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Aims Weight management seems to be beneficial for obese atrial fibrillation (AF) patients; however, randomized data
are sparse. Thus, this study aimed to investigate the influence of weight reduction on AF ablation outcomes.

...................................................................................................................................................................................................
Methods
and results

SORT-AF is an investigator-sponsored, prospective, randomized, multicentre, and clinical trial. Patients with
symptomatic AF (paroxysmal or persistent) and body mass index (BMI) 30–40 kg/m2 underwent AF ablation and
were randomized to either weight-reduction (group 1) or usual care (group 2), after sleep–apnoea–screening and
loop recorder (ILR) implantation. The primary endpoint was defined as AF burden between 3 and 12 months after
AF ablation. Overall, 133 patients (60 ± 10 years, 57% persistent AF) were randomized to group 1 (n = 67)
and group 2 (n = 66), respectively. Complications after AF-ablation were rare (one stroke and no tamponade). The
intervention led to a significant reduction of BMI (34.9 ± 2.6–33.4 ± 3.6) in group 1 compared to a stable BMI in
group 2 (P < 0.001). Atrial fibrillation burden after ablation decreased significantly (P < 0.001), with no significant
difference regarding the primary endpoint between the groups (P = 0.815, odds ratio: 1.143, confidence interval:
0.369–3.613). Further analyses showed a significant correlation between BMI and AF recurrence for patients with
persistent AF compared with paroxysmal AF patients (P = 0.032).

...................................................................................................................................................................................................
Conclusion The SORT-AF study shows that AF ablation is safe and successful in obese patients using continuous monitoring

via ILR. Although the primary endpoint of AF burden after ablation did not differ between the two groups, the
effects of weight loss and improvement of exercise activity were beneficial for obese patients with persistent AF
demonstrating the relevance of life-style management as an important adjunct to AF ablation in this setting.

...................................................................................................................................................................................................
Trial registration
number

NCT02064114.
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Introduction

Atrial fibrillation (AF) is the most frequent cardiac arrhythmia in
adults. Prevalence of AF tripled over the last 30 years and further
progress is expected.1 Atrial fibrillation is associated with increased
mortality and morbidity. Catheter ablation therapy has been proven
safe and effective for the treatment of AF and is now a standard
therapy.2

Obesity is a widespread disease with increasing incidence over the
last years in all industrial nations. Being overweight negatively influen-
ces cardiovascular risk and leads to progression of arterial hyperten-
sion, diabetes mellitus, and coronary artery disease. Therefore,
treatment of obesity plays an important role in the prevention of
these diseases.3

Retrospective and observational studies found a similar relation-
ship in atrial fibrillation (AF) in general4–6 and particularly regarding
the success rate after AF ablation with a higher recurrence rate of AF
in patients with obesity or sleep apnoea.7–9 However, randomized
data are sparse. This prospective randomized study aimed to evaluate
the role of weight reduction on AF ablation outcomes in obese
patients.

Methods

Study design and population
The ‘SORT-AF’—Supervised Obesity Reduction Trial for AF Ablation Patients—
study (ClinicalTrials.gov, NCT02064114) is an investigator-sponsored,
prospective, two-arm, randomized, open label, active controlled, parallel
group and multicentre, clinical trial that was endorsed by DZHK
(German Centre for Cardiovascular Research) and supported by Abbott
Medical GmbH via a research grant for investigator-sponsored trials. It
was conducted at three clinical centres in Germany (see Supplementary
material online for list of hospitals S1). The trial complies with the
Declaration of Helsinki and was approved by the ethics committees at
each participating centre. The authors attest to the accuracy of the data
and of all analyses and to the fidelity of this report to the trial protocol,
which is available on request as well as all data that support study findings.
The funding partner had no influence on the content of the manuscript.

Study participants
To be enrolled in the SORT-AF study, patients had to have symptomatic
AF (paroxysmal or persistent AF) with indication for AF ablation and a
body mass index (BMI) between 30 and 40. Main exclusion criteria were
previous ablation therapy, longstanding persistent atrial fibrillation (con-
tinuous episodes >12 months), contraindication for anticoagulation, man-
ifest hyperthyroidism or hypothyroidism, and diseases or conditions
prohibiting physical activity. Detailed inclusion and exclusion criteria are
listed in the Supplementary material online (see Supplementary material
online for inclusion/exclusion criteria S2). Definitions for paroxysmal and
persistent AF were according to the guidelines.10,11

Enrolment and risk factor management
All patients provided written informed consent. After enrolment, base-
line assessments of the patients were performed, including collection of
demographic and medical information, transthoracic echocardiography,
electrocardiogram (ECG), ergometry, and blood tests. For diagnosing
sleep apnoea, all patients received a polygraphy and filled out the
Epworth Sleepiness Scale (ESS) to detect daytime sleepiness. If there was
evidence for sleep disordered breathing, patients were transferred to a
specialist in sleep medicine for further diagnostics and therapy as recom-
mended by current guidelines.12 Additionally, high blood pressure and
newly diagnosed diabetes were treated before AF ablation according to
the current guidelines.13,14

Implantable loop recorder and catheter

ablation
At a maximum of 4 weeks prior to AF ablation, an implantable loop re-
corder (ILR, Confirm by Abbott) was implanted. The ILR was pro-
grammed to detect all AF episodes with a duration of >_30 s.

Atrial fibrillation ablation was performed in the experienced trial
centres. It was recommended to perform radiofrequency (RF) ablation in
this study. Transoesophageal echocardiography was performed within
24 h before the procedure to rule out the presence of left atrial thrombi.
The ablation technique used has been described previously15 and in-
cluded wide-encircling pulmonary vein ablation with the endpoint of
complete electrical isolation of the pulmonary veins (PVI) and unexcitabil-
ity of the ablation lines in all patients. Further substrate modification was
up to the decision of the treating electrophysiologist. This included linear
ablation (roofline and/or mitral isthmus) with an endpoint of bidirectional
block and/or electrogram guided ablation of fractionated sites. Repeat ab-
lation was offered, if patients developed recurrent symptomatic arrhyth-
mia after the blanking period of 3 months (± 2 weeks). During repeat
ablation, re-isolation of the pulmonary veins was attained and further ab-
lation strategies were up to the decision of the treating electrophysiolo-
gist. It was recommended, that antiarrhythmic drug (AAD) therapy
(except beta-blockers) should be discontinued at the end of blanking pe-
riod. In case of symptomatic arrhythmia after blanking period, usage of
AAD therapy was up to the decision of the treating physician.

Randomization and follow-up
On the day of AF ablation, patients were randomized 1:1 to either inter-
vention for weight reduction (group 1) or usual care (group 2). In addi-
tion to usual care, patients in group 1 were enrolled in a structured
weight reduction programme with medical attendance twice a month,
regular nutrition advice as well as assistance for physical training for the
duration of 6 months, as recommended by current guidelines.16 This indi-
vidual concept for weight reduction took place in a specialized obesity de-
partment as an interdisciplinary multimodal concept under the
surveillance of a physician specialized for endocrinology. A nutrition log

What’s new?

• The SORT-AF study is the first randomized, multicentre
clinical trial to evaluate the effect of weight loss with a
structured weight reduction programme on the success rate
of atrial fibrillation (AF) ablation in obese patients.

• It shows that AF ablation is safe and successful in obese
patients using continuous rhythm monitoring via implantable
loop recorder (one stroke and no tamponade).

• The primary endpoint of AF burden did not differ between
the two groups, but the effects of weight loss and
improvement of exercise activity were beneficial for obese
patients with persistent AF.

• SORT-AF underscores the relevance of life-style management
as an important adjunct to AF ablation.
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which each patient kept for 2 months monitored patient’s adherence to
energy reduction (see Supplementary material online for details on
weight reduction programme S3). Compliance to weight reduction
programme was noticed. Non-compliance was defined as participation
was cancelled or not started.

Regular follow-up for both groups was at 3, 6, and 12 months after AF
ablation. The visits consisted of a physical examination, ECG, and ILR in-
terrogation, which was performed at each hospitals’ device department,
and not by the physicians performing the ablation procedure. A special-
ized and well-trained investigator of the study site reviewed each
detected AF episode. Atrial fibrillation burden was calculated manually
accordingly. The AF burden automatically generated by the device was
not used and therefore the presented AF burden was adequately precise.
Additionally, a transthoracic echocardiography, ergometry, and blood
tests were assessed at 6 and 12 months. The regular follow-up at 3, 6, and
12 months was performed by the cardiologist. Although patient and in-
vestigator were not blinded to treatment arms, the cardiologist treated
each patient’s arrhythmia symptoms according to the current guidelines.
Re-ablation or AAD therapy was only recommended in case of
symptomatic AF recurrence during the study, but there was no specific
documentation regarding symptoms for each detected episode during
the study. The cardiologist was not actively involved in the weight loss
programme of the study patients.

Endpoints
The primary endpoint of the study was defined as AF burden between
3 and 12 months after first AF ablation. Atrial fibrillation burden was
defined as overall percentage of AF (>_30 s) during the observed period
detected by ILR.

Secondary endpoints were (i) AF burden between 0 and 12months af-
ter first AF ablation; (ii) AF burden between 0–3, 3–6, and 6–12months af-
ter first AF ablation; (iii) freedom of AF (after 3 months blanking period);
(iv) time to first recurrent AF (after 3 months blanking period); (v) BMI
change from baseline to 12 months; (vi) exercise capacity change from
baseline to 12months, evaluated by metabolic equivalent (MET);
(vii) mean blood pressure change from baseline to 12 months; (viii) num-
bers of repeated AF ablation procedures; and (xi) AAD therapy at
12 months. Further data of interest were complications of AF ablation,
procedural data, and all serious adverse events occurring during the study.

Additionally, ancillary analyses for the entire study cohort were per-
formed without considering the randomized study design, with the aim to
further evaluate the influence of weight loss on AF recurrence after AF
ablation.

Statistical analysis
We hypothesized a difference of 3.15% (12.60± 5.50 vs. 9.45± 7.00) with
regard to AF burden between the two groups with a power of 80% and a
significance level of a = 0.05. To detect this difference, 64 patients should
have been included in each study arm. Allowing for a non-adherence or
dropout rate of 10%, 140 patients should have been included in the trial.

Baseline data (demographic and echo data, co-morbidities, type of ar-
rhythmia, and medication data), sleep apnoea data (Epworth Sleepiness
Scale, apnoea–hypopnoe index, and continuous positive airway pressure
therapy [CPAP] therapy) as well as procedural data, complications, and
follow-up data including ILR interrogation of N = 133 patients were
collected.

The data are summarized by treatment groups. Continuous variables
are described by the lower quartile, the median, and the upper quartile as
well as the mean and standard deviation. Categorical data are shown with
proportions and frequencies.

Procedural data were compared between the treatment arms.
Pearson tests and Fisher’s exact tests were used for categorical data.
Wilcoxon tests for continuous variables. Linear mixed models were ap-
plied to compare BMI and MET between treatment groups across time.
Mean values [and confidence intervals (CIs)] were plotted at each follow-
up and for each group.

The AF burden was analysed between treatment groups using a quasibi-
nomial model. As <50% of the patients exhibit a burden >0, the 90th, 80th,
and 70th percentiles across time and group are presented graphically.

Atrial fibrillation freedom after a single and after multiple procedures
stratified by treatment groups are presented with Kaplan–Meier curves.

A Cox proportional hazards model was used to related treatment
group, gender, age, CHA2DS2-VASc score, BMI, and AF type to AF free
survival. Interactions between group and BMI as well as AF type and BMI
were incorporated in the model. Body mass index was introduced as a
time-dependent covariate. Atrial fibrillation recurrences within the blank-
ing period of 12± 2 weeks after index procedure were not considered.
Effects on AF recurrences are shown with hazard ratios (HRs; 95% CIs)
and P-values. Survival estimates for different BMI courses are shown as
Kaplan–Meier plots.

All analyses were applied for the intention to treat population. The P-
values were two-sided. A P-value <0.05 was considered significant. All
calculations were performed with the statistical analysis software R (R
Foundation for Statistical Computing, 2020, Vienna, Austria) (see
Supplementary material online for statistical literature S4).

Results

Patient characteristics and procedural
data
Patient enrolment started on 31 January 2014 and was completed on
16 January 2020. In total, 142 patients were included in the study
(Figure 1). There was a dropout of nine patients prior to randomiza-
tion, which leads to an intention to treat population of 133 patients
(see Supplementary material online for details in dropouts S5). Of
133 patients randomized (mean age 60 ± 10 years, 38% women, and
57% persistent AF), 67 were assigned to group 1 for weight reduction
program, and 66 to group 2 (usual care without weight reduction
program).

Baseline characteristics and baseline measurements were balanced
in both groups (Table 1), with the exception of AF type, with 67% of
patients having persistent AF in group 1 compared with 48% in group
2 [odds ratio (OR) 2.173, CI 1.084–4.433].

Moderate to severe sleep apnoea was diagnosed by polygraphy in
32% of patients in group 1 (severe sleep apnoea in 16%) and in 41%
in group 2 (severe sleep apnoea in 12%) (P = 0.442), though�37% of
patients in both groups had an indication for CPAP therapy after fur-
ther polysomnography, according to current guidelines.9 Compliance
for CPAP therapy was 62% in group 1 and 71% in group 2 (P = 0.465)
(Table 2).

Procedural data of AF ablation were comparable (Table 3). The
majority of patients received a PVI-only procedure (75% group 1 and
76% group 2), whereas additional left atrial ablation beyond PVI was
performed in 25% and 24% (P = 0.88). Overall, RF ablation was per-
formed in 94% and Cryo-PVI in 6%.

Complications related to AF ablation were rare, with no statistical
significance between the groups (P = 0.47). There was one major
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complication (stroke) and no pericardial tamponade. Minor compli-
cations were vascular complications (groin access site) with the need
of intervention in five patients, one phrenic nerve palsy after Cryo-
PVI, and two aspirations (one asymptomatic; one with mild pneumo-
nia without the necessity of intensive care treatment).

Outcomes
Regarding the change in BMI from baseline to 12 months, a significant
reduction of BMI from 34.9 ± 2.6 to 33.4± 3.6 was observed in group
1 compared to a stable BMI of 34.8 ± 3.0 to 34.5± 3.6 in group 2
(P < 0.001 between groups; Figure 2). Similar were the results for
change in kg. A reduction was observed for group 1 from 111 ± 18 kg
to 106 ± 16 kg but not for group 2 (110 ± 17 to 109 ± 18), with a sig-
nificant difference between the groups (P < 0.001).

As shown in Figure 3, there was no significant difference between
the groups regarding exercise capacity (MET) (P = 0.822). Both
groups improved slightly over time.

With regard to group 1, non-compliance to intervention (struc-
tured weight reduction programme) was 19% at 3 months, 21% at
6 months, and 33% at 12 months of follow-up.

The mean AF burden was reduced in both groups after AF abla-
tion, from 21.55± 36.03% (group 1) and 22.4± 36.78% (group 2) be-
fore ablation to 3.70± 12.54% (group 1) vs. 4.21 ± 11.28% (group 2)
3–12 months after ablation (P < 0.001). Figure 4 shows the 90th, 80th,
and 70th percentile of AF burden from baseline to 12-month follow-
up. The primary endpoint, AF burden between 3 and 12 months after
the index AF ablation did not differ among the two groups (P = 0.815,
OR: 1.143, CI: 0.369–3.613). The between group difference of pri-
mary endpoint AF Burden 3–12 months, as difference in means (95%
CI) was 0.00507% (�0.0373, 0.0475).

Likewise, there was no difference between the groups regarding
the secondary endpoints (i) AF burden between 0 and 12 months
(P = 0.815) and (ii) AF burden between 0–3, 3–6, and 6–12 months
(P = 0.118, 0.263, and 0.993).

Among the secondary endpoints (iii) freedom of AF (after
3 months blanking period) and (iv) time to first recurrent AF (after
3 months blanking period), there was also no significant difference be-
tween the treatment groups (P = 0.5777) (Figure 5). Re-ablation was
performed in 20% (group 1) and 13% (group 2) during the observa-
tional period. Figure 5 shows multiple procedure recurrence free sur-
vival with no significant difference between the groups (P = 0.7027).
Usage of AAD therapy was the same in both groups with 16% at 6-
month follow-up and 11% at the end of study.

Regarding the secondary endpoint mean blood pressure change
from baseline to 12 months, there was no significant difference be-
tween the groups (P = 0.685). Considering the co-morbidities diabe-
tes mellitus and renal failure, there was no difference over time
between the groups for glycated haemoglobin (HbA1c) (P = 0.111)
and Creatinine (P = 0.920).

Ancillary analyses
Regarding different types of AF (paroxysmal and persistent), ancillary
analyses for the entire study cohort showed a significant correlation
between BMI and AF recurrence for patients with persistent AF com-
pared to patients with paroxysmal AF, which indicates that BMI re-
duction was associated with a significant decrease in AF recurrence in
persistent AF patients compared to paroxysmal AF patients (OR
1.154, CI 1.028–1.297; P = 0.032).

Additionally, males had a 1.9-fold increased risk for AF recurrence
compared to females (HR 1.888, CI 1.145–3.115), and a 2% increased

n = 142
BMI 30-40, Indication for first AF ablation, AF duration < 12 months, informed consent

n = 67
Intervention group 1

(nutrition advice and physical training)

n = 66
Control group 2

(usual care)

n = 9 Dropouts

Sleep apnea screening, ergometry, echocardiography, ILR implant

AF ablation and 1:1 randomization

3 months blanking period

Study-Follow-up at 3, 6 and 12 months with ergometry, echocardiography and
ILR interrogation

Figure 1 Flowchart of the trial.
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risk for recurrence per year of advancing age was noted [HR 1.018,
CI 0.996–1.039). Patients with persistent AF and an increase in exer-
cise capacity had a 23% reduced risk for AF recurrence compared to
patients with paroxysmal AF (HR 0.771, CI 0.640–0.928).

These ancillary results were used for a model-based estimate to
visualize these findings for a persistent AF patient with three possible
scenarios of BMI change after AF ablation (Delta BMI of �5, 0,

andþ5) showing the positive effect of BMI reduction on AF free sur-
vival after AF ablation in persistent AF patients (Figure 6).

Discussion

The ‘SORT-AF’—Supervised Obesity Reduction Trial for AF Ablation
Patients—study is the first randomized clinical trial to evaluate the

....................................................................................................................................................................................................................

Table 1 Baseline data (n 5 133)

N Intervention (N 5 67) Control (N 5 66)

Age (years) 133 58.7 ± 11.6 62.1 ± 9.1

Sex (male) 133 0.64 (43) 0.62 (41)

Measures

Weight, kg 133 111 ± 18 110 ± 17

BMI, kg/m2 133 34.9 ± 2.6 34.8 ± 3.0

MET 123 5.5 ± 0.9 5.3 ± 1.1

HbA1c, % 113 5.65 (5.30–6.00) 5.60 (5.40–6.10)

Creatinine, mg/dL 133 0.99 (0.88–1.10) 1.00 (0.82–1.18)

Echocardiographic measures

LVEF, % 133 57.0 (53.0–60.0) 60.0 (55.0–60.0)

LA vol biplane, mL 80 75 (64–93) 67 (56–78)

LV septum, mm 116 11.3 (10.0–12.0) 11.0 (10.0–12.1)

Co-morbidities

Hypertension 133 0.81 (54) 0.88 (58)

Hyperlipidaemia 133 0.19 (13) 0.26 (17)

Coronary artery disease 133 0.15 (10) 0.21 (14)

Previous stroke 133 0.07 (5) 0.06 (4)

Diabetes mellitus 133 0.13 (9) 0.21 (14)

Nicotine

Non-smoking 130 0.41 (27) 0.44 (28)

Former smoker 0.44 (29) 0.42 (27)

Active smoker 0.15 (10) 0.14 (9)

Type of AFa

Paroxysmal 133 0.33 (22) 0.52 (34)

Persistent 0.67 (45) 0.48 (32)

History of AF (months) 121 21 (7– 48) 24 (10–48)

Number of previous electro

cardioversions

133 1.0 (0.0–2.0) 1.0 (0.0–2.0)

CHA2DS2-VASc score 133 2.0 (1.0– 3.0) 2.0 (1.0–3.0)

EHRA score 127 2.0 (2.0–3.0) 2.0 (2.0–3.0)

Medication use

No oral anticoagulation 133 0.12 (8) 0.05 (3)

VKA 0.16 (11) 0.23 (15)

NOAC 0.72 (48) 0.73 (48)

No antiarrhythmic therapy 133 0.52 (35) 0.61 (40)

Amiodarone 0.27 (18) 0.24 (16)

Flecainide 0.18 (12) 0.11 (7)

Other (dronedarone, sotalol) 0.02 (2) 0.05 (3)

Beta blockers 133 0.78 (52) 0.76 (49)

b (a�c) represent the median b with interquartile range [IQR (lower quartile a and the upper quartile c)] for continuous variables. x ± s represents X ± 1 SD. N is the number of
non-missing values. Numbers after proportions are frequencies.
AF, atrial fibrillation; BMI, body mass index; CI, confidence interval; HbA1c, glycated haemoglobin; LA, left atrial; LV, left ventricular; LVEF, left ventricular ejection fraction; MET,
metabolic equivalent; NOAC, novel oral anticoagulant; OR, odds ratio; VKA, vitamin K antagonist.
aThe difference between the treatment groups was significant (OR 0.4601, CI: 0.2256–0.9226) (see Supplementary material online S6 for abbreviations).
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effect of weight loss with a structured weight reduction programme
on the success rate of AF ablation in obese patients. Detection of AF
was based on ILR, which allowed a continuous rhythm monitoring
with assessment of an overall AF burden. Regarding the primary end-
point, there was no difference observed with regard to the overall
AF burden between the two groups after ablation. In subsequent an-
cillary analyses, we showed that weight loss and improvement in ex-
ercise activity is beneficial for obese persistent AF patients with
respect to freedom from recurrence. Furthermore, the SORT-AF
study proved AF ablation to be safe and successful in obese patients.

Previous observational studies including the landmark LEGACY
study, report that sustained weight loss is associated with a significant
reduction in AF burden measured by annual 7-day Holter

monitoring.5 The CARDIO-FIT study observed the same effect on
AF for improvement of exercise capacity.6 Atrial fibrillation therapy
varied in both studies and compromised conservative and invasive
strategies, such as AAD use, AF ablation, and others.5

In the context of AF ablation, Providencia et al.7 detected BMI as
an independent predictor for relapse, especially in patients with BMI
>35. The study was observational, follow-up for AF monitoring was
performed via 12-lead ECG and 24-h Holter monitoring at 3, 6, and
12 months after the procedure and the study was performed without
any weight loss interventions. In the ARREST-AF study, patients un-
dergoing AF ablation were offered a structured programme for risk
factor management (RFM) and were divided into an intervention
(RFM) and a control group (no RFM), depending on the patient’s

....................................................................................................................................................................................................................

Table 2 Sleep apnoea data (n 5 133)

N Intervention (N¼ 67) Control (N¼ 66)

ESS (score) 96 6.0 (3.0–10.2) 5.0 (3.0–8.0)

ESS (grouped)

No symptoms (ESS <5) 96 0.39 (22) 0.48 (19)

Symptoms (ESS 5–15) 0.59 (33) 0.48 (19)

Severe symptoms (ESS >15) 0.02 (1) 0.05 (2)

Apnoea–hypopnoe index 96 7.0 (3.0–23.1) 10.0 (4.9–21.1)

Apnoea–hypopnoe index (grouped)

No sleep apnea (AHI <_5) 96 0.42 (23) 0.27 (11)

Mild sleep apnea (AHI 6–15) 0.25 (14) 0.32 (13)

Moderate sleep apnea (AHI 16–30) 0.16 (9) 0.29 (12)

Severe sleep apnea (AHI >30) 0.16 (9) 0.12 (5)

Oxygen desaturation index 94 8.9 (4.7–22.0) 11.8 (6.5–22.6)

CPAP therapy recommended 121 0.36 (22) 0.37 (22)

Non-compliance 42 0.38 (8) 0.24 (5)

Daily use 42 0.62 (13) 0.71 (15)

b (a�c) represent the median b with interquartile range [IQR (lower quartile a and the upper quartile c)] for continuous variables. N is the number of non-missing values.
Numbers after proportions are frequencies.
AHI, apnoea–hypopnoe index; CPAP, continuous positive airway pressure; ESS, Epworth Sleepiness Scale.

....................................................................................................................................................................................................................

Table 3 Procedural data and complications (n 5 133)

N Intervention (N 5 67) Control (N 5 66) P valuea

Ablation: PVI þ additional

lines

133 0.25 (17) 0.24 (16) 0.88a

PVI only 133 0.75 (50) 0.76 (50)

Procedure duration, min 133 130 (110–152) 120 (108–150) 0.42b

Fluoroscopy time, min 133 13.6 (9.1–18.7) 10.2 (8.1–16.6) 0.055b

Fluoroscopy dose, cGycm2 131 915 (503–3083) 880 (489–3153) 1b

Complications: no 133 0.94 (63) 0.92 (61) 0.47a

Major complications 0.01 (1) 0.00 0

Minor complications 0.04 (3) 0.08 (5)

b (a�c) represent the median b with interquartile range [IQR (lower quartile a and the upper quartile c)] for continuous variables. x ± s represents X ± 1 SD. N is the number
of non-missing values. Numbers after proportions are frequencies.
PVI, pulmonary veins.
aTests used: Pearson test/Fisher’s exact test.
bTests used: Wilcoxon test.
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Figure 2 Body mass index by treatment group (intervention group 1 and control group 2) and follow-up: from baseline (BL) to 12 months (12 M),
showing a significant difference between the groups (P < 0.001).

Figure 3 Exercise capacity (MET) by treatment group (intervention group 1 and control group 2) and follow-up: from baseline (BL) to 12 months
(12 M), showing no significant difference between the groups (P = 0.822). MET, metabolic equivalent.
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Figure 4 Burden of atrial fibrillation: triangles, circles, and squares represent 90th, 80th, and 70th percentile.

Figure 5 Recurrence free survival showing no significant difference between the groups (recurrence = AF episodes >_30 s in ILR): single procedure
(P = 0.5777); multiple procedure (P = 0.7027). AF, atrial fibrillation; ILR, implantable loop recorder.
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decision and motivation. Follow-up was performed every
3–6 months by clinic review and 7-day Holter monitoring showing
that aggressive RFM improved the long-term success of AF ablation.8

Donnellan et al.9 showed in a retrospective observational cohort
study that patients with prior bariatric surgery had significant lower
AF recurrence rates after AF ablation compared to patients without
prior bariatric surgery.

Now, SORT-AF provides additional data in conjunction with some
limitations of prior published data regarding this topic. Atrial fibrilla-
tion ablation was the cornerstone of AF therapy and mandatory for
all patients, AF detection was done continuously by ILR, and further-
more, SORT-AF was primarily investigating the effect of a structured
weight loss programme in obese patients undergoing AF ablation in a
randomized trial.

Patients in group 1 achieved a mean weight reduction of 4.6 ±
8.6 kg (3.91% of their initial body weight), which is a reasonable result
compared to others studies. For example, a meta-analysis of 18 ran-
domized trials showed an average 3.34 kg loss of body weight after a
combination of dietary changes and increased physical activity after
2 years,17 and Slentz et al.18 reported 4.8 kg weight reduction in the
intervention group of a randomized trial evaluating the impact of ex-
ercise on body weight. However, the success of weight loss might
have been too little to show an effect on AF burden. Considering the
LEGACY study, results showed the greatest effect on freedom from
AF in patients who lost >_10% of their body weight.5 We believe this
to be a major factor why the intention-to-treat analysis was negative.

Nevertheless, it demonstrates a real-life scenario because all eligible
patients were included, regardless of their motivation for weight loss.
We observed 33% non-compliance to weight reduction programme
after 12 months in the intervention group, although all patients were
offered a structured weight reduction programme performed in a
specialized obesity department, under the surveillance of a physician
specialized for endocrinology. It included medical attendance twice a
month, regular nutrition advice (plus a nutrition diary), cognitive be-
haviour therapy as well as assistance for physical training for the dura-
tion of 6 months. Weight reduction is heavily dependent on patients’
motivation and a challenging task even in a randomized trial with
close patient monitoring. These findings underline the recommenda-
tions, that all treating physicians, including the cardiologist need to ad-
dress these issues when counselling patients and that a network of all
treating physicians, nurses, and nutritionists are needed to treat
patients’ obesity.16

Ancillary analyses for the entire study cohort showed that BMI re-
duction was associated with a significant decrease in AF recurrence
particularly in persistent AF patients compared to paroxysmal AF
patients. Similar results were seen for exercise capacity. Patients with
persistent AF and an increase in exercise capacity had a 23% reduced
risk for AF recurrence compared to patients with paroxysmal AF.
These observations are in line with the results of the CARDIO-FIT
study,6 but could not be confirmed in the randomized setting, as both
groups improved slightly over the time without a significant
difference.

Figure 6 Model-based estimates of BMI change on recurrence free survival in persistent AF (adjusted: persistend AF, control group, female,
age = 60, CHA2DS2-VASc score = 2). AF, atrial fibrillation; BMI, body mass index.
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A reason for the positive effect of weight reduction particularly in
persistent AF patients might be the observed association of obesity
with a more advanced atrial substrate.19,20,21 Recently, Mahajan
et al.22 reported weight reduction to be associated with structural
and electrophysiological reverse remodelling and a reduced propen-
sity for AF in an obese ovine model. Our findings strengthen the hy-
pothesis of a similar mechanism in humans and underline the
importance of weight management in patients with AF.

In line with the results of Donnellan et al.,23 the SORT-AF study
demonstrates that AF ablation is safe in obese patients up to a BMI of
40, especially reflected by the fact that no tamponades were ob-
served. All procedural data were comparable to a normal weight
population as for example reported in the ‘FIRE AND ICE’ trial in-
cluding procedure duration and fluoroscopy time.24 Before transfer-
ring these results to a general recommendation, it has to be taken
into account that all procedures were performed in experienced
centres. Additionally, all patients were carefully examined prior to ab-
lation with echocardiography, ergometry, blood test, and sleep ap-
noea screening via polygraphy. All risk factors were treated before
AF ablation and in case of severe sleep apnoea patients were
instructed to use CPAP therapy and received invasive ventilation dur-
ing the ablation if necessary.

Another important finding of the SORT-AF study is that AF abla-
tion is effective in obese patients. Even though most patients had mul-
tiple risk factors for AF (e.g. obesity, sleep apnoea, hypertension), the
AF burden was reduced significantly in both groups including patients
with paroxysmal and persistent AF. As continuous monitoring via ILR
was used, a single AF episode of at least 30 s counted as AF recur-
rence including symptomatic and asymptomatic episodes. Yet, these
results are in line with other studies for normal weight patients, like
e.g. ‘STOP Persistent AF’ with 54.8% arrhythmia free survival based
on Holter-ECG follow-up.25 A meta-analysis from 19 studies (includ-
ing 6167 AF ablation patients) showed a single-procedure freedom
from atrial arrhythmia of 53.1% overall, and 54.1% in paroxysmal AF,
and 41.8% in non-paroxysmal AF.26

Despite the accurate detection of AF via ILR during the study, the
decision for repeat ablation was made on clinical basis, according to
current guidelines.10,11 As a result, patients were only referred to ad-
ditional AF ablation in case of symptomatic AF recurrence, which
was only the case in 15% of all patients. Likewise, 89% of all patients
were without any antiarrhythmic medication at the end of study.

Study limitations
Information about AF burden and its variability was limited and re-
stricted to only small studies at the planning stage of the trial, which
led to the limitation that we hypothesized a higher difference with re-
gard to the primary endpoint between the two groups than finally
observed.

The primary outcome was changed from ‘AF burden, defined as
the recurrence of sustained atrial fibrillation (>30 s) after atrial fibrilla-
tion ablation’ to ‘AF burden between 3 and 12 months after first AF
ablation’ to be more precise with regard to AF ablation outcome and
blanking period. This had no impact on the results.

Reduction in BMI or weight was less pronounced compared to the
results of observational studies, which we assume to be a reason why
the primary endpoint did not differ between the groups. There was
no study-determined target for weight loss but an individualized

approach. However, it would have been difficult to achieve a specific
weight target in a randomized setting with an intervention that is
heavily dependent on patients’ motivation and compliance. Lack of
patient compliance for the weight reduction programme was an issue
during the trial, with 33% of non-compliant patients in group 1 de-
spite regular contact to each patient and usage of patients’ diaries.

Baseline characteristics were comparable except in the type of AF
with more persistent AF in group 1. This may be received as a signifi-
cant confounder, but cox proportional hazards models excluded this.

Additionally, blinding of treatment or sham strategies were not ap-
plied and seem hardly feasible in this setting. Furthermore, weight
management started after AF ablation and the effect of weight loss
might have been clearer, if the weight loss would have been achieved
by the time of ablation and not afterwards. However, this would have
been a 6-month delay to ablation for the time of intervention, which
would have led to progression of AF with known worsening of suc-
cess rates. Nevertheless, an effect of weight reduction in the persis-
tent AF patients was seen, which may have been even clearer in a
larger group of patients.

Conclusion

The SORT-AF study shows that AF ablation is safe and successful in
obese patients using continuous rhythm monitoring via ILR. Although
the primary endpoint of AF burden after ablation did not differ be-
tween the two groups, the effects of weight loss and improvement of
exercise activity were beneficial for obese patients with persistent AF
demonstrating the relevance of life-style management as an impor-
tant adjunct to AF ablation in this setting.

Supplementary material

Supplementary material is available at Europace online.
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