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Left atrial epicardial adipose tissue is associated with low voltage zones in the left atrium in patients with non-valvular atrial fibrillation
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Objective: Epicardial adipose tissue (EAT) is related to atrial fibrillation (AF), but the specific mechanism is still unclear. Left atrial (LA) low voltage zones (LVZ) can well reflect atrial fibrosis. This study investigated the relationship between EAT and LVZ in non-valvular AF (NVAF) patients.

Methods: This observational study including patients with NVAF (n = 214) undergoing radiofrequency ablation (RFCA) for the first time in our hospital and 62 matched controls. The EAT volume and attenuation were measured by contrast-enhanced computed tomography. A three-dimensional mapping system was used to map the left atrial endocardium and evaluate LA-LVZ. Patients were divided into LVZ and non-LVZ groups according to the presence or absence of LVZ.

Results: Patients with AF showed higher LA-EAT volume and lower attenuation value than controls (29.7 ± 11.2 cm3 vs. 20.9 ± 8.6 cm3, P = 0.021; −91.2 ± 5.6 HU vs. −88.7 ± 5.9 HU, P < 0.001). Compared with the group without LVZ, there were significant differences in age [65 (59–71) vs. 60 (52–69), P = 0.006], LAVI [75.1 ± 20.7 ml/m2 vs. 67.2 ± 20.9 ml/m2, P = 0.018], LA-EAT volume (34.8 ± 11.5 cm3 vs. 28.1 ± 10.6 cm3, P < 0.001) and LA-EAT attenuation (−93.9 ± 5.3 HU vs. −90.4 ± 5.5 HU, P < 0.001). Multivariate regression analysis showed that age (OR = 1.040; 95%CI: 1.001–1.078, P = 0.042), LAVI (OR = 1.019; 95%CI: 1.002–1.037, P = 0.032), LA-EAT volume (OR = 1.193; 95%CI: 1.015–1.402, P = 0.034) and attenuation value (OR = 0.801; 95%CI: 0.701–0.916 P = 0.001) were independent predictors of LVZ. After LA-EAT attenuation was incorporated into the clinical model, the comprehensive discrimination and net reclassification tended to improve (IDI and NRI > 0, P < 0.05).

Conclusion: LA-EAT volume and attenuation values can independently predict the presence of LVZ, and LA-EAT attenuation has a better predictive value than LA-EAT volume.
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Introduction

Atrial fibrillation (AF) is the most common arrhythmia with clinical significance. Complications such as heart failure, thromboembolism, and the risk of death are significantly increased in patients with AF (1). In recent years, obesity has been considered a significant risk factor for AF (2, 3). Although subcutaneous adipose and visceral adipose are both adipose tissue, the two structures are different. Compared with subcutaneous adipose tissue, visceral adipose tissue plays an essential role in cardiovascular disease by secreting higher levels of pro-inflammatory adipokines (4–6). Epicardial adipose tissue (EAT) is a particular form of visceral adipose tissue. Because there is no myofascial separation between EAT and myocardium, EAT shares the same coronary circulation and has local and systemic effects (7, 8). More and more evidence showed that EAT is related to the occurrence and recurrence of AF (9, 10), but the specific mechanism is unclear. Basic studies have shown that EAT can induce atrial fibrosis by secreting various inflammatory or fibrogenic mediators (11, 12). It is well known that atrial structural remodeling characterized by atrial fibrosis is the core of the maintenance mechanism of AF (13). The main ways to evaluate atrial myocardial fibrosis are endocardial biopsy, intracardiac voltage mapping, and Cardiac Magnetic Resonance (CMR) imaging (14). Intracardiac voltage mapping is widely used because of its high accuracy and safety (15, 16). In this study, CT was used to determine the EAT volume and attenuation in patients with non-valvular AF, and left atrial voltage was determined by left atrial voltage mapping under the guidance of the intraoperative CARTO3 three-dimensional mapping system to explore the relationship between EAT and Left atrial low voltage zones (LA-LVZ) in patients with non-valvular AF (NVAF).



Materials and methods


Study population

This is a single-center retrospective clinical observation study. We systematically reviewed 316 patients with NVAF who were admitted to the affiliated Hospital of Xuzhou Medical University for the first time from January 2020 to May 2021. The definition of AF is consistent with current guidelines (17). All patients received a CTA examination of the left atrium and pulmonary vein before the operation. Exclusion criteria: (1) Incomplete for CTA image or contraindication; (2) Sinus rhythm cannot be restored after radiofrequency catheter ablation; (3) Previous history of radiofrequency catheter ablation; (4) History of rheumatic valvular disease, moderate to severe valvular stenosis or insufficiency, congenital heart disease; (5) Cardiac dysfunction; (6) Severe hepatic and renal insufficiency, thyroid dysfunction, respiratory disease, and history of the malignant tumor. A total of 214 patients with NVAF were finally included (Figure 1). This group was compared to 62 matched (age, sex, BMI) controls who underwent multidetector computed tomography for screening of CAD and had no history of AF (Figure 1).
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FIGURE 1
Flow chart detailing the inclusion and exclusion criteria.


The ethics committee of the Affiliated Hospital of Xuzhou Medical University has reviewed the research scheme, and all patients have signed informed consent forms.



Cardiac computed tomography imaging

Spiral CT (SOMATOM Definition, SIEMENS Germany) to obtain CT imaging data. 60–80 ml iohexol was injected into the elbow vein at the flow rate of 5 ml/s, and then saline of 50 ml was injected at the speed of 5 ml/s. The contrast agent tracking technique triggered the enhanced scan—trigger plane: ascending aorta root level; trigger threshold: 90∼100 Hu. The scanning time was 5∼12 s after 6 s delay, and the scanning range was from 1 cm under the trachea Carina to 1.5 cm of the inferior margin of the heart. Scanning parameters: tube current 280∼350 mA, tube voltage 120 kV.



Image post-processing technology and observation method of measurement

All images were reconstructed by retrospective ECG-gated reconstruction, slice thickness 0.5 mm, overlapping 0.3 mm, visual reconstruction field was adjusted according to the patient’s physique and heart size, and the heart volume data of 75% of the Rmurr gap was reconstructed. All data are sent to (Advantage workstation GE 3.2 United States workstation) for image post-processing. The axial images from the bifurcation of the pulmonary artery to the apical were semi-automatically reconstructed from the adjacent 0.625 mm slices. The volume was measured by combining the slice method with the threshold method. Firstly, the cardiac parietal and visceral layers were found, the epicardial boundary was outlined layer by layer, the CT value of −50 HU ∼ −200 HU was set as adipose tissue, and the total EAT, and radiation attenuation were calculated automatically (Figure 2). After that, the pericardial adipose in the left ventricle in front of the mitral annulus, the epicardial adipose in the right atrium in front of the right superior pulmonary vein, and the epicardial adipose below the plane of the coronary sinus were manually removed, and the remaining epicardial adipose was LA-EAT. The LA-EAT volume and radiation attenuation were calculated (Figure 3). For the purposes of this analysis, the LA was segmented as posterior LA, anterior LA, septal LA, inferior LA, lateral LA, and LA roof, as previously described (18). Left atrial volume (LAV) and left atrial volume index (LAVI) were calculated by volume reconstruction of the left atrium, which was defined as left atrial volume divided by body surface area. The volume and attenuation of LA EAT were measured offline by two clinicians who did not know the clinical data of the patients.
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FIGURE 2
Total EAT volume and attenuation calculated by post-processing software (A) cardiac axial map; (B) cardiac coronal map; (C) yellow area represents total EAT, and the volume is calculated by Volume software; (D) total EAT attenuation.
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FIGURE 3
LA-EAT volume and attenuation calculated by post-processing software (A) cardiac axial map; (B) cardiac coronal map; (C) yellow area represents LA- EAT, and the volume is calculated by Volume software; (D) LA- EAT attenuation.




Detection of the low voltage zone

All patients underwent circumferential pulmonary vein isolation (CPVI) first and then left atrial voltage was mapped in sinus rhythm. The voltage points are collected using the CONFIDENCE Module (Biosense Webster, Inc., Diamond Bar, CA, United States) and mapped continuously using the following settings: 5% CL filtering, 3 ms LAT-stability, 3 mm position stability, and 1 mm density. For each marked site, steady contact is required between the local atrial tissue and each pair of electrodes of the Lasso catheter. Then, use the ablation catheter (ThermoCool SF, Biosense Webster, Inc., Diamond Bar, CA, United States) to confirm the LVZ. Steady contact is also needed between the local atrial tissue and the tip of parallel alignment of the ablation catheter. LVZ was defined as sites of ≥ 3 adjacent low-voltage points < 0.5 mV (15).



Statistical analysis

If the measurement data are normally distributed, they are expressed as the mean ± SD. If they do not conform to a normal distribution, they are described by the median (quartile spacing), that is, M (Q25 Q75), and the counting data are described by the number (percentage). The counting data were compared by t-tests or rank-sum tests (non-normal distribution), and the classified variables were compared by chi-square tests or Fisher’s exact test. Pearson or Spearman correlation tests evaluated the relationship between LA-EAT and various parameters. A ROC curve analysis was carried out to define a cut-off value. LA-EAT volume and attenuation were examined per 5 cm3 and 2 HU increase respectively. The association between clinical, laboratory, echocardiographic and LA-EAT variables, and LVZ was assessed in univariable regression analyses. Variables demonstrating a significant association with the LVZ (P < 0.05) were included in a multivariable model performed using forward stepwise logistic regression analysis.

Additionally, 60 random studies were assessed for interobserver and intraobserver agreement. Intraobserver and interobserver reliability measurements and agreement between reference and proposed methods were assessed with the intraclass correlation coefficient (ICC). Additionally, Reproducibility was appraised with Bland–Altman analysis and reported as bias and coefficient of repeatability. The mean difference was presented as the bias, and 95% limits of agreement around the bias were expressed as the mean difference of 1.96 ± SDs.

LA-EAT volume or attenuation was added to the starting clinical model. To assess the incremental predictive value of LA-EAT volume or attenuation to clinical models, all variables in the model were included as continuous variables with additional discrimination of risk factors evaluated using the c-index and the integrated discrimination improvement (IDI). Continuous net reclassification index (NRI) was calculated, with IDI and NRI > 0 indicating positive improvement, and each model was calculated and compared. P < 0.05 was considered statistically significant. All statistical analyses were carried out using SPSS version 24.0 software (SPSS, Chicago, IL, United States).




Results


Characteristics of the study population

62 patients fulfilled the inclusion criteria and were enrolled in the study (Figure 1). Gastrointestinal disease incidence is higher in the AF group. Patients with AF had a significantly higher EAT volume and lower attenuation value than the control group in Table 1. According to the intraluminal voltage mapping results under the guidance of the intraoperative CARTO3 three-dimensional mapping system, the patients of AF were divided into the LVZ group and the non-LVZ group. The basic clinical data of patients in the two groups are shown in Table 2. Patients with LVZ were older (P = 0.006). There was more persistent AF (P = 0.021) and a significantly higher LAVI in the LVZ group compared with the no LVZ group (P = 0.018). The remaining variables were not statistically different (P > 0.05).


TABLE 1    Demographics and baseline characteristics: controls and patients with atrial fibrillation.
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TABLE 2    Comparison of clinical and anatomic variables in patients with and without LVZ in atrial fibrillation.
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Epicardial adipose tissue

There were no statistically significant differences in total eat volume (146.4 ± 47.1 vs. 137.4 ± 45.4 cm3, P = 0.229) and Total EAT attenuation value (−95.6 ± 6.4 Hu vs. −94.1 ± 6.7 Hu, P = 0.159) between the two groups. LA-EAT volume was larger in the LVZ group (34.8 ± 11.5 vs. 28.1 ± 10.6 cm3, P < 0.001), and attenuation was reduced (−93.9 ± 5.3 Hu vs. −90.4 ± 5.5 Hu, P < 0.001) compared with the no LVZ group (Table 2).



Measurements reproducibility and agreement

The ICC values for interobserver and intraobserver measurements of LA-EAT volume and attenuation were excellent correlations (Table 3). The Bland-Altman analysis showed a good agreement between interobserver and intraobserver measurement variations (Figure 4).


TABLE 3    Interobserver and intraobserver variability measurement.
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FIGURE 4
Bland-Altman bias and limits of agreement for LA-EAT volume and attenuation between interobserver. LA-EAT volume, with a bias of 2.68 ± 4.61 cm3 and the 95% limits of agreement was –6.34–11.7 cm3 (A); LA-EAT attenuation, with a bias of 0.47 ± 2.07 HU and the 95% limits of agreement was –3.59–4.55 HU (B). Bland-Altman bias and limits of agreement for LA-EAT volume and attenuation between intraobserver. LA-EAT volume, with a bias of 1.32 ± 3.51 cm3 and the 95% limits of agreement was –5.57–8.21 cm3 (C); LA-EAT attenuation, with a bias of 0.23 ± 1.96 HU and the 95% limits of agreement was –3.61–4.07 HU (D).




The distribution of left atrial-epicardial adipose tissue

In patients with NVAF, EAT was mainly distributed in the pulmonary veins, left atrial septum, left lateral atrial wall, anterior wall, and roof. The pulmonary vein was involved in 86.9% of cases, the anterior LA in 81.3%, the septum in 77.1%, the inferior wall in 82.2%, the posterior LA in 52.3%, the lateral LA in 87.4%, and the Mitral isthmus in 95.3%.



Clinical correlates of epicardial adipose tissue volume and attenuation

The patients with non-paroxysmal AF had larger LA-EAT volume (32.8 ± 11.1 cm3 vs. 27.1 ± 10.2 cm3, P < 0.001) and lower LA-EAT attenuation (−91.9 ± 5.7 HU vs. −89.8 ± 5.3 HU, P < 0.006). The attenuation value of LA-EAT in females was lower than that in males (−91.9 ± 5.3 HU vs. −90.1 ± 5.7 HU, P = 0.020), but there was no difference in LA-EAT volume. Linear correlation analysis showed that age (r = 0.177), BMI (r = 0.268) and LAVI (r = 0.247) correlated with LA-EAT volume, but had no significant correlation with LA-EAT attenuation (Table 4).


TABLE 4    Correlation between LA-EAT volume and attenuation and clinical variables.
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The prevalence and distribution of low voltage zones

Left atrial voltage mapping was completed in all patients under sinus rhythm after CPVI, with an average of 674 ± 82 marked points in each case. LVZ was detected in 52 patients (24.3%). In the LVZ group, the posterior wall was 71.2%, the roof was 53.8%, the anterior wall was 46.2%, the septum was 25.0%, the inferior was 17.3%, and the lateral was 5.7%. Figure 5 shows the voltage mapping results of a typical patient. Figure 6 shows the distribution of LVZ in each segment of the left atrium and the consistency of overlap with LA-EAT.
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FIGURE 5
The bipolar voltage was used to measure the LVZ. The purple area represented the standard atrial matrix, and the color area represented the LVZ area. (A) No LVZ; (B) mild LVZ; (C) severe LVZ (AP, anterior-posterior position; PA, posterior-anterior position).
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FIGURE 6
The distribution of LVZ in each segment of the left atrium and the consistency of overlap with LA-EAT.




Predictors of left atrial-low voltage zones

Univariate analysis showed that the patients in the LVZ group were older and had more non-paroxysmal AF (P < 0.01). In addition, LAVI and LA-EAT in the LVZ group were higher than those in the non-LVZ group. Multivariate analysis showed that advanced age (OR = 1.040; 95%CI: 1.002–1.080, P = 0.041), LAVI (OR = 1.019; 95%CI: 1.002–1.037, P = 0.032), LA-EAT volume (OR = 1.193; 95%CI: 1.015–1.402, P = 0.034) and attenuation (OR = 0.801; 95%CI: 0.701–0.916, P = 0.001) were independent predictors of LVZ (Table 5). From Youden index analysis, the cut-off value for LA-EAT volume was 30.0 cm3, and for EAT attenuation was −90.5 HU. In multivariable analysis, increased EAT volume and decreased EAT attenuation were independently associated with LVZ (Table 5).


TABLE 5    Association of patient characteristics with LVZ: univariate and multivariate regression analysis.
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Discrimination and reclassification accuracy of the predictors of low voltage zones

The constructed clinical model includes two risk factors, age and LAVI, and the volume and attenuation of LA-EAT are added into the constructed clinical model, respectively. When LA-EAT volume (AUC = 0.725) or LA-EAT attenuation (AUC = 0.747) were included in the model, the predictive power of left atrial LVZ was significantly improved. Although IDI showed an increase of 0.046 (P = 0.013) after LA-EAT volume was included, the NRI was not (0.156, P = 0.162). When LA-EAT attenuation was incorporated into the model, both IDI and NRI were improved (IDI 0.072, P = 0.043; NRI 0.183, P < 0.001) (Table 6).


TABLE 6    Discrimination accuracy and reclassification of risk markers of LA-LVZ.

[image: Table 6]





Discussion

The main findings of this study are as follows: (1) Patients with AF showed higher volume of EAT and lower attenuation value. (2) Compared with the group without LVZ, the volume of LA-EAT in the LVZ group was more extensive, and the attenuation was lower. (3) After adjusting the clinical risk factors of left atrial LVZ, advanced age, increased LA-EAT volume and decreased radiation attenuation were independent risk factors for left atrial fibrosis. (4) LA-EAT attenuation is more valuable than LA-EAT volume prediction.

Many studies have discussed the distribution of LVZ in patients with AF, and different studies have reported different results. Hori et al. (19) used the combination of electro anatomic mapping and CT to find that the areas involved in LVZ are often concentrated in the anterior wall, posterior wall, and the area around the orifice of the pulmonary vein of LA. In this study, LVZ is mainly located in the posterior wall, in addition, the posterior wall of a single diseased segment is still the most common remodeling site, but the lateral wall and septum are not found, which is consistent with the previous findings of Radoslaw et al. (20). Possible explanations are as follow. (1) The baseline characteristics of patients in the study are not consistent. In our study, more patients have paroxysmal AF (57.9%). Theoretically, with the prolongation of the course of the disease, patients with persistent AF will have secondary structural remodeling, leading to the expansion of low-voltage areas. We found that the most common site of left atrial fibrosis in patients with paroxysmal AF is the posterior wall, suggesting that posterior wall fibrosis may be a cause rather than a result of AF. Intervention on the posterior wall (such as Box ablation) may improve the success rate of AF ablation (21). (2) Voltage mapping strategies are significantly different among different studies. Mapping tools, catheter direction, and especially the contact between catheter and tissue will affect the mapping results, resulting in false-positive results of LVZ. In this study, when the pressure catheter was used for voltage mapping during the operation, the pressure at each measuring point was guaranteed to be greater than 5 g, and the “pseudo-LVZ” was excluded.

In recent years, the relationship between EAT and AF has received much attention. Basic research showed (22, 23) that EAT could lead to fibrosis through fatty infiltration, pro-fibrosis, and inflammatory responses (autocrine and paracrine secretion of pro-inflammatory cytokines). A previous study demonstrated that human EAT could induce atrial fibrosis in rats (12). In clinical studies, it was found that EAT rather than systemic obesity is associated with AF, and EAT is an independent predictor of AF (24–26). In order to exclude the interference of factors such as inflammation, inflammation-related diseases were excluded in this study. Consistent with the above studies it was found that patients with AF had a significantly higher EAT volume and lower attenuation value in this study. Recent studies have shown that left atrial EAT thickness is associated with the occurrence and maintenance of AF (9, 10). Because the thickness of different parts of EAT varies greatly and the repeatability of measurement is poor, this study improves the accuracy by measuring the volume of EAT. This study is the first to investigate the relationship between EAT and LVZ in patients with NVAF. Our study found that LA-EAT volume was closely related to left atrial LVZ and was an independent risk factor, suggesting that left atrial EAT may be involved in atrial fibrosis in patients with NVAF. Interestingly, however, our study shows that the left atrial LVZ is less consistent with the LA-EAT distribution area, especially in the posterior wall, with an overlap rate of only 48.6%. It is suggested that the local infiltration effect of LA-EAT is not the leading cause of atrial fibrosis. We speculate that LA-EAT can secrete various substances through paracrine and autocrine and affect the distant atrial myocardium by regulating ion current and electrical coupling or stimulating fibrosis. This may explain the mechanism of EAT in the occurrence of AF from a new perspective. In addition, it can better explain the study of Nakatani Y et al. (27), which found that even complete isolation of the area where the posterior wall overlaps with LA-EAT could not inhibit the recurrence of atrial fibrillation. Kitagawa et al. (28) showed that the attenuation of EAT was significantly correlated with 18F-deoxyglucose uptake, suggesting that EAT attenuation was related to local inflammation. Evaluation of peri-atrial adipose tissue attenuation using CT imaging is a novel method translated from the assessment of vascular inflammation. Kusayama et al. (22) showed that attenuation values decrease with adipocyte proliferation and increase with adipocyte vascularization and fibrosis. Previous studies have found that lower- adipose attenuation is associated with AF recurrence after catheter ablation, but the specific mechanism is not precise (29, 30). Our study found that LVZ is associated with lower adipose attenuation. Its potential mechanism is related to adipocyte hypertrophy and adipose tissue density. Hypertrophic adipocytes may lead to decreased capillary density, inducing adipose tissue hypoxia, macrophage accumulation, and inflammation (31). In addition, larger adipocytes can also increase metabolic activity and secretion of adipose cytokines (such as activity A and matrix metalloproteinases) (12, 32). In our study, advanced age and left atrial volume index were clinical parameters related to left atrial LVZ. This is consistent with Seewöster et al. (33). Consistent with previous studies (34, 35), the AF group had a higher incidence of gastrointestinal disease, which can lead to arrhythmias through vagal as well as inflammatory stimulation. However, in this study, gastrointestinal disease was not statistically different between the LVZ group and the non-LVZ group, possibly because gastrointestinal disease may just be a trigger for this arrhythmia, it has less effect on the atrial stroma that maintains AF (36). In addition, the sample size of this study was relatively small.

Building a prediction model, we find that LA-EAT attenuation may be a more sensitive marker than LA-EAT volume in predicting LVZ. Previous studies have shown that the presence of LVZ is a strong predictor of AF recurrence after catheter ablation (37, 38). The purpose of individualized AF catheter ablation is to improve the matrix for the existence of LVZ, especially in the area with local fragmentation potential, to improve the ablation effect. LA-EAT provides us with a new idea. Our study shows that the volume and attenuation of LA-EAT are related to the occurrence of left atrial LVZ. Therefore, by measuring EAT under CT before the operation, we can understand the situation of left atrial fibrosis, which has important clinical significance for individualized treatment decision-making of AF before operation.


Limitations

There are still some limitations in this study. First, this study is a single-center, small sample size study, so a multicenter, large sample size study is needed to explore the factors affecting LA-LVZ in patients with NVAF. Second, because this study is a retrospective study, we did not take blood samples from the coronary sinus to evaluate local inflammatory cytokines. Third, we performed left atrial voltage mapping under CPVI or cardioversion sinus rhythm, which may not be able to determine the LVZ of the pulmonary venous sinus, thus reducing the overall LVZ of the left atrium.




Conclusion

Patients with AF showed higher volume of EAT and lower attenuation value. The volume and attenuation of LA-EAT are associated with the presence of LVZ, a surrogate for atrial fibrosis, within the myocardium. When predicting the existence of LVZ, LA-EAT attenuation is more valuable than LA-EAT volume.
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