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BACKGROUND Cardiac implantable electronic devices (CIEDs) are
an important means of atrial fibrillation (AF) detection. However,
the AF burden measurements and notifications transmitted by CIEDs
are not directly related to the clinical classification of paroxysmal,
persistent, or permanent AF. Moreover, AF alerts are the most
frequent form of notification, imposing a time-consuming review
on caregivers.

OBJECTIVE The purpose of this study was to compare the incidence
of standard AF burden-related notifications in remotely monitored
(RM) patients with the incidence of events detected after filtering
by a new proprietary algorithm implementing the standard Euro-
pean Society of Cardiology classification of AF.

METHODS Between 2017 and 2022, all RM patients with daily AF
burden measurements available for �30 days and �1 AF burden-
related alerts were enrolled at 68 medical centers. The incidence
of CIED-transmitted alerts was compared to that of AF episodes
detected by a new proprietary algorithm and classified as “first re-
corded episode of AF”, “paroxysmal AF”, “increased paroxysmal
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AF”, “persistent AF”, or “end of persistent AF back to paroxysmal
AF or back to sinus rhythm.”

RESULTS Between January 2017 and September 2022, this retro-
spective study analyzed data from 4162 recipients of an Abbott, Bio-
tronik, Boston Scientific, or Medtronic CIED, RM overmean follow-up
of 605 6 386 days. The algorithm broke down 67,883 AF burden-
related alerts into 9728 (14.3%) clinically relevant AF events.

CONCLUSION A new AF alert algorithm successfully identified clin-
ically significant AF events in RM CIED recipients and would mark-
edly limit the total number of transmitted alerts that require
review by caregivers.

KEYWORDS Cardiac implantable electronic device; Atrial fibrilla-
tion; Atrial fibrillation burden; Remote monitoring; Alert burden
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Introduction
Atrial fibrillation (AF), a highly prevalent cardiac arrhythmia
associated with an increased risk of systemic embolism and
stroke, imposes a heavy burden on the health care system.1

Its incidence per 1000 men reported recently over 2.7 years
of observation was 1.7 in those between 20 and 24 years of
age and 234.3 in those between 75 and 79 years of age.
Over the same observation period, the incidence was 0.7
and 219.2 per 1000 women in the younger and older age
groups, respectively.2 The same study observed a higher
death rate, which increased with age, among patients who
presented with AF than in a matched control population.

The relationship of cardiac implantable electronic devices
(CIEDs) with AF has been widely studied.3–5 The detection
of AF by CIED has implications on the programming of
atrial sensing and the optimization of low-voltage signal
detection.6 AF is detected in 75% of dual-chamber pace-
maker recipients, and in 69% of these patients AF is detected
by the device in the absence of symptoms.7 The abnormal
events are remotely transmitted by the CIED to the manufac-
turer, before being transferred to the caregiver, who may be
overwhelmed by the amount of data that requires analysis.

Remote monitoring (RM) is recommended to limit the
number of in-office follow-up visits of recipients of im-
planted devices.8,9 It also can be used to follow the evolution
C BY-NC-ND https://doi.org/10.1016/j.cvdhj.2023.08.019

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:marika.gentils@implicity.com
mailto:marika.gentils@implicity.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cvdhj.2023.08.019&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.cvdhj.2023.08.019


KEY FINDINGS

� Using a new algorithm that detects clinically relevant
events leads to a .85% decrease in atrial fibrillation
(AF) burden–related alerts compared to alerts trans-
mitted by a cardiac implantable electronic device
(CIED).

� The algorithm processing daily data to detect the devel-
opment of AF presentations allows the detection AF im-
provements such as “return to sinus rhythm,” which is
not possible with AF burden–related alerts emitted by
CIEDs.

� Creating a new set of clinically relevant alerts, based on
the detection of AF presentations by the algorithm,
should save time for caregivers and thus promote the
adoption of remote monitoring, increasing the effi-
ciency and quality of care of patients with AF.
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to clinical AF and monitor the incidence of atrial high-rate
and asymptomatic AF episodes.10 AF burden is defined as
the amount or percentage of time spent daily in AF.11,12 An
increase in AF burden increases health care costs13,14 and
is more negatively correlated with quality of life than the
duration or number of AF episodes.15 Furthermore, in a study
of patients with heart failure and AF, the AF burden was
correlated with an increased risk of adverse clinical events
and death from all causes.1

This study compared the rate of AF burden–related notifi-
cations transmitted by CIED recipients undergoing RM with
the rate of clinically significant events detected by a new pro-
prietary algorithm.
Materials and methods
The Implicity� (Implicity, Paris, France) RM platform re-
cords, stores, and displays all manufacturers’ tele-
transmissions via a single interface. The present study is
based on a retrospective analysis of data collected using
this platform between January 2017 and September 2022.
It complies with the regulations regarding the protection of
personal health data and follows ISO 27001 for data security.
Because this study was a retrospective analysis of clinical
data, it was exempt from reviews and approvals by the insti-
tutional review boards of the participating institutions, in
accordance with the European “General Data Protection
Regulation” (UE 2016/679). Data were not collected for all
patients who had refused to contribute their data to research.
All data were de-identified to ensure the protection of per-
sonal health data, according to the regulations and French
reference methodology (MR-004).
Patient population
Patients eligible for the study underwent implantation of a
CIED after 2015 and were followed by the Implicity RM
platform at 68 medical centers in France, the United
Kingdom, Germany, and Finland.

Inclusion criteria
Recipients of a CIED with �1 atrial endocardial leads were
eligible for inclusion in this study. Therefore, subcutaneous
implantable cardioverter-defibrillators and insertable cardiac
monitors were excluded because they record surface electro-
cardiograms instead of electrograms. AF burden–related
alerts are emitted by CIEDs to inform caregivers that the
AF burden has crossed a predefined limit. Patients who had
�1 AF burden–related alert and daily AF burden measure-
ments for �30 days were retained for this analysis.

Exclusion criteria
From this initial sample, all patients whose data were incon-
sistent, such as AF burden .100% or incoherent device im-
plantation dates, were excluded from the analysis. Figure 1
summarizes the composition of the final study sample.

Algorithm development and implementation
A group of expert cardiologists developed a new atrial man-
agement algorithm (AMA), based on a white box model and
the standard European Society of Cardiology classification of
AF,10 to describe clinically relevant trends in AF burden re-
corded daily and detailed in Table 2A. The input consists of
daily AF burdens recorded over the study period and a set of
parameters. The algorithm uses the first 7 datapoints avail-
able in a range of 14 days to determine whether the patient
is in “Sinus rhythm,” “Paroxysmal AF,” or “Persistent AF”
status. If a sufficient number of points is not available within
the first 30 days of history, the patient’s status is set by default
to “Sinus rhythm.” After this period of initialization, the
AMA processed the data daily to identify short-term varia-
tions, examined the trend against previous AF burden mea-
surements, and detected the development of predefined AF
presentations. Thus, the AMA converted multiple alerts
caused by the same AF event into a single, clinically relevant
alert, and we hypothesized that this would allow a reduction
in the number of alerts to be reviewed by caregivers.

Statistical analysis
Data are given as mean 6 SD, median (interquartile range
[Q1; Q3]), or count (percentage), as appropriate. Data were
stratified by gender, median age, and type of implanted de-
vice. A test of normality was applied to the distributions of
data. The Wilcoxon rank-sum test was used to compare
non-normally distributed variables, such as the number of
alerts. Proportions were compared using the c2 test. Medians
were compared with the Mood median test. The population
was divided into 2 age groups, with a cutoff at the median
age (50% of the population). P ,.05 was considered signif-
icant. Data were processed using Python Version 3.8 (Python
Software Foundation, Wilmington, DE), and the statistical
analyses performed using XLSTAT Version 2022 (Addin-
soft, Paris, France).



Figure 1 Study flowchart. AF 5 atrial fibrillation; CIED 5 cardiac implantable electronic device.

Table 1 Characteristics of the study sample

No. of study participants 4162
Age (y) 76.7 6 11.3
Men 3050 (73.3)
Participating medical centers 68
Patients per center 59.5 6 61.8 (36.0 [11; 86])
Atrial fibrillation burden–related
alerts

67,883

Days of follow-up 605 6 386 (561.5 [297.5;
838.5])

Device manufacturer
Biotronik 1444 (34.7)
Medtronic 1194 (28.7)
Abbott 1070 (25.7)
Boston Scientific 454 (10.9)

Implanted device
Pacemaker 1926 (46.3)
Cardiac resynchronization
therapy–defibrillator

1220 (29.3)

Implantable cardioverter-
defibrillator

758 (18.2)

Cardiac resynchronization
therapy–pacemaker

258 (6.2)

Values are number (%) of observations or mean6 SD (median [interquar-
tile range Q1; Q3]) unless otherwise indicated.
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Results
Selection of the study sample is summarized in Figure 1.
Among 28,506 patients who had undergone implantation of
an Abbott (Chicago, IL), Biotronik (Berlin, Germany), Bos-
ton Scientific (Marlborough, MA), or Medtronic (Dublin,
Ireland) CIED and were remotely followed between January
2017 and September 2022, 4906 had �1 AF burden–related
alerts and �30 days of AF burden measurements. We
excluded 704 patients whose AF burden measurements
were .100% and 40 for whom the dates of measurements
preceded the CIED implantation. A detailed history of the
daily AF burden measurements and AF burden-related alerts
was collected in the remaining 4162 patients over mean
follow-up of 605 6 386 days (median 561.5 [298; 839]
days) with median connectivity rate of 99.3% [91.7%;
100%]. Mean age was 76.7 6 11.3 years (median 78.0 [71;
84] years), and 73.3% were men. Other important character-
istics are given in Table 1. A total of 67,883 AF burden–
related alerts were transmitted by the various CIEDs and
9728 AF presentations were detected by the algorithm, repre-
senting an 85.7% decrease (95% confidence interval 85.4%
to 85.9%) in the number of alerts to be examined. Table 2B
lists the number of AF presentations given in Table 2A. Me-
dian number of AF presentations was significantly different
when considering all classes of AF (P,.0001). The number
of “First recorded episode of AF” per patient-year was the
lowest because it was detected only once per patient (0.60
[0.41; 1.06] detections per patient-year). The highest median
number of detections was “Persistent AF” (0.98 [0.55; 1.84]
detections per patient-year). Overall, the median number of
alerts per patient-year transmitted by the CIED decreased
from 3.1 [1.1; 9.1] to 1.3 [0.6; 2.7] after treatment by the
AMA, corresponding to a 57.9% decrease in the median
value (P ,.0001).

Mean [median] numbers of alerts per patient-year trans-
mitted by the CIED vs treated by the AMA, classified
according to gender, age groups, and implanted devices,
are compared in Table 3. In each comparison, the overall
number of alerts transmitted by the CIED was significantly
greater than the number of alerts treated by the AMA
(P ,.0001). When considering only the AMA, a significant
difference is obtained among devices (P ,.0001). The high-
est median numbers of alerts per patient-year were trans-
mitted by cardiac resynchronization therapy–pacemakers
(CRT-Ps) (1.6 [0.8; 3.0]) and pacemakers (PMs) (1.5 [0.7;
2.9]), and the lowest by implantable cardioverter-
defibrillators (ICDs) (1.0 [0.5; 2.1]) and cardiac resynchroni-
zation therapy–defibrillators (CRT-Ds) (1.2 [0.6; 2.5]).When
devices were grouped by type, the median number of alerts
per patient-year with PM/CRT-P was 1.45 [0.7; 2.9],
24.5% higher than with ICD/CRT-D (1.17 [0.6; 2.4]
(P ,.0001). Mean rates of alerts treated by the algorithm in



Table 2 Presentations of atrial fibrillation

A. Qualitative descriptions

Presentation Description

First recorded episode of AF First AF burden .0%
Paroxysmal AF AF burden between 5% and 90% for 7

days
Increasing paroxysmal AF AF burden increasing by 30% for 7 days
Persistent AF AF burden .90% for 7 days
Change from persistent to paroxysmal AF Decrease in AF burden ,90% for 7 days
Conversion of persistent AF to sinus
rhythm

Decrease in AF burden ,5% for 7 days

B. Quantitative analysis

Presentation

Episodes per patient-year

N (%) Median [interquartile range]

First recorded episode of AF 3170 (40.6) 0.60 [0.41; 1.06]
Paroxysmal AF 981 (12.6) 0.81 [0.50; 1.51]
Increasing paroxysmal AF 470 (6.0) 0.71 [0.45; 1.29]
Persistent AF 1863 (23.9) 0.98 [0.55; 1.84]
Change from persistent to paroxysmal AF 432 (5.5) 0.81 [0.49; 1.59]
Conversion of persistent AF to sinus
rhythm

895 (11.5) 0.70 [0.45; 1.22]

P value ,.0001 ,.0001

AF 5 atrial fibrillation.
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men vs women and in patients,78 years vs�78 years of age
were similar (Table 3).

Discussion
The main observation made in this study was a .85%
decrease in AF burden–related alerts transmitted by CIEDs
using a new algorithm that detects clinically relevant events.
The median number of alerts per patient-year decreased by
57.9%. The incidence of AF burden–related alerts trans-
Table 3 Comparison of alerts transmitted by CIED vs treated by the AM
device

Alerts

Transmitted by CIED

A. Gender
Women 8.3 6 20.1 (2.6 [1.1
Men 13.7 6 43.5 (3.3 [1.
P value ,.0001

B. Age group
,78 y 12.3 6 40.0 (3.0 [1.
�78 y 12.2 6 37.6 (3.2 [1.
P value NS

C. Implanted device 9.7 6 15.7 (3.8 [1.1
Cardiac resynchronization therapy–
pacemaker Pacemaker

8.5 6 27.9 (2.9 [1.1

Cardiac resynchronization therapy–
defibrillator

18.8 6 50.3 (3.9 [1.

Implantable cardioverter-defibrillator 12.2 6 45.0 (2.4 [0.
P value ,.0001

Data are given as mean6 SD (median [interquartile range Q1; Q3]). P values w
comparing cardiac implantable electronic device (CIED) vs atrial management algo
mitted by PM/CRT-P was higher than that transmitted by
ICD/CRT-D. Because the indications for ICD/CRT-D vs
those for PM/CRT-P are dissimilar, the percentage of ventric-
ular pacing associated with both types of CIED is different.
PM/CRT-P are mostly indicated for the management of bra-
dyarrhythmias and are associated with higher ventricular pac-
ing rates and thus a higher risk of AF.16

The median number of transmitted alerts per patient-year
was not gender- or old age-dependent. It has been reported
A, per patient-year, according to gender, age group, and implanted

P valueTreated by AMA

; 7.2]) 2.2 6 2.7 (1.3 [0.6; 2.7]) ,.0001
1; 10.2]) 2.3 6 3.0 (1.3 [0.6; 2.7]) ,.0001

NS

0; 9.1]) 2.1 6 2.6 (1.2 [0.6; 2.5]) ,.0001
2; 9.2]) 2.4 6 3.2 (1.4 [0.7; 2.8]) ,.0001

NS
; 9.6]) 2.7 6 3.4 (1.6 [0.8; 3.0]) ,.0001
; 7.5]) 2.5 6 3.0 (1.5 [0.7; 2.9]) ,.0001

2; 14.3]) 2.1 6 2.6 (1.2 [0.6; 2.5]) ,.0001

9; 7.9]- 1.9 6 2.9 (1.0 [0.5; 2.1]) ,.0001
,.0001

ere calculated by comparing medians using the Mood test (paired test when
rithm (AMA).
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that 23% of RM transmissions require a follow-up phone
conversation with the patient.17 Although in the TRUST (Lu-
mos-T Safely Reduces Routine Office Device Follow-Up)
study, actionable events in ICD recipients were reliably de-
tected by RM, follow-up clinical interventions were limited
to ,10% of the scheduled transmissions.18

RM of CIED recipients has enabled a 56% decrease in the
number of ambulatory visits.8 It is substantively cost-
effective by decreasing the time spent by health care profes-
sionals in outpatient care, decreasing the need for hospitaliza-
tions, and markedly decreasing the consumption of health
care resources.19,20 However, some caregivers remain un-
willing to use RM because of the excess of unnecessary,
false-positive, or irrelevant alerts received. Consequently,
most alerts are simply archived without prompting a medical
intervention.21 In a preliminary study of an artificial
intelligence–based prototype that classifies the alerts auto-
matically, the burden represented by RM notifications was
alleviated by .80%.22 The creation of a new set of relevant
alerts, based on the detection of distinct presentations of AF,
should increase the efficiency and quality of care of patients
with AF, save time for the medical staff and thereby promote
the adoption of RM, and decrease the number of patient visits
and hospitalizations.

Clinical classification of AF events by reducing the num-
ber of RM alerts is innovative support of ambulatory patient
care. The “return to sinus rhythm” events detected by the
AMA reflect the spontaneous termination of AF or the effec-
tiveness of a prescribed antiarrhythmic treatment, which
might help in the choice and adjustment of antiarrhythmic
therapy. A reclassification of the AF alerts transmitted by
CIEDs according to professional practice guidelines should
help in the clinical management of patients.

The data used for this retrospective study are real-life data
and the AMA is based on a white-box model that always re-
turns the same output for a given input, which explains why a
prospective study should perform as well as this retrospective
study.
Study limitations
The AMA cannot be used for patients who do not have daily
measurements of AF burden. For the patients having daily
measurements of AF burden, the only case in which the algo-
rithm would not be able to raise an alert would be if the data
are missing for more than 1 week. In that specific case, a
warning indicating that “AF data are not available” is pro-
vided instead of alerts.

After the detection of the “first recorded episode of AF,”
there cannot be any AF presentations detected in less than
1 week because a 7-day period of observation is required to
meet one of the defined criteria. The period of observation
was set to 7 days because that is the limit over which the
AF turns to persistent AF according to the European Society
of Cardiology classification of AF. Because the risk of stroke
should be assessed after the “first recorded episode of AF”
presentation and so as not to overwhelm physicians with
too many alerts, the algorithm is not programmed to detect
all episodes of paroxysmal AF but only those that last for 1
week as well as the increase of the 7-day average of AF
burden compared to the 7-day average of the previous detec-
tion through the “increasing paroxysmal AF” presentation.
The clinical use of AMA could be safer for patients receiving
continuous anticoagulation because it may introduce a delay
between some AF episodes and the detection of one of the AF
presentations listed in Table 2A.

The alerts produced by the AMA are meant to be more
clinically relevant than the RM alerts. Therefore, the algo-
rithm is not supposed to reclassify the RM alerts as true-
positive or false-positive but to replace the RM alerts, thus
explaining why this study presents results as alert reduction
rate and not as sensitivity, positive predictive value, or
false-positive rate.

This study is based on data collected retrospectively. A
prospective study using the AMA and including patient out-
comes is needed to validate the retrospective results and to
ascertain the clinical and organizational impacts of the algo-
rithm.

In the future, the classification of atrial arrhythmias will be
available based on analysis of electrograms using an artificial
intelligence algorithm.
Conclusion
The AMA successfully identified clinically significant AF
events in RM CIED recipients and would markedly limit
the total number of transmitted alerts that require review by
caregivers.
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