
P
os

te
d

on
A

u
th

or
ea

23
A

u
g

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

81
83

76
.6

44
47

96
9

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Atrial Fibrillation Ablation Success Defined by Duration of

Recurrence on Cardiac Implantable Electronic Devices

Graham Lohrmann1, Rachel Kaplan2, Paul Ziegler3, João Monteiro4, and Rod Passman1

1Northwestern University Feinberg School of Medicine
2Northwestern University, Feinberg School of Medicine
3Medtronic, Inc.
4Medtronic Inc

August 23, 2020

Abstract

Background: Ablation for atrial fibrillation (AF) has emerged as an effective method of rhythm control. This exploratory

analysis aimed to determine how various measures of recurrence would influence the definition of treatment success. Methods:

Using an EHR dataset from 01/2007-06/2019 linked with Medtronic cardiac implantable electronic device (CIED) data, patients

who underwent a first AF ablation procedure following CIED implantation were identified. Data were analyzed for recurrence of

AF stratified by varying definitions of successful ablation. Performance of various simulated external AF monitoring strategies

was assessed. Results: A total of 665 patients were analyzed including 248 with paroxysmal AF (mean age 66.2±9.3 years,

73.0% male) and 417 patients with persistent AF (mean age 67.3±9.0 years, 73.6% male). Patients with paroxysmal AF, survival

free from recurrence at 1 year ranged from 28.2% to 72.1% (>6 min and >23 hours thresholds, respectively) with an overall

median percentage of time in AF reduction of 99.6%. Patients with persistent AF, survival free from recurrence at 1 year ranged

from 24.9% to 60.0% (>6 min and 7 consecutive days >23 hours thresholds, respectively) with an overall median percentage

of time in AF reduction of 99.3%. A single 7-day monitoring strategy had a sensitivity of < 50% for detecting AF > 6 min

in patients with paroxysmal and persistent AF. Conclusion: In this real-world dataset of AF patients with CIEDs undergoing

catheter ablation, treatment success varied substantially with different definitions of minimally required AF duration and is

significantly impacted by the method of recurrence detection.

Introduction

Catheter ablation for the treatment of atrial fibrillation (AF) has emerged as a safe1 and superior strategy
compared to antiarrhythmic drug therapy in reducing AF recurrence2,3,4, improving quality of life5,6 , and
reducing mortality and hospitalizations in patients with heart failure and reduced ejection fraction7,8. Expert
consensus statements recommend that recurrence of AF be defined as any AF, atrial tachycardia (AT) or
atrial flutter (AFL) of at least 30 seconds duration detected more than 3 months (i.e. the blanking period)
following catheter ablation9. Success of the procedure varies depending on how success is defined, with
significant differences in outcome definitions based on required AF duration as well as the monitoring strategy
employed to detect treatment failure10,11,12,13. Furthermore, some authors have suggested that a reduction
in AF burden may be a more objective endpoint rather than a binary outcome of recurrence as a measure of
success14. This may be even more important given emerging data correlating AF duration and burden with
risk of stroke15,16,17,18, a risk which may be attenuated in part by AF ablation19. The present exploratory
analysis used a large de-identified electronic health record (EHR) dataset to assess how variations in defining
AF recurrence and frequency and duration of monitoring influence an assessment of treatment success or
failure.
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Methods

Study Population: Using patient-level data from the Optum® de-identified EHR dataset from 01-01-
2007-to 06-30-2019 linked with Medtronic cardiac implantable electronic device (CIED) data, patients who
underwent an AF ablation procedure following CIED implantation were identified. Only the first AF ablation
procedure observed in the dataset was considered. Following a 90-day blanking period from the time of
the first catheter AF ablation procedure observed in the dataset, patient level daily AT/AF burden data
(collected by the CIED) was analyzed for AF recurrence using varying definitions of recurrence, which were
then compared against simulated external monitoring strategies used clinically to detect recurrence.

Inclusion and Exclusion criteria: Patients were required to have an AF ablation procedure (identified
by the CPT codes 93656 & 93657), and only the patient’s first AF ablation procedure observed in Optum®
dataset was considered. Patients were also required to have a Medtronic CIED capable of continuous AF
monitoring implanted prior to the AF ablation procedure, have at least 6 months between first record in
the Optum EHR and the Medtronic CIED implant date, have daily AT/AF burden available for every day
during a period of 30 days prior to AF ablation procedure, with at least one day having greater than 23
hours of available burden data, and have at least 1 daily AT/AF burden measurement available after the
end of the 90-day blanking period.

Medical history prior to AF ablation: History of hypertension, prior stroke/TIA, heart failure, diabetes,
and vascular diseases were extracted from the Optum® EHR data based on the presence of diagnosis codes
(ICD-9/ICD-10) in the diagnosis table on or prior to the AF ablation procedure date. The list of codes
considered for each of these conditions is available in Supplement Table 1.

AF type prior to AF ablation: Patients were classified as having persistent AF if they had 7 consecutive
daily AT/AF burden > 23 hours in the 30 days prior to the AF ablation procedure; all other patients were
considered to have paroxysmal AF.

Atrial Fibrillation Recurrence: AF recurrence definitions included daily AT/AF burden duration of at
least 6 min, 1 hour, 6 hours, 12 hours, 23 hours, 7 consecutive days with >23 hours, and a rolling 30-
day average burden > 3.6 hours (0.5% burden). Kaplan-Meier estimator was used to estimate the survival
probability for each recurrence definition post-ablation following a 90-day blanking period.

Atrial Fibrillation Burden Reduction Following Ablation: Two metrics were considered to quantify
the change in AF burden following ablation: percent of time in AT/AF and median daily AT/AF duration.

For each patient, the percent of time in AT/AF was computed as the division of the total AT/AF burden
hours by the total observed time, while the median daily AT/AF was the median duration of the observed
daily AT/AF burden measurements. Both metrics were computed stratifying by the time period with respect
to ablation procedure: pre-ablation (all observed daily AT/AF burden measurements 1 year prior to the AF
ablation procedure), and post ablation (all daily AT/AF burden measurements observed between the days
90 and 455 (i.e. one-year post-blanking period) post AF ablation).

Monitoring Strategy Simulation: Using daily AT/AF burden measurements as the source of truth,

sensitivity and negative predictive value (NPV) were computed to assess performance of various external AF
monitoring strategies used in clinical practice with respect to the detection of events of daily AT/AF burden
> 6 min, daily AT/AF burden > 6 hours and daily AT/AF burden > 23 hours. The simulated monitoring
strategies were: 24-hour, 48-hour, 7-day, 21-day, 30-day, quarterly 24-hour, quarterly 48-hour, quarterly 7-
day and monthly 24-hour continuous external monitoring. All these monitoring strategies were considered to
occur within 1 year after the 90-day blanking period and 100% patient compliance with external monitoring
was assumed. Only data from patients who had uninterrupted daily AT/AF burden measurements during
this time period were included in the simulation. Lastly, a bootstrap method (with 10,000 samples) was used
to build 95% confidence intervals (CI) for the performance metrics. The initial day of the AF monitoring
strategy was randomly assigned within the first two weeks post blanking period for each patient.
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Results

Baseline characteristics: There were 57,206 patients who had at least one record indicating an AF ablation
procedure, 2,402 (4.2%) of which had a Medtronic CIED implanted prior to the first AF ablation procedure
on record, and 665 (1.2%) of which satisfied the full inclusion/exclusion criteria. Of those, 417 (62.7%)
patients had persistent AF (mean age 67.3 ± 9.0, 73.6% male) and 248 (37.3%) patients had paroxysmal AF
(mean age 66.2 ± 9.3, 73.0% male) as defined by their AF pattern within 30 days prior to ablation (Table 1).
The mean time between AF ablation procedure and last observed daily AF burden was 22.7±14.7 months.

Recurrence of Atrial Fibrillation: In patients with paroxysmal AF (Figure 1, Panel A), survival free
from AF recurrence at 1-year post blanking period varied from 28.2% (using a definition of AF recurrence of
>6 minutes) to 72.1% (using the definition >23 hours). Similarly, in patients with persistent AF, survival free
from AF recurrence at 1-year post blanking period ranged from 24.9% (using a definition of AF recurrence
of >6 minutes) to 60.0% (using the definition of 7 consecutive days >23 hours; Figure 1, Panel B).

Atrial Fibrillation Burden Reduction Following Ablation: Of the 248 patients with paroxysmal AF,
the, overall median percentage of time in AF was reduced by 99.6% (from 23.7% prior to ablation to 0.1%
following ablation) and the overall median daily AF burden was reduced from 0.28 to 0 hours (Figure 2). Of
the 417 patients with persistent AF at baseline, the overall median percentage of time in AF was reduced
by 99.3% (from 67.5% prior to ablation to 0.5% following ablation) and the overall median of median daily
AF burden was reduced from 23.98 to 0 hours (Figure 3).

Monitoring Strategy Simulation: Out of the 665 patients who satisfied the inclusion/exclusion criteria,
369 (55.5%) had at least 1 year of uninterrupted daily AF observations (thus included in the monitoring
strategy simulation), of which 137 had paroxysmal AF and 232 had persistent AF at baseline. Of the 138
patients with paroxysmal AF at baseline, 101 (73.7%), 72 (52.6%) and 41 (29.9%) had a least one day with
AF > 6 min, AF > 6 hours and AF > 23 hours, respectively within 1-year post blanking period. Of the 232
patients with persistent AF at baseline, 174 (75.0%), 134 (57.8%) and 112 (48.3%) had a least one day with
AF > 6 min, AF > 6 hours and AF > 23 hours respectively within 1-year post blanking period. Sensitivity
and NPV estimates for all monitoring strategies are graphically displayed in Figure 4 (Panel A for patients
with paroxysmal AF and Panel B patients with persistent AF). For patients with paroxysmal AF, the 30-day
monitoring strategy had the highest estimates for sensitivity (64.8%) and NPV (50.4%), whereas for patients
with persistent AF, the quarterly 7-day monitoring strategy had the highest estimates for sensitivity (71.8%)
and NPV (54.1%%) for detecting AF events > 6 min. A single 7-day monitor (a strategy commonly used
in clinical practice) had a low sensitivity (45.2% and 43.4%) and negative predictive value (39.5% and 37%)
for detecting AF events > 6 min in patients with paroxysmal and persistent AF, respectively. Heat maps
showing daily AF burden within 1 year post blanking period in patients with paroxysmal and persistent AF
are shown in Supplement Figure 1 and Supplement Figure 2, respectively.

Discussion

This study represents the largest, “real-world” analysis of AF ablation outcomes in patients with continuous,
pre- and post-ablation monitoring using a CIED showing how the measure and definition of recurrence
following ablation can alter interpretation of procedural success. In short, the incidence of any perceived
recurrence of AF following ablation varies substantially depending on definitions of the minimum duration
of required AF used to define procedural failure and the surveillance method by which the outcome is
assessed. Success rates quoted in the published literature vary substantially depending on the above factors
as well as whether patients had paroxysmal or persistent AF at baseline, the ablation technique, the number
of ablations and presence of antiarrhythmic drugs, with recurrences in the first year after the blanking period
being most commonly reported between 60 to 75%20,21,22.

Detection of AF recurrence following ablation is significantly influenced by the method of monitoring, as is
shown in the monitoring strategy simulation. The strategies of a single 24-hour, 48-hour or 7-day monitor
had the poorest test characteristics, especially for AF events > 6 min where sensitivity and NPV were <
50%, worse than an unbiased coin flip. These results are likely due to patients having their first recurrences
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distributed over the year following the blanking period, and when these AF recurrences occur, they tend
to cluster over consecutive days, as is shown in the heat maps (Supplement Figure 1 and 2). A 2018 meta-
analysis of 66 studies (6941 patients) of AF ablation success in paroxysmal AF found that the method of
AF detection following ablation was predictive of whether recurrence was detected rather than the specifics
of the ablation procedure itself, with studies using long term CIEDs for monitoring being associated with
higher perceived treatment failures than those using intermittent discrete monitoring methods13.

Our findings are concordant with the LINQ AF study, which enrolled 419 patients undergoing radiofrequency
(RF) ablation to have a LINQ implantable loop recorder implanted following the procedure. They found
success rate varied with the definition of AF recurrence from 46 – 79%, findings overall similar to our study,
and the authors suggest that > 6 minutes of AF after a 90 days blanking and/or an AF burden >0.1% be
used in future studies as measure of clinically significant success10.

While historically most clinical trials of AF ablation have used time to first recurrence as an
endpoint3,4,23,24,25 due to relative ease of measurement, AF burden may be a more objective and clini-
cally relevant endpoint2,12,26,11. In the CIRCA-DOSE trial, 346 paroxysmal AF patients were randomized
1:1:1 to RF pulmonary vein isolation (PVI), 2minute cryoballoon PVI or 4 minute cryoballoon PVI at least
30 days after implantable loop recorder implantation. At 12 months, despite only 51.7% - 53.9% of patients
being free of AF, AF burden was reduced by 98.4 – 99.9%14. These results are similar to what was found
in the present study, where in patients with paroxysmal AF, the survival estimates for the event AF >6
minutes at one year was 28.2% but had a reduction of 99.6% in the overall median percentage of time in
AF. Similarly, in patients with persistent AF, despite the survival estimate at one year of only 24.9% for AF
events >6 minutes, there was a 99.3% reduction in the overall median percentage of time in AF.

While improvement in symptoms is the major clinical endpoint of ablation for AF, AF duration and burden
appear to correlate with risk of stroke15,16,18,27, raising the hypothesis that strategies that reduce AF burden
could potentially mitigate stroke risk, even in the absence of completely eliminating recurrent AF. This
hypothesis, along with the data that AF burden reduction may similarly reduce heart failure hospitalization
and mortality was tested in a recent random-effect model meta-analysis of large databases, registries and
a single randomized control trial (the CABANA trial1) with a total of 241,372 patients. It showed that
catheter ablation was associated with a decreased risk of mortality (hazard ratio [HR] 0.62), stroke (HR
0.63) and hospitalization for heart failure (HR 0.64) when compared to medical therapy alone19. While
the CABANA trial individually was negative for the primary outcome of death, disabling stroke, serious
bleeding, or cardiac arrest, it was subject to substantial crossover and low event rates, and the per-protocol
analysis findings are largely consistent with the findings of the aforementioned meta-analysis1.

This analysis has a number of important limitations. It is retrospective and observational in nature; thus,
unmeasured confounding cannot be eliminated. The population studied were by definition required to have
had prior Medtronic CIEDs implanted, thus introducing significant selection bias in this group, therefore
the results may not be generalizable to patients without implanted CIEDs. Furthermore, we do not have
accurate data on antiarrhythmic drug use post-ablation, so the actual success rates of ablation alone may
be overestimated. Lastly, in order to reduce the false positive rate associated with short unadjudicated AF
episodes found on CIEDs, the minimum duration of AF evaluated was 6 minutes, longer than the 30 second
threshold recommended in guidelines.

Conclusion

In this real-world de-identified EHR dataset of AF patients with CIEDs undergoing catheter ablation, per-
ceived treatment success varied substantially with different definitions of minimally required AF duration
and the method of recurrence detection. The traditional metrics of absolute recurrence or time to first
AF recurrence following ablation undervalues the efficacy of ablation when compared to the measure of AF
burden reduction, which is likely a more clinically relevant endpoint.
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Tables:

Table 1. Baseline Characteristics.

Patient Characteristics Paroxysmal AF (n = 248) Persistent AF (n = 417) Total (n = 665)

Age (years) 66.2 ± 9.3 67.3 ± 9.0 66.6 ± 8.9
Male 181 (73.0%) 307 (73.6%) 488 (73.4%)
Caucasian 241 (97.2%) 394 (94.5%) 635 (95.5%)
Hypertension 208 (83.9%) 372 (89.2%) 580 (87.2%)
Prior Stroke/TIA 65 (26.2%) 95 (22.8%) 160 (24.1%)
Heart Failure 109 (44.0%) 247 (59.2%) 356 (53.5%)
Diabetes 72 (29.0%) 144 (34.5%) 216 (32.5%)
Vascular Disease 49 (19.8%) 102 (24.5%) 151 (22.7%)
CHA2DS2-VASc score 3.3 ± 1.9 3.7 ± 1.8 3.5 ± 1.8
Device type
PPM 73 (29.4%) 113 (27.1%) 186 (28.0%)
ICD 38 (15.3%) 104 (24.9%) 142 (21.4%)
CRT-P 2 (0.8%) 6 (1.4%) 8 (1.2%)
CRT-D 13 (5.2%) 75 (18.0%) 88 (13.2%)
ICM 122 (49.2%) 119 (28.5%) 241 (36.2%)

Continuous variables displayed as mean ± standard deviation, categorical variables displayed as number (%),
persistent AF patients were required to have 7 consecutive days with >23 hours AF burden.

AF: Atrial fibrillation; TIA: Transient ischemic attack; PPM: Permanent pacemaker; ICD: Implantable car-
diac defibrillator; CRT-P: Cardiac resynchronization therapy pacemaker; CRT-D: Cardiac resynchronization
therapy defibrillator; ICM: Implantable cardiac monitor.

Figures:

Figure 1. Freedom from Atrial Fibrillation (AF) Following Catheter Ablation Stratified by Event Definition
in Patients with Paroxysmal AF (Panel A, n = 248) and Persistent AF (Panel B, n = 417).
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Figure 2. Reduction in Total AF Burden (Panel A) and Median Daily AF Burden (Panel B) in Patients
with Paroxysmal AF Following Ablation.

AF: Atrial fibrillation; IQR: Interquartile range

Figure 3. Reduction in Total AF Burden (Panel A) and Median Daily AF Burden (Panel B) in Patients
with Persistent AF Following Ablation.

AF: Atrial fibrillation; IQR: Interquartile range

Figure 4. Estimated Sensitivity and NPV by Monitoring Strategy at 1 Year Post Blanking Period in
Paroxysmal (Panel A, n = 137) and Persistent AF (Panel B, n = 232) Patients.

AF: Atrial fibrillation; NPV: Negative predictive value

Supplement tables:
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Supplement Table 1: Diagnosis Codes Used to Detect Medical History
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Medical history Diagnosis Codes (ICD-9/ICD-10)

Hypertension 401.x, 402.x, 403.x, 404.x, 405.x, I10.x, I11.x,
I12.x, I13.x, I15.x

Stroke/TIA 433.x, 434.x, 435.x, 436.x, G45.0, G45.1, G45.2,
G45.8, G45.9, Z86.73, V12.54, I63.x, I65.x, I66.x

Heart Failure 428.x, 402.01, 402.11, 402.91, 404.01, 404.03,
404.11, 404.13, 404.91, 404.93, I50.x, I11.0, I13.0,
I13.2

Diabetes 250.x, E10.x, E11.x
Vascular Diseases 440.0, 440.2x, 443.9, I70.0, I70.2x, I73.9

Supplement figures:

Supplement Figure 1. Heat Maps of Atrial Fibrillation Burden in Patients with Paroxysmal Atrial
Fibrillation.

Supplement Figure 2. Heat Maps of Atrial Fibrillation Burden in Patients with Persistent Atrial Fibril-
lation.
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