overlap among areas of AEDUM 
in SR and STED (CL < 120 ms) for each patient.

2.4  Statistical analysis

The normal distribution of all continuous variables was 
checked by visual methods (Q-Q plot and histogram) and 
by the significance test (Kolmogorov–Smirnov normality 
test and Shapiro–Wilk’s test). For continuous variables, 
descriptive statistics were provided (number of avail-
able observations, mean and standard deviation), while 
the median (interquartile range (IQR)) was used for non-
normal data. Categorical data were described as a number 
(percentage). The proportion of the categorical variables 
was compared using a chi-square analysis or Fisher’s exact 

test, as appropriate. In the case of non-normally distributed 
variables, the Mann–Whitney U test was used. All statistical 
analyses were performed using STATA statistical analysis 
software (version 16).

3  Results

3.1  Study population

Forty patients with PsAF were enrolled in this study. Demo-
graphic, clinical and instrumental characteristics of the study 
population are reported in Table 1. Overall, the mean age 
was 62.2 ± 7.4 years; males were 72.5% (n = 29), and the 
mean  CHA2DS2-VASC was 2.3 ± 0.9. The mean left ven-
tricular systolic function was 60.2 ± 10.3%, while LA index 
volume was 41.0 ± 14.7 ml/m2.

Fig. 1  STED map. Ensite Precision CFAE Mapping Tool reconstructs 
STED maps measuring mean time interval between multiple, discrete 
deflections in a local AF EGM recording. More fractionated and rapid 
local EGM correlate to shorter cycle length and are represented in a 
color-coded scale. This figure shows the posterior and anterior views 
of the LA STED map of a representative patient. The arrow in the 
left panel indicates a LA region in the posterior wall not exhibiting 

STED (represented in violet which corresponds to a STED > 120 ms) 
in which the EGMs shown were obtained. The right panel shows the 
LA anterior view in which a high degree of STED has been found, 
and the EGMs shown were obtained from the LA region represented 
in white, corresponding to a STED < 60  ms. AF, atrial fibrillation; 
EGM, eElectrogram; LA, left atrium; STED, spatiotemporal electro-
gram dispersion
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AF duration was < 6 months in 4 patients (10%), between 
6 and 12 months in 21 patients (52.5%) and > 12 months in 
15 patients (37.5%).

3.2  AEDUM areas in SR

AEDUM map was obtained in all patients after at least one 
ECV. The mean number of points used in the 3D LA map was 
3053 ± 711 and the heart rate during mapping procedure was 
65 ± 7 bpm. The findings obtained from AEDUM maps are sum-
marized in Table 2. The mean overall EGM duration recorded 
in PsAF was 49.0 ± 16.2 ms, while the maximum duration of 
EGMs was 90 ± 19 ms. All patients had at least one AEDUM 
area, and the mean EGM duration was significantly longer in 
the AEDUM areas than in the remaining LA (58.2 ± 16.9 ms 
vs 38.3 ± 4.7 ms; p-value < 0.001). In PsAF patients, the mean 
cumulative AEDUM area was 21.8 ± 8.2  cm2.

The overall bipolar voltage of the LA was 3.06 ± 1.87 
mV. The bipolar voltage of the AEDUM areas was lower 
than in the remaining atrial areas (median 1.30  mV 
(IQR 0.71–2.38 mV) vs 1.54 mV (IQR 0.79–2.97 mV); 
p-value < 0.001)). LVA was reported in three patients (7.5%) 

and were identified in one case on the roof toward the right 
superior pulmonary vein and two cases in the anterior wall. 
The overall distribution of the AEDUM area is reported in 
Fig. 2.

3.3  STED areas in PsAF

The LA maps obtained during AF showed STED areas in 
all patients (Table 3). A mean of 3458 ± 704 points per 
patient was used in the analysis. The mean area of dis-
persed and rapid atrial EGMs (< 60 ms) was 23.9 ± 15.3 
 cm2 which covered 25 ± 15% of the LA surface. The 
mean number of segments with STED < 60 ms was 6 ± 3 
per patient. The overall distribution of the STED area is 
described in Fig. 2. The mean area of dispersed and rapid 
atrial EGMs (< 120 ms) was 46.3 ± 20.2  cm2 which cov-
ered 45 ± 22% of the LA surface.

3.4  Comparison between AEDUM and STED

The overall extension of the AEDUM areas was similar to 
the STED areas with CL < 60 ms (21.8 ± 8.2 vs 23.9 ± 15.3 
 cm2; p-value: 0.37), while it was significantly smaller than 
STED areas with CL < 120 ms (21.8 ± 8.2 vs 46.3 ± 20.2; 
p-value < 0.0001). In 24 patients (60%), AEDUM areas 
were entirely included in the STED areas with CL < 120 ms 
(Fig. 3). No significance difference was reported in the mean 
number of LA segments with AEDUM and STED area (7 ± 3 
vs 6 ± 3 respectively; p-value 0.3). As reported in Fig. 2, 
AEDUM and STED areas are most frequently reported 
on the roof, the anterior wall and the septum of the LA. In 
particular, STED areas were more commonly identified in 
the posterior (segments 5 and 8) and anterior walls (seg-
ments 11, 12 and 14) rather than in the AEDUM areas. In 

Table 1  Baseline characteristics of study population

Data are presented as mean ± standard deviation or n. (%)
AF atrial fibrillation, BMI body mass index, COPD chronic obstruc-
tive pulmonary disease, LA left atrium, LVEDD left ventricular end-
diastolic diameter, LVEF left ventricular ejection fraction

Study population
N = 40

Demographics characteristics
  Age (years) 62.2 ± 7.4
  Male sex 29 (72.5)
  BMI (kg/m2) 28.0 ± 4.4

Clinical data
  Hypertension 26 (65)
  Dyslipidaemia 11 (27.5)
  Diabetes 4 (10)
  Smoking 5 (12.5)
  Stroke 1 (2.5)
  Ischaemic cardiomyopathy 1 (2.5)
  Peripheral artery disease 1 (2.5)
  COPD 5 (12.5)
   CHA2DS2-VASC 2.3 ± 0.9

Persistent AF duration
   < 6 months 4 (10)
  6–12 months 21 (52.5)
   > 12 months 15 (37.5)

Cardiac function and chamber dimensions
  LVEF (%) 60.2 ± 10.3
  LA volume (ml) 80.1 ± 28.0
  Indexed LA volume (ml/m2) 41.0 ± 14.7

Table 2  Electroanatomic maps collected during sinus rhythm

Data are presented as mean ± standard deviation or n. (%)
AEDUM atrial electrogram duration map, LA left atrial

Study population
N = 40

Number of points used 3053 ± 711
Voltage

  Mean voltage (mV) 3.06 ± 1.87
  Patients with areas of low voltage (%) 3 (7.5)
  Total area of low voltage  (cm2) 9.1 ± 6.2

AEDUM
  Patients with AEDUM areas 40 (100)
  AEDUM area extension  (cm2) 21.8 ± 8.2
  AEDUM extension indexed for LA surface (%) 23.4 ± 9.1
  Mean maximum duration (ms) 90 ± 19
  Overall EGM duration (ms) 49.0 ± 16.2
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the three patients with LVA, no correspondence with STED 
and AEDUM areas was noted (Fig. 4).

3.5  Clinical follow‑up

During the follow-up (median 511 days (376–845 days) 20 
(50%) patients experienced clinical recurrence of AF or 
atrial flutter/tachycardia. Electroanatomical characteristics 
of the index procedure are reviewed for all patients and are 
reported in Supplementary Table 1. Electroanatomic maps 
showed higher maximum duration of EGMs recorded in 
patients who experienced clinical recurrence than without 

(98 ± 19 vs 79 ± 11  ms; p-value 0.02). Otherwise, no 
difference was reported in terms of extension of AEDUM 
and STED area and bipolar voltage between groups.

4  Discussion

We report our clinical experience about different mapping 
functional methods for the identification of local conduc-
tive abnormalities necessary for perpetuating PsAF.

The main findings of our study are the following:

– All patients had at least one AEDUM area, and they are 
frequently located on the roof, the anterior wall and the 
septum of the LA.

– STED areas covered approximately half LA surface 
(45 ± 22%) and were more commonly identified in the 
posterior wall than the AEDUM areas. The extension 
of the AEDUM areas was significantly smaller than 
STED areas (21.8 ± 8.2 vs 46.3 ± 20.2; p-value < 0.0001). 
Only in the 60% of cases, AEDUM areas were entirely 
included in the STED areas.

– LVAs were reported in a small percentage of patients 
with PsAF (7.5%), and no correspondence with STED 
and AEDUM was recognized.

– Longer EGM durations were found in patients who expe-
rienced AF recurrence during follow-up. Otherwise, no 
difference was reported in terms of extension of AEDUM 
and STED area and bipolar voltage between groups.

Fig. 2  Localization of the 
AEDUM and STED areas. 
AEDUM, atrial electrogram 
duration map; STED, spatiotem-
poral electrogram dispersion

Table 3  Electroanatomic maps collected during atrial fibrillation

Data are presented as mean ± standard deviation or n. (%)
AEDUM atrial electrogram duration map, LA left atrium, STED spati-
otemporal electrogram dispersion

Study Population
N = 40

Number of points used 3458 ± 704
STED map

  Area of STED < 60 ms 40
  Total area  (cm2) of STED < 60 ms 23.9 ± 15.3
  Area of STED indexed for LA surface (%) 25 ± 15
  Area of STED < 120 ms 40
  Total area  (cm2) of STED < 120 ms 46.3 ± 20.2
  Area of STED indexed for LA surface (%) 44 ± 23
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4.1  EGM duration map

Multiple functional approaches have been developed to 
target local conductive inhomogeneous areas necessary 
for the maintenance of PsAF [12–14, 17, 22]. The pivotal 

hypothesis of these methods is that EGM duration and its 
characteristics are the epiphenomenon of atrial remodel-
ling and augmented non-uniform anisotropism [23, 24]. In 
PsAF patients, atrial tissue remodelling is characterized by 
patchy and/or interstitial fibrosis, modification of spatial 

Fig. 3  Comparison between 
AEDUM and STED areas. Left 
panels represent posterior and 
anterior views of AEDUM dur-
ing SR while and right panels 
depict posterior and anterior 
views of STED map during AF. 
Center panels, the AEDUM 
areas are superimposed to the 
STED areas; this figure supports 
the hypothesis that the AEDUM 
areas of slow conduction may 
play an active role in the disor-
ganization of electrical conduc-
tion during AF. AEDUM, atrial 
electrogram duration map; AF, 
atrial fibrillation; SR, sinus 
rhythm; STED, spatiotemporal 
electrogram dispersion

Fig. 4  Comparison of LVA, AEDUM and STED areas. In this figure 
are reported the maps of the patient with PsAF with LVA. Voltage 
map (panel A), STED map (panel B) and AEDUM map (panel C) are 
shown. In panel A, the voltage map shows a LVA on the right part of 
the left atrial roof and anterior wall. The boundaries of the LVA (area 
1) are also depicted on the STED map (panel B) and the AEDUM 
map (panel C); no correlation is reported between LVA and STED 
and AEDUM areas. The area 2 represents healthy tissue since it has 

normal voltage and duration in SR and no STED during AF. Instead, 
the area 3 despite normal voltage has prolonged EGM in SR and high 
STED during AF. Panel D reports three EGMs collected from areas 
of low voltage (area 1), normal voltage (area 2) and AEDUM area 
(area 3). AEDUM, atrial electrogram duration map; AF, atrial fibril-
lation; EGM, electrogram; LVA: low-voltage area; PsAF, persistent 
atrial fibrillation; SR, sinus rhythm; STED, spatiotemporal electro-
gram dispersion
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distribution of intercellular connexins, gap junction remod-
elling and muscular tissue disarray [24]. These pathological 
modifications affect wave propagation between cardiomyo-
cytes, eventually creating substrate for arrhythmia induction 
and maintenance.

Voltage mapping during AF has been proposed to identify 
LVA as evidence of regional tissue disease, but this analysis 
might be hampered due to some confounding factors such 
as wave-front collisions, responsible for lowering signals’ 
amplitude [25]. On the other hand, bipolar voltage evalua-
tion during SR allows to avoid the tough interpretation of 
complex signals recorded during AF [26, 27] even if, as 
we reported in the present study, patients with PsAF do not 
commonly showed LVAs [28]. Cellular electrical coupling 
mismatch may be much more implicated than patchy fibro-
sis; in vitro study demonstrated that significant reduction in 
electrical coupling may produce similar effects to those of 
severe fibrosis and can modify the dynamics of wave propa-
gation, from planar to reentrant [29]. Therefore, the ablation 
strategies aiming at targeting LVA highlighted during AF or 
SR are not widely applicable in patients with PsAF [9–11, 
25].

We recently reported how the evaluation of AEDUM 
map allows the identification of discrete areas of local 
slow and non-homogeneous conduction suggesting the 
presence of augmented non-uniform anisotropism. The 

utilization of multipolar mapping catheter (HD Grid) 
permits the recording of EGMs simultaneously from 
multiple bipoles with different wavefront propagations 
reducing the underestimation of duration and far-field 
signal components (Fig. 5). Rapid and fragmented signal 
registered during AEDUM mapping can be explained by 
anisotropic conduction, (“zig-zag” conduction) among small 
muscle bundles. Anisotropic reentries are characterized by 
marked heterogeneity in conduction velocity, depending on 
whether the wavefront is propagating in the longitudinal or 
transverse direction. However slow components could be 
due to conduction along large muscle bundles, sepimented 
by fibrous strands, with frequent and abrupt changes 
to their orientation. Moreover, split signals like double 
potentials were also recorded, representing a block line due 
to electrical influences during propagation on either side 
(Fig. 6) [30]. Although the AEDUM study was limited by 
the small number of patients enrolled, this ablation approach 
targeting the AEDUM areas resulted in a more effective 
strategy to treat patients with PsAF.

4.2  Comparison of AEDUM and STED maps

AEDUM areas were largely contained within the boundaries 
of STED areas (< 120 ms) (93% of their total area in 60% 
of the study group), while in the patients with LVA, no 

Fig. 5  AEDUM map. The Advisor™ HD Grid Mapping Catheter 
is positioned on the LA posterior wall registering different dipoles 
EGM which are annotated in the AEDUM map. While the dipole 

A1–A2 records a normal EGM (NP), the potentials P1–5 are recorded 
from bipoles exploring areas of slow conduction. AEDUM, atrial 
electrogram duration map; EGM, electrogram; LA, left atrium
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correspondence with STED and AEDUM was noted. 
These findings are consistent with published animal data 
demonstrating that atrial fractionated EGM during AF 
was co-localized in the regions with more fragmented 
and longer signals during slow atrial pacing [24]. In our 
study, the resulting cumulative STED areas were larger if 
compared with AEDUM areas even though the number 
of LA segments involved was comparable (7 ± 3 vs 6 ± 3 
respectively; p-value 0.3). Surprisingly, if AEDUM and 
STED areas were either most frequently reported on the 
roof, the anterior wall and the septum, STED areas were 
more commonly identified in the posterior wall (Fig. 2). 
Based on this evidence, we hypothesize the presence of a 
passively activated area with low rate of tissue fibrosis not 

identified during SR that exhibits complex atrial signals 
mainly due to functional phenomena [31]. Indeed, previous 
studies have shown that different functional phenomena, 
like wavefront collision, functional conduction block, wave 
break and wave fusion, contribute to the genesis of CFAEs 
[32]. Moreover, in our PsAF population, electroanatomic 
maps showed higher maximum duration of EGMs recorded 
in patients who experienced clinical recurrence than without 
recurrence. Otherwise, no difference was reported in terms 
of extension of AEDUM and STED area and bipolar voltage. 
The maximum EGM duration as well as other parameters 
like atrial dimension and p-wave morphology could 
represent a potential indicator of high risk AF recurrence 
after catheter ablation [33].

Fig. 6  The genesis of prolonged signals. In the left panel, normal 
myocardium with “normal signals” conducts wavefronts rapidly with 
synchronous activation of a large number of cells resulting in sharp 
EGM with short duration. In the central panel, diseased myocardium 
with a different degree of fiber disarray and tissue functional remod-
eling produces disordered propagation, resulting in EGM with pro-
longed duration and combined slow and rapid signal components. 

When the process of fibrous sepimentation is established, the ampli-
tude of the signals is low. On the contrary, when a process of decou-
pling of intercellular electrical propagation is prevalent, the voltage 
can be normal despite a prolonged EGM. As shown in the right panel, 
during mapping the observed EGM patterns are the result of the mul-
tiple combination of the described phenomena. EGM: electrogram
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4.3  Limitations

This clinical study has some limitations that should be 
taken under consideration. Firstly, the size of the study 
population is restricted and therefore this paper should be 
considered a pilot study. Larger prospective studies are 
warranted to confirm our results thus creating solid evi-
dence in identifying patients who will benefit from abla-
tion additional to PVI, eventually targeting AEDUM areas.

Secondly, EGM duration is a functional phenomenon, 
and the AEDUM area could be influenced by heart rate, 
site of stimulation or atrial extra stimuli. Another poten-
tial limitation is the absence of an automated tool to 
evaluate bipoles with longer EGM duration. Improved 
software is needed to automize the creation of AEDUM 
maps as much as possible making them more reproducible 
and thus utilizable in larger cohorts. Additionally, we do 
not have magnetic resonance imaging data available for 
the patients included in this study in order to compare 
EGM and imaging findings. Lastly, we did not verify the 
effects of anti-arrhythmic or adrenergic/anticholinergic 
drugs such as isoprenaline/atropine on the AEDUM map.

5  Conclusions

This study demonstrates that the evaluation of AEDUM 
map can identify areas of conductive dysfunction as a pos-
sible atrial substrate even if a normal voltage is detected in 
patients with PsAF. A correspondence between the location 
of AEDUM areas during SR and STED areas during AF was 
noted, supporting the hypothesis that local tissue disease 
underlies the complex and dispersed EGMs during AF.
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