
ORIGINAL ARTIСLES 	 5

JOURNAL OF ARRHYTHMOLOGY, № 3 (121), 2025

© Autors 2025

https://doi.org/10.35336/VA-1468

LEFT ATRIAL VOLTAGE CHARACTERISTICS IN PATIENTS WITH PERSISTENT  
ATRIAL FIBRILLATION

V.Yu.Tcivkovskii, A.V.Chapurnykh, V.B.Nizhnichenko
Central Clinical Hospital of the Presidential Administration of the Russian Federation, 15 Marshala Timoshenko str. 

Aim. The aim of the study was to assess the impact of comorbidities and duration of arrhythmic anamnesis on the 
results of left atrium voltage mapping in patients with persistent atrial fibrillation (AF). 

Methods. The study enrolled 50 patients who underwent the first radiofrequency ablation of persistent AF. Left atri-
um endocardial voltage maps were obtained using a 3D electroanatomical mapping system during AF. The voltage maps 
consisted of at least 2,000 points, with an average of 2,128±104 points. Low-voltage areas (LVA) were defined as <0.5 
mV. The percentage of LVA% and very LVA% were calculated.

Results. We found a statistically significant correlation of LVA% with age (p<0.001, r=0.720), female sex (p=0.016), 
and the duration of arrhythmic history at the time of the start of persistence (p<0.001, r=0.503). Based on the data ob-
tained, an original scale was developed to predict LVA%. The scale includes age, female sex, and the duration of arrhyth-
mic history at the start of persistence. A score of 1 point was assigned for an age over 65 years, 1 point for female gender, 
and 1 point for a duration of arrhythmic history over 4 months; otherwise, 0 points were given. The total score on of the 
scale showed a high correlation with LVA% (p<0.001, r=0.768). The scale was named AFD-rhythm (Age, Female Sex, 
Duration of arrhythmic anamnesis at the Start of Persistence). 

Conclusions. Age, female sex, and the duration of arrhythmic anamnesis at the start of persistence are predictors of 
LVA% of the left atrium in patients with persistent atrial fibrillation. The original AFD-rhythm scale can be used to predict 
the percentage of left atrium low voltage in patients with persistent AF.
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The identification of pulmonary vein (PV) ectopy 
as a trigger for atrial fibrillation (AF), first reported by M. 
Haïssaguerre et al. in 1998, led to the development of PV 
isolation, which today carries a class I indication for ra-
diofrequency ablation (RFA) of AF [1]. However, it soon 
became evident that ectopic ac-
tivity may also originate outside 
the PVs, and that trigger-induced 
paroxysmal AF can progress to 
substrate-dependent persistent or 
long-standing persistent AF. This 
was confirmed by J. Seitz et al. 
(2017), who demonstrated that 
ablation of AF triggers outside 
the PVs, without PV isolation, 
resulted in arrhythmia-free sur-
vival in 85% of patients during 
18 months of follow-up [2].

At the same time, empir-
ical additional linear ablations 
and substrate modification, per-
formed with the aim of treating 

substrate-dependent AF, were investigated in the STAR-
AF II trial, which did not show a reduction in AF recur-
rence compared with standard PV antral isolation [3]. The 
investigators concluded that patient-specific substrate abla-
tion requires a deeper understanding.

Fig. 1. Left atrial voltage mapping: (a) measurement of the area of the left inferior 
pulmonary vein ostium; (b) measurement of the mitral valve annulus.

а                                                              b



6	 ORIGINAL ARTIСLES

JOURNAL OF ARRHYTHMOLOGY, № 3 (121), 2025

One mechanism of arrhythmia progression is the 
spread of left atrial (LA) fibrosis and its arrhythmogenic 
effect. The gold standard for visualising myocardial fibro-
sis is late gadolinium enhancement magnetic resonance 
imaging (MRI), which allows indirect assessment of the 
extent of LA fibrosis [4]. However, this method has several 
limitations, including cost, contraindications, and poor re-
producibility across centres [5]. R. S. Oakes et al. (2009) 
demonstrated a correlation between the extent of late gad-
olinium enhancement and low-voltage areas on electro-
anatomical mapping [6]. Subsequently, it was shown that 
the extent of low-voltage areas directly correlates with AF 
recurrence rates [7].

A large number of scoring systems have been pro-
posed to predict the proportion of low-voltage areas in 
the LA. However, in studies supporting the utility of such 
scores, electroanatomical mapping was usually performed 
in sinus rhythm after cardioversion in patients with per-
sistent AF, which may have influenced mapping results. At 
the same time, little attention has been paid to the assess-
ment of factors influencing atrial signal amplitude during 
ongoing AF.

Aim: to evaluate the influence of comorbidities and 
arrhythmia history on LA voltage mapping outcomes in pa-
tients with persistent AF.

METHODS

The study included 50 patients with persistent AF re-
ferred for first-time RFA. The mean age was 67.10 ± 9.49 
years; 36 were men (72%) and 14 women (28%). In all 
patients, AF was clinically significant, manifesting as per-
sistent or intermittent palpitations and/or reduced exercise 
tolerance. The presence of AF was documented by both 
standard electrocardiography and Holter monitoring.

For each patient, the total duration of arrhythmic 
history, duration of persistent AF, and duration of ar-
rhythmic history prior to the onset of persistence were 
recorded. The mean duration of arrhythmic history was 
50.38 ± 10.00 months, with persistence lasting 17.03 ± 
3.76 months, and arrhythmic history prior to persistence 
amounting to 32.5 ± 8.21 months.

Voltage mapping of the LA was performed using the 
CARTO 3 navigation system (Biosense Webster, USA). 
Mapping was carried out with a multielectrode PentaRay 
catheter (Biosense Webster, USA) using the tissue prox-
imity function, with mapping points located ≤5 mm from 
the atrial anatomical shell, and the confidense module 
configured with the following parameters: catheter sta-
bility 6 mm, electroanatomical point density 1 mm. All 
voltage maps comprised a minimum of 2000 points, with 
a mean of 2128 ± 104. Voltage maps were analysed to 
identify low-voltage areas and calculate the percentage of 
low-voltage area.

Regions with a bipolar signal amplitude >0.5 mV 
were defined as normal voltage, 0.1-0.5 mV as low volt-
age, and <0.1 mV as very low voltage. These thresholds 
were chosen based on prior studies, many of which pro-
posed 0.5 mV as the cut-off for low voltage [8-10], a val-
ue now widely adopted in the literature. In the study by 
Y. Lin et al. (2014), voltages <0.1 mV were defined as 
“dense scar” [11].

For each map, the percentage of low voltage 
(LVA%) and very low voltage (VLVA%) was calculat-
ed. LVA% was computed relative to the total LA surface 
area. The area measurement tool was used to calculate 
the total surface area of the LA map, subtracting the area 
of the mitral annulus and PV ostia. Measurement of the 
mitral annulus and PV ostia areas is illustrated in Fig-
ure 1. The surface area of low-voltage regions was then 
determined using the same area measurement tool (Fig. 
2). Based on the reconstructed anatomical model of the 
LA, excluding the PVs, LA volume was also calculated, 
including the LA appendage.

A correlation analysis was performed to assess the 
relationship of LVA% and VLVA% with sex, age, duration 
of arrhythmic history, duration of persistence, duration of 
arrhythmic history at the onset of persistence, comorbidi-
ties (coronary artery atherosclerosis, interventricular septal 
thickness [as a marker of LV hypertrophy], diabetes mel-
litus, body mass index, estimated glomerular filtration rate 
[eGFR]), LA anteroposterior diameter (as measured by 
echocardiography), LA size index, LV ejection fraction, 

Fig. 2. Measurement of the low-voltage area.

Fig. 3. ROC curves for determining the cut-off points 
for age and arrhythmic history duration at the onset of 
persistence in relation to LV% (low-voltage percentage).
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left atrial appendage emptying velocity (by preoperative 
transoesophageal echocardiography), and LA volume as 
determined from the reconstructed LA model.

Statistical analysis
Statistical analysis was performed using StatTech 

v.4.6.3 (StatTech LLC, Russia). Quantitative variables 
were tested for normality using the Shapiro-Wilk test (for 
sample sizes <50) or the Kolmogorov-Smirnov test (for 
sample sizes >50). Variables with a normal distribution 
were described as means (M) with standard deviations 
(SD) and 95% confidence intervals (95% CI). Non-normal-
ly distributed data were described as medians (Me) with 
interquartile ranges (Q1-Q3).

Comparisons between two groups for non-normally 
distributed quantitative variables were performed using the 
Mann-Whitney U test. The strength and direction of cor-
relations between two quantitative variables were assessed 
using Pearson’s correlation coefficient (for normally dis-
tributed variables) or Spearman’s rank correlation coeffi-
cient (for non-normally distributed variables).

A prognostic model describing the dependence of a 
quantitative variable on selected factors was developed us-
ing linear regression analysis. A two-tailed p-value <0.05 
was considered statistically significant.

RESULTS

We identified a statistically significant strong cor-
relation between LVA% and age (p<0.001, r=0.720), fe-
male sex (p=0.016), and a moderate correlation with the 
duration of arrhythmic history at the onset of persistence 
(p<0.001, r=0.503). A statistically significant but weak 
association was also observed between LVA% and eGFR 
(p=0.002, r=−0.336), left atrial (LA) volume measured on 
electroanatomical mapping (p=0.019, r=0.330), LA size 
index (p<0.001, r=0.432), and LA appendage (LAA) emp-
tying velocity (p=0.023, r=−0.335).

No correlation was found between LVA% and the 
duration of persistence (p=0.728), interventricular septal 
thickness (p=0.976), body mass index (p=0.814), presence 
of coronary atherosclerosis (p=0.058), diabetes mellitus 
(p=0.192), left ventricular ejection fraction (p=0.125), or 
anteroposterior LA diameter (p=0.213).

For VLVA%, we observed a statistically signifi-
cant correlation with age (p<0.001, r=0.656) and female 
sex (p=0.039), a weak association with eGFR (p=0.013, 
r=−0.357) and arrhythmic history duration at the onset 
of persistence (p<0.003, r=0.410), and a very weak cor-
relation with LA size index (p=0.048, r=−0.276). No cor-
relation was found between VLVA% and the duration of 
persistence (p=0.567), interventricular septal thickness 
(p=0.876), body mass index (p=0.900), coronary athero-
sclerosis (p=0.055), diabetes mellitus (p=0.098), left ven-
tricular ejection fraction (p=0.300), anteroposterior LA 
diameter (p=0.481), LA volume (p=0.618), or LAA emp-
tying velocity (p=0.371).

Thus, the variables showing the strongest correla-
tions with LVA% and VLVA% were age, female sex, ar-
rhythmic history duration at the onset of persistence, and 
eGFR. Based on these findings, we developed an original 
predictive score for LVZ%, incorporating age, sex, and ar-
rhythmic history duration at the onset of persistence.

To determine threshold values for age and arrhyth-
mic history duration, ROC analysis was performed for each 
variable. The area under the ROC curve (AUC) was used 
to evaluate discriminatory ability, and optimal cut-offs were 
identified using Youden’s index (J = sensitivity + specific-
ity − 1). The point with the maximum Youden index was 
considered the optimal diagnostic threshold. For dichotomi-
zation, LVA%=35% was chosen as the reference threshold, 
since the median LVA% was 35.57% and the 35% cut-off 
corresponds to the boundary of advanced fibrosis in the 
Utah classification. The optimal Youden index for age was 
achieved at a threshold of 65 years, and for arrhythmic his-
tory duration at the onset of persistence at 4 months. ROC 
curves are shown in Fig. 3, and the sensitivity, specificity, 
and Youden index values are provided in Table 1.

Patients aged >65 years were assigned 1 point, female 
sex 1 point, and arrhythmic history duration >4 months at 
the onset of persistence 1 point; otherwise, 0 points were 
assigned. The total score demonstrated a strong correlation 
with LVA% (p<0.001, r=0.778). This scoring system was 
named the “AGD-rhythm” scale (Age, Gender, Duration of 
arrhythmic history at persistence onset).

A regression analysis of the relationship between the 
score and LVA% is shown in Fig. 4, while Table 2 presents 

Fig. 4. Regression function graph illustrating the 
relationship between LV% (low-voltage percentage) and 
the score on the original scale.

Parameter Sensitivity Specificity Youden’s 
Index

Age ≥65 years 0.89 0.77 0.67
Anamnesis ≥4 months 0.68 0.73 0.41

Table 1. 
Values at the optimal threshold of sensitivity, specificity, 
and Youden’s index

Indicator ρ p
Age 0.720 <0.001
Female sex 0.016
Duration of arrhythmia history* 0.503 <0.001
Total score on the scale 0.778 <0.001

Note: * - at the onset of persistent atrial fibrillation.

Table 2. 
Results of correlation analysis of the relationship  
between the factors included in the scale, the scale 
score, and LV% (low-voltage percentage)
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the correlation analysis results for the individual factors 
included in the score and the overall score in relation to 
LVA%. The score also showed a moderate correlation with 
VLVA% (p<0.001, r=0.597). 

DISCUSSION

Various scoring systems have been developed to 
predict the percentage of low-voltage areas in the left atri-
um, incorporating different clinical and echocardiographic 
factors. The DR-FLASH score, which includes diabetes 
mellitus, renal dysfunction, persistent atrial fibrillation, a 
left atrial anteroposterior diameter greater than 45 mm, age 
over 65 years, female sex, and arterial hypertension, has 
demonstrated high effectiveness in predicting the presence 
of low-voltage areas [12-14]. 

To predict AF recurrence after RF ablation in pa-
tients undergoing primary and repeat procedures, the AP-
PLE score was developed. This included: age >65 years, 
persistent AF, reduced eGFR <60 ml/min/1.73m², antero-
posterior LA diameter >42 mm, and left ventricular ejec-
tion fraction (LVEF) <50%. This score provided a means 
of predicting the extent of low-voltage areas [12]. Table 3 
summarises scoring systems reported in the literature for 
predicting the distribution of low-voltage areas.

A critical methodological issue is that in most stud-
ies validating these scores, electroanatomical mapping was 
performed during sinus rhythm. Patients with persistent or 
long-standing persistent AF first underwent cardioversion, 
followed by voltage mapping during sinus rhythm or atrial 
pacing. However, A. Lahuerta et al. (2022) demonstrated 
that voltage mapping results obtained during AF and sinus 
rhythm in the same patient differ substantially [15]. Simi-

larly, N.A. Qureshi et al. (2019) reported that the correla-
tion between low-voltage areas identified by endocardial 
mapping and areas of fibrosis detected by late gadolini-
um enhancement MRI was significantly stronger when 
mapping was performed during AF compared with sinus 
rhythm [16]. In addition, J. Chen et al. (2019) showed that 
most arrhythmogenic regions of the LA (areas of spatio-
temporal dispersion and prolonged activity) overlapped 
with low-voltage zones identified during AF mapping, un-
derscoring the importance of studying low-voltage areas 
independently of atrial fibrosis [15].

Another methodological concern is that patients with 
unsuccessful cardioversion or immediate AF recurrence 
after rhythm restoration were excluded from analysis. In 
one study, this group comprised 12.9% of patients [17]. 
Excluding such patients—those with more advanced dis-
ease—may bias results. Electrical cardioversion itself, and 
the fact that mapping is performed immediately afterwards, 
is an important factor influencing mapping outcomes.

As noted, results of voltage mapping during AF and 
sinus rhythm in the same patient differ markedly, and it re-
mains unclear which rhythm better reflects the true extent 
of LA fibrosis. In our view, given these limitations, includ-
ing mapping immediately after cardioversion and exclu-
sion of patients with unsuccessful cardioversion, voltage 
mapping during AF in patients with persistent AF appears 
more rational.

In our study, high-density mapping included >2000 
analysed electrograms per LA map, whereas earlier studies 
typically used ~200 points, which does not meet current 
definitions of high-density mapping and may have affected 
their results [18-20]. Moreover, some studies used different 

Scale Parameters Number of Mapping Points 
in LA Mapping Catheter

DR-FLASH 
[12, 13]

DM, CKD, PersAF, LA > 45 mm, 
age > 65 years, female sex, HTN >1000; 144±76

SmartTouch (Biosense Webster), 
TactiCath (Abbott), multielectrode 

circular catheter

APPLE 
[11, 18]

Age > 65, PersAF, GFR < 60 ml/
min/1.73 m², LA > 43 mm, LVEF 

< 50%
>1000; >200

Age > 65, PersAF, GFR < 60 ml/
min/1.73 m², LA > 43 mm, LVEF < 

50%

(m)APPLE 
[19]

Age > 65, PersAF, GFR < 60 ml/
min/1.73 m², LAVI ≥ 39 ml/m², 

LAEF < 31%
>1000

SmartTouch (Biosense Webster), 
TactiCath (Abbott), multielectrode 

circular catheter

SPEED 
[21]

Female sex, PersAF, age > 70 
years, proBNP > 400 pg/ml, DM

≥100 (3.5-mm ablation 
catheter), ≥1000 

(multielectrode catheter)

3.5-mm ablation or multielectrode 
catheter (Biosense Webster/Boston 

Scientific/Abbott)
ZAQ  
[20]

Age > 65 years, female sex, LAVI 
57 ml/m² >200 TactiCath (Abbot), ThermoCool 

SmartTouch (Biosense Webster) 
ANP  
[43]

Age > 65 years, NT-proBNP ≥ 17 
ng/ml, PersAF >1000 Reflexion Spiral (Abbot), Lasso 

(Biosense Webster) 

ATLAS 
[45]

Age > 60 years, female sex, 
PersAF, smoking, LAVI (1 point 

per 10 ml/m²)
2876 ± 1058 PentaRay (Biosense Webster) 

Note: LA – left atrium; DM – diabetes mellitus; CKD – chronic kidney disease; PersAF – persistent atrial fibrillation; 
HTN – arterial hypertension; GFR – glomerular filtration rate; LVEF – left ventricular ejection fraction; LAVI – left atrial 
volume index.

Table 3. 
Scales for predicting the extent of low-voltage areas in the left atrium
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electrode types (3.5 mm ablation vs. multielectrode cath-
eters) [12, 13, 18, 19, 21]. E. Anter et al. (2015) demon-
strated that in areas of preserved voltage, bipolar signal 
amplitudes were consistent across catheter types, whereas 
in low-voltage zones, the total area with voltages <0.5 mV 
measured using multielectrode catheters with 1 mm elec-
trodes was smaller than when measured using a 3.5 mm 
ablation catheter [9, 22].

One of the most debated issues remains the dis-
crepancy between mapping during sinus rhythm and AF. 
As highlighted in the aforementioned studies, sequential 
mapping during both rhythms in the same patient revealed 
substantial differences when low-voltage thresholds of 0.5 
and 0.3 mV were applied [14, 16]. This highlights the need 
for rhythm-specific voltage thresholds.

Numerous attempts have been made to define a suit-
able threshold for AF mapping, proposing values from 0.24 
to 0.35 mV, which may correspond to the 0.5 mV threshold 
used during sinus rhythm [16, 23, 24]. However, no consen-
sus has yet been reached. D. Nairn et al. (2023) noted that 
even with adjusted thresholds, concordance between sinus 
rhythm and AF maps remains only moderate, with greater 
detection of low-voltage areas during AF mapping [24].

In our opinion, given the fundamental differences in 
activation direction and conduction velocity between sinus 
rhythm and AF, it is unlikely that a single threshold can 
harmonise voltage maps across both rhythms. Therefore, 
predictors of low-voltage areas should probably be deter-
mined separately for sinus rhythm and AF mapping.

Based on prior studies adopting a 0.5 mV threshold 
and the findings of N.A. Qureshi et al. (2019) showing 
higher concordance between AF mapping and late gado-
linium enhancement MRI, we applied 0.5 mV and 0.1 mV 
thresholds to identify predictors of low voltage [16]. Im-
portantly, no significant differences were observed in the 
results of correlation analysis when comparing the thresh-
olds for low and very low voltage.

Left atrial voltage reduction and age
Atrial fibrillation (AF) is the most common age-asso-

ciated arrhythmia, and ageing is generally linked to an in-
creased risk of AF [25]. This association has been reported 
in both animal experiments and small-scale clinical stud-
ies, which described age-related alterations in the electro-
physiological properties of atrial myocytes and conduction 
abnormalities [25, 26].

The relationship between LA fibrosis and age has 
been demonstrated in histological analyses of tissue sam-
ples obtained at autopsy and during open-heart surgery. 
Atrial tissue analysis revealed a correlation between atrial 
fibrosis and a history of AF. Importantly, the authors re-
ported no significant fibrosis in age-matched control pa-
tients without a history of AF [27, 28].

However, findings regarding the correlation between 
LA fibrosis and age remain inconsistent. In an autop-
sy-based study, P.G. Platonov et al. (2011) found no as-
sociation between age and the extent of LA fibrosis [28]. 
Conversely, in a clinical study by H. Cochet et al. (2015), 
age was identified as a predictor of fibrosis diagnosed us-
ing late gadolinium enhancement MRI [29].

In our study, age demonstrated the strongest correla-
tion with the percentage of low-voltage areas in the LA.

Left atrial voltage reduction and sex
The EORP-AF study demonstrated sex-related dif-

ferences in the epidemiology, clinical management, and 
treatment of AF [30]. Women with AF were shown to have 
a 1.3-2.0-fold higher risk of AF recurrence following RFA 
[31-33]. The FIRE and ICE trial reported that female sex 
was associated with an almost 40% increase in atrial ar-
rhythmia recurrences after pulmonary vein isolation [34]. 
Other studies indicated that although women had higher 
recurrence rates after RFA, repeat procedures revealed less 
frequent pulmonary vein reconnections in women com-
pared with men [35, 36]. This finding may be explained by 
a greater prevalence of non-pulmonary vein AF triggers, 
which could be related to areas of low voltage.

Previous investigations have identified female sex as 
an independent predictor of LA fibrosis [37-39]. This ob-
servation is believed to be linked to a direct sex-specific ef-
fect, driven by differences in the influence of sex hormones 
on adverse LA remodelling and fibrosis.

In our study, female sex correlated with a higher per-
centage of low-voltage areas in the LA. 

Left atrial voltage reduction and duration of 
arrhythmic history
An interesting observation was the association be-

tween the duration of arrhythmic history at the onset of 
persistence and the percentage of low voltage (LV%). Pa-
tients with a history of paroxysmal AF prior to transition to 
the persistent form demonstrated a higher LV% compared 
with those whose first manifestation of AF was persistence. 
On the one hand, this may indicate distinct mechanisms 
underlying AF persistence; on the other, it underscores the 
potential need for earlier intervention to maintain sinus 
rhythm and to minimise the spread of low-voltage areas, 
which adversely affect the prognosis and the efficacy of 
interventional treatment.

Our findings also suggest that the extent of low-volt-
age areas is primarily driven by preceding paroxysmal AF 
episodes rather than by the duration of persistence itself. 
The absence of an association between AF persistence du-
ration and LV% in our cohort is consistent with previous 
reports [40]. To our knowledge, no prior studies have ex-
amined the correlation between the duration of arrhythmic 
history at the onset of persistence and LV%. The present 
study is the first to highlight the influence of the duration 
of preceding paroxysmal AF on the prevalence of low-volt-
age areas. 

Left atrial voltage reduction and associated 
comorbidities
according to our data, comorbidities did not influ-

ence the percentage of very low-voltage areas (VLVA%). 
This finding is consistent with some studies that failed to 
demonstrate an association between comorbid conditions 
and atrial voltage reduction in patients with persistent AF 
[40]. At the same time, studies evaluating previously pro-
posed scoring systems have shown their utility in predict-
ing the extent of low-voltage areas in the left atrium [12]. 
Experimental animal models have demonstrated a link 
between arterial hypertension and atrial fibrosis [41]. Fur-
thermore, obesity has been shown to promote the develop-
ment of atrial fibrosis in experimental settings, with regres-
sion of fibrosis observed following weight reduction [42].
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Renal dysfunction merits particular attention, as es-
timated glomerular filtration rate (eGFR) exhibited a sta-
tistically significant moderate correlation with both LVA% 
and VLVA%. Evidence regarding the association between 
eGFR and the extent of low-voltage areas is conflicting, 
with some studies reporting a relationship and others not 
[43, 44]. It is likely that the lack of a strong correlation 
in our cohort is related to the fact that only patients with 
mild-to-moderate renal impairment were included (mean 
eGFR 61.8 mL/min/1.73m²), while none had stage IV or V 
chronic kidney disease.

We developed an original scoring system, the AFD-
Rhythm score (Age, Female, Duration of arrhythmic his-
tory), to predict the extent of low-voltage areas in patients 
with persistent AF. This score is designed to estimate the 

percentage of low-voltage burden in patients undergoing 
mapping during arrhythmia. As noted earlier, previous 
studies have demonstrated a correlation between the extent 
of low-voltage areas and AF recurrence following RFA [7]. 
Based on this, it can be hypothesised that our score may 
also predict the efficacy of AF ablation. However, this as-
sumption requires validation in future studies.

CONCLUSION

Age, female sex, and the duration of arrhythmic his-
tory at the onset of persistence are independent predictors 
of low-voltage burden in the left atrium among patients 
with persistent atrial fibrillation. The proposed original 
AFD-Rhythm score may be employed to predict the extent 
of low-voltage burden in this patient population.
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