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Abstract

Purpose: Several predictive scores for atrial fibrillation (AF) recurrence after AF ablation have been developed. We
compared the predictive value of seven previously described risk scores (CHADS, and CHA,DS,-VASC, HATCH, APPLE,
CAAP-AF, BASE-AF2, MB-LATER) for prediction of AF recurrence risk at 12 months after AF ablation in our patient
cohort. Further, we aimed to identify additional variables to predict recurrences after AF ablation.

Methods: We used data from our digital AF ablation registry to compare the previously published scores in an
independent cohort (n =883, 50.8% with paroxysmal AF). The scores were chosen based on earlier publications and
availability of relevant data.

Results: The BASE-AF2 (AUC 0.630, p<0.001), MB-LATER (AUC 0.612, p<0.001), CAAP-AF (AUC 0.591, p<0.001), APPLE
(AUC 0.591, p<0.001) and CHA2DS2-VASC (AUC 0.547, p=0.018) scores had a statistically significant but modest pre-
dictive value for 12-month AF recurrence. None of the scores were significantly superior. Other analyzed scores had
no predictive value. There was no difference in the predictive value for 12-month recurrence of AF between first pro-
cedure vs. redo procedure and RF ablation vs. cryoablation. Unlike other scores, MB-LATER showed better predictive
value for paroxysmal vs. persistent AF (AUC 0.632 vs. 0.551, p =0.038). In the multivariate logistic regression, only age
(p=10.006), number of prior electrical cardioversions (p <0.001) and early AF recurrence (p <0.001) were independent
predictors of AF recurrence.

Conclusion: Despite numerous available scores, predicting recurrences after AF ablation remains challenging.
New predictors are needed, potentially based on interventions, as well as novel genetic, functional and anatomic
parameters.

Background

Ablation therapy of atrial fibrillation (AF) is an estab-
lished procedure to achieve rhythm control in patients
with paroxysmal atrial fibrillation (PAF) or persistent
atrial fibrillation (persAF). Its efficacy was shown to be
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radiofrequency current ablation (RFA) and cryoballoon
ablation (Cryo). Both were shown to have similar efficacy
and safety in patients with PAF [4] and persAF [5].

A continuing challenge in interventional therapy of
atrial fibrillation is arrhythmia recurrence in a signifi-
cant proportion of patients, with long-term recurrence
estimated to be around 45-50% after one procedure and
around 20% after several procedures, with significant
heterogeneity [6, 7]. Both the significant risk of major
complications ranging from 4.5 to 6% [8—12] and the
high initial cost of the ablation procedure make identi-
fying patients in whom the benefit likely outweighs the
risks and costs a crucial clinical question.

Several predictive scores for AF recurrence after abla-
tion have been developed. The predictive value of such
scores has thus far been limited [13, 14].

Two recent studies compared AF recurrence predic-
tion scores after AF ablation: Mulder et al. compared
10 risk scores (APPLE, ATLAS, BASE-AF,, CAAP-AF,
CHADS,, CHA,DS,-VASc, DR-FLASH, HATCH, LAGO
and MB-LATER) on a cohort of 482 patients undergoing
AF ablation [13]. All scores, except the HATCH score,
demonstrated statistically significant but poor predic-
tive value for recurrent AF after ablation (AUC 0.553—
0.669). Jastrzebski et al. compared 6 scores (APPLE,
CAAP-AF, SCALE-CryoAF, MB-LATER, CHADS, and
CHA,DS,-VASc) on a cohort of 597 patients undergo-
ing AF balloon cryoablation and used the insights as
basis for development of a simplified risk score [14]. All
scores showed significant but poor predictive value (AUC
0.551-0.624). The developed simplified predictive score
based only on AF type and left atrial diameter showed a
comparable predictive value, but was not validated on an
independent cohort.

Aims

We sought to compare the predictive value of seven
previously published scores of AF recurrence risk at
12 months after AF ablation in an independent cohort
and to identify subgroups that could potentially ben-
efit more from these risk prediction scores. Further, we
aimed to identify additional variables to predict recur-
rences after AF ablation.

Methods

Study population and risk scores

Using data from our digital AF ablation registry, we
evaluated and compared seven previously described
risk scores (CHADS, and CHA,DS,-VAS. HATCH,
APPLE, CAAP-AF, BASE-AF2, MB-LATER) [15-22] for
the prediction of AF recurrence after AF ablation dur-
ing a 12-month follow-up (FU). Our single-center regis-
try contains all of the consecutive patients that undergo
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left atrial ablation procedures in our center and runs on
the online electronic data capture software REDCap®
[17, 18]. Of those, only consecutive patients undergoing
AF ablation procedures with either RFA or Cryo were
analyzed. The scores were chosen based on earlier pub-
lications and availability of relevant data at our center.
CHADS, and CHA,DS,-VAS_ scores, although not ini-
tially developed for prediction of arrhythmia recurrence,
showed some limited and inconsistent predictive value
and have thus been used as baselines for comparison with
newer scores [20—22]. Two of the scores (BASE-AF2 and
MB-LATER) have early (blanking phase) recurrence as
one of the variables and can thus only be used for predic-
tion of long-term recurrence. This also prevents their use
for pre-ablation decision making, but might still be useful
for determining the intensity of post-ablation screening
and potential for redo ablation.

The definitions of all scores can be found in Table 1.
Score-relevant baseline data were collected. Scores calcu-
lated for all patients at the time of the ablation procedure
or at 3-month follow-up were applicable (for BASE-AF2
and MB-LATER scores).

Patients undergoing de novo ablation of AF received
a pulmonary vein isolation (PVI) using cryoablation or
PVI including possible additional lesions at operators’
discretion using radiofrequency (RF) ablation. Ablation
procedures for recurrences of AF after initial ablation
included re-isolation of the pulmonary veins by RF abla-
tion, with additional substrate modification at the opera-
tors’ discretion.

Early recurrence and recurrence after ablation were
defined as any AF or atrial tachycardia episode last-
ing>30 s in the first 3 months after ablation and from
the end of the 3-month period to 12 months after abla-
tion, respectively. Evaluating physicians were not blinded
to the predictive variables. Follow-up of patients was
scheduled at regular intervals 3 and 12 months after abla-
tion and included one or more 24-h to 72-h-holter-ECGs,
occasional 12-lead ECGs and history. Outcome-relevant
data from implanted cardiac devices (CIED), such as
dual-chamber implantable cardioverter defibrillators
(ICD) and pacemakers, or implantable loop recorders
were analyzed when available.

A predefined subgroup analysis was performed in the
following subgroups: first procedure vs. redo procedure,
paroxysmal vs. persistent AF and RF ablation vs. cryoa-
blation. Data collection was approved by the local ethics
committee.

Statistical analysis

Continuous variables are presented as mean + standard
deviation, and categorical variables are summarized as
number and percentages. The Kolmogorov—Smirnov
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Table 1 Point calculation of the analyzed scores
CHA,DS, CHA,DS,-VAS. HATCH (Point  APPLE (Point CAAP-AF (Point BASE-AF2 MB-LATER
(Point range (Point range range 0-7) range 0-5) range 0-13) (Point range (Point range 0-6)
0-6) 0-9) 0-6)
Age, years 0-1 points (>75) 0-2 points (=65 0-1 points 0-1 points (>65) 0-3 points -
and<75,>75) (>75) (<50,>50
and <60, > 60
and <70, >70)
Gender - 0-1 points - - 0-1 points - 0-1 points (male
(female gender) (female gender) gender)
Type of AF - - - 0-1 points (non- 0 or 2 points 0-1 points (non-  0-1 points (non-
paroxysmal AF)  (non-paroxysmal paroxysmal AF)  paroxysmal AF)
AF)
AF history dura- - - - - - 0-1 points (>6) -
tion, years
Early recurrence - - - - - 0-1 points 0-1 points
(<3 months
after ablation)
eGFR - - - 0-1 points - - -
(eGFR< 60 ml/
min/m2)
BMI, kg/m2 - - - - - 0-1 points (>28) -
Left atrial diam- - - - 0-1 points (>43) 0-4 points 0-1 points 0-1 points (>47)
eter, mm (<40,>40 (>40)
and<45,>45
and <50,> 50
and < 55,> 55)
Bundle branch - - - - - - 0-1 points
block
LVEF - - - 0-1 points - - -
(LVEF < 50%)
Hypertension 0-1 points 0-1 points 0-1 points - - - -
Diabetes 0-1 points 0-1 points - - - - -
Coronary artery - - - - 0-1 points - -
disease
Congestive heart 0-1 points 0-1 points 0 or 2 points - - - -
failure history
Stroke/TIA 0 or 2 points 0 or 2 points 0 or 2 points - - - -
COPD history - - 0-1 points - - - -
Current smoking - - - - - 0-1 points -
Number of - - - - 0-2 Points - -
antiarrhythmics 0,1-2,>2)
failed

AF atrial fibrillation, BMI body mass index, COPD chronic obstructive pulmonary disease, eGFR estimated glomerular filtration rate, LVEF left ventricular ejection

fraction, TIA transient ischemic attack

test was used to test normality. Continuous variables
were compared using unpaired Student’s ¢ test, and cat-
egorical variables were compared using the Chi-square
test. The association of variables with AF recurrence
was analyzed using univariate and multivariate logis-
tic regression analysis. The area under the ROC curve
was used to test the performance of scores. The scores
(as well as performance of individual scores between
subgroups) were compared using DeLong’s method. A
two-sided p value of<0.05 was considered statistically
significant. Analyses were performed using the SPSS

software, version 20.0 (IBM Corporation, Armonk, NY,
USA).

Results
We included all consecutive patients undergoing AF abla-
tion between January 2018 and January 2020.

Baseline characteristics

Of the initial population (#=883, 63% male, mean
age 65.7+11.5 years, BMI 27.5+4.5 kg/m2, LA
40.9+£6.4 mm), 50.8% had paroxysmal AF, and 58%
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Table 2 Baseline characteristics

Baseline population  Arrhythmia recurrence after 1 year p-value

(n=883)

No (n=541) Yes (n=342)

Age (years), mean £ SD 657+115 65.14+11.8 66.8+109 0.029
Male gender, n (%) 557 (63.1) 353 (65.2) 204 (59.6) 0.093
Number of prior AF ablations, mean 4 SD 0.4140.81 0374081 04840.79 0.046
Patients with paroxysmal atrial fibrillation, n (%) 449 (50.8) 295 (54.5) 154 (45.0) 0.007
Prior cardioversions, mean 4 SD 141+£1.77 1.20£1.60 1.74£1.96 <0.001
Diabetes, n (%) 93 (10.5) 53(9.8) 40 (11.7) 0.361
Prior stroke/transient ischemic attack, n (%) 71(8.0) 43(7.9) 28(82) 0.899
Vascular disease history, n (%) 167 (18.9) 100 (18.5) 67 (19.6) 0.869
Arterial hypertension, n (%) 599 (67.8) 364 (67.3) 235 (68.7) 0.745
Chronic heart failure history, n (%) 109 (12.3) 76 (14.0) 33(9.6) 0.147
Glomerular filtration rate (mL/min), mean 4 SD 7064218 716£215 69.14+22.1 0.108
BMI (kg/m2), mean £ SD 275+45 275+45 276+4.7 0.621
Group Ic and group lll antiarrhythmic medication use, n (%) 268 (30.4) 165 (30.5) 103 (30.1) 0.235
Beta-blocker use, n (%) 697 (78.9) 419 (774) 278 (81.3) 0.173
LA diameter, mm, mean = SD 409+64 403458 419472 0.005

Table 3 Lesion sets additional to (Re-)PVI in RF patients

De novo PVl Redo

(n=638) ablation

(n=245)
Cavotricuspid isthmus line (%) 343 286
Left atrial isthmus line (%) 44 14.5
Roof line (%) 4.7 210
Box lesion (%) 24 8.1
Anterior line (%) 27 11.8
Ablation of fractionated potentials (%) 1.1 209

(n=514) received RF ablation versus cryoablation. Addi-
tional substrate modifications performed at operators’
discretion in RF ablation patients are stated in Table 2, 3.

At discharge, 30.4% (n=268) of pts were on class Ic
or III antiarrhythmic drugs and 697 (78.9%) were on
beta-blockers. Holter-ECG recordings and device inter-
rogation were available for 46.0% and 16.3% of pts at
12-month FU. In the remaining pts, recurrence was
assessed on the basis of symptoms and occasional ECGs
(37.7%). Recurrence rates after 3 and 12 months were

30.1% and 38.7% (Table 2). Recurrence rates were signifi-
cantly higher with holter-ECG and device interrogation
methods, as compared to occasional ECGs and history
only (Table 4).

ROC curve analysis of scores

For 12-month recurrence of AF, the BASE-AF2 (AUC
0.630, p<0.001), MB-LATER (AUC 0.612, p<0.001),
CAAP-AF (AUC 0.591, p<0.001), APPLE (AUC 0.591,
p<0.001) and CHA,DS,-VAS. (AUC 0.547, p=0.018)
scores had a statistically significant but modestly pre-
dictive value. The CHADS, (AUC 0.523, p=0.243) and
HATCH (AUC 0.507, p =0.705) scores showed no signif-
icant predictive value (Fig. 1). For the scores with signifi-
cant predictive value, none of the scores was significantly
superior.

In the subgroup analysis, there was no difference in
the predictive value for 12-month recurrence of AF
between first procedure vs. redo procedure (p-values
of 0.942, 0.596, 0.628, 0.056, 0.404, 0.414 and 0.148),
and RF ablation vs. cryoablation (p-values of 0.668,
0.424, 0.442, 0.149, 0.641, 0.391 and 0.086) for CHADS,,
CHA,DS,-VAS, HATCH, APPLE, CAAP-AF, BASE-AF

Table 4 Recurrence rate 12 months after ablation according to monitoring method

A.Only occasional 12-lead  B. Holter-ECG (46.0%) C. Device interrogation p value
ECGs and history (37.7%) (16.3%)
Recurrence rate after 31.1 395 456 p<0.05 between A and B,

12 months (%)

aswellas Aand C; p=0.206
between Band C
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Fig. 1 ROC curves of different scores for prediction of 12-month

arrhythmia recurrence

and MB-LATER scores, while MB-LATER showed better
predictive value for paroxysmal vs. persistent AF (AUC
0.632 vs. 0.551, p=0.038). CHADS,, CHA,DS,-VAS,,
HATCH, APPLE, CAAP-AF and BASE-AF showed no
difference (p-values of 0.855, 0.513, 0.876, 0.275, 0.912
and 0.071).

Additionally, a logistic regression analysis was per-
formed to analyze the predictive value of available
clinical parameters in our registry. In the univariate
logistic regression, age (p=0.005), glomerular filtration
rate (GFR) (p=0.034), number of prior electrical car-
dioversions (p<0.001), number of prior AF ablations
(p=0.019), AF type (p=0.006) and early (<3 months)
AF recurrence (p<0.001) were associated with arrhyth-
mia recurrence after 12 months. In the multivariate
logistic regression, only age (»p=0.006), number of prior
electrical cardioversions (p<0.001) and early AF recur-
rence (p<0.001) remained as independent predictors.

Discussion
This study aimed to compare the predictive value of seven
previously published scores for predicting AF recurrence
after AF ablation on our patient population as well as to
identify clinical variables predictive of AF recurrence.
We found statistically significant but modestly predic-
tive values for the BASE-AF2, MB-LATER, CAAP-AF,
APPLE and CHA,DS,-VAS scores. None of the scores
showed superior predictive value for one of the tested
subgroups. In the multivariate analysis, age, number
of prior electrical cardioversions and early AF recur-
rence showed independent association with AF recur-
rence after 12 months. The number of prior electrical

cardioversions has thus far not been included in the most
commonly used predictive clinical scores, but it might be
dependent on site-specific decision making and therefore
not replicable as a predictive variable.

Our results are consistent with the two recent studies
comparing AF recurrence risk prediction scores, which
also showed only modest predictive value for all scores
[13, 14]. This underscores the ongoing challenge of pre-
dicting AF recurrence after AF ablation. Balk et al. per-
formed a systematic review of 45 studies reporting on
clinical predictors of AF recurrence and concluded that
no individual group of preprocedural patient character-
istics except for AF type consistently and independently
predict recurrence of AF after RFA [15]. Some of the pos-
sible reasons for these inconsistencies were heterogeneity
of the studied populations, ablation techniques, variable
definitions and measurements as well as different defini-
tions of AF recurrence and different screening methods.
These and other non-identifiable reasons might be driv-
ing the unreliability of predictive scores for AF recur-
rence. Moreover, Dretzke et al. argued that c-statistics
reported for development studies are often higher than
those of validation studies [16], which is also supported
by our data (Fig. 2).

Novel parameters might be necessary to improve
on the predictions. Some recent studies are showing
promise:

Okawa et al. tested the predictive value of response to
pharmacological cardioversion before pulmonary vein
isolation and showed that non-response to an antiar-
rhythmic drug in this setting was an independent pre-
dictor of AF recurrence after ablation (hazard ratio
1.34; 95% confidence interval 1.01-1.77; p=0.040). This
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highlights the potential predictive value of medical cardi-
oversion and possibly other interventions as tools select-
ing patients that are more likely to benefit from ablation.

Left atrial strain measures have been shown to be supe-
rior to left atrial size for prediction of AF recurrence after
ablation [20, 21]. Hwang et al. showed that analysis of left
atrial strain and strain rate using a deep convolutional
neural network model showed superior prediction of AF
recurrence than logistic regression models of left atrial
dimension, emptying fraction, peak systolic global strain
or combinations thereof [22].

Choe et al. evaluated a genetic risk score (GRS) based
on quantifying five single nucleotide polymorphisms pre-
viously associated with atrial fibrillation in prediction of
AF recurrence after ablation. Patients with a high GRS
showed a significantly higher hazard ratio for AF recur-
rence compared to patients with low risk (HR 2.66, 95%
CI 1.32-5.37) [23]. However, other studies, including a
large European study based on more than 3000 patients,
showed no independent predictive value [24, 25]. Possi-
ble reasons might be population heterogeneity, small and
variable effects of individual nucleotide polymorphisms,
as well as different study designs and ablation practices
[25]. Advances in genetic analysis and combination with
clinical predictors might yield better results in the future.

Study limitations

This was an observational single-center study with asso-
ciated limitations. Recurrence was assessed only on the
basis of symptoms and occasional ECGs in a significant
proportion of the patients.

Conclusion

In this evaluation of AF risk scores, the BASE-AF2, MB-
LATER, CAAP-AF, APPLE and CHA,DS,-VAS_ scores
had a statistically significant but low predictive value for
12-month AF recurrence after catheter ablation. Other
previously published scores had no predictive value in
this large validation cohort.

Despite numerous available scores, predicting recur-
rences after AF ablation remains challenging. New sim-
ple and robust predictors are needed, potentially based
on interventions, as well as novel genetic, functional and
anatomic parameters.
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