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Atrial fibrillation (AF) is a common arrhythmia often treated with cryoballoon ablation. The impact of 
Metabolic-associated fatty liver disease (MASLD), a condition newly defined by a fatty liver index ≥ 60, 
on AF recurrence post-ablation is unclear. We analyzed 303 patients undergoing cryoballoon ablation 
for AF. Cox proportional hazards models were used to assess the relationship between MASLD and AF 
recurrence. Paroxysmal atrial fibrillation was present in 61.1% of patients and 63% were male. Among 
the patients, 23.4% had MASLD. These patients exhibited larger left atrial diameter and left ventricular 
end-diastolic dimension. During a median follow-up of 14 months, AF recurrence was more frequent 
in MASLD patients (45.1% vs. 20.7%). MASLD independently predicted AF recurrence (HR, 2.24 [95% 
CI 1.35–3.74], P = 0.002), alongside persistent AF, longer AF duration, and larger left atrial diameter. 
MASLD consistently demonstrated a significant association with an increased risk of AF recurrence in 
both paroxysmal (HR, 2.38 [95% CI, 1.08–5.23], P = 0.031) and persistent AF (HR, 2.55 [95% CI, 1.23–
5.26], P = 0.011). MASLD significantly increases the risk of AF recurrence after cryoballoon ablation, 
highlighting the importance of supporting targeted interventions of MASLD in the periprocedural 
management of AF.

Keywords  Atrial fibrillation, Cryoballoon ablation, Metabolic dysfunction associated steatotic liver disease, 
Risk factor

Atrial fibrillation (AF) is one of the most common cardiac arrhythmias and significantly increases the risk of 
hospitalization, morbidity, and mortality1. Catheter ablation has emerged as an effective treatment for patients 
with AF, particularly when antiarrhythmic drugs (AADs) are insufficient in controlling arrhythmia recurrence2. 
Pulmonary vein isolation (PVI) is a fundamental strategy in most AF ablation procedures. Cryoballoon ablation 
has been shown to be as effective as radiofrequency ablation in achieving PVI, offering benefits such as reduced 
procedure time, reproducibility, and less dependence on operator skill3. Nevertheless, a significant rate of AF 
recurrence post-ablation has been observed, affecting 20–50% of patients4. AADs, while used, can pose the 
risk of significant drug-drug interactions and serious side effects, and their use is not strongly recommended 
in guidelines. Currently recognized risk factors cannot fully explain the risk of AF recurrence5, and therefore, 
identifying novel triggers of AF recurrence is crucial.

Non-alcoholic fatty liver disease (NAFLD) stands as the most prevalent chronic liver ailment worldwide, 
affecting up to 25% of the population6,7. It is a primary driver of cirrhosis and hepatocellular carcinoma, and 
exerts notable impacts on extrahepatic organs. NAFLD elevates the risk of developing type 2 diabetes mellitus, 
cardiovascular disease, and chronic kidney disease8. A growing body of observational studies indicates a robust 
association between NAFLD and heightened risk of AF9–14. Furthermore, recent findings suggest that NAFLD 
may correlate with a notable increase in arrhythmia recurrence rates post AF ablation7, as well as significantly 
elevated odds of in-hospital mortality, and readmissions at 30 and 90 days15. No studies have explored the 
association between fatty liver disease and AF recurrence post-cryoballoon ablation.

While the term “nonalcoholic” is commonly used, it fails to accurately depict the true nature of the disease16. 
In 2023, three large multinational liver associations proposed “metabolic dysfunction-associated steatotic liver 
disease” (MASLD) as a more fitting term to replace NAFLD17. Unlike NAFLD, MASLD acknowledges varying 
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levels of alcohol consumption and underscores the role of metabolic abnormalities in liver conditions17,18. 
Evidence regarding the link between MASLD and cardiovascular outcomes is limited. Few studies, including 
ours19, have indicated a higher risk of cardiovascular disease19,20 and cardiac arrhythmias19,21 associated with 
MASLD. However, no research has examined the relationship between MASLD and AF recurrence post-
cryoballoon ablation. This study seeks to investigate the impact of MASLD on arrhythmia recurrence rates 
following AF cryoballoon ablation.

Methods
Study population
This study population consisted of consecutive patients who underwent initial cryoballoon ablation for atrial 
fibrillation at Nanjing Drum Tower Hospital between September 1 2020 and September 30 2023. All patients 
were prospectively followed up for a minimum of 1 year. Exclusions comprised patients aged ≤ 18 years, 
individuals with moderate-to-severe valve stenosis or severe hepatic or renal dysfunction, those with a history of 
prior AF catheter ablation, individuals with overt hyperthyroidism, and those presenting with contraindications 
for PVI (e.g., acute thrombus formation or bleeding)22. Patients who lost to follow-up were also excluded from 
the analysis. Patients were further identified and divided into 2 groups based on the diagnosis of MASLD at 
baseline. The study received approval from the Institutional Review Board and was conducted in accordance 
with the principles outlined in the Helsinki Declaration.

Diagnosis of MASLD
Hepatic steatosis was assessed using the fatty liver index (FLI), based on body mass index (BMI), waist 
circumference, triglycerides, and gamma-glutamyltransferase (GGT). FLI has demonstrated good reliability 
as an alternative to imaging techniques such as ultrasonography and transient elastography, showing a good 
diagnostic performance with an area under the receiver operator curve (AUROC) of 0.8523. An FLI ≥ 60 
indicated hepatic steatosis23. MASLD was defined as the presence of hepatic steatosis along with ≥ 1 pre-defined 
cardiometabolic risk factor, such as overweight or abnormalities in glucose, blood pressure, lipids, or high-
density lipoprotein cholesterol, excluding secondary liver steatosis causes24.

Preoperative management
All patients underwent uninterrupted anticoagulation therapy for a minimum of 4 weeks prior to cryoballoon 
ablation, with non-vitamin K antagonist oral anticoagulant (NOAC) or warfarin with a target international 
normalized ratio between 2.0 and 3.0. Antiarrhythmic therapy, excluding β-blockers, was ceased 4 to 5 half-
lives before the PVI procedure to reduce the potential influence of antiarrhythmic medications on the ablation 
procedure outcomes. Cardiac structure and function were assessed using routine transthoracic echocardiography, 
which included evaluating parameters such as left atrial diameter (LAD) and left ventricular ejection fraction 
(LVEF). Transesophageal echocardiography was conducted before PVI to exclude intracavitary thrombi. 
Baseline fasting blood samples were collected from all patients upon hospitalization.

Cryoballoon ablation
The ablations were carried out under conscious sedation, using midazolam and fentanyl as needed. PVI was 
performed on all patients using a cryoballoon. This procedure was carried out by one of three experienced 
electrophysiologists (Xinlin Zhang, Zheng Chen, and Wei Xu), each having completed over 100 cryoballoon PVI 
procedures. The process began with transseptal catheterization, followed by intravenous heparin administration 
to maintain an activated clotting time of at least 300 s. The cryoballoon catheter was introduced into the left 
atrium via a 12-Fr steerable sheath (FlexCath Advance, Medtronic, Inc.). Pulmonary veins (PVs) mapping was 
conducted using an inner lumen mapping catheter (Achieve, Medtronic, Inc.). For each PV antrum, a 28-mm 
cryoballoon catheter (Arctic Front Advance, Medtronic) was inflated and positioned. To enhance pulmonary 
vein signal detection, the mapping catheter was positioned close to the balloon’s tip. The quality of PV occlusion 
was evaluated by the operator on a scale of 1–4, where 4 indicates a complete occlusion with no visible contrast 
leak into the left atrium. Optimal vessel occlusion was confirmed through radiocontrast dye injection. The 
number and duration of cryoapplications for each PV ablation were at the physician’s discretion, typically 
targeting 4 to 5 min based on the time to isolation (TTI). TTI is defined as the duration from the start of freezing 
to the disappearance of the last recorded PV potentials. When ablating right-sided pulmonary veins, a steerable 
quadripolar catheter was placed in the superior vena cava to monitor phrenic nerve activity.

Postoperative management and follow-pp
Post-ablation, anticoagulation therapy was maintained for at least 3 months, with continued administration 
thereafter determined by each patient’s CHA2DS2-VASC score. An AAD was usually prescribed during the initial 
3-month blanking period, after which its discontinuation was strongly advised.

Patients were prospectively scheduled for follow-up visits at our outpatient clinic at 3-, 6-, and 12-month 
post-ablation, and then every 12 months or whenever symptoms reappeared. Rhythm monitoring during these 
visits included clinical assessments for AF recurrence, routine electrocardiograms, and Holter monitoring. 
In cases where patients experienced palpitations, an ECG or Holter was performed to detect any arrhythmic 
recurrence. AF recurrence was defined as any AF, atrial flutter (AFL) or atrial tachycardia (AT) episode lasting 
at least 30 s, irrespective of AAD use. Clinical recurrence was identified as any electrocardiographic evidence of 
AF after the 3-month blanking period.
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Statistical analysis
We presented categorical variables as absolute and relative frequencies, while continuous variables were expressed 
as mean ± standard deviation. Baseline characteristic comparisons employed independent Student’s t-test or 
χ2 tests, where appropriate. To illustrate freedom from AF, we estimated unadjusted survival curves using the 
Kaplan-Meier method, comparing groups with the log-rank test. Cox proportional hazards regression models 
assessed the association between baseline MASLD status and AF recurrence, including potential confounders 
identified in univariate analyses (with P < 0.10) as baseline patient characteristics, as well as previously identified 
predictors from the literature. Certain covariates such as waist circumference, BMI, diabetes, hypertension, and 
dyslipidemia were not adjusted for, as they were already incorporated into the definitions of MAFLD and MASLD 
to avoid overadjustment25,26. Subgroup analyses were performed in patients with paroxysmal or persistent AF. 
We set the threshold for statistical significance at P ≤ 0.05. All statistical analyses were performed using STATA 
software version 10.0 (StataCorp).

Results
Baseline characteristics
A total of 303 patients with atrial fibrillation undergoing cryoballoon ablation were included in the analysis. 
Baseline characteristics of the MASLD and non-MASLD cohorts are shown in Table 1. In the study cohort, 63% 
were male, with a mean age of 60.8 ± 9.66 years. Paroxysmal atrial fibrillation was present in 61.1% of patients. 
The mean CHA2DS2-VASc score was 1.79 ± 1.37, with no significant difference between groups (P = 0.843). Mean 
BMI was 25.0 ± 3.2 kg/m2, and AF duration was 24.5 ± 37.5 months. The mean LAD measured 40.6 ± 4.06 mm, 
and LVEF was 58.64 ± 4.31%.

All cryoballoon ablation procedures employed a 28-millimeter balloon, successfully isolating all PVs. Mean 
procedure and fluoroscopy times were 102.1 ± 31.3 and 23.2 ± 13.1  min, respectively. TTI for left superior 
pulmonary vein (LSPV), left inferior pulmonary vein (LIPV), right inferior pulmonary vein (RIPV), and 
right superior pulmonary vein (RSPV) averaged 41.39 ± 10.21, 30.37 ± 15.95, 43.14 ± 23.75, and 35.41 ± 18.26 s, 
respectively. Lowest temperatures achieved during ablation were − 51.15 ± 4.68 °C for LSPV, −  46.65 ± 4.75 °C for 
LIPV, − 49.56 ± 5.85 °C for RIPV, and − 53.45 ± 4.01 °C for RSPV. Ablation of the right middle pulmonary vein 
(RMPV) was performed in 17 patients (5.6%) (Table 2).

Baseline characteristics between MASLD and non-MASLD groups
The diagnosis of MASLD was established based on FLI ≥ 60 in 71 individuals (23.4%). Patients in the MASLD 
group tended to be younger (57.7 vs. 61.8 years, P = 0.002), with a higher prevalence of smoking (25 [35.2%] vs. 
48 [20.7%], P = 0.016) and alcohol consumption (23 [32.4%] vs. 31 [13.4%], P < 0.001). Similarly, coronary artery 
disease (15 [21.1%] vs. 21 [9.1%], P = 0.011), heart failure (19 [26.8%] vs. 32 [13.8%], P = 0.017), and dyslipidemia 
(27 [38%] vs. 43 [18.5%], P = 0.001) were more commonly diagnosed in those with MASLD (Table 1).

Mean TSH levels (2.28 vs. 2.65 mIU/L, P = 0.051) and hemoglobin levels (145.1 vs. 139.3 g/L, P = 0.004) were 
higher in patients with MASLD. Among patients with MASLD, median LAD (42.3 vs. 40.1 mm, P < 0.001) and 
LVDD (51.04 vs. 49.04 mm, P < 0.001), IVSTD (9.6 vs. 8.78 mm, P < 0.001), and LVPWTD (9.43 vs. 8.65 mm, 
P < 0.001) were larger compared to those in the non-MASLD cohort. Mean LVEF (57.3 vs. 59.04%, P = 0.013) 
was lower in those with MASLD compared to those without. The characteristics of cryoablation procedures were 
similar between the MASLD and non-MASLD groups (Table 2).

Recurrence
During a median follow-up of 14 months, recurrent arrhythmia was observed in 32 (45.1%) patients with 
MASLD compared with 48 (20.7%) without MASLD. In univariate analysis, a higher recurrence rate was 
observed in patients with MASLD, male, and those with persistent AF, a larger LAD, a longer AF duration, a 
lower LVEF, a higher hemoglobin, and in patients with an alcohol habit. After multivariable adjustment, MASLD 
remained independently associated with a higher risk of AF recurrence (hazard ratio [HR], 2.24 [95% CI, 1.35–
3.74], P = 0.002) (Fig. 1). Persistent AF (HR, 1.87 [95% CI, 1.16–3.02], P = 0.01), a longer AF duration (HR, 1.01 
[95% CI, 1.01–1.02], P < 0.001), and a larger LAD (HR, 1.07 [95% CI, 1.00–1.14], P = 0.046) were identified as 
significant predictors of AF recurrence (Table 3).

Multivariate Cox proportional hazards analysis was conducted to identify independent variables associated 
with AF recurrence in patients with paroxysmal and persistent AF. Notably, MASLD consistently demonstrated 
a significant association with an increased risk of AF recurrence in both paroxysmal (HR, 2.38 [95% CI, 1.08–
5.23], P = 0.031) and persistent AF (HR, 2.55 [95% CI, 1.23–5.26], P = 0.011) (Table 4). Moreover, sensitivity 
analysis excluding individuals with alcohol consumption habits yielded consistent results (HR, 2.25 [95% CI, 
1.35–3.78], P = 0.002) (Fig. S1).

Discussion
In this study, we further highlighted that MASLD, proposed as a replacement for NAFLD, independently predicts 
a heightened risk of AF recurrence following cryoballoon ablation, even after adjusting for traditional risk 
factors such as age, sex, hypertension, diabetes, and BMI. Our investigation marks the first endeavor to explore 
the link between liver disease and AF recurrence post-catheter ablation, within the context of transitioning from 
NAFLD to the etiology-based definition of MASLD. Importantly, our findings confirm the consistent prognostic 
significance of MASLD across patients with both paroxysmal and persistent AF, providing compelling evidence 
for targeted interventions in the periprocedural management of AF.

Growing evidence implicates metabolic disturbances in the pathogenesis of AF, driving structural and 
electrophysiological remodeling27. Prior studies have underscored the impact of metabolic disorders, such as 
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diabetes mellitus and obesity, on AF risk. Diabetes elevates the risk of AF by up to 34%29, with higher baseline 
glycated hemoglobin associated with increased rates of arrhythmia recurrence post-AF ablation, irrespective 
of diabetes status, as revealed in our previous study22. Oral diabetes medications, including sodium–glucose 
cotransporter 2 (SGLT2) inhibitors, have demonstrated efficacy in reducing AF risk and recurrence post-
ablation28,29. Similarly, obesity has emerged as a modifiable risk factor for AF, with weight loss linked to reduced 
AF incidence and recurrence post-ablation7,30. The ABC pathway outlined in recent AF guidelines emphasizes 
optimization of cardiovascular risk factors and comorbidities, with comprehensive interventions targeting 
metabolic conditions yielding reductions in AF burden and recurrence after ablation31.The relationship 
between NAFLD and diabetes is intricate and bidirectional. Previous investigations have highlighted a robust 
association between NAFLD and an increased incidence of AF, independent of conventional cardiometabolic 
comorbidities32,33. Several studies have explored the impact of NAFLD, and its associated advanced liver fibrosis, 
on AF recurrence following radiofrequency (RF) catheter ablation. In a retrospective analysis involving 267 
patients undergoing ablation, Donnellan et al. found that NAFLD independently correlated with heightened rates 
of arrhythmia recurrence (HR 3.01, P < 0.0001)7. Similarly, Agarwal et al. utilizing the National Readmissions 
Database and a larger cohort comprising 709 patients with NAFLD and approximately 50,000 without, 

Total No MASLD MASLD P value

No. 303 232 71

Age, years 60.8 ± 9.66 61.8 ± 9.33 57.7 ± 10.1 0.002

Sex 0.006

 Male 191 (63%) 137 (59.1%) 54 (76.1%)

 Female 112 (37%) 95 (40.9%) 17 (23.9%)

BMI 25.0 ± 3.2 24.1 ± 2.47 27.9 ± 3.42 < 0.001

AF type 0.999

 Paroxysmal 185 (61.1%) 142 (61.2%) 43 (60.6%)

 Persistent 118 (38.9%) 90 (38.8%) 28 (39.4%)

AF duration, months 24.5 ± 37.5 24.1 ± 36.7 25.6 ± 40.5 0.761

Smoking 73 (24.1%) 48 (20.7%) 25 (35.2%) 0.016

Alcohol habitus 54 (17.8%) 31 (13.4%) 23 (32.4%) < 0.001

Hypertension 143 (47.2%) 105 (45.3%) 38 (53.5%) 0.222

T2DM 36 (11.9%) 28 (12.1%) 8 (11.3%) 0.999

CHD 36 (11.9%) 21 (9.1%) 15 (21.1%) 0.011

HF 51 (16.8%) 32 (13.8%) 19 (26.8%) 0.017

Stroke/TIA 29 (9.6%) 23 (9.9%) 6 (8.5%) 0.714

Dyslipidemia 70 (23.1%) 43 (18.5%) 27 (38.0%) 0.001

CHA2DS2-VASC 1.79 ± 1.37 1.8 ± 1.39 1.76 ± 1.3 0.843

eGFR, ml/min/1.73m2 103.9 ± 21.1 103.5 ± 19.2 105.2 ± 26.6 0.611

TSH, mIU/L 2.56 ± 1.72 2.65 ± 1.84 2.28 ± 1.2 0.051

Hemoglobin, g/L 140.7 ± 15.1 139.3 ± 14.8 145.1 ± 15.4 0.004

LAD, mm 40.6 ± 4.06 40.1 ± 3.98 42.3 ± 3.92 < 0.001

LVEF, % 58.64 ± 4.31 59.04 ± 3.86 57.3 ± 5.35 0.013

IVSTD, mm 8.97 ± 1.19 8.78 ± 1.02 9.6 ± 1.28 < 0.001

LVPWTD, mm 8.84 ± 1.09 8.65 ± 1.02 9.43 ± 1.14 < 0.001

LVDD, mm 49.51 ± 3.61 49.04 ± 3.31 51.04 ± 4.12 < 0.001

Medications

 Metformin 18 (6.0%) 14 (6.0%) 4 (5.6%) 0.999

 RASI 85 (28.1%) 63 (27.2%) 22 (31.0%) 0.882

 Beta-blocker 207 (68.3%) 154 (66.4%) 53 (74.6%) 0.243

 CCB 55 (18.2%) 44 (19.0%) 11 (15.5%) 0.599

 Statin 115 (38.0%) 87 (37.5%) 28 (39.4%) 0.781

Table 1.  Baseline characteristics of the study population. Data expressed as number or mean ± standard 
deviation. AF, atrial fibrillation; BMI, body mass index; CCB, calcium channel blocker; CHD, coronary heart 
disease; HF, heart failure; CRP, Creactive protein; eGFR, estimated glomerular filtration rate; FBG, fasting 
blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FT3, 
free triiodothyronine; FT4, free thyroxine; IVSTD, interventricular septal thickness dimensions; LAD, left 
atrial diameter; LVEF, left ventricular ejection fraction; LVPWTD, left ventricular posterior wall dimensions; 
LVDD, left ventricular diastolic diameter; MASLD, metabolic dysfunction-associated steatotic liver disease; 
RASI, renin-angiotensin system inhibitor; SGLT2i, sodium glucose cotransporter 2 inhibitor; TIA, transient 
ischemic attack; TSH, thyroid stimulating hormone; T2DM, type 2 diabetes mellitus.

 

Scientific Reports |         (2025) 15:6287 4| https://doi.org/10.1038/s41598-025-90667-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


corroborated that NAFLD presence was associated with significantly increased odds of in-hospital mortality and 
90-day all-cause readmissions15. Additionally, two other retrospective cohort studies, albeit with modest sample 
sizes, demonstrated a positive correlation between higher liver scores and increased AF recurrence burden6,11. 
Liver fibrosis remains an important driver of systemic inflammation, oxidative stress, and atrial remodeling, 
contributing to AF recurrence34,35. Interestingly, Ballestri et al. suggested these patients, given that both NAFLD 
and non-alcoholic steatohepatitis (NASH) are independently associated with AF and venous thromboembolism, 
may benefit from anticoagulation therapy as potential candidates36. Based on the potential inclusion bias or 
disparities in population distribution, the limited number of high-risk liver fibrosis cases in this study (Table S1) 
might have influenced the results, leading to the absence of significant group differences or associations with AF 
recurrence (Figs. S2 and S3).

In contrast to the previous definitions of NAFLD/metabolic associated fatty liver disease (MAFLD), 
MASLD provides a nuanced approach to characterizing fatty liver disease by integrating various metabolic 
abnormalities. This not only distinguishes liver steatosis associated with metabolic dysfunction but also has 
important implications for AF recurrence risk stratification. Despite this, few studies have investigated the 
impact of MASLD on the risk of cardiovascular diseases. In our previous work, we demonstrated that MASLD 
was associated with a heightened risk of cardiovascular mortality (HR 1.3, P < 0.0001), heart failure (HR 1.7, 
P < 0.0001), and atrial fibrillation (HR 1.27, P < 0.0001)19, findings consistent with other research20,21. Notably, 
to our knowledge, there is a paucity of studies investigating the association between MASLD and AF recurrence 
following catheter ablation, and no study investigated the association between any liver disease with recurrence 
following cryoballoon ablation. In this study, we validated the significant prognostic impact of MASLD on AF 
recurrence following cryoballoon ablation, regardless of AF status. With new AF catheter ablation techniques 
like RF37 and pulsed field ablation (PFA)38,39, our findings contribute to the growing body of evidence identifying 
MASLD as a modifiable risk factor for AF recurrence. Intensive management of this metabolic syndrome prior to 
and post-AF ablation, incorporating newly discovered medications such as oral, liver-directed, thyroid hormone 
receptor beta–selective agonist resmetirom40, Fibroblast growth factor 21 (FGF21) analogue pegozafermin41, 
novel agonists of glucagon-like peptide-1 receptors42,43, or lifestyle interventions, may offer valuable ways for 
reducing the risk of AF recurrence.

Limitations
Several limitations of our study should be acknowledged. Firstly, hepatic steatosis was defined using the 
FLI rather than liver biopsy or imaging. Nonetheless, the FLI has shown strong correlation with ultrasound 
diagnosis of NAFLD in several studies44,45. Only a limited amount of imaging data was available for the cohort, 
which was insufficient for meaningful analysis in this study. Secondly, despite controlling for a wide range of 

Total No MASLD MASLD P value

Time_LSPV, s 319.30 ± 69.96 317.01 ± 63.76 327.74 ± 90.83 0.557

ThawTime_LSPV, s 41.06 ± 10.21 40.70 ± 9.76 42.35 ± 11.95 0.536

Nadir_LSPV, °C − 51.15 ± 4.68 − 51.0 ± 4.5 −  51.6 ± 5.3 0.652

TTI_LSPV, s 41.39 ± 16.75 42.61 ± 17.36 36.42 ± 13.45 0.254

Time_LIPV, s 292.00 ± 45.74 292.39 ± 49.22 290.50 ± 29.55 0.877

ThawTime_LIPV, s 34.67 ± 8.79 34.04 ± 8.93 37.14 ± 7.97 0.184

Nadir_LIPV, °C −  46.65 ± 4.75 −  46.23 ± 4.75 −  48.28 ± 4.51 0.103

TTI_LIPV, s 30.37 ± 15.95 30.50 ± 14.93 29.89 ± 20.39 0.92

Time_RSPV, s 276.91 ± 53.05 276.84 ± 52.85 277.16 ± 55.23 0.982

ThawTime_RSPV, s 47.50 ± 12.54 47.56 ± 12.73 47.25 ± 12.14 0.925

Nadir_RSPV, °C −  53.45 ± 4.01 −  53.09 ± 4.28 −  54.79 ± 2.44 0.1

TTI_RSPV, s 35.41 ± 18.26 33.98 ± 16.08 40.15 ± 24.31 0.289

Time_RIPV, s 282.55 ± 53.99 279.84 ± 53.96 292.374 ± 53.9 0.373

ThawTime_RIPV, s 35.15 ± 10.82 34.84 ± 11.10 36.28 ± 9.95 0.61

Nadir_RIPV, °C −  49.56 ± 5.85 −  49.46 ± 6.01 −  49.944 ± 5.34 0.752

TTI_RIPV, s 43.14 ± 23.75 −  43.14 ± 24.88 −  30.54 ± 18.7 0.364

Time_RMPV, s 174.62 ± 58.65 179.09 ± 61.68 150.00 ± 42.43 0.542

ThawTime_RMPV, s 38.73 ± 10.69 37.86 ± 10.84 43.50 ± 12.02 0.517

Nadir_RMPV, °C −  47.69 ± 5.95 −  47.82 ± 6.01 −  49.95 ± 9.90 0.867

TTI_RMPV, s 43.11 ± 22.38 42.5 ± 24.75 44.08 ± 24.21 0.431

RMPV ablation 33 (10.9%) 24 (10.3%) 9 (12.7%) 0.243

Procedural time, min 102.1 ± 31.3 100.5 ± 31.1 104.9 ± 28.9 0.652

Fluoroscopy time, min 23.2 ± 13.1 22.9 ± 14.5 24.2 ± 13.8 0.629

Table 2.  Procedure-related characteristics. Data are expressed as mean ± SD or n (%). LSPV, left superior 
pulmonary vein; LIPV, left inferior pulmonary vein; RSPV, right superior pulmonary vein; RIPV, right inferior 
pulmonary vein; RMPV, right middle pulmonary vein; TTI, time to isolation.
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confounders, potential residual confounding may persist. Thirdly, the assessment of MASLD was conducted only 
at baseline, with a lack of data on exposure durations and any changes during the follow-up period. Fourthly, 
the observational natural of our study precludes establishment of causality, and further study are needed to 
determine whether modulating MASLD could improve outcomes after ablation.

Conclusions
Our study showed that MASLD predicted an increased risk of AF recurrence after cryoballoon ablation, 
independent of whether patients have paroxysmal or persistent AF. Further research is necessary to support 
targeted interventions of MASLD in the peri-procedural management of AF.

Fig. 1.  Kaplan-Meier analysis of the freedom from AF recurrence after cryoballon ablation in patients with 
and without MASLD, along with group-wise number at risk. MASLD, metabolic dysfunction-associated 
steatotic liver disease.
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