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Abstract

Introduction—Although catheter ablation (CA) for atrial fibrillation (AF) is commonly used to 

improve symptoms, AF recurrence is common and new tools are needed to better inform patient 

selection for CA. Left Atrial Function Index (LAFI), an echocardiographic measure of atrial 

mechanical function, has shown promise as a non-invasive predictor of AF. We hypothesized that 

LAFI would relate to AF recurrence after CA.

Methods and Results—All AF patients undergoing index CA were enrolled in a prospective 

institutional AF Treatment Registry between 2011 and 2014. LAFI was measured post-hoc from 

pre-ablation clinical echocardiographic images in 168 participants. Participants were mostly male 

(33% female), middle-aged (60±10 years), obese and had paroxysmal AF (64%). Mean LAFI was 

25.9±17.6. Over 12 months of follow-up, 78 participants (46%) experienced a late AF recurrence. 

In logistic regression analyses adjusting for factors known to be associated with AF, lower LAFI 

remained associated with AF recurrence after CA [OR 0.04 (0.01 – 0.67), p= 0.02]. LAFI 

discriminated AF recurrence after CA slightly better than CHADS2 (C-statistic 0.60 LAFI, 0.57 

CHADS2). For participants with persistent AF, LAFI performed significantly better than CHADS2 

score (C statistic= 0.79 LAFI, 0.56 CHADS2, p= 0.02).

Conclusion—LAFI, an echocardiographic measure of atrial function, is associated with AF 

recurrence after CA and has improved ability to discriminate AF recurrence as compared to the 

CHADS-2 score, especially among persistent AF patients. Since LAFI can be calculated using 

standard two-dimensional echocardiographic images, it may be a helpful tool for predicting AF 

recurrence.
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Background

One in four Americans over the age of 40 years will likely develop atrial fibrillation (AF).1 

AF contributes significantly to death and disability through its associations with diminished 

quality of life as well as risk for ischemic stroke, heart failure, and hospitalization.2 Over the 

past decade, catheter ablation (CA) for AF has emerged as a useful therapy to reduce 

arrhythmia burden and to manage AF-related symptoms, particularly in those who fail or do 

not tolerate pharmacological therapy.3 Not surprisingly, rates of CA are increasing rapidly in 

the US and worldwide;4 however, only a few predictors for outcome after CA exist to help 

inform appropriate patient selection for CA. Presently, clinical characteristics, such as age 

and comorbidities (e.g., CHADS2 score), as well as patterns of AF, can help to guide 

therapeutic decision making, due to their associations with adverse outcomes and AF 

recurrence. In spite of these predictors, rates of AF recurrence vary widely, with reported 

estimates of recurrence in the contemporary era ranging between 10-60% in the literature.3 

Clinical, laboratory, and electrophysiological predictors for pre-procedural risk stratification 

for recurrence are of limited value.3,5,6 Nevertheless, an emerging literature supports the use 

of stroke risk prediction instruments, including the CHADS2 score (Congestive heart 

failure= 1 point, hypertension= 1 point, age>75= 1 point, diabetes mellitus= 1 point, prior 

stroke= 2 points), as the best available predictor of AF recurrence after CA.7

Atrial structural remodeling is thought to contribute to the generation of a substrate 

vulnerable to incident and recurrent AF. Therefore, echocardiographic measures of atrial 

structure, including left atrial (LA) anteroposterior dimension and LA volume, have been 

proposed and examined as predictors of AF recurrence after cardioversion and CA.5 LA 

dimension relates to AF recurrence after CA, but it does not significantly reclassify the risk 

of AF recurrence versus the traditional factors of clinical characteristics and pattern of AF7 

Moreover, recent data suggests that LA dimension as measured by 2D echocardiography 

does not correlate with the gold standard of Magnetic Resonance Imaging (MRI) measured 

LA volumes and thus routine reporting of LA dimension is now falling out of favor in most 

echocardioghraphy laboratories.8

Our group and others have shown that advanced echocardiographic measures of atrial 

function, including left atrial strain, independently relate to AF recurrence.9 This finding 

suggests that LA function may reflect AF vulnerability. Nevertheless, measurement of atrial 

strain remains impractical for routine clinical use due to the need for dedicated tissue 

Doppler or speckle tracking measures.9 Traditional hemodynamic assessments of LA 

function with peak velocity and velocity-time integral of the A wave of transmitral pulsed 

Doppler flow and A′ of tissue Doppler are also limited because they cannot be calculated in 

patients in AF.10,11 To address this limitations, Thomas et al developed the left atrial 

function index (LAFI), which incorporates information gathered from a routine 
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echocardiogram, including cardiac output, atrial reservoir function, and LA volume, as a 

measure of atrial mechanical function.11 Unlike traditional measures of non-invasive 

echocardiographic measures of left atrial function, LAFI can be calculated in both sinus 

rhythm and AF. LAFI is significantly lower in patients with AF compared to those with 

sinus rhythm and improves after successful cardioversion or CA.11,12,13 We hypothesized 

that baseline LAFI would relate to AF recurrence after CA and would discriminate AF 

recurrence better than the traditional clinical risk score.

Methods

Study Population

Between April 2011 and October 2014, 339 patients with AF underwent a clinically 

indicated index CA and were enrolled in the UMass Memorial Center (UMMC) AF 

Treatment Registry. Each study participant underwent a pre-procedural transthoracic 

echocardiogram as part of the standard clinical work-up. Late AF recurrences (from 3 

months to 12 months post-procedure) were adjudicated for 224 participants.7 Among these, 

168 participants had echocardiographic images available and of sufficient quality to allow 

LAFI calculation, and thus 168 participants were included in the final study sample.

Demographic, clinical, and laboratory characteristics of participants were abstracted from 

the UMMC AF Treatment Registry as well as from hospital electronic medical records by 

trained study staff. Twelve-lead electrocardiograms (ECGs) were reviewed by one of the 

electrophysiologists (CB, CE, JKD, LR, KCF, DDM) to validate the diagnosis of AF. 

Paroxysmal AF was defined AF that terminates spontaneously or with intervention within 7 

days. Persistent AF was defined as continuous AF that is sustained beyond 7 days. 

Echocardiographic images were manually reviewed by three experienced operators (MS, 

OA, GS) to extract the data required for calculation of LAFI. EchoPac (v110.0.0, General 

Electric Medical Systems, Horten, Norway) software was used for the echocardiography 

measurements. This study was approved by the University of Massachusetts Medical School 

Institutional Review Board (IRB #H00003865).

Echocardiographic methods

LAFI was calculated by the previously validated formula: LAFI = LA emptying 

fraction*LVOT-VTI / LAESVI11 (figure 1). LA volumes were calculated by the area-length 

method in apical 4 and 2-chamber views. LA emptying volume was calculated by 

subtracting LA end-systolic volume (V1) from LA end-diastolic volume (V2) and LA 

emptying fraction was calculated by dividing LA emptying volume by LA end systolic 

volume. LVOT-VTI (Left ventricular outflow tract velocity time integral) was measured by 

manually tracing pulsed Doppler velocities in the left ventricular outflow tract in apical 5-

chamber or apical 3-chamber views.14 For participants in AF at the time of echocardiogram, 

LVOT-VTI was averaged over 3-5 beats.

Catheter Ablation for Atrial Fibrillation

One of 5 clinical electrophysiologists at University of Massachusetts Medical Center (a 

tertiary care medical center) performed CA using either radiofrequency ablation15 or 
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cryoablation16. A standardized CA approach as described below was followed in almost all 

cases. For radiofrequency ablation procedures, wide area circumferential ablation was 

performed with an open-irrigated or 8-mm Radiofrequency Ablation catheter. For 

cryoablation procedures, an Arctic Front cryoballoon catheter (28 or 23 mm, Medtronic Inc.) 

was utilized in performing PVI. In each vein, cryoablation was done twice for 150 to 240 

seconds. In all patients, assessment of entrance and exit blockage was determined with a 

circular mapping catheter. For patients with persistent AF, additional linear lesions were 

made in the LA roof, the basal posterior wall, and the LA isthmus, at the discretion of the 

performing electrophysiologist. After CA, subjects were treated with proton pump inhibitors 

for 4 weeks, and antiarrhythmic medications were typically stopped at a routine 3-month 

follow-up visit if no symptomatic AF recurrences were reported or seen on routine post-

procedural electrocardiographic examinations. Oral anticoagulation was prescribed for 3 to 6 

months after ablation with long-term use determined by stroke risk as predicted by CHADS2 

or CHA2DS2-VASc scores, based on the judgment of the treating physician.

Outcome Definitions and Adjudication

All participants enrolled in the current study had follow-up for at least 12 months after CA, 

and AF recurrence was adjudicated by careful review of clinical notes, 12-lead ECGs, and 

event monitor data. All participants underwent a 12-lead ECG at 1, 3, 6 and 12 months in 

addition to having a 7-day cardiac event monitor at 1-month after the procedure. When 

participants presented with symptoms suggestive of AF (such as palpitations, shortness of 

breath, etc.), additional ECGs and Holter monitor recordings were obtained. AF recurrence 

was defined by the presence of AF on a 12-lead ECG or any AF episode lasting for more 

than 20 seconds on event monitor. One of the electrophysiologists (CB, CE, JKD, LR, KCF, 

DDM) reviewed the recordings to confirm the diagnosis of AF. Additionally, if any 

participant underwent a cardioversion or repeat AF ablation procedure, this was considered 

as AF recurrence. Late AF recurrences were defined as any AF recurrence occurring after a 

traditional blanking period of 3 months after CA.3

Statistical Analysis

Baseline statistics are presented as mean ± standard deviation (continuous variables) or as 

proportions (binary and categorical variables). Differences in means were tested by t-test and 

difference in proportions using the chi-square (χ2) test. Multivariate logistic regression was 

used to examine the relationships of baseline predictors with AF recurrence. Covariates 

included in the multivariable models were selected a priori based on clinical relevance to AF, 

CA procedure and AF recurrence (age, sex, body mass index, hypertension, diabetes, 

coronary artery disease, congestive heart failure, prior stroke, obstructive sleep apnea, 

chronic kidney disease, CHADS2 score, AF type, LAFI, LA dimension, LA end-systolic 

volume index, left ventricular ejection fraction, mitral inflow E/e’ lateral tissue Doppler 

velocity ratio, B-type natriuretic peptide (BNP), C-reactive protein (CRP), discharge 

medications, ablation type, ablation time). Only factors associated with AF recurrences with 

a P value of less than 0.2 in univariate analyses were entered into the final model and a 2-

sided P value of less than 0.05 was considered significant. Receiver operating characteristic 

(ROC) curves were generated to show the ability of LAFI to discriminate late AF recurrence 

after CA. Cut-points for LAFI were identified for the whole group and the subgroups based 
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on the rhythm at the time of echo and type of AF. Sensitivity, specificity, positive and 

negative predictive values for these cut-points were calculated to discriminate AF 

recurrence. Bland-Altman analysis was performed to determine the inter- and intra-observer 

variability in measurement of LAFI. To better understand the potential mechanisms 

underlying associations between atrial function and AF recurrence, correlation analyses 

were attempted to determine the relationship of LAFI with BNP and CRP, which are 

biomarkers of subclinical cardiac dysfunction and inflammation, respectively.17 The C-

statistic from ROC curve for LAFI was compared against the CHADS2 score for 

discrimination of late AF recurrence.

Prior studies have shown that the patients with persistent AF have a high propensity for 

recurrence after CA.5 We performed a stratified analysis of participants with persistent AF to 

determine the role of LAFI in risk stratification before CA in this high risk group. Statistical 

analysis was performed using MedCalc (v16.2.1.0 – 64bit, MedCalc software, Mariakerke, 

Belgium) and SPS (IBM SPSS version 24, Chicago IL) softwares.

RESULTS

The baseline characteristics of all registry patients and current study participants are shown 

in Table 1. The mean age of participants was 60±10 years, one-third were women, nearly 

two-thirds were obese and the majority of participants had a moderate-to-severe burden of 

cardiovascular comorbidities (Table 1). Most of the participants had paroxysmal AF (64%) 

and nearly 3 out of 4 were treated with an antiarrhythmic drug prior to CA, which reflects 

the fact that most participants had a consensus class IA indication for CA.3 Approximately 

half the participants underwent radiofrequency ablation, whereas the remainder underwent 

cryoablation. Over 12 months of standardized and intensive follow-up, 78 participants (46%) 

experienced a late AF recurrence (3 – 12 months after CA). Mean LAFI was 25.9±17.6. 

LAFI was lower in participants with persistent AF (16.7±14.6, n=61) as compared to the 

participants with paroxysmal AF (31.1±17.6, n=107, p<0.01).

Variability and Time Required for Measurement of Left Atrial Function Index

There was an excellent correlation between the operators for the calculation of LAFI (r= 

0.95, MS vs OA; r= 0.93, MS vs GS). Intra-observer variability was 4.2+/−3.6%. Although 

we manually measured all of the individual components required for the calculation of LAFI 

from echocardiographic images, LVOT-VTI, LA End-systolic Volume and BSA are reported 

for all patients as a standard of practice at the UMMC Echocardiography Laboratory. The 

only additional measurement required for LAFI calculation is LA End-diastolic Volume. For 

10 randomly selected study participants, we measured the time required for measuring 

LAEDV and calculating LAFI when the values for other parameters were provided to the 

operators. Whereas the mean time for reporting LAFI for a new operator was 69+/−8 

seconds, mean time for an experienced operator (more than 100 prior measurements) was 

50+/−7 seconds.
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Clinical and Laboratory Factors Associated With AF Recurrence

Logistic regression was used to analyze relations of candidate clinical and laboratory 

predictors with AF recurrence (table 2). In univariate analysis, LAFI, LA end-systolic 

volume index, hypertension, CHADS2 score, and AF type were associated with late AF 

recurrence. Because CHADS2 score includes hypertension and age, these variable were not 

included separately in the multivariable model. In multivariate analysis (model 1, table 2), 

LAFI (OR= 0.04 (0.01 – 0.67), p= 0.02) was associated with decrease in the risk of AF 

recurrence. Although CHADS2 score showed a trend towards association with AF 

recurrence, it did not reach statistical significance (OR= 1.36 (0.96 – 1.94), p= 0.08). 

Notably, other traditional echocardiographic markers with previously demonstrated 

association with AF, including LA anteroposterior dimension, were not associated with the 

AF recurrence.

Left Atrial Function Index Relates to Atrial Fibrillation Recurrence

LAFI values were significantly lower in participants who developed late AF recurrence 

when compared to participants with no late recurrence (22.6±17.2 vs 28.7±18.2, p= 0.03). 

LAFI was lower in participants who were in AF (13.1±10, n= 56) at the time of pre-ablation 

echocardiogram compared to those in sinus rhythm (32.3±17.5, n= 112, p<0.01) (figure 2). 

On inclusion of the rhythm in the multivariable model (model 2, table 2), the association of 

LAFI with AF recurrence continued to be significant (OR= 0.01 (0.01 – 0.13), p<0.01).

Left Atrial Function Index is Inversely Related to B-Type Natriuretic Peptide Levels

In light of prior data showing that BNP levels relate to new-onset and recurrent AF, we 

examined associations between LAFI with BNP. We observed an inverse non-linear 

relationship of LAFI with baseline BNP levels (supplemental figure 1). Association with 

BNP remained significant after adjustment for ejection fraction, left ventricular diastolic 

dimension and mitral inflow E/lateral e’ velocity on tissue Doppler imaging. We did not find 

a significant association between LAFI and baseline CRP levels using linear and non-linear 

models. BNP itself was not associated with late AF recurrence in the univariate analysis. 

Prior studies, however, have shown its association with late AF recurrence.7,18 On inclusion 

of BNP in the multivariable model (model 3, table 2), the association of LAFI with AF 

recurrence continued to be significant (OR= 0.01 (0.01 – 0.29), p<0.01).

Left Atrial Function Index Compared to Clinical Predictors of AF Recurrence

ROC curves were plotted for CHADS2 score and LAFI as discriminators for AF recurrence. 

The area under the receiver operating characteristic curve for LAFI was slightly larger than 

that for CHADS2 score (0.60 vs 0.57, p= 0.60; figure 3). However, in pre-specified stratified 

analyses including only participants with persistent AF, LAFI exhibited a significantly 

superior performance in discriminating AF recurrence than the CHADS2 score (C-statistic 

0.79 vs 0.56, p= 0.02; figure 4). LAFI≤33.9 discriminated AF recurrence with a negative 

predictive value of 70% and positive predictive value of 52% (supplemental table 1). Lower 

cut-points were identified for participants with AF at the time of echo (5.9) and those with 

persistent AF (6.3) (supplemental table 1). LAFI≤6.3 had high negative and positive 

predictive values (78% and 81%, respectively) to discriminate AF recurrence in participants 
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with persistent AF. Similarly, for participants in AF at the time of echo, LAFI≤5.9 had high 

negative and positive predictive values (79% and 73%, respectively) in discriminating AF 

recurrence.

Discussion

In our analysis of 168 participants undergoing index CA for symptomatic AF and enrolled in 

our prospective AF Treatment Registry, we found that lower LAFI was associated with 

increased risk for late AF recurrence. Our findings suggest that this novel echocardiographic 

measure of atrial function might help identify patients at high risk for AF recurrence after 

CA, thereby providing a useful tool to help guide therapeutic decision-making around use of 

CA in symptomatic AF patients.

Left Atrial Function Index, Electrical Remodeling and AF recurrence

Thomas et al introduced LAFI as a measure of atrial mechanical function. We believe LAFI 

is an indicator of complex electromechanical function of atrium.11 Similar to our study, 

Thomas et al observed that LAFI was the lower in participants with AF (a state of chaotic 

electromechanical activity) when compared to patients with sinus rhythm (a state of 

organized electromechanical activity). They observed an immediate improvement in LAFI 

after cardioversion to sinus rhythm in patients with AF. Multiple prior studies have proven 

that the mechanical recovery lags behind the electrical recovery after cardioversion.19 Thus 

immediate improvement in LAFI parallels the early electrical recovery of LA function. 

Nagase et al recently observed similar improvement in LAFI after CA.12

Subtle changes in P wave morphology20, reduced atrial conduction time21, and the presence 

of non-PV foci22 are associated with increased risk of AF recurrence after CA. These 

observations support the role of electrical remodeling as mediator of AF recurrence. It is 

possible that the strong relation of LAFI to AF recurrence after CA is because of the ability 

of LAFI to capture these facets of electrical remodeling not previously captured by 

traditional non-invasive imaging measures.

Left Atrial Function Index, Mechanical Remodeling and AF recurrence

Left atrial mechanical function is divided into reservoir (during left ventricular systole and 

isovolumetric relaxation), conduit (passive passage of blood from left atrium to left 

ventricle), and active phases (atrial contraction).23 The relationship of mechanical 

remodeling of LA with recurrence has been studied extensively with several advanced 

imaging techniques. Dodson et al utilized cardiac MRI to calculate LA passive ejection 

fraction (during conduit phase) in patients referred for CA.24 The rate of AF recurrence at 2 

years increased from the highest quintile (17%) to the lowest quintile (60%) of LA passive 

ejection fraction. Habibi et al recently studied the association of various phases of atrial 

emptying (passive, active, total) with rate of recurrence after CA using cardiac MRI.25 After 

adjusting for various clinical and imaging parameters (including late-gadolinium 

enhancement as a marker of atrial fibrosis), lower total LA emptying fraction was associated 

with increased risk for recurrent AF. Motoki et al also showed that mechanical atrial 

dysfunction as detected by impairment of reservoir left atrial strain is associated with 
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increased risk of AF recurrence after CA.26 Our group has also shown a similar association 

of left atrial strain with AF recurrence in participants undergoing cardioversion. 

Unfortunately, the cost and logistical challenges of cardiac MRI and strain measurement 

currently make them impractical for widespread clinical use. LAFI is also a measure of the 

reservoir function of left atrium. Measured from conventional, clinical two-dimensional 

echocardiographic images, LAFI has performed similarly to other, less widely available, 

measures of atrial mechanical function in discriminating AF recurrence.26 The LAFI 

formula accounts for not only for LA ejection fraction but also for the stroke volume and left 

atrial size. This minimizes the impact of conditions affecting heart rate or preload on LAFI, 

making it a refined indicator of atrial mechanical function as compared to LA ejection 

fraction. LA end-systolic volume index is the currently recommended method of left atrial 

size measurement by the American Society of Echocardiography.8 LAFI was significantly 

associated with late AF recurrence despite inclusion LA end-systolic volume index in the 

multivariable model. This observation suggests that LAFI reflects atrial substrate better than 

the measures of atrial size alone and its association with AF recurrence is independent of 

atrial size. Our finding that LAFI is a clinically useful discriminator for AF recurrence after 

CA is in line with these prior mechanistic studies and, if replicated, our findings suggest a 

relevant use-case for LAFI as a factor to be considered when considering CA as a 

therapeutic option for symptomatic patients with AF.

Performance of LAFI based on Rhythm at Time of Echocardiogram

Concordant with prior studies, we observed lower LAFI values for participants in AF at the 

time of echo. (figure 2).11 When we performed a pre-specified subgroup analysis by rhythm 

at the time of echocardiogram, C-statistic for discriminative value of LAFI for late AF 

recurrence improved from 0.60 for whole group to 0.70 for both AF subgroup and 0.69 for 

the sinus rhythm subgroup. Similarly, there was a parallel improvement seen in the positive 

and negative predictive values of LAFI cut-points in these subgroups (supplemental table 1). 

These observations suggest that the true impact of LAFI on AF recurrence was dampened by 

over-representation of participants in AF at the time of echocardiogram in the non-

recurrence group.

Performance of LAFI in Participants with Persistent AF

To best of our knowledge, ours is the first study to identify the presence of lower LAFI in 

the participants with persistent AF. D'Ascenzo et al performed a meta-analysis of 19 studies 

to study the effect of various baseline clinical and echocardiographic parameters on AF 

recurrence after CA.5 They concluded that persistent AF was associated with significantly 

increased risk of AF recurrence (OR 1.78 [1.14 – 2.77]). Identifying a marker to predict AF 

recurrence in this group of patients could greatly impact therapeutic decision-making. LAFI 

performed exceedingly well in this subgroup as a discriminative tool (C-statistic 0.79 (0.67 – 

0.88)) when compared to the other clinical tools such as CHADS2 score. Moreover, 

discrimination based on LAFI had a high specificity and positive predictive value for AF 

recurrence (supplemental table 1).

Presence of persistent AF, in contrast to other studies5, was not associated with increased 

risk of AF recurrence in our study. When we included all the participants with adjudicated 
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recurrence data in UMMC AF Registry (including participants whose echocardiograms were 

not available at UMMC), persistent AF was associated with increased risk of late AF 

recurrence (OR= 1.94, CI= 1.13 – 3.31, p= 0.01, n= 224). We believe that lack of association 

seen in our study sample (n= 168) is related to over-representation of participants with 

persistent AF in the non-recurrence group.

Strengths and Limitations

Our study is the first to demonstrate that LAFI is associated with late AF recurrence in 

patients undergoing CA. LAFI calculation does not require any additional echocardiographic 

views and can easily be performed in under one minute by an experienced operator. 

Moreover, LAFI is a refined measure of left atrial mechanical and possibly electrical 

function. These characteristics present LAFI as a stronger, faster and unique discriminating 

tool for AF recurrence when compared to other advanced imaging parameters. Our study is 

also strengthened by the use of a prospective Registry with comprehensive, standardized and 

contemporary clinical, electrophysiological and laboratory data and with longitudinal 

intensive monitoring for AF recurrence. However, our study has certain limitations. First, 

although participants underwent per protocol 12-lead ECGs, 7-day cardiac event monitors, 

and symptom-triggered assessments for AF after CA, it is possible that asymptomatic 

episodes of AF were missed. However, these limitations would likely bias our study toward 

the null hypothesis and are unlikely to invalidate observed associations. Study participants 

were predominantly white. As such, our results might not be generalizable to other racial or 

ethnic groups.

Conclusion

In our cohort of nearly 200 participants with AF undergoing index CA ablation, we observed 

that LAFI was associated with presence of AF during imaging and AF recurrence after CA. 

Moreover, we demonstrate that LAFI is superior to traditional clinical AF recurrence 

prediction tools, especially in patients with persistent AF. LAFI correlated with other known 

laboratory markers of atrial functional impairment, including BNP and persistent AF. Since 

LAFI can be easily calculated from almost a standard echocardiographic recording, our 

findings suggest that LAFI may be a helpful additional tool to guide therapeutic decision-

making regarding CA, particularly among patients with symptomatic persistent AF, in whom 

recurrence rates are especially high. Further data are needed to validate our findings in other 

diverse cohorts of AF patients undergoing CA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Calculation of left atrial function index. From top to bottom: measurement of left atrial end-

systolic volume (V1) and end-diastolic volume (V2) in in apical 4 and 2 chamber views, 

tracing left ventricular outflow tract – velocity time integral (LVOT-VTI) in apical 5 

chamber view, calculation of left atrial ejection fraction, calculation of left atrial end-systolic 

volume index, calculation of left atrial function index
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FIGURE 2. 
Distribution of Left atrial function index by rhythm at the time of echocardiogram and 

recurrence.
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FIGURE 3. 
Receiver Operator Characteristic curves for discrimination of late atrial fibrillation 

recurrence in all study participants. Solid line represents the performance of LAFI (Area 

under the curve 0.60) and dotted line represents the performance of CHADS2 score (Area 

under the curve 0.57). Diagonal line of reference is also displayed.
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FIGURE 4. 
Receiver Operator Characteristic curves for discrimination of late atrial fibrillation 

recurrence in participants with persistent atrial fibrillation. Solid line represents the 

performance of LAFI (Area under the curve 0.79) and dotted line represents the performance 

of CHADS2 score (Area under the curve 0.56). Diagonal line of reference is also displayed.
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Table 2

Predictors of Late Atrial Fibrillation Recurrence
*

Predictor Variables odds ratio (95% CI) odds ratio 
(95% CI)

odds ratio 
(95% CI)

odds ratio 
(95% CI)

Age
+ 1.02 (0.99 – 1.05) 0.23 NA NA NA NA NA NA

Female sex 1.23 (0.65 – 2.36) 0.52 1.34 (0.67 – 
2.70)

0.41 1.43 (0.70 – 
2.93)

0.32 1.36 (0.60 – 
3.12)

0.46

Hypertension
+ 1.88 (0.94 – 3.76) 0.07 NA NA NA NA NA NA

CHADS2 score 1.33 (0.96 – 1.84) 0.08 1.36 (0.96 – 
1.94)

0.08 1.45 (1.01 – 
2.10)

0.04 1.71 (1.12 – 
2.61)

0.01

AF type (persistent vs 
paroxysmal)

0.57 (0.30 – 1.09) 0.09 0.32 (0.15 – 
0.69)

<0.01 0.48 (0.21 – 
1.07)

0.07 0.32 (0.13 – 
0.80)

0.01

Left atrial function index 0.13 (0.02 – 0.85) 0.03 0.04 (0.01 – 
0.67)

0.02 0.01 (0.01 – 
0.13)

<0.01 0.01 (0.01 – 
0.29)

<0.01

Left atrial end-systolic volume 
index

1.02 (0.99 – 1.04) 0.19 1.00 (0.97 – 
1.04)

0.96 1.00 (0.96 – 
1.04)

0.70 1.01 (0.96 – 
1.05)

0.79

Left atrial anteroposterior 

dimension
++

0.99 (0.94 – 1.04) 0.72 NA NA NA NA NA NA

Rhythm at time of echo (AF vs 
sinus)

NA NA NA NA 0.24 (0.10 – 
0.60)

<0.01 NA NA

B-type natriuretic peptide 0.99 (0.99-1.00) 0.75 NA NA NA NA 0.99 (0.99 – 
1.00)

0.07

LEGEND: Model 1: Multivariable adjusted model including variables with p≤0.2 in univariate analysis; Model 2: Model 1 + rhythm at time of 
echocardiogram; Model 3: Model 1 + B-type natriuretic peptide

*
Other variables included in univariate analysis were: body mass index, diabetes, coronary artery disease, congestive heart failure, prior stroke, 

obstructive sleep apnea, chronic kidney disease, left ventricular ejection fraction, mitral inflow E/e' lateral tissue Dopplervelocity ratio, C-reactive 
protein, discharge medications, ablation type, ablation time

+
Age and Hypertension were not included in the multivariable model as they are part of CHADS2 score

++
Left atrial anteroposterior dimension was not included in the multivariable analysis.
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