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Background: Myeloperoxidase (MPO), released by activated neutrophils, is significantly increased in atrial fibrillation (AF). MPO may play a role in the progression of atrial fibrillation and further involved in AF recurrence after catheter ablation. We compared plasma MPO levels in paroxysmal and persistent AF and explored their role in AF recurrence after catheter ablation.



Methods: Plasma MPO levels were measured in consecutive patients with paroxysmal AF (n = 225) and persistent AF (n = 106). Samples of patients were collected from the femoral vein during catheter ablation and all patients included were followed up after catheter ablation.



Results: Plasma MPO levels increased from paroxysmal AF to persistent AF patients (56.31 [40.33–73.51] vs. 64.11 [48.65–81.11] ng/ml, p < 0.001). MPO significantly correlated with left atrium volume (LAV) and there existed a significant interaction between the two in relation to AF recurrence (p for interaction <0.05). During a median follow-up of 14 months, 28 patients with paroxysmal AF (12.44%) and 27 patients with persistent AF (25.47%) presented with recurrence after catheter ablation. The percentage of recurrence increased stepwise with increasing tertiles of MPO levels in both paroxysmal AF and persistent AF. MPO levels remained independently associated with AF recurrence after adjusting for potential confounding variables.



Conclusion: MPO levels were higher in persistent AF than in paroxysmal AF and MPO was positively correlated with LAV in AF. Elevated MPO levels may predispose a switch in AF phenotype and AF recurrence after catheter ablation.
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1. Introduction

Atrial fibrillation (AF) is the most common arrhythmic disorder, and its incidence continues to increase in an expanding global elderly population (1). It stands out as the major contributors to morbidity and mortality worldwide (2). AF progression mainly manifests as a transition from paroxysmal AF to persistent AF, the pathogenic mechanism of which is multifactorial and not fully understood, including electrical and anatomical atrial remodeling, and left atrial (LA) enlargement (3, 4). AF progression itself is associated with an increased risk of AF recurrence and other clinical adverse events, such as embolism or stroke (5). Although catheter ablation has emerged as the most common and important intervention strategy to control the rhythm and improve clinical symptoms, substantial patients experience post-ablation AF recurrence (6).

Myeloperoxidase (MPO), a neutrophil-derived heme enzyme, is gaining increased attention owing to its association with various cardiovascular diseases. Atrial fibrosis, combined with electrical remodeling and contractile dysfunction, has been recognized as the substrate of AF, and is a key factor in the progression from paroxysmal AF to persistent AF (7). MPO is considered a crucial profibrotic mediator for structural alterations in AF (8). Additionally, MPO acts as a leukocyte activation marker and its high abundance in leukocytes, which have been reported to accumulate in patients with AF, may play a prominent role in the initiation and maintenance of AF.

Recent studies have demonstrated that MPO levels are higher in patients with AF than in individuals without AF and are 10-fold higher in the LA than in the periphery (9). In patients with paroxysmal AF, elevated plasma MPO levels confer an increased risk of AF recurrence after catheter ablation (10). However, MPO levels in different clinical AF phenotypes remain unclear. This study aimed to explore whether plasma MPO levels vary in paroxysmal and persistent AF and their role in predicting AF recurrence after catheter ablation.



2. Materials and methods

This study was approved by the ethics committee of Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, and conducted according to the Declaration of Helsinki. Written informed consent was obtained from all participants.


2.1. Patient population

A total of 331 consecutive AF patients undergoing first radiofrequency catheter ablation in Shanghai Ruijin Hospital between June 2020 and June 2021 were recruited in this study. The following exclusion criteria were applied to avoid confounding data: age <18 or >80 years (n = 7), valvular AF (n = 12), left atrial (LA)/LA appendage thrombus (n = 15), previous cardiac surgery (n = 6), previous catheter ablation (n = 8), malignant tumor (n = 3), renal failure requiring hemodialysis (n = 4) and inflammatory diseases (n = 11). Additionally, 21 patients were lost to follow-up. Diagnosis of paroxysmal or persistent AF was based on the latest guidelines (11). Transthoracic and transesophageal echocardiography were performed in all patients prior to ablation. Ultimately, 225 and 106 patients with paroxysmal and persistent AF were included in the final analysis, respectively (Figure 1).
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FIGURE 1
Flowchart of recruitment procedure. AF, atrial fibrillation.




2.2. Ablation procedure

All patients included in this study underwent catheter ablation using Robotic magnetic navigation (RMN) as previously described (12). For electroanatomic mapping and ablation, connecting an open-irrigated ablation catheter (NaviStar™ RMT Ther-moCool™; Biosense Webster, CA, USA) to a 3D mapping system (CARTO™, Biosense Webster, CA, USA) and the RMN Niobe™ ES system (Stereotaxis Inc., St. Louis, MO, USA). For patients with paroxysmal AF, additional fracture potential ablation or linear ablation was performed when necessary. The RF current was delivered for 30–40 s per lesion, applying 30–40 W (irrigation flow rate 17 ml/min) with a generator (Stockert, Biosense Webster, CA, USA) in a power-controlled mode. Power was selected based on the location of the catheter tip in the LA. For patients with persistent AF, electrical cardioversion was attempted once pulmonary vein isolation was achieved. For patients whose rhythm could not be converted to the sinus rhythm, the LA roof line lesion was created by the RMN catheter to ease subsequent electrical cardioversion. Substrate modifications, such as ablation of complex fractionated atrial electrogram, were not allowed in this study.



2.3. Biochemical assessments

Blood samples of all patients with AF were collected from the femoral vein peri-interventionally before ablation. The demographics and clinical characteristics of all participants were obtained from the electronic medical recording system by trained physicians blinded to the aim of the analysis. Serum levels of high-sensitivity C-reactive protein (hsCRP) were determined using enzyme-linked immunosorbent assay (Biocheck Laboratories, Toledo, OH, USA). Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation (13). For assessment of plasma MPO levels, blood samples were collected in anticoagulant-coated tubes, which were transferred at freezing temperatures and centrifuged within 30 min of collection at 3,000 rpm for 15 min to obtain plasma. All samples were stored at −80°C before analysis. Serum level of MPO was measured using colloidal gold immunochromatographic assay (GICA) (Eachy biopharma, China).The measurement range was 3–500 ng/ml, according to the manufacturer instructions. The average inter- and intra-assay coefficients of variability were 5.2%–4.6%, respectively.



2.4. Follow-up

All AF patients were followed up with a 12-lead electrocardiogram, 24 h Holter recordings, and telephone inquiries after catheter ablation. Recurrence was defined as the occurrence of confirmed atrial tachyarrhythmia which includes sustained AF (lasting >30 s) and atrial flutter or atrial tachycardia more than three months after the catheter ablation.



2.5. Statistical analysis

Statistical analyses were performed using SPSS 26.0 software (IBM, Armonk, New York, NY, USA). Continuous variables were expressed as mean ± standard deviation (SD) if data were normally distributed, median (25th-75th percentile) otherwise, and categorical variables were expressed as frequency (percentage). Differences between groups were compared using the t-test or Mann–Whitney U test for continuous variables, and for categorical variables, the between-group differences were assessed using the chi–square test. Spearman's correlation test was used to assess the relationship between the plasma MPO levels and LA volume (LAV). Univariate and multivariate Cox proportional hazards regression analyses were performed to examine the relationship between AF recurrence and plasma MPO levels. The MPO was included in the Cox proportional hazards regression model analysis as a log-transformed continuous variable, ordinal variable, or a categorical variable divided into tertiles. Receiver operating characteristic (ROC) curves were plotted to determine the ability of the MPO level to predict AF recurrence and the areas under the curve (AUC) were compared using the DeLong method. Statistical significance was set at two-sided p < 0.05.




3. Results


3.1. Clinical characteristics

This study finally included 225 patients with paroxysmal AF and 106 patients with persistent AF. Their baseline characteristics are shown in Table 1. There were no differences in age, sex, body mass index (BMI), or the presence of hypertension, diabetes, hyperlipidemia, or coronary heart disease between both AF groups. A higher percentage of patients with persistent AF were smokers. The left atrial diameter (LAD) and volume (LAV) were larger and left ventricular ejection fraction (LVEF) was lower in patients with persistent AF.


TABLE 1 Baseline characteristics of AF patients.
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3.2. MPO levels with AF progression

Plasma MPO levels were higher in persistent AF than in paroxysmal AF (64.11 [48.65–81.11] vs. 56.31 [40.33–73.51] ng/ml, p = 0.001). Furthermore, a significant positive correlation was observed between plasma MPO levels and LAV in both AF groups (paroxysmal AF: r = 0.297, p < 0.001; persistent AF: r = 0.311, p < 0.001; Figure 2). Despite adjusting for confounding factors, plasma MPO levels positively correlated with LAV in both paroxysmal and persistent AF groups (Table 2).


[image: Figure 2]
FIGURE 2
Relationship between MPO and AF progression. Comparison of plasma MPO levels between patients with paroxysmal AF and persistent AF, n = 225 106 for paroxysmal AF; n = 106 for persistent AF, p = 0.001 (A) Spearman correlation coefficient analysis between MPO and LAV in patients with paroxysmal AF, n = 225, r = 0.297, p < 0.001 (B) and persistent AF, n = 106, r = 0.311, p < 0.01 (C) MPO: myeloperoxidase; AF, atrial fibrillation; LAV, left atrial volume.



TABLE 2 Correlation between MPO and LAV.
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3.3. MPO levels with AF recurrence after catheter ablation

In this study, 28 of 225 (12.44%) patients with paroxysmal AF and 27 of 106 (25.47%) patients with persistent AF experienced AF recurrence after catheter ablation, within a median follow-up of 14 months. As shown in Figure 3, plasma MPO levels were higher in recurrence group than in non-recurrence either in paroxysmal or persistent AF. We observed stepwise increases in the presence of AF recurrence from the lowest tertile to the highest plasma MPO in both AF groups (p for all trends <0.01; Figure 3). There was a statistically significant difference in AF recurrence-free survival rates from the lowest to the highest tertile of MPO (log-rank test, p < 0.01; Figure 3). Cox analysis confirmed that MPO level was an independent risk factor for post-catheter ablation AF recurrence after adjustment for age, sex, BMI, smoking, hypertension, diabetes, dyslipidemia, stroke, coronary artery disease, eGFR, LAD, LVEF, LAV, and duration of AF, regardless of MPO as a continuous variable, a categorical variable or an ordinal variable (Table 3). As depicted in the ROC curve, the inclusion of plasma MPO level in the established risk factors significantly improved the diagnostic performance for AF recurrence (AUC: 0.748 [0.701–0.794] vs. 0.705 [0.655–0.755], p < 0.05; Figure 4). Furthermore, when patients were classified according to tertiles of MPO and LAV, there was interaction between plasma MPO levels and LAV on the recurrence of AF after catheter ablation (p for interaction <0.01; Figure 5).


[image: Figure 3]
FIGURE 3
Association of plasma MPO levels with AF recurrence after catheter ablation. Comparison of plasma MPO levels between recurrence group and non-recurrence group in paroxysmal AF and persistent AF (A) AF recurrence across the tertiles of plasma MPO in paroxysmal AF, p for trend <0.01 (B) and persistent AF, p for trend <0.01 (C) Kaplan–Meier curves demonstrated recurrence of AF across tertiles of MPO, p < 0.01 (D).



TABLE 3 Uni- and multi-variant cox analysis.
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FIGURE 4
Receiver operating characteristic curve analysis to verify the predictive value of MPO. Established risk factors: age, sex, body mass index, smoking, hypertension, diabetes, dyslipidemia, stroke, coronary artery disease, eGFR, LAD, LVEF, LAV, duration of AF. p for comparison <0.05.
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FIGURE 5
Percentage of AF recurrence in relation to interactions between plasma MPO and LAV. p for interaction <0.01.





4. Discussion


4.1. Main findings

This study is the first to report that plasma MPO levels were higher in patients with persistent AF than in those with paroxysmal AF; circulating MPO levels were associated with AF progression. We also demonstrated, for the first time, a significant correlation between plasma MPO levels and LAV. Plasma MPO levels were associated with recurrence after catheter ablation, independent of traditional risk factors.



4.2. MPO with AF progression and adverse outcomes after catheter ablation

AF progression, defined as the transition from paroxysmal to persistent AF, is clinically important and is closely related to the management of patients with AF. Although not all cases of paroxysmal AF progress to persistent AF, one Canadian Registry of Atrial Fibrillation followed patients with paroxysmal AF for 10 years and found that more than half of these patients developed persistent AF or died (14). Risk factors for AF progression are similar to those for AF occurrence. We found that plasma MPO levels were higher in patients with persistent AF than those with paroxysmal AF. Furthermore, plasma MPO levels were positively correlated with LAV in paroxysmal AF and persistent AF. Excessive MPO release reportedly exacerbates oxidative stress, leading to various metabolic disorders and cardiovascular diseases, such as heart failure and myocardial ischemia (15). Leukocyte-derived heme enzyme MPO could generates hypochlorous acid (HOCl) (16, 17). It is an important regulatory switch of matrix metalloproteinase activity, which is closely related to extracellular matrix remodeling in AF (8). Accumulating evidence have demonstrated that AF exhibits pathophysiological characteristics of inflammatory disease, and atrial fibrosis manifested by ECM turnover stands exactly at the intersection of inflammation and AF (18). In our cohort, higher plasma MPO levels in persistent AF than in paroxysmal AF may indicate that persistent AF presents with more pronounced remodeling and is more refractory. Additionally, increased LAV is a known risk factor for AF occurrence and recurrence (19). Recently, several reports have found that LAV is strongly associated with AF progression (14, 20–22). An enlarged LAV is a hallmark of atrial remodeling through many mechanisms, including pressure overload, ageing, oxidative stress, and inflammation. The positive correlation between plasma MPO levels and LAV indicates that they may share some of the crucial mechanisms in progressive remodeling. A previous study reported no statistical difference in the circulating MPO levels between different AF phenotypes, which is in contrast to our results, probably due to their small sample size (n = 55 for paroxysmal AF; n = 58 for persistent AF) (9). Additionally, we found that patients with AF recurrence after catheter ablation had higher plasma MPO levels than those without recurrence. The percentage of AF recurrence increased stepwise from the lowest to the highest tertiles of plasma MPO levels in both paroxysmal AF and persistent AF. Moreover, AF recurrence-free survival rates significantly varied across the MPO tertiles. After adjusting for traditional risk factors, MPO still presented a notable value for AF recurrence after catheter ablation, which was consistent with the findings of Li et al. (10). In this study, an interaction was observed between plasma MPO levels and LAV in relation to AF recurrence after catheter ablation, indicating that higher circulating MPO levels may predispose to more significant atrial remodeling characterized by LA dilation. Adding MPO into the traditional risk factors that include LAV significantly increased the predictive performance for AF recurrence, suggesting the possibility of unexplored mechanisms behind the role of MPO in adverse outcomes after catheter ablation, besides the common factors shared with LAV enlargement.



4.3. Clinical implications

The increasing risk of adverse cardiovascular events during the natural progressive course of AF warrants the early identification of possible risk factors for AF progression and treatment of underlying conditions. Plasma MPO levels are closely associated with the progressive course and are easily detectable as peripheral markers. Although AF is a multifaceted arrhythmic disorder, plasma MPO levels may help better stratify AF patients along with LA imaging and clinical characteristics. In our study, plasma MPO level was an independent risk factor for AF recurrence, which may contribute to establishing more optimal patient selection for catheter ablation and development of a more individualized treatment strategy.



4.4. Limitations

This study had some limitations owing to its retrospective, cross-sectional nature. We observed associations, but could not establish a causal relationship. Due to differences in the time of patient enrollment, the follow-up durations were not wholly consistent. Although basic clinical features were consistently distributed in the paroxysmal and persistent AF groups, selection bias and unknown confounding factors that may have affected circulating MPO levels could not be excluded.




5. Conclusions

This study demonstrates that plasma MPO levels are higher in persistent AF than in paroxysmal AF and are thus associated with AF progression. Plasma MPO levels are positively correlated with LAV in AF patients. Elevated plasma MPO levels grant an increased risk of AF recurrence after catheter ablation. This study provides new information on the pathophysiology of AF progression and adverse outcomes post catheter ablation.
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