
Abstract. Background/Aim: Despite advances in the treatment
strategies of patients with atrial fibrillation (AF), the risk of
AF recurrences is still over 50%. An increased left atrial
volume index (LAVI) reflects left ventricular diastolic
dysfunction (DD) and deterioration of the LA function. This
study aims to determine AF recurrence following cardioversion
(CV) or catheter ablation for AF (pulmonary vein isolation;
PVI) in dependence of DD and LAVI. Patients and Methods:
One hundred and sixty-two patients with paroxysmal or
persistent AF in whom either CV or PVI were performed were
included and followed over a mean of 22.9±3.8 months.
Recurrence was defined as any recurrence of AF that occurred
3 months following the procedure. DD and LAVI were assessed
using transthoracic echocardiography (TTE). Results:
Recurrent AF occurred in 100 (61.7%) patients, predominantly
following CV [CV 41 (76.2%) vs. PVI 59 (54.6%), p<0.0001].
Both DD and an increased LAVI were more common in the
recurrence-group [DD 46.0% vs. 14.5%, p=0.0001; LAVI
(ml/m2) 49.0±18.6 vs. 26.3±7.0, p<0.0001]. ROC analysis
revealed LAVI>36 ml/m2 as cut-off (p<0.0001, AUC=0.92,
95%CI=0.87-0.97, sensitivity=76%, specificity=94%). In the
multivariate analysis, DD (HR=1.6, 95%CI=1.3-2.1, p=0.04)
and LA enlargement (defined as LAVI>36 ml/m2 with HR=2.1,
95%CI=1.8-2.7, p<0.0001) could be identified as independent
predictors of AF recurrence after attempting to control the
heart rhythm. Conclusion: LA enlargement and DD are

independent risk factors associated with AF recurrence after
initial successful rhythm control attempt. These findings have
implications for timing of either ablation or CV.

Atrial fibrillation (AF) is a progressive condition with a
major impact on morbidity, mortality and quality of life
(QoL) (1-3). Atrial remodeling is recognized as a key feature
in the development and maintenance of AF (4). In addition
to the increased mortality risk, patients suffering from AF
are at stake for developing congestive heart failure (HF) (5).
Even in patients with preserved left ventricular ejection
fraction (LVEF), AF has been associated with LV diastolic
dysfunction (6). The left atrium (LA) is directly exposed to
elevated LV filling pressures during diastole. This chronic
sustained elevation results in the remodeling and stiffening
of the LA and can be reflected in its enlargement and in
elevated blood volume. 

Nevertheless, AF is not always perceived as a serious
health threat. Due to recent studies there is now a paradigm
shift for treating AF in patients with HF with catheter
ablation to improve mortality rates (7). 

At present, hypertension and LA diameter are independent
pre-procedural predictors of AF recurrence (8). Moreover,
the more time the cardiac rhythm remains in AF, the higher
is the recurrence rate due to fibrotic remodeling processes
(9-11). 

We performed this study to determine the recurrence for
AF following cardioversion (CV) or catheter ablation for AF
(pulmonary vein isolation; PVI) with respect to diastolic
dysfunction and the left atrial volume index (LAVI) and to
detect a cut-off for a better risk stratification.

Patients and Methods

Study population. 162 consecutive patients with AF who underwent
CV or PVI in the 1st Medical Department (Cardiology), University
Medical Centre Mannheim were enrolled. Recruitment started in
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February 2017 and ended in May 2017. Patients were then followed
over a mean time of 22.9±3.8 months. The presence of AF was
based on electrocardiographic evidence, including Holter monitoring
and classification of AF was performed in accordance to the current
guidelines of the European Society of Cardiology (ESC) for the
management of atrial fibrillation (12), whereby two patterns,
paroxysmal and permanent AF, were differentiated. 

Inclusion criteria were: i) atrial fibrillation, ii) pattern- and sex-
independent, iii) age >18 years and iv) given written informed
consent. Exclusion criteria at the time of inclusion were: i) acute
myocardial infarction, ii) cardiogenic shock, iii) indication for
aortocoronary bypass operation, iv) acute stroke, v) minimal heart
rate at rest below 50 bpm, vi) aortic aneurysm or dissection, vii)
hypotension with blood pressure <90/50 mmHg or hypertension
with systolic blood pressure >160 mmHg and viii) need for constant
pacemaker-stimulation.

The study design complies with the declaration of Helsinki (13)
and was approved by local the ethical committee, Medical Ethic
Commission II, at the Faculty of Medicine Mannheim, University
of Heidelberg, Germany. Written informed consent was obtained
from all patients and data were analyzed anonymously. Data
protection was in accordance to the EU Data Protection Directive.

Echocardiographic and Doppler studies. Transthoracic
echocardiography (TTE) was performed in supine/left lateral
decubitus position with a phased-array ultrasound sector scanner
(Vivid E9, GE Healthcare, UK) and a 3.5 MHz transducer. Two-
dimensional images were obtained in the standard parasternal and
apical views. Left ventricular (LV) volume and ejection fraction
(EF) were performed using the biplane Simpson’s method (14). All
Doppler recordings were obtained with a sweep speed of 100 mm/s.

Left atrium. LA dimensions were measured at end-systole and the
LA volume was calculated using the biplane area-length method
(15, 16). The anteroposterior diameter of the LA was measured by

M-Mode in the parasternal long axis view, perpendicular to the long
axis of the aortic root and measured at the level of the aortic sinus
by using the leading-edge to leading-edge method (17).
Additionally, areas of the LA were obtained in apical 4 and 2
chamber views (A1 and A2, respectively) by tracing the endocardial
border, and the long axis (L) was measured as the minimum length
from the plane of the mitral annular plane to the roof of the LA. 

LA volume was calculated using the following formula:

LA volume=0.85×A1×A2L

LAVI was obtained by indexing the LA volume to the body
surface area (BSA), reported as milliliters per square meter (ml/m2).
BSA was calculated using the Mosteller method after recording
weight and height.

Diastolic function. Left ventricular diastolic filling was determined
by Doppler-derived measurements (18, 19). Mitral inflow velocity
was assessed using Doppler echocardiography from apical 4
chamber view, keeping the sample volume at the tips of the mitral
leaflets. In addition, the mitral annulus velocities were measured
using Tissue Doppler Imaging (TDI) (20) (Vivid E9, GE Healthcare,
UK), at both sides (septal and lateral mitral annulus) to determine
the ratio of E/e’. Due to the variable cycle length in patients with
atrial fibrillation, measurements were averaged over 5 cardiac cycles
(21). Diastolic function was categorized into: i) normal, ii)
indeterminate and iii) dysfunctional, according to the current
algorithms of the American Society of Echocardiography (22)
(displayed in Figure 1).

Statistical analysis. All data are presented as a mean±standard
deviation. Continuous parameters were compared using a 2-tailed
student’s t-test. Receiver operating characteristic (ROC) curves were
used in the whole group of patients to find the optimal cut-off
values for LAVI and LA diameter (measured by M-Mode),
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Figure 1. Algorithm for diagnosis of LV diastolic dysfunction according to Nagueh et al (22). LAVI: Left atrial volume index; LV: left ventricular;
TR: tricuspid regurgitation.



maximizing the sum of sensitivity and specificity with help of the
Youden-Index. Multivariate analysis was performed with logistic
regression analysis using block entry of the following variables: i)
diastolic dysfunction and ii) LA enlargement (defined as LAVI>36
ml/m2), provided to have a p<0.01 in the univariate analysis.

All results were considered statistically significant when p<0.05.
Analyses were performed using the Statistical 1 Package for Social
Sciences (SPSS for Windows 14.0, Chicago, IL, USA) and the
GraphPad Prism 7.0 (Graphpad Software, Inc., CA, USA) software.

Results

Patient baseline characteristics. A total of 162 consecutive
patients were followed for a mean time of 22.9±3.8 months.
AF recurred in 61.7% (100 patients). Baseline clinical
characteristics are shown in Table I.

There were no significant differences between the
recurrence group and the non-recurrence group regarding i)
sex (male 60 vs. 44, female 40 vs. 18, p=0.20), ii) BMI (27.4
kg/m2 vs. 29.1 kg/m2, p=0.07), or iii) diabetes [15 (15%) vs.
5 (8.0%), p=0.19], iv) hypertension [84 (84%) vs. 41 (66.1%),
p<0.01]. However, heart failure [56 (56%) vs. 12 (19.4%),
p<0.0001] occurred significantly more often in the recurrence-
group compared to the non-recurrence group. In further detail,
heart failure with preserved ejection fraction (HFpEF) [39
(39%) vs. 10 (16.1%), p<0.001] showed way more significant
difference than did heart failure with reduced ejection fraction
(HFrEF) [14 (14%) vs. 1 (1.6%), p<0.01]. Significant
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Table I. Patient demographics, baseline characteristics and concomitant
medication. Data are presented as mean±SD or n (%) of subjects.

All patients Non- Recurrence p-Value
with AF recurrence (n=100) 
(n=162) (n=62)

Age (years) 70.8±1.8 69.0±11.4 71.7±8.7 0.08
Gender (m/f) 116/58 44/18 60/40 0.16
BMI (kg/m2) 28.1±1.2 27.4±5.2 29.1±6.3 0.07
Cardiovascular 
parameters

Heart rate (bpm) 69.8±9.9 69.1±12.6 70.2±15.0 0.63
SBP (mmHg) 128.8±21.2 127.5±15.3 129.6±17.1 0.43
DBP (mmHg) 76.3±9.2 75.4±9.5 76.8±9.2 0.35

Concomitant diseases
Hypertension, n (%) 125 (82.2) 41 (66.1) 84 (84.0) <0.01
Diabetes, n (%) 20 (12.4) 5 (8.0) 15 (15.0) 0.19
Current smoker, 17 (10.5) 5 (8.1) 12 (12.0) 0.50
n (%)

NYHA III/IV, 47 (29.0) 7 (11.3) 40 (40.0) <0.001
n (%)

GFR <60 49 (30.3) 12 (19.4) 37 (37.0) 0.02
(ml/min/1.73m2), 
n (%)

Creatinine (mg/dl) 1.1±0.2 1.0±0.2 1.3±0.6 0.02
Current GFR 66.0±25.3 72.3±17.4 62.0±19.1 <0.01
(MDRD-formula) 
(ml/min/1.73m2)

Prior stroke/TIA 16 (9.9) 4 (6.5) 11 (11.0) 0.34
CAD, n (%) 48 (29.6) 15 (24.2) 33 (33.0) 0.24
3-vessel disease 14 (28.0) 4 (8.0) 10 (10.0) 0.44
Heart failure, n (%) 68 (42.0) 12 (19.4) 56 (56.0) <0.0001

HFrEF, n (%) 15 (9.3) 1 (1.6) 14 (14.0) <0.01
HFpEF, n (%) 49 (30.3) 10 (16.1) 39 (39.0) <0.001

≥Moderate MI, n (%) 23 (14.2) 5 (8.1) 18 (36.0) 0.08
≥Moderate MS, n (%) 6 (3.7) 5 (5.0) 1 (1.6) 0.28

Anticoagulant therapy
VKA, n (%) 12 (7.4) 4 (6.5) 8 (8.0) 0.72
Dabigatran, n (%) 31 (19.1) 8 (12.9) 24 (24.0) 0.09
Apixaban, n (%) 43 (26.5) 16 (25.8) 26 (26.0) 0.98
Rivaroxaban, n (%) 42 (25.9) 11 (17.7) 31 (31.0) 0.06

Concomitant 
Medication, n (%)

β-Blocker 118 (72.8) 41 (66.1) 77 (77.0) 0.13
Calcium channel 28 (17.3) 9 (14.5) 19 (19.0) 0.47
blocker 

ACE-inhibitor/ARB 87 (53.7) 32 (51.6) 55 (55.0) 0.68
Amiodarone 5 (3.1) 4 (6.5) 11 (11.0) 0.14
Other antiarrhythmic 13 (8.0) 2 (3.2) 11 (11.0) 0.08
agent

Digitalis 15 (9.3) 1 (1.6) 14 (14.0) <0.01
Statine 72 (44.4) 24 (38.7) 48 (48.0) 0.23
Oral diabetes 10 (6.2) 3 (4.8) 7 (7.0) 0.58
medication

Insulin 6 (3.7) 2 (3.2) 3 (3.0) 0.94

ACE: Angiotensin converting enzyme; ARB: aldosterone receptor
blocker; BMI: body mass index; CAD: coronary artery disease; DBP:
diastolic blood pressure; HfpEF: heart failure with preserved ejection
fraction; HfrEF: heart failure with reduced ejection fraction; GFR:
glomerular filtration rate; MI: mitral insufficiency; MS: mitral stenosis;
NYHA: New York Heart Association; SBP: systolic blood pressure; TIA:
transitoric ischemic attack; VKA: vitamin K antagonist.

Table II. Atrial fibrilation characteristics recurrence vs. non-recurrence
data are presented as mean±SD or n (%) of subjects.

All patients Non- Recurrence p-Value
with AF recurrence (n=100) 
(n=162) (n=62)

Atrial fibrillation
Permanent, n (%) 62 (38.3) 17 (27.4) 45 (45.0) 0.03

Intervention (PVI/CV) 108/54 46/15 62/39 0.07
Duration date of 66.9±81.3 70.0±88.6 65.8±77.5 0.75
index episode until 
intervention (months)

CHA2DS2-Vasc-Score 2.9±0.7 2.5±1.6 3.3±1.6 <0.01
HASBLED-Score 2.1±1.1 1.7±1.1 2.3±1.0 <0.001
EHRA 2.3±2.1 2.1±0.8 2.4±0.9 0.02

I, n (%) 33 (20.4) 17 (27.4) 16 (16.0) 0.08
II, n (%) 50 (30.9) 25 (40.3) 25 (25.0) 0.04
III, n (%) 72 (44.4) 19 (30.6) 53 (53.0) <0.01
IV, n (%) 6 (3.7) 1 (1.6) 4 (4.0) 0.40

Symptomatic 75 (46.3) 18 (29.0) 56 (57.0) <0.001
(EHRA≥III), n (%)

Prior cardioversion 74 (45.7) 18 (29.0) 56 (56.0) <0.001
Prior PVI 39 (24.1) 8 (12.9) 31 (31.0) <0.01
History of AFlut 47 (29.0) 12 (19.4) 35 (35.0) 0.03

Aflut: Atrial flutter; CV: cardioversion; EHRA: European Heart Rhythm
Association; PVI: pulmonary vein isolation.



impairment due to heart failure symptoms [40 (40%) vs. 7
(11.3%), p<0.001], reflected in New York Heart Association
(NYHA) score III/IV, could be observed more often in the
recurrence group. Although not reaching statistical
significance, a trend towards higher rates of cerebrovascular
events in the recurrence group was observed [11 (11%) vs. 4
(6.5%), p=0.34]. There was no difference with regard to the
presence of coronary artery disease (CAD) [33 (33%) vs. 15
(24.2%), p=0.24] between the two groups. Impaired renal
function was found more frequently in patients with AF
recurrence, reflected in i) higher creatinine levels (1.3±0.6
mg/dl vs. 1.0±0.2 mg/dl, p=0.02), ii) reduced glomerular
filtration rate (GFR) (62.0±19.1 ml/min/1.73m2 vs. 72.3±17.4
ml/min/1.73m2, p<0.001) and iii) stage of chronic kidney
disease ≥III [37 (37%) vs. 12 (19.4%), p=0.02]. 

Anticoagulation strategies showed no difference between
the two groups, while a considerable number of patients in
the recurrence group were on digitalis [14 (14%) vs. 1
(1.6%), p<0.01].

Clinical features and atrial fibrillation characteristics.
Permanent AF was more frequent in the recurrence group [45
(45%) vs. 17 (27.4%), p=0.03] compared to the non-
recurrence group. In addition, patients in the recurrence group
had a distinct risk profile, displayed in higher CHA2DS2VASc
(3.3±1.6 vs. 2.5±1.6, p<0.01) and HASBLED score (2.3±1.0
vs. 1.7±1.1, p<0.001). The averaged European Heart Rhythm
Association (EHRA) score was higher in the recurrence group
(2.4±0.9 vs. 2.1±0.8, p=0.02) compared to the non-recurrence
group, similar to the number of highly symptomatic patients
(EHRA≥III) [57 (57%) vs. 18 (29.0%), p<0.001]. Patients in
the recurrence group had more often a prior treatment
attempting to control the heart rhythm (CV 56% vs. 29.0%,
p<0.001; PVI 31% vs. 12.9%, p<0.01) and a positive history
of atrial flutter [35 (35%) vs. 12 (19.4%), p=0.03]. Table II
gives an overview of the AF characteristics.

Echocardiographic characteristics recurrence vs. non-
recurrence. Left ventricular function (LVEF in %) was
significantly lower in the recurrence group vs. the non-
recurrence group (53.1±11.6 vs. 59.3±6.4, p<0.001), while a
lower right ventricular function was also measured in the
tricuspid annular plane systolic excursion (TAPSE) (mm)
(19.2±4.2 vs. 21.9±3.6, p<0.001) in the recurrence group.
Additionally, the left ventricular end-diastolic diameter
(LVEDD) was higher in the recurrence group (49.4±6.4 vs.
46.5±4.9, p=0.03). Enlargement of the LA was more
common in the recurrence group, measured as the LA
diameter in parasternal M-mode (mm) (43.4±7.2 vs.
38.8±7.0, p<0.01) and LAVI (ml/m2) (49.0±18.6 vs.
26.3±7.0, p<0.0001). Consequently, to assess the diastolic
function maximum tricuspid regurgitation velocity (TR
Vmax) and average E/e’ were evaluated, with higher values

emerging for the recurrence group: i) TR Vmax (m/s)
(2.7±0.5 vs. 2.3±0.4, p<0.01), and ii) E/e’ (12.5±5.8 vs.
9.8±5.0, p=0.04). The RA area, assessed in an apical 4Ch
view, was, likewise, enlarged in the recurrence group
(18.7±4.8 vs. 16.9±4.5, p<0.0001). Table III gives an
overview of the echocardiographic characteristics.

ROC analyses for LAVI and LA diameter. Receiver operating
characteristic (ROC) curves were used for the entire group
of patients to find the optimal cut-off values for LAVI and
LA diameter (measured by M-Mode), maximizing the sum
of sensitivity and specificity with help of the Youden-Index,
identifying measurements that correspond most with the risk
for AF recurrence. The following values could be detected
as threshold: 

LAVI>36 ml/m2 (p<0.0001, AUC=0.92, 95%CI=0.8-0.97,
sensitivity=76%, specificity=94%) and LA diameter>41 mm
(p=0.0019, AUC 0.69, 95% CI 0.57 to 0.81, sensitivity 66%,
specificity 66%). LAVI showed way more significance and
stronger correlation with AF recurrences compared to LA
diameter. The comparison of the two ROC curves can be
found in Figure 2.

Multivariate analysis. Based on the results of the univariate
analysis, we tried to establish a risk model, displaying the
relationship between LA enlargement, diastolic dysfunction
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Table III. Echocardiographic characteristics recurrence vs. non-
recurrence. Data are presented as mean±SD or n (%) of subjects.
Diastolic dysfunction is defined as the presence of ≥2 characteristics
(E/e’>14, septal e’<7cm/s or lateral e’<10 cm/s, TR Vmax>2.8 m/s,
LAVI>34 ml/m2).

Non- Recurrence p-Value
recurrence (n=100) 

(n=62)

LVEF (%) 59.3±6.4 53.1±11.6 <0.001
Myocardial hypertrophy, 13 (21.0) 37 (37.0) 0.41
n (%)

LVEDD (mm) 46.5±4.9 49.4±6.4 0.03
LA, M-Mode (mm) 38.8±7.0 43.4±7.2 <0.01
LA Volume, 2Ch (ml) 55.2±14.3 88.3±26.3 <0.0001
LA Volume, 4Ch (ml) 52.5±19.8 87.4±27.2 0.0002
LAVI (ml/m2) 26.3±7.0 49.0±18.6 <0.0001
RA-Area (cm2) 16.9±4.5 18.7±4.8 <0.0001
TAPSE (mm) 21.9±3.6 19.2±4.2 <0.001
E/E’ 9.8±5.0 12.5±5.8 0.04
TR Vmax (m/s) 2.3±0.4 2.7±0.5 <0.01
Diastolic dysfunction, n (%) 9 (14.5) 46 (45.5) 0.0001

2Ch: Two chamber view; 4Ch: four chamber view; LVEF: left
ventricular ejection fraction; LVEDD: left ventricular end diastolic
diameter; LA: left atrium; LAVI: left atrial volume index; TAPSE:
tricuspid annular plane systolic excursion; RA: right atrium; TR V:
tricuspid regurgitation velocity.



and heart failure. Both diastolic dysfunction (HR=1.6,
95%CI=1.3=2.1, p=0.04) and LA enlargement (defined as
LAVI>36 ml/m2, whereby the cut-off was determined by
ROC-analysis, with HR=2.1, 95%CI=1.8-2.7, p<0.0001)
could be identified as independent predictors for AF
recurrence, in contrast to heart failure, for which no
statistical significance could be detected. The reciprocal
relationship between AF and diastolic dysfunction is
displayed in Figure 3. 

Discussion

Despite advances in rhythm control strategies in patients
with AF, recurrence of AF still remains a major issue.
Therefore, we tried to ascertain predictors of recurrence by
analyzing clinical and echocardiographical parameters. The
main findings of the present study are: i) Recurrence of AF
occurred frequently in our study cohort (62%), ii) both left
and right ventricular function were decreased in the
recurrence group, iii) diastolic dysfunction and enlargement
of the left atrium were more common in patients with
recurrent AF and could be identified as independent
predictors.

Enlargement of the left atrium is a common finding in
patients with AF with an impact on the success of their
rhythm control therapy. In our cohort, echocardiographical
assessment of the LA showed significantly higher values for
LA diameter measured by M-Mode and LAVI in AF
recurrence. LA diameter >41 mm and LAVI >36 ml/m2
were detected as cut-off values. These findings are in line
with current analyses showing that left atrial enlargement is

a negative predictor of successful restoration of the sinus
rhythm following rhythm control attempt (23, 24).
Concordant to our observations, Akdemir et al., have
detected the same cut-off value for LAVI in patients
following CV (23), while other investigations have stated
lower values for LAVI as significant (25-27). The different
cut-off values for LAVI can be due to different sample sizes
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Figure 2. Comparison of ROC curves for AF recurrence in dependence of A) LAVI (ml/m2) and B) LA diameter measured by M-Mode (mm). AF:
Atrial fibrillation; AUC: area under the curve; CI: confidence interval; LA: left atrial; LAVI: left atrial volume index; ROC: receiver operating
characteristics.

Figure 3. Vicious circle of AF and heart failure. AF: Atrial fibrillation;
LA: left atrium; LV: left ventricle.



and different patient characteristics. Besides the recurrence
of AF, LAVI predicts mortality risk independent of LV
geometry in patients with HFpEF (28). Remarkably, in our
analyzed patient cohort, LAVI predicted AF recurrence
much more accurately compared to the LA diameter,
indicating that LAVI is a more accurate approach for
determining the LA size and predicting AF recurrences, as
previously described (26).

Kornej et al., have found comparable values for potential
predictors for AF recurrence, such as LA diameter (>43 mm),
impaired GFR (<60 ml/min/1.73m2), permanent AF, heart
failure (EF<50%) and age>65 years, which they integrated
in a risk score (28). Except for age, these observations are
congruent with ours. 

Assessing diastolic function has revealed significantly
impaired diastolic function in the recurrence group, giving
another pathophysiological hint for LA enlargement and AF
recurrence (29).

In line with previous results (29), LVEDD was higher in
the recurrence group compared to the non-recurrence one,
which reflects diastolic dysfunction and impaired LVEF, both
observed in AF recurrence. Averaged decreased TAPSE as
well as impaired right ventricular function could be found
more commonly in the recurrence group. To our knowledge,
this is the first time a study shows that impaired right
ventricular function is associated with AF recurrence in the
overall population. In addition to LA enlargement, RA
dilatation was significantly increased in patients with AF
recurrence. These results are in line with a cohort of AF
patients with hypertrophic cardiomyopathy, where TAPSE
and RA dilatation were altered (30). Recently, it was shown
that impaired RV function predicts cardiovascular death in
the general population, indicating that this may have the
potential to shed further light on the pathophysiological
background of RV function (31).

While sex didn’t show any significant difference in this
patient cohort, it has been reported that female sex is a risk
factor for AF recurrences (32). Increased BMI, diabetes,
history of cerebrovascular events and coronary artery disease
show conflicting data in the literature, thus a single component
effect can’t be specified, but in combination with other risk
factors and integrated in scores, a relevant effect can be
yielded (32-34). Hypertension and heart failure, including an
often detected HFpEF compared to HFrEF in the recurrence
group, in combination with an increased NYHA score, are
general risk factors for AF recurrence (32, 33, 35). As AF and
heart failure frequently coexist, which one is preceding and
which is following is sometimes as hard to answer as the
“chicken or the egg” question. As displayed in our results,
heart failure, diastolic dysfunction and AF form a vicious
circle, promoting LA enlargement via increased diastolic
pressure, thus leading to atrial remodeling, which begets AF
(36). Impaired renal function, as shown in this analysis, is also

a risk factor for AF recurrence, reflecting the role of the
cardio-renal system, as it gets influenced by cardiac
remodeling, metabolic abnormalities and oxidative stress (34,
36, 37). There was no difference in our study with respect to
concomitant medication, except for digitalis. The increased
use of digitalis in the recurrence group is most likely due to
the higher AF symptom burden, reflected in higher EHRA
scores, without an improvement from the use of beta-blockers.

The duration of AF is significantly linked to the
recurrence of AF, most likely due to level of atrial
remodeling and fibrosis, which indicates paroxysmal AF as
a positive predictor for restoring the sinus rhythm (32, 36).
An increased CHA2DS2-VASc-Score, which characterizes
cardiovascular risk factors, is not just a score for
thromboembolic risk but it also predicts mortality in cardiac
patients and as well AF recurrence (34, 38). Patients with a
higher CHA2DS2-VASc score are, therefore, not only at
stake for thromboembolic events but also for AF itself (39,
40). Patients in the recurrence group showed a distinct risk
profile reflected in higher CHA2DS2-VASc and HASBLED
scores, as well as larger number of AF-relevant symptoms
(EHRA≥III). Controversially, a study comparing patients
with symptomatic and asymptomatic AF, has revealed more
progression of AF and worse prognosis in asymptomatic
patients (41). Most likely, rhythm control attempt with CV
or AF ablation is administered to symptomatic patients, thus
a selection bias in the analyzed patient cohort is possible.

In conclusion, recurrence of AF emerges frequently
following initial rhythm control attempt. Given that the
prevalence of AF is continuously increasing, there is an
imperative need for better risk stratification of candidates for
rhythm control therapy. Patients who developed AF
recurrences had both decreased left and right ventricular
function. Diastolic dysfunction and enlargement of the left
atrium were more common in patients with recurrent AF and
could be identified as independent predictors. These findings
corroborate the benefit of a rhythm control strategy, as AF is
a chronic progressive condition leading to a vicious circle of
diastolic dysfunction and heart failure, which needs to be
broken. The prediction of AF recurrence by a single value
doesn’t seem to be a promising approach, in contrast to risk
scores integrating LAVI and diastolic dysfunction, which
need to be tested and implemented in clinical praxis.

Registration

The study is registered in the German Clinical Trials Register:
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTM
L&TRIAL_ID=DRKS00019007.
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