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ABSTRACT
OBJECTIVES The study sought to determine the effect of persistent atrial ﬁbrillation (AF) on device-measured activity
and mortality.
BACKGROUND Patients with AF often complain of fatigue, which may be reﬂected in patient activity. Daily activity can
be objectively measured by implanted devices.
METHODS We retrospectively studied patients (n ¼ 266, 88% male, 69  10 years of age) from the deidentiﬁed
Medtronic CareLink database with persistent AF ($28 consecutive days with $23 h of AF/day), dual-chamber implantable
cardioverter-deﬁbrillators (ICDs) capable of monitoring daily activity and AF burden, no AF between months 1 and 6
post-implant, and $1 year of data.
RESULTS The ﬁrst persistent AF episode occurred 980  534 days after implant and lasted a median of 87 days
(interquartile range: 49 to 161 days). Average daily activity over a week just prior (baseline) to the ﬁrst persistent AF
episode was compared to each of the 4 weeks during the AF episode and to each of the weeks following termination
of the persistent AF episode. Daily activity decreased signiﬁcantly from the baseline week (135 min/day) compared to
each of the 4 consecutive weeks after AF onset (8%, 11%, 14%, and 17% decrease, p < 0.001). Mortality at 4 years was
increased in patients with persistent AF compared to a matched group with no persistent AF (20.6% vs. 8.6%, p < 0.01).
CONCLUSIONS Patients with ICDs have a signiﬁcant reduction in activity following the onset of persistent AF
and a signiﬁcant increase in mortality when compared to a matched group without persistent AF. Objective
measures of activity may more accurately reﬂect the impact of persistent AF on patients’ functional status.
(J Am Coll Cardiol EP 2016;2:518–23) © 2016 by the American College of Cardiology Foundation.
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ICD = implantable
cardioverter-deﬁbrillator

QoL = quality of life
SR = sinus rhythm
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METHODS

accelerometers designed to measure patient activity

Modern ICD technology incorporates single-axis
in daily number of minutes (Online Figure 1B) (11).
using

An active minute corresponds to approximately

deidentiﬁed data from the Discovery Link database

70 steps/min (12) and was validated with external
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3-axis accelerometers (13).
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agreed to allow data to be used for research purposes
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in accordance with Health Insurance Portability and
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(Online Figure 1B). The baseline activity was calcu-

information was removed to protect patient privacy.

lated the week prior to the ﬁrst persistent AF episode

Stored and programmed data is transferred from

and compared to the following 4 weeks during the AF

Medtronic (Minneapolis, Minnesota) devices to the

episode. The return to the baseline activity level after

Medtronic CareLink data server via remote telemetry.

the persistent AF episode termination was evaluated

The Discovery Link database, a subset of the Med-

as the percent of patients returning to within 10% of

tronic CareLink database, represents all deidentiﬁed
data obtained from devices implanted in the United

F I G U R E 1 Flowchart Illustrating the Derivation of the ICD Study Population

States along with a few patient parameters from the
device registration database (e.g., age, gender). The
following parameters were retrieved from the Discovery Link database: age, gender, date of death,
daily-device cumulative AF duration, mean ventricular rate during AF, patient activity, and daily device
transthoracic impedance.
STUDY PATIENTS. Persistent AF was deﬁned as

AF $23 h/day for at least 7 consecutive days (6),
which is consistent with the clinical deﬁnition recommended by guidelines (7). This study included
patients with a persistent AF episode lasting more
than 4 weeks. The ﬁrst persistent AF episode lasting
more than 4 weeks after at least 6 months postimplant was considered for analysis. The 6-month
period was chosen to exclude any patients who had
AF prior to the device implant.
Patients were included in this study if they met the
following criteria: 1) persistent AF with duration
of $28 consecutive days and $23 h of AF per day; 2)
dual-chamber ICDs capable of monitoring daily activity and AF burden; 3) no AF between months 1 and
6 post-implant; and 4) $1 year of data. The ﬂowchart
in Figure 1 illustrates the derivation of the study
population.

AF ¼ atrial ﬁbrillation; ICD ¼ implantable cardioverter-deﬁbrillator.
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T A B L E 1 Implantable Cardioverter-Deﬁbrillator Patients With

Persistent AF Characteristics (N ¼ 266)

Age (n ¼ 259), yrs

69  10.2

Sex (n ¼ 260)

87.7% male; 12.3% female

Persistent AF (100%)
Time to ﬁrst episode, days
Duration, days

980  534
87 (interquartile range: 49–161)

computed using the Kaplan-Meier method. For the
patients that remained in AF for the duration of
follow-up, weekly activity from the last 4 weeks of
follow-up along with weekly activity from baseline
and the ﬁrst week of AF were compared using an
analysis of variance model and the Tukey method to
adjust for multiple comparisons. The Kaplan-Meier
method was used to plot survival time. A log-rank

AF ¼ atrial ﬁbrillation.

test was used to compare survival between the
persistent AF and no persistent AF groups. Differences were considered signiﬁcant for a p value <0.05.
The statistical software used was SAS version 9.2 (SAS

their baseline daily activity for each week following

Institute Inc., Cary, North Carolina).

termination.
Mortality data were obtained by cross-referencing

RESULTS

the device registry with the Social Security Death
Index. Mortality was compared between the patients

PATIENT CHARACTERISTICS. A total of 266 of 81,606

with persistent AF and patients with no persistent AF.

patients with dual-chamber ICDs satisﬁed the data

Patients with a persistent AF episode were randomly

requirements (see ﬂowchart in Figure 1). There were

matched for gender, age, and time of onset of the

88% male patients averaging 69  10 years of age.

ﬁrst episode of persistent AF to a group with no

The ﬁrst episode of AF occurred at 980  534 days

persistent AF.

from implant and lasted a median 87 days (inter-

STATISTICAL ANALYSIS. Categorical variables were

described

using

frequencies

while

continuous

variables were described by means/medians with

quartile range: 49 to 161 days). The patients had device data for an average 4.3  1.5 years from implant
(Table 1).

standard deviations/interquartile ranges. Weekly ac-

PERSISTENT AF AND PATIENT ACTIVITY. There was

tivity during AF was compared to the baseline weekly

a signiﬁcant decrease in average daily activity

activity using an analysis of variance model and the

(Figure 2) from the baseline week (135 min/day)

Dunnett method to adjust for multiple comparisons.

compared to each of the 4 consecutive weeks after AF

Time to return to baseline activity level was

onset (8%, 11%, 14%, and 17% decrease, p < 0.001).
Upon termination of persistent AF, 85% of the
patients returned to within 10% of baseline activity

F I G U R E 2 Decline in Patient Activity After Onset of AF in

by week 12 (Figure 3A). Patients that had little AF

Patients With ICDs

(<6 h/day; n ¼ 132) returned to baseline activity faster
than patients that continued to have signiﬁcant AF
burden (>6 h/day; n ¼ 80) after termination of
persistent AF episode (Figure 3A). By week 6, 81% of
patients with little AF (<6 h/day) compared to 71%
patients with signiﬁcant AF burden (>6 h/day)
returned to baseline activity (Figure 3A). By contrast,
patients that remained in AF never returned to the
baseline activity level (Figure 3B). For these patients
that remained in persistent AF, patient activity
remained 15% to 19% lower in the ﬁnal 4 weeks of
available follow up data than in the week prior to the
persistent AF episode (Figure 3B).
PERSISTENT AF AND MORTALITY. Patients with a

persistent AF episode were matched for gender, age,
Decline in patient activity with each week of persistent atrial
ﬁbrillation atrial ﬁbrillation (AF) lasting at least 4 weeks
compared to the week prior (Week -1) to the persistent AF

and time to onset of the ﬁrst episode of persistent AF
to a group with no persistent AF (101 [38%] patients

episode (n ¼ 266 patients; p < 0.001 Week -1 vs. Week 1,

with no AF and 165 [62%] patients with paroxysmal

Week 2, Week 3, Week 4).

AF). The group of patients with persistent AF had a
signiﬁcantly higher mortality at 4 years compared

Chelu et al.

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 2, NO. 4, 2016
AUGUST 2016:518–23

Activity and Mortality in ICD Patients With Persistent AF

F I G U R E 3 Timeline to Baseline Activity Recovery in ICD Patients With a Persistent AF Episode Lasting at Least 4 Weeks

(A) Percentage of patients that returned to within 10% of baseline activity each week after the termination of an episode of a persistent AF
(all: patients with at least 1 day with AF <23 h; n ¼ 212). The less AF burden after termination of the persistent AF episode the faster the
recovery. (B) Patients remaining in persistent AF never returned to baseline activity (Week -1) (n ¼ 51 patients; p < 0.01; Week -1 vs. L 1, L 2,
L 3, L 4). L 1 to 4 represent the ﬁnal 4 weeks of available follow-up for each patient. Abbreviations as in Figure 1.

to patients with no persistent AF (20.6% vs. 8.6%,

activity in patients with devices but the impact varied

p < 0.01) (Figure 4).

with the type of device (see Online Appendix for

DISCUSSION

Figure 4A] and with cardiac resynchronization ther-

There is signiﬁcant interaction between cardiovas-

ulation, we found a continuous and gradual decline in

cular disease and patient activity. Maximal exercise

patient activity with duration of AF. The profound

capacity is decreased during stress test in patients in

decline of patient activity after onset of persistent AF

AF but the impact of persistent AF on “spontaneous”

likely reﬂects the small cardiovascular reserve that

patients with dual-chamber pacemakers [Online
apy deﬁbrillator [Online Figure 4B]). In an ICD pop-

patient activity has not been explored. Modern
devices allow AF detection and quantiﬁcation with
high accuracy (5,6) and have accelerometers that can

F I G U R E 4 Mortality in Patients With ICDs With and Without Persistent AF

provide an objective measure of patient daily activity
(11). In this study, we sought to determine the variations in patient activity with changes in rhythm in
patients with persistent AF. Each patient served
as

his/her

own

control

and

measurements

of

patient activity were collected before, during, and
after an episode of persistent AF lasting at least
4 weeks. Because patient activity varies by day of the
week, we elected to perform our analysis in daily
activity averages over weekly periods. Furthermore,
since there was no clinical data available to us,
patients with at least a 4-week persistent AF episode
were selected to provide a sufﬁcient sampling data
and minimize the potential impact of a hospitalization on patient activity. Hospitalization for an
episode of AF can potentially affect patient activity
through bed rest but it is unlikely that a patient would
be hospitalized for an extended period of 4 weeks.
This study demonstrated that onset of persistent
AF coincided with a signiﬁcant decline in patient

Kaplan-Meier survival plot in ICD patients with persistent AF lasting at least 4 weeks
(n ¼ 266) compared to a matched group of patients without persistent AF (n ¼ 266;
p < 0.01). Abbreviations as in Figure 1.
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the typical ICD patient manifests (left ventricular

procedures such as cardioversions/ablations to restore

ejection fraction <35%) (14).

SR. Due to limitations in the algorithm to distinguish

Observations on the trends of patient activity after

between AF and other atrial arrhythmias, the latter

termination of a persistent AF episode provide further

may be included in the measurement of AF duration.

insights. Most patients with restoration of SR return to

The study population does not allow us to dissect the

baseline activity. However, this can be a lengthy pro-

role of worsening heart failure independently or as a

cess again underlining the profound impact of persis-

consequence of AF in the decline or recovery of patient

tent AF on patient activity in patients with ICDs.

activity. Similarly, it does not allow us to determine if

Patient activity returned to within 10% of baseline

persistent AF is a consequence of worsening heart

activity by 12 weeks in 85% patients after termination

failure. Matching for mortality analysis was performed

of a persistent AF episode. The degree and duration of

only for age and gender, due to limited clinical infor-

decline in patient activity is determined by the burden

mation. Other clinical conditions not accounted for in

of AF after the conclusion of an episode of persistent

this study may affect the mortality. Nevertheless this

AF. Patients with a low burden of AF (<6 h/day)

cohort reﬂects the clinical practice in the United States

recover their baseline activity faster than patients with

and provides useful insights on the impact of AF on

a signiﬁcant AF burden. AF maintains a profound and

patient activity and mortality that could be used as a

long lasting impact on patient activity in patients that

starting point to design further studies. The current

remain in AF: they never return to their baseline

study drew on a very large national sample of over

activity levels. This ﬁnding is of particular importance

81,000 patients but the ultimate sample reﬂected <1%

as

AF

of that number. This strong selectivity allows for more

frequently report no or very few symptoms (15).

a precise examination of the variables of interest from

Patient activity data measurements from devices

an empirical standpoint. As a result, the generaliz-

could provide objective measurements of decline in

ability of these ﬁndings is limited to this selected

activity that may not be perceived by patients. In fact,

sample (e.g., patients with an ICD).

patients

with

long

standing

persistent

assessment of symptoms using health-related quality
of life (QoL) (16) surveys do suggest symptom under-

CONCLUSIONS

reporting or patient adjustment to AF. Asymptomatic
to minimally symptomatic AF patients do experience

Persistent AF is associated with a signiﬁcant reduc-

QoL improvement after rate or rhythm control therapy

tion in activity and a signiﬁcant increase in mortality

(17). QoL was reported to improve in most measures in

in patients with ICDs. Measurements of activity may

patients with asymptomatic long-standing persistent

provide an additional and accessible tool in patients

AF after successful ablation with restoration of SR (15).

with devices to assess the impact of AF on patient

Patient activity measurement is easily available in all

activity and guide SR restoration strategies.

devices and could provide an additional and objective
tool in determining the impact of AF on the QoL of
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compared to a group matched for age, gender, and
time to detection of no persistent AF.
The number of patients included in this study is
relatively small due to the stringent conditions
imposed on the cohort. We imposed a period of
6 months of no AF after the implant in an attempt
to eliminate any patients with a prior history of AF
and to capture the ﬁrst episode of persistent AF.
STUDY LIMITATIONS. This is a retrospective study

that investigated the impact of persistent AF on
patient activity and mortality in an ICD cohort. The
generality of the conclusions is limited by the absence
of clinical data regarding left ventricular ejection
fraction, heart failure class, medication use, or

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE:
Device-based patient activity measurements may
provide an objective assessment of patient activity
decline associated with AF, particularly in patients
that report no or few symptoms.
TRANSLATIONAL OUTLOOK: Additional studies in
populations with different cardiovascular reserve are
needed to assess patient activity changes with onset
of atrial ﬁbrillation.
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