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Abstract

Introduction—Predicting which patients will be free from atrial fibrillation (AF) after 

pulmonary vein isolation (PVI) remains challenging. Clinical risk prediction scores show modest 

ability to identify patients at risk for AF recurrence after PVI. B-type natriuretic peptide (BNP) is 

associated with risk for incident and recurrent AF, but is not currently included in existing AF risk 

scores. We sought to evaluate the incremental benefit of adding pre-operative BNP to existing risk 

scores for predicting AF recurrence during the 6 months after PVI.

Methods and Results—161 patients with paroxysmal or persistent AF underwent an index PVI 

procedure between 2010 and 2013; 77 patients (48%) had late AF recurrence after PVI (>3 months 

post-PVI) over the 6-month follow-up period. A BNP ≥100 pg/dL (p = 0.01) and AF recurrence 

within 3-months post-PVI (p<0.001) were associated with late AF recurrence in multivariate 

analyses. Addition of BNP to existing clinical risk scores significantly improved the areas under 
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the curve (AUC) for each score, with an integrated discrimination improvement (IDI) of 0.08 

(p=0.001); and a net reclassification improvement (NRI) of 60% (p=0.001) for all risk scores.

Conclusions—Circulating BNP levels are independently associated with late AF recurrence 

after PVI. Inclusion of BNP significantly improves the discriminative ability of CHADS2, 

CHA2DS2-VASc, R2CHADS2, and the HATCH score in predicting clinically significant, late AF 

recurrence after PVI and should be incorporated in decision making algorithms for management of 

AF. B-R2CHADS2 is the best score model for prediction of late AF recurrence.
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Introduction

Pulmonary vein isolation (PVI) reduces atrial fibrillation (AF) burden and increases quality 

of life in symptomatic patients with AF. Nevertheless, reported rates of AF recurrence after 

PVI vary widely in the published literature (between 10%-60%) 1, and few predictors are 

available to identify individuals at high-risk for recurrence of AF. Since increasing numbers 

of patients are undergoing AF ablation, more sophisticated risk assessment tools are needed 

to help predict response and therefore guide physicians, patients, and families with respect to 

the appropriate treatment pathway.

Since many of the clinical factors included in the most common stroke risk prediction 

instruments 2, 3, CHADS2, and CHA2DS2-VASc, are also associated with development of 

AF 4, 5, several studies have examined the predictive capacities of these same instruments 

for recurrent AF after PVI. Unfortunately, although CHADS2 and CHA2DS2-VASc show 

excellent performance for stroke prediction, they demonstrate only modest discriminative 

ability with respect to identifying individuals at risk for AF recurrence after PVI 6-9. 

Recently, another clinical risk score, the HATCH score (Hypertension, age, prior transient 

ischemic event, chronic obstructive pulmonary disease, and heart failure), has been proposed 

to predict progression from paroxysmal to persistent AF in patients receiving 

pharmacological therapy 10. This instrument has also been examined as a predictor of 

recurrent AF. Unfortunately, the HATCH instrument shows only limited ability to predict 

AF recurrence after catheter ablation 7, 11.

Brain type natriuretic peptide (BNP) and NT-pro-BNP levels are associated with risk for 

incident and recurrent AF, thromboembolic events, and overall cardiovascular 

mortality 12-16. Likely due to the fact that BNP is not routinely measured in clinical practice 

outside of the context of heart failure, the incremental benefit of adding BNP to existing 

clinical risk scores has not been examined. Conducted within the context of the University 

of Massachusetts Medical Center's AF Treatment Program, we systematically measured pre-

ablation BNP. We hypothesized that not only would serum BNP levels be associated with 

AF, but also enhance clinical AF risk prediction scores. The objectives of this investigation 

were to evaluate the incremental benefit of adding pre-procedural BNP values to known 

clinical AF risk scores for predicting AF recurrence after an index PVI.
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Methods

Study Population

Between February of 2010 and December 2013, 229 consecutive patients with AF 

underwent a clinically indicated catheter ablation and were enrolled in the UMass Memorial 

Center (UMMC) AF Treatment Registry. As part of his or her standard workup, each AF 

Registry participant had a pre-procedural BNP level measured (normal lab range <100 pg/

dl). Forty-six participants were excluded from the study since they had a history of prior AF 

ablation. Twenty-two participants were lost to follow up, leaving a total of 161 in the present 

analysis.

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

the UMMC AF Treatment Registry and/or hospital electronic records by trained study staff. 

12-lead ECGs were reviewed to validate the diagnosis of AF. Baseline venous blood 

samples for BNP were obtained within 1 week prior to catheter ablation for measurement as 

part of a standardized protocol. This study was approved by the University of Massachusetts 

Medical School Institutional Review Board (IRB #H00003865).

BNP and Composite Scores

A BNP level of ≥ 100 pg/dl was chosen as a cut-point based on results of prior analyses, 

which suggest that a level > 100 pg/dL is helpful in identifying AF patients at risk for 

progression from paroxysmal to persistent AF 17-19. Prediction scores often assign points for 

clinical and/or laboratory variables and translate point totals to estimated patient-level risks, 

typically assigning point values for baseline characteristics based on relative risks derived 

from multivariate logistic regression models 20. In keeping with this approach, and to remain 

consistent with previously proposed risk scores such as CHADS2, we sought to develop a 

new composite score that incorporated serum BNP into existing risk scores. In the proposed 

novel composite scores including BNP, previously proposed point values for other baseline 

clinical variables were retained, and we assigned points for a baseline BNP≥100 pg/dL 

based on the relative risk of BNP≥100 pg/dL for prediction of AF recurrence. We also 

compared the impact of addition of 1 point for BNP≥100 pg/dL as compared to the points 

derived through relative risk, for calculating the novel composite scores, on the risk of 

clinically significant late AF recurrence. Since the aim of the study was to evaluate the 

incremental predictive value of including pre-procedural BNP to the current risk prediction 

scores, we did not measure 3 month post-procedural BNP levels.

Pulmonary vein isolation procedure and post-procedure treatment

Patients enrolled in the UMMC AF Treatment Registry underwent PVI using either 

radiofrequency ablation (RFA) 21 or cryoablation (CRA) 22 by 1 of 5 cardiac 

electrophysiologists. The decision to use cryoablation or radiofrequency ablation, as well as 

which lesion set to employ, was determined by the attending electrophysiologist. However, 

the standardized approach outlined below was agreed upon and was performed in the vast 

majority of cases. In all patients undergoing RFA, wide area circumferential ablation was 

performed using an open-irrigated RFA catheter or 8 mm RFA catheter. In patients 

undergoing CRA, an Arctic Front cryoablation balloon catheter (28 mm or 23 mm, 
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Medtronic, Inc.) was utilized to perform PVI 22. CRA in each vein was performed twice for 

150-240 s. For both RFA and CRA patients, assessment of entrance and/or exit blockage 

was conducted using a circular mapping catheter. In patients with persistent AF, additional 

linear lesions were added at the LA roof, the basal posterior wall, and the LA isthmus at the 

discretion of the performing electrophysiologist.

After PVI, proton pump inhibitors were prescribed for 4 weeks and anti-arrhythmic 

therapies were generally discontinued at a routine 3-month follow-up visit if no 

symptomatic AF recurrences were reported or seen on routine post-procedure 

electrocardiographic examinations. Oral anticoagulation was prescribed for 3-6 months after 

ablation and long-term based on stroke risk as predicted by CHADS2 or CHA2DS2-VASc 

scores, all at the discretion of the treating physician.

AF Recurrence

Recurrence of AF during follow-up was ascertained from multiple sources, including 

clinical notes, telemetry data, and 12-lead ECGs from the participant's index hospitalization 

and outpatient follow up visits. All patients enrolled in the UMMC AF Treatment Registry 

were followed for at least 6 months after the index ablation to evaluate procedural 

complications and pre-specified clinical endpoints, including freedom from AF recurrence. 

All participants had a 12-lead ECG obtained 1, 3 and 6 months after their PVI and 

underwent a 7-day cardiac event monitor 1-month post-procedure. Additional ECGs and 

Holter recordings were obtained when patients’ symptoms were suggestive of AF. AF 

recurrence was defined on the basis of presence of AF on a 12-lead ECG or any AF lasting ≥ 

20 seconds on a cardiac event monitor. If electric or pharmacological cardioversion or repeat 

procedure for AF were needed, this was also considered as an AF recurrence.

In order to focus on clinically important recurrences of AF, we divided AF recurrences into 

early and late. Early recurrences were defined as presence of AF during the traditional 

blanking period within 3 months after PVI 1. Late, or clinically significant, AF recurrences 

were defined AF on any tracing 3 or more months after ablation. Follow-up data was 

available for 6-months after ablation in all study participants. For the purpose of our study, 

risk of AF recurrence was defined as low (<40%), moderate (40-60%), and high (>60%) 

based on a priori assumptions about recurrence rates after PVI based on clinical trial and 

registry data 1.

Statistical analysis

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

proportions (binary and categorical variables). Differences in proportions were tested using 

the chi-square test and differences in means by t-tests. Multivariate logistic regression was 

used to examine the relations of baseline predictors with AF recurrence. Variables to be 

included in multivariable models were selected a priori based on clinical relevance. Only 

factors associated with AF recurrences with a p value of <0.1 in univariate analyses were 

entered into the final model. Multivariate analyses examining the relations of baseline 

factors with clinically significant AF recurrence was performed separately for each 

composite score (Model 1 B-CHADS2, Model 2 B-CHA2DS2-VASc, Model 3 B-
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R2CHADS2, Model 4 B-HATCH) adjusting for adjusting for body mass index, gender, AF 

type (persistent vs. paroxysmal), chronic kidney disease, echocardiographic left atrial size, 

and ablation time. A two-sided p value of <0.05 was considered significant. We used 

Akaike's information criterion (AIC) and Bayesian information criterion (BIC) for 

determining the best composite score model 23. AIC and BIC are both penalized-likelihood 

criteria, and are used for choosing best predictor subsets in regression. Both criteria are 

based on various assumptions and asymptotic approximations; however a lower AIC and 

BIC means that the model is closer to the truth.

Receiver operating characteristic curves were generated to show score performance in 

predicting long-term, clinically significant AF recurrence. The C index was used to quantify 

the predictive value for a score. Reclassification tables were plotted to re-stratify the risk 

category of AF recurrence. In order to assess the discriminative ability and incremental yield 

of each composite risk score including BNP, net reclassification improvement (NRI) and 

Integrated Discrimination Improvement (IDI) were utilized 24. Statistical analysis was 

performed using Stata (Version 12, StataCorp, College Station, Texas).

Results

Baseline characteristics are shown in Table 1. Similar to other studies describing the 

characteristics of AF patients electing to undergo PVI 6-8, the mean age of study participants 

was 59 years (range 30-78 years), 30% were women, and participants had a moderate to 

severe burden of comorbid cardiovascular disease. The majority of participants had 

paroxysmal AF (60%) and 3 out of 4 were treated with an anti-arrhythmic drug at the time 

of ablation, reflecting the fact that the vast majority of participants had a consensus Class IA 

indication for catheter ablation 1. Despite the fact that only seven participants had heart 

failure at baseline, 40% of the overall sample had a BNP ≥100 pg/dL and the median BNP 

level was 80 pg/dl. A total of 77 participants (48%) experienced a clinically significant late 

AF recurrence.

Predictors of clinically significant, late AF recurrence after PVI

Factors associated with clinically significant, late AF recurrence after PVI are presented in 

Table 1. Patients with late AF recurrence were on average older, were more likely to have 

experienced an early AF recurrence, and had higher CHADS2, CHA2DS2-VASC, and 

R2CHADS2 scores as compared to those who did not have an AF recurrence (p for all < 

0.05). There was no statistically significant difference in HATCH scores between the two 

groups. Baseline serum BNP levels (pg/dl) were, on average, 80 pg/dL higher among 

participants with AF recurrence as compared to those who did not experience a recurrence 

(p=0.002). A BNP level of ≥100 pg/dl was seen in 59% of the participants with AF 

recurrence as compared to 29% with no AF recurrence (p<0.001). Compared to other 

baseline risk score components, BNP≥100 was found to increase the risk of recurrent atrial 

fibrillation with a relative risk of 3 in the current study, and hence a value of 3 points was 

assigned for BNP≥100 pg/dl for the calculation of novel composite scores.

Logistic regression was used to analyze relations of clinical and laboratory factors and late 

AF recurrence (Tables 2 and 3). In age and sex-adjusted analyses, BNP (p=0.01) and early 
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AF recurrence (p<0.001) were associated with late AF recurrence. In multivariate analyses, 

CHADS2 (p=0.31), CHA2DS2-VASC (p=0.27), R2CHADS2 (p=0.25), and HATCH 

(p=0.5) scores were not associated with late AF recurrence. In contrast, B-CHADS2 

(p=0.004), B-CHA2DS2-VASc (p=0.005), B-R2CHADS2 (p=0.003), and B-HATCH 

(p=0.003) remained associated with clinically significant late AF recurrence after adjustment 

(Table 3).

Reclassification of AF risk by adding BNP to CHADS2 and CHA2DS2-VASc Risk Scores

We compared the performance of CHADS2 and CHA2DS2-VASc to that of a composite 

risk score comprised of each score plus BNP for prediction of clinically significant late AF 

recurrence in relation to the original outcome in the present study. We derived a “B-

CHADS2” and a “B-CHA2DS2-VASc” score by adding 3 points if a participant had a BNP 

level ≥100 pg/dl before their index ablation. The BCHADS2 score (C statistic 0.67 vs. 0.59, 

p=0.05; NRI 60%; IDI 0.08) and the B-CHA2DS2-VASc score (C statistic 0.67 vs. 0.59, 

p=0.04; NRI 60%; IDI 0.08) showed superior discriminatory ability and risk reclassification 

compared to CHADS2 and CHA2DS2-VASc, respectively (Table 4, Figure 1).

The BNP-informed B-CHADS2 score reclassified 34% of participants without an AF 

recurrence as being at lower risk as compared to CHADS2 score alone; and reclassified 22% 

of participants with AF recurrence as being at higher risk (Figure 2). The BNP-informed B-

CHA2DS2-VASc score reclassified 46% of participants without an AF recurrence as being 

at lower risk; and reclassified 28% of participants with AF recurrence as being at higher risk 

in comparison to CHA2DS2-VASc alone. Risk of late AF recurrence for a B-CHADS2 

score of ≥4 is 67.4% as compared to 46% for a score of <4, and for a B-CHA2DS2-VASc 

score of ≥4 is 63% as compared to 47.9% for a score of <4 (Figure 3). B-CHADS2 and B-

CHA2DS2-VASc had an AIC score of 155.4 and 155.5; and a BIC score of 161 and 161.1 

respectively.

Reclassification of AF risk by adding BNP to R2CHADS2 and HATCH Risk Scores

We compared the performance of R2CHADS2 and HATCH to that of a composite risk score 

comprised of each score plus BNP for prediction of clinically significant late AF recurrence 

in relation to the original outcome in the present study. We derived a “B-R2CHADS2” and a 

“B-HATCH” score by adding 3 points if a participant had a BNP level ≥100 pg/dl. The B-

R2CHADS2 score (C statistic 0.66 vs. 0.57, p=0.03; NRI 60%; IDI 0.08) and the B-HATCH 

score (C statistic 0.67 vs. 0.6, p=0.05; NRI 60%; IDI 0.08) showed superior discriminatory 

ability and risk reclassification compared to R2CHADS2 and HATCH, respectively (Table 
4, Figure 1).

The BNP-informed B-R2CHADS2 score reclassified 34% of participants without an AF 

recurrence as being at lower risk as compared to R2CHADS2 score alone; and reclassified 

19% of participants with AF recurrence as being at higher risk (Figure 2). The BNP-

informed B-HATCH score correctly reclassified 40% of participants without an AF 

recurrence as being at lower risk; and reclassified 17% of participants with AF recurrence as 

being at higher risk in comparison to HATCH alone. Risk of late AF recurrence for a B-

R2CHADS2 score of ≥4 is 66.7% as compared to 44% for a score of <4; and for a B- 

Shaikh et al. Page 6

Crit Pathw Cardiol. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HATCH score of ≥4 is 68.9% as compared to 46% for a score of <4 (Figure 3). B-HATCH 

had an AIC score of 156.5 and a BIC score of 162. B-R2CHADS2 had the lowest AIC score 

of 155.2, and a BIC score of 160.7 as compared to the other composite score models thus 

indicating it to be the best score model for prediction of late AF recurrence. Even if adding 1 

point instead of 3 points for a BNP level ≥100, the p values for the composite scores would 

still be associated with AF recurrence, with a p value <0.03 with a NRI of 60% and an IDI 

of 0.08.

Discussion

In this moderately-sized sample of participants undergoing an index PVI for symptomatic 

AF, we found that higher BNP levels were associated with clinically significant AF 

recurrence and that inclusion of BNP into CHADS2, CHA2DS2-VASc, R2CHADS2 and 

HATCH scores significantly improved the ability of these scores to identify individuals at 

risk for clinically significant, late AF recurrence. B-R2CHADS2 was found to be the best 

score in prediction of late AF recurrence.

BNP and AF Recurrence

Likely due to the associations between subtle left ventricular dysfunction, atrial structural 

remodeling, and AF, higher BNP levels are frequently observed in participants with AF even 

if they do not have clinically overt heart failure 25-29. Several studies have shown that pre-

ablation BNP levels relate to AF recurrence after catheter ablation for AF 30-33. For 

example, in a study of 68 participants with AF, baseline BNP levels were over 2-fold higher 

in those with AF recurrence at 3 months than among those who remained free from AF 30. 

Another retrospective study of 726 participants with lone AF showed that higher BNP levels 

pre-ablation were also associated with increased risk of AF recurrence during follow-up 32. 

In addition, several studies have built on these findings by showing that reduction in BNP 

levels after AF ablation also predicts of freedom from AF 34-37. However, in the only recent 

study to distinguish between early and late, clinically significant AF ablation, the authors 

found that serum BNP levels rose in the context of AF, but pre-ablation BNP levels did not 

relate to AF ablation success 38. In light of these conflicting findings, there is currently lack 

of consensus with respect to the usefulness of BNP for predicting incident or recurrent AF.

In one of the largest published studies to date to examine the relations between pre-ablation 

BNP levels with clinically significant AF recurrence, we observed that BNP levels were 

significantly higher in participants with a clinically significant AF recurrence as compared 

to those who remained free from AF. Moreover, we found that a BNP level of ≥100 pg/dl 

was strongly related to AF recurrence. Associations between BNP and AF recurrence 

persisted after multivariate adjustment for factors known to be associated with higher AF 

risk, including age, sex, chronic kidney disease and echocardiographic left atrial size.

Composite scores as predictors of AF recurrence

Several investigations involving fewer participants than the present study have shown that a 

CHADS2 score ≥2 is associated with higher rates of late AF recurrence with modest 

AUCs 8, 39-41. However, a recent study from the Leipzig Heart Center AF Ablation Registry 
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analyzing data from 2069 patients undergoing AF ablation found a CHADS2 score was not 

associated with early or late AF recurrence 6. Our findings are similar to those of the Leipzig 

study, namely that CHADS2 was not associated with clinically significant, late AF 

recurrence after adjustment for other clinically significant factors.

Prior studies have shown an incremental predictive benefit of adding BNP to CHADS2 with 

respect to important AF-related outcomes, including thromboembolism, heart failure and 

coronary artery disease 42. We found that the B-CHADS2 score was superior to CHADS2 

alone with respect to identifying participants with clinically significant AF recurrence and 

that a composite risk score including BNP showed reasonable discriminatory capabilities. B-

CHADS2 was also an independent predictor of late AF recurrence.

Several investigators have shown that a CHA2DS2-VASc score ≥2 is associated with AF 

recurrence (AUC 0.627) 8. The Leipzig Heart Center AF study suggested, however, that the 

CHA2DS2-VASc score did not identify individuals at risk for AF recurrence after PVI 

(AUC=0.57) 6. Consistent with this prior study, we found that the CHA2DS2-VASc score 

was not associated with AF recurrence. The B-CHA2DS2-VASc score was superior to 

CHA2DS2-VASc score in identifying participants with late AF recurrence. A composite risk 

score including BNP showed reasonable discriminatory capabilities.

Chronic kidney disease is associated with AF and poor rhythm outcomes after catheter 

ablation 9, 43, 44. Kornej et al., showed that R2CHADS2 score, a score informed by eGFR, 

was associated with AF recurrence (HR 1.14), despite the fact that eGFR <60 ml/min/

1.73m2 was not associated with AF recurrence in multivariate analyses 6. We did not 

observe that chronic kidney disease was predictive of AF recurrence. This could, however, 

be explained by the small proportion (n=14, 9%) of participants with chronic kidney disease 

in our sample. We did, however, observe that the B-R2CHADS2 score was superior to 

R2CHADS2 score alone in identifying participants with late AF recurrence and was an 

independent predictor of late AF recurrence. A B-R2CHADS2 score cut-off of ≥4 was a 

significant predictor of late AF recurrence. B-R2CHADS2 had the lowest AIC and BIC 

indicating it to be a better model as compared to the other composite risk scores in 

prediction of late AF recurrence.

Chronic obstructive pulmonary disease (COPD) has been associated with increased risk of 

AF 45. The HATCH score, an AF risk score that incorporates information about severity of 

pulmonary disease, was recently proposed to identify individuals at risk for progression 

from paroxysmal to persistent AF 10. We did not find COPD as an independent risk factor 

for AF recurrence. However, only 6% of the total sample had COPD. Schmidt et al. showed 

that patients with a HATCH score of >3 had a higher risk of AF recurrence after catheter 

ablation 7. However, another study demonstrated that the HATCH score was not related to 

AF recurrence. However, only 10% of study participants had a score ≥2 46. We did not find 

that the HATCH score was associated with late AF recurrence. However, the B-HATCH 

was superior to HATCH score alone in identifying participants with late AF recurrence and 

was associated with late AF recurrence.
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Strengths and Limitations

This study of participants with AF undergoing an index ablation procedure is strengthened 

by its use of a registry with comprehensive contemporary clinical, electrophysiological, and 

laboratory data and standardized longitudinal monitoring for AF recurrence. However, 

several limitations of our study warrant consideration. Although participants did undergo per 

protocol ECG and 7-day cardiac event monitoring as well as symptom-triggered assessments 

after ablation, it is possible that we missed asymptomatic episodes of AF. However, this 

would lead to an underestimation of AF recurrence and therefore is unlikely to explain our 

primary study findings. We included only patients undergoing index catheter ablation, thus 

we are not able to explore the usefulness of AF recurrence risk scores after redo AF ablation. 

The observational nature of the present investigation precludes assumptions of causality and 

it is possible that unmeasured factors introduced confounding. Treating physicians were not 

blinded to BNP status and thus it is possible that this influenced frequency of screening or 

lowered their threshold to order more intensive AF monitoring. The study participants were 

predominantly white and male, and therefore results may not be generalizable to other racial 

or ethnic groups.

Conclusions

In a moderate-sized, contemporary cohort of patients undergoing an index ablation 

procedure for symptomatic AF, pre-ablation BNP levels were associated with clinically 

significant AF recurrence. Clinical risk scores showed modest ability to discriminate 

between participants with an AF recurrence during follow-up and those who remained free 

from AF. However, an AF-recurrence score comprised of clinical risk elements plus 3 points 

for BNP ≥100 pg/dL significantly improved the discriminative ability of all clinical risk 

scores. Our findings suggest that knowledge of baseline BNP may augment clinical risk 

prediction and better inform therapeutic decision making around whether or not to 

recommend PVI for AF. Further work is needed to validate our findings in other cohorts of 

patients undergoing PVI and monitored long-term for AF recurrence.
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Figure 1. 
Receiver-Operating curve (ROC) comparisons of clinical risk scores compared to composite 

risk scores including BNP data.
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Figure 2. 
Reclassification of risk for 6-month AF recurrence using composite risk scores, compared to 

original risk classification; A) among subjects with no AF recurrence at 6 months, and B) 

among subjects with AF recurrence at 6 months.
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Figure 3. 
Percentage of participants free from AF at 6-months by type and number of clinical or 

composite risk score points. Panel A: CHADS2 vs. B-CHADS2; Panel B: CHA2DS2-VASc 

vs. BCHA2DS2-VASc; Panel C: R2CHADS2 vs. B-R2CHADS2; Panel D: HATCH vs. B-

HATCH
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Table 1

Baseline characteristics of 161 study participants by atrial fibrillation recurrence status.

Variable AF recurrence
*
 (N=77) No AF recurrence (N=84) p-value

Age (years) 61.6 ± 8.8 56.9 ± 10.1 0.002

Female sex 23 (30) 25 (30) 0.99

Body Mass Index (kg/m2) 32.2 ± 6.2 32 ± 5.9 0.84

Clinical characteristics

    Persistent atrial fibrillation 34 (44) 30 (36) 0.27

    Congestive heart failure 3 (4) 4 (5) 0.79

    Hypertension 57 (74) 57 (68) 0.39

    Diabetes mellitus 22 (29) 15 (18) 0.11

    Stroke 10 (13) 4 (5) 0.2

    Coronary artery disease 22 (29) 18 (21) 0.29

    Obstructive sleep apnea 25 (32) 36 (43) 0.17

    Chronic kidney disease 10 (13) 4 (5) 0.2

    Chronic obstructive pulmonary disease 6 (8) 4 (5) 0.43

Laboratory characteristics

    B-natriuretic peptide (pg/dl) 187.2 ± 169.5 104.4 ± 120.4 0.002

    C-reactive protein (mg/dl) 4.9 ± 7.2 4.7 ± 9.2 0.89

Echocardiographic characteristics

Ejection fraction (%) 57.0 ± 11 59.5 ± 7.8 0.1

Left atrial diameter (mm) 42.0 ± 7.3 40.4 ± 6.3 0.2

Medications

    Class I or III antiarrhythmic drug 52 (68) 63 (75) 0.29

    Beta blocker 42 (55) 42 (50) 0.56

    Calcium channel blocker 22 (29) 15 (18) 0.11

    Oral anticoagulant 59 (77) 57 (68) 0.22

Risk scores

    CHADS2 1.3 ± 0.9 1.0 ± 1.0 0.05

    CHA2DS2-VASC 1.6 ± 1.2 1.2 ± 1.1 0.04

    R2CHADS2 1.4 ± 1.1 1.0 ± 1.0 0.02

    HATCH 1.1 ± 0.9 0.9 ± 1.0 0.19

Data expressed as mean ± SD or N (%).

*
AF recurrence here defined as a clinically significant AF recurrence occurring between 3 and 6 months after ablation.
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Table 2

Age- and sex-adjusted odds of recurrent AF recurrence at 6 months for clinical, echocardiographic, and 

laboratory factors.

Variable Odds Ratio (95% CI) p-value

Age
* 1.05 (1.02-1.09) 0.003

Female gender
* 1.01 (0.51-1.98) 0.99

Body Mass Index 1.02 (0.97-1.08) 0.43

Persistent AF 1.38 (0.71-2.68) 0.34

Congestive heart failure 0.88 (0.17-4.50) 0.88

Hypertension 1.11 (0.54-2.26) 0.78

Diabetes mellitus 1.69 (0.79-3.63) 0.18

Stroke 1.57 (0.67-3.71) 0.3

Coronary artery disease 1.02 (0.47-2.23) 0.96

Obstructive sleep apnea 0.70 (0.36-1.37) 0.3

Chronic kidney disease 1.43 (0.60-3.38) 0.42

Chronic obstructive pulmonary disease 1.63 (0.43-6.16) 0.47

Laboratory variables

C-reactive protein 1.00 (0.96-1.05) 0.92

B-natriuretic peptide
^ 1.5 (1.11-2.02) 0.008

Echocardiographic variables

Ejection Fraction 0.97 (0.93-1.00) 0.09

Left atrial diameter 1.03 (0.97-1.09) 0.32

Medications

Class I or III antiarrhythmic drug 0.62 (0.30-1.28) 0.2

Beta blocker 1.14 (0.60-2.17) 0.69

Calcium channel blocker 2.03 (0.94-4.40) 0.07

Anticoagulant 1.18 (0.56-2.48) 0.66

*
Not adjusted for age and sex

^
Odds ratio for every 100 point increase in BNP
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Table 3

Multivariate model for 6-month AF recurrence.

MV Model 1 MV Model 2 MV Model 3 MV Model 4

Variable OR p-value OR p-value OR p-value OR p-value

Female gender 0.93 0.9 0.89 0.85 0.92 0.89

Body Mass Index 1.0 0.92 1.00 0.91 1.00 0.95 1.01 0.75

Persistent AF 0.85 0.78 0.92 0.89 0.78 0.66 0.82 0.74

Ablation time 1.01 0.28 1.01 0.24 1.01 0.31 1.01 0.26

3-month AF recurrence

Diabetes mellitus 0.82 0.77

Left atrial diameter 1.0 0.93 1.01 0.84 1.01 0.86 1.01 0.86

Chronic kidney disease 2.19 0.24 2.03 0.28 2.01 0.31

BNP ≥100
^ 3.4 3.39 3.36 3.44

B-CHADS2 1.47 0.004

B-CHA2DS2-VASC 1.43 0.005

B-R2CHADS2 1.46 0.003

B-HATCH 1.49 0.003

^
Odds ratios derived from logistic regression models using each baseline risk score and BNP>100 as predictors of AF recurrence at 6 months
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Table 4

Comparison of each clinical AF risk score to a composite score adding 3 points for BNP>100 pg/dL with 

respect to prediction of clinically significant AF recurrence.

Clinical AF Risk 
Score

AF Risk score 
AUC (95% CI)

Composite 
Score AUC 
(95% CI)

Comparison of composite score vs risk score model % of individuals correctly 
classified by risk score ≥4

p-value 
(ROC 
curve 

equality)

NRI (%) p-value (NRI) IDI p-value (IDI) Original score Composite score

CHADS2 0.59 (0.51-0.67) 0.67 (0.57-0.77) 0.05 60 0.001 0.08 0.001 52.17 64.59

CHA2DS2-VASC 0.59 (0.50-0.67) 0.67 (0.57-0.77) 0.04 60 0.001 0.08 0.001 53.41 63.35

R2CHADS2 0.57 (0.50-0.65) 0.66 (0.56-0.76) 0.03 60 0.001 0.08 0.001 52.17 64.59

HATCH 0.6 (0.51-0.68) 0.67 (0.57-0.77) 0.05 60 0.001 0.08 0.001 54.03 65.21

AUC- Area under the curve; NRI - Net reclassification improvement; IDI – Integrated discrimination improvement
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