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The Relationship Between Daily Atrial Tachyarrhythmia
Burden From Implantable Device Diagnostics and

Stroke Risk
The TRENDS Study

Taya V. Glotzer, MD; Emile G. Daoud, MD; D. George Wyse, MD, PhD; Daniel E. Singer, MD;
Michael D. Ezekowitz, MD, PhD; Christopher Hilker, MS; Clayton Miller, BS;

Dongfeng Qi, PhD; Paul D. Ziegler, MS

Background—It is unknown if brief episodes of device-detected atrial fibrillation (AF) increase thromboembolic event
(TE) risk.

Methods and Results—TRENDS was a prospective, observational study enrolling patients with �1 stroke risk factor (heart
failure, hypertension, age �65 years, diabetes, or prior TE) receiving pacemakers or defibrillators that monitor atrial
tachycardia (AT)/AF burden (defined as the longest total AT/AF duration on any given day during the prior 30-day
period). This time-varying exposure was updated daily during follow-up and related to TE risk. Annualized TE rates
were determined according to AT/AF burden subsets: zero, low (�5.5 hours [median duration of subsets with nonzero
burden]), and high (�5.5 hours). A multivariate Cox model provided hazard ratios including terms for stroke risk factors
and time-varying AT/AF burden and antithrombotic therapy. Patients (n�2486) had at least 30 days of device data for
analysis. During a mean follow-up of 1.4 years, annualized TE risk (including transient ischemic attacks) was 1.1% for zero,
1.1% for low, and 2.4% for high burden subsets of 30-day windows. Compared with zero burden, adjusted hazard ratios (95%
CIs) in the low and high burden subsets were 0.98 (0.34 to 2.82, P�0.97) and 2.20 (0.96 to 5.05, P�0.06), respectively.

Conclusions—The TE rate was low compared with patients with traditional AF with similar risk profiles. The data suggest
that TE risk is a quantitative function of AT/AF burden. AT/AF burden �5.5 hours on any of 30 prior days appeared
to double TE risk. Additional studies are needed to more precisely investigate the relationship between stroke risk and
AT/AF burden. (Circ Arrhythmia Electrophysiol. 2009;2:474-480.)
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Atrial fibrillation (AF) is the most commonly treated
tachyarrhythmia worldwide.1 Population projections in-

dicate that the prevalence of AF could exceed 12 million by
2050 in the United States alone.2 AF raises the risk of stroke 3-
to 5-fold.3 Chronic anticoagulation with vitamin K antagonists is
effective at reducing the risk of stroke but is burdensome.4
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The stroke risk conferred by paroxysmal AF (PAF) has not
been well characterized but has been arguably said to be the
same as continuous AF.5–7 Identification of short episodes of
PAF, even in the absence of symptoms, therefore may be
important to permit early intervention. Today, comprehensive
detection of PAF is facilitated by pacemakers, implantable

cardioverter-defibrillators (ICDs), and other implantable
monitors. The incidental finding of AF events recorded by
dual-chamber pacemakers and ICDs is extremely common
and poses a clinical challenge because their practical signifi-
cance is unknown. The thromboembolic event (TE) risk attrib-
utable to these device-detected episodes of PAF remains un-
known. In particular, it is not known whether there is a critical
value of daily AF burden that has prognostic significance.

The purpose, therefore, of the TRENDS study was to
evaluate the relationship between long-term device-detected
atrial tachycardia (AT)/AF burden and TE among patients
with stroke risk factors who were already scheduled for
pacemaker, ICD, or cardiac resynchronization therapy (CRT)
device implantation for a class I/II clinical indication. As
such, the TRENDS study is not a study of patients with AF

Received January 20, 2009; accepted July 27, 2009.
From the Hackensack University Medical Center (T.V.G.), Hackensack, NJ; The Ohio State University Medical Center (E.G.D.), Columbus Ohio;

Libin Cardiovascular Institute of Alberta (D.G.W.), Calgary, Alberta, Canada; Massachusetts General Hospital (D.E.S.), Boston, Mass; Lankenau Institute
for Medical Research (M.D.E.), Philadelphia, Pa; and Medtronic, Inc (C.H., C.M., D.Q., P.D.Z.), Minneapolis, Minn.

This study is registered at clinicaltrials.gov (NCT00279981).
Correspondence to Taya V. Glotzer, MD, Electrophysiology Associates of Northern New Jersey, 20 Prospect Ave, Suite 701, Hackensack, NJ 07601.

E-mail TayaVG@aol.com
© 2009 American Heart Association, Inc.

Circ Arrhythmia Electrophysiol is available at http://circep.ahajournals.org DOI: 10.1161/CIRCEP.109.849638

474 at BIBL DE L'UNIV LAVAL on January 22, 2015http://circep.ahajournals.org/Downloaded from 

http://circep.ahajournals.org/


per se but a study of patients receiving such a device, some of
whom have a history of AF. It has previously been shown that
the sensitivity and specificity for AF detection using im-
planted devices with settings similar to those used in the
present study is very high.8 We hypothesized that more
AT/AF burden would be independently associated with in-
creased stroke risk after adjusting for anticoagulation treat-
ment and risk factors.

Methods
Study Population
The original TRENDS study design has been described previously.9

Briefly, TRENDS was a prospective, observational cohort study
designed to assess the relationship between the risk of TE and
AT/AF burden detected by devices capable of continuous heart
rhythm monitoring. Consenting patients were included if they had
(1) an established class I/II indication for an implantable cardiac
rhythm device that was capable of long-term monitoring of AT/AF
burden and (2) 1 or more stroke risk factors based on 2001 guidelines
in effect at the time this study began (including history of congestive
heart failure or hypertension, age �65 years, diabetes mellitus, or
prior stroke/transient ischemic attack [TIA]).10,11 Exclusion criteria
were (1) replacement devices, (2) long-standing persistent AF, (3)
known reentrant supraventricular tachycardias, (4) terminal illness
limiting survival, (5) unable or unwilling to consent, and (6)
concurrently enrolled in a conflicting drug or device study.

Patients both with and without a history of AF were enrolled.
Patients with no history of AF and no new AT/AF detected by the
device within the first year of follow-up were censored after 1 year
as part of the original analysis plan. We continued to follow patients
who had a history of AF and patients without a history of AF who
had new device-detected AT/AF during the first year of follow-up.

Follow-Up
Patients were followed at 3-month intervals, at which time device
diagnostic information was collected. Clinical evaluations, including
screening for potential outcome events, were completed every 6
months. A standardized stroke symptom questionnaire was admin-
istered at each patient contact to assist in identifying potential TEs.
The use of antithrombotic therapy was determined by the patients’
physicians and recorded at each follow-up visit. INR values were not
comprehensively collected. Physicians were encouraged to follow
published guidelines for use of antithrombotic therapy.11 The first
patient was enrolled on November 6, 2003, and study follow-up
ended on June 28, 2007. The study was terminated earlier than
planned because the observed event rate was too low to achieve the
primary study aim by the planned termination date (see Analysis
Plan, below).

Device Programming
Devices (Medtronic, Minneapolis, Minn) were programmed to dual-
chamber operation with active mode switching. AT/AF detection
was programmed to the nominal settings (atrial rate �175 bpm
lasting �20 seconds) to ensure consistent device programming at all
centers. Prior studies using similar detection algorithms have shown

�95% sensitivity and specificity for detection of AT/AF episodes
and measurement of AT/AF burden.12 There was no attempt in this
study to distinguish between atrial tachycardias, atrial flutter, or AF
because our goal was to study the easily accessible and readily
available stored diagnostic data from the device memory that is
available on initial interrogation of the device, as seen in Figure 1.
Stored intracardiac electrograms were not available for each episode
because of device memory limitations. AT/AF burden was measured
in hours per day and was tabulated daily by the device (Figure 1).

The study protocol was approved by the institutional review board
of each participating center, and all patients gave informed consent.

Primary Outcome Events
Study outcome events (TEs) consisted of ischemic stroke, TIA, and
systemic embolism. Ischemic stroke was defined as the abrupt onset
of a focal neurological deficit consistent with a focal cerebrovascular
disruption of flow persisting for more than 24 hours and not
explained by another disease process (eg, abscess, tumor). TIA was
similarly defined as a focal neurological deficit lasting less than 24
hours and believed to be due to cerebral ischemia. Nonstroke
systemic embolism was a clinical event consistent with an arterial
occlusion, in the absence of significant atherosclerosis of the affected
artery, excluding pulmonary embolism and myocardial infarction.
Primary hemorrhagic strokes were documented but were not consid-
ered a TE. The medical records of all patients with possible outcome
events were adjudicated by a committee of 3 neurologists who were
blinded to the AT/AF burden data.

Analysis Plan
The goal of the original analysis plan was to determine the
relationship between median daily AT/AF burden and TEs in
patients not treated with warfarin who had a history of AF and/or had
device documented AT/AF in the first year.9 Patients started on
warfarin were to be censored at the time of warfarin initiation. Of the
2813 patients followed, 1563 were excluded from the original
primary study group because they had no history of AF and no new
AT/AF detected by 1 year. An additional 432 patients were excluded
from the primary study group because of warfarin use at baseline.
This left 818 patients in the primary study group. Only 14 patients in
this group had a TE during follow-up (8 ischemic strokes, 5 TIA, and
1 systemic embolus), for a rate too low (1.3% per year) for a
statistically meaningful analysis.

A secondary analysis of the overall study group is the focus of the
current report. This secondary analysis was devised considering only
the overall TE rate in the primary study group and before assessing
the relationship between AT/AF burden and TE risk. In this
secondary analysis, we included patients who were anticoagulated
and patients who did not have AT/AF; the latter is a logical control
group for those with AT/AF. The overall study group included all
enrolled patients, regardless of anticoagulation and/or aspirin ther-
apy, and regardless of AF history or occurrence of AT/AF (defined
as an episode of AT/AF �20 seconds) during follow-up, provided
there was a minimum of 30 days of analyzable device data. Of the
2813 patients followed, 327 were excluded from the analysis because
they did not have at least 30 days with device data available. The
analyzable overall study group, therefore, consisted of the remaining
2486 patients (Figure 2).

A
T/

A
F 

B
U

R
D

E
N

(h
ou

rs
/d

ay
)

0

6

12

18

24

Jan 2006 Mar 2006 May 2006 Jul 2006 Sep 2006 Nov 2006 Jan 2007

Figure 1. Example of long-term continu-
ous recording of AT/AF burden data
from an implantable device. Each black
vertical line represents the total hours of
AT/AF on each day.
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AT/AF burden was defined as the maximum number of hours of
AT/AF on any day during the antecedent 30 days and may have
included more than 1 episode of AT/AF on that day. Thirty-day
windows were selected to maintain a balance between too short of a
time frame (in which the likelihood of observing any AT/AF is low)
and too long of a time frame (in which observed AT/AF may not be
temporally related to a TE). Daily AT/AF burden was selected based
on the capability of the devices to monitor continuously and store
AT/AF burden data each day over prolonged periods of time (Figure
1). As an alternate analysis, we also examined the total cumulative
time spent in AT/AF over each 30-day window. AT/AF burden was
a time-varying exposure updated daily resulting in sequential over-
lapping 30-day “rolling windows” for each patient (ie, the first
window consisted of days 1 to 30, the second window consisted of
days 2 to 31, and so on; Figure 3). This approach was dictated by the
fact that episodes of AT/AF were assessed on a daily basis, but
AT/AF burden was defined as a 30-day exposure. Examples of
similar analytic strategies in the medical literature are available.13

AT/AF burden was divided into 3 subsets: 30-day windows with
zero AT/AF burden, 30-day windows with low AT/AF burden, and
30-day windows with high AT/AF burden. Because we had no
pathophysiologic basis for defining a threshold for high AT/AF
burden, we used the observed median value of AT/AF burden,
among those with nonzero burden, as the cutoff between low and
high AT/AF burden. Such a dichotomization would lead to increased
statistical power. This cutoff was defined before data analysis.
Time-varying AT/AF burden (categorized as zero, low, and high)
was then related to the TE hazard ratio in the Cox regression model.

Statistics
Continuous variables are presented as means and categorical vari-
ables as percentages. The categorical variables were compared using
�2 test and the continuous variables were compared using a 2-sample
t test. The probability values were not adjusted for multiple compar-
isons. Baseline age among the pacemaker, ICD, and CRT groups
were compared using a 1-way ANOVA model. For the calculation of

the event rate among all 2813 followed patients, follow-up began at
implantation and continued through all available clinical follow-up.
For patients who had TEs during the follow-up, their follow-up
ended at the time of the TE. For the analyses of rates and hazards
according to AT/AF burden, the follow-up ended with the last
available assessment date of AT/AF burden by the device. Patients
were also censored at the date of sustaining an outcome event, death,
device explant without replacement, withdrawal of consent, and last
follow-up date for those lost to follow-up. Windows with zero, low,
and high AT/AF burden were summed to provide denominators for
event rates. Annualized TE rates with 95% CIs were calculated with
and without inclusion of TIAs using generalized estimating equa-
tions. The time-varying AT/AF burden (categorized as zero, low, and
high) was then related to the TE hazard ratio in a Cox regression
model, which included baseline stroke risk factors and time-
dependent use of warfarin and aspirin. A significance level of 0.05
was used, and all statistical analyses were performed using SAS
9.1.3 Service Pack 4 Windows version.

Results

Study Population
There were 3045 patients enrolled from 116 clinical sites in
the United States, Canada, and Australia. After excluding
those patients who were implanted with a nonstudy device or
did not have an informed consent, 2813 patients remained and
were followed (Figure 2). The overall mean age was 71 years
and varied according to the type of device received: 75.5
years for pacemaker, 65.9 years for ICD, and 68.3 years for
CRT (P�0.001). The overall mean CHADS2 score (conges-
tive heart failure, hypertension, age, diabetes, prior stroke/
TIA) was 2.2�1.2, reflecting a moderately high expected
stroke risk.

Enrolled
N = 3045

Followed
N = 2813

Minimum of 30 Days of Device Data
Overall Study Group

N = 2486
Excluded from AT/AF Burden Analysis

N=327

Excluded
N = 232

• Non-study device = 193
• No consent = 39

•  Completed follow-up = 2472
•  Lost to follow-up = 14

    [135 deaths, 7 device explants]

•  <30 days of device data = 327

    [79 deaths, 0 device explants]

Figure 2. Assembly of the cohort.
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Figure 3. Example of 30-day windows
assessing AT/AF burden from data collected
from device diagnostics. AT/AF burden is
the maximum duration of AT/AF on any
given day in the preceding 30 days. AT/AF
burden was a time-varying exposure in our
analyses and was updated daily. Gray
shaded areas correspond to 3 representa-
tive 30-day windows with zero, low (�5.5
hours on all days), and high (�5.5 hours on
at least 1 day) AT/AF burden, respectively.
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After exclusion of those without a minimum of 30 days of
AT/AF data, 2486 patients remained (Figure 2) (Table 1).
Among these patients, those with a history of AF at the time
of study enrollment or with new AT/AF detected by the
device were older, were less likely to have diabetes, and had
higher diastolic blood pressure measurements. Only a fifth of
patients were taking warfarin at enrollment, but anticoagula-
tion was more likely among those with a history of AF. In
contrast, such patients were less likely to be taking aspirin.
Antiarrhythmic medication use was uncommon but more
likely among those with documented AT/AF. Within the
overall study group, 135 of the 2486 patients died during
follow-up.

AT/AF Burden
Each 30-day window was categorized as having zero AT/AF
burden, low AT/AF burden (less than median value for
windows with any episodes of AT/AF), or high AT/AF
burden (equal to or greater than median value for windows
with any episodes of AT/AF). Fifty-three percent of study
patients had no AT/AF observed at any time during follow-
up, and 76% of study windows had zero AT/AF burden
(Figure 4). Twenty-four percent of study windows had at least

1 episode of AT/AF. We defined AT/AF burden as the
maximum daily duration of AT/AF on any given day during
the preceding 30-day window. Our observed median value for
AT/AF burden among 30-day windows with AT/AF was 5.5
hours.

Thromboembolic Events
The average follow-up was 1.4 years (range, 0.1 to 3.3 years),
with a total patient exposure of 3382 patient-years. There
were 40 patients who had TEs and device data available for
the 30-day window immediately preceding the TE. These 40
TEs included 20 ischemic strokes, 17 TIAs, and 3 systemic
emboli, resulting in an annualized event rate (95% CI, 1.2%
[0.8, 1.6%]) in the overall study group (Figure 2). Four
additional TEs occurred in patients who did not have AT/AF
burden data available for the 30 days immediately before the
event. In addition, 7 TEs occurred among the 327 patients
who were excluded from the overall study group because they
did not have any 30-day period of device data. Therefore,
there were a total of 51 patients with TEs (29 ischemic
strokes, 19 TIAs, 3 systemic emboli), for an annualized event
rate (95% CI, of 1.3% [0.9, 1.6%]) among all followed
patients. Among these 51 patients with TEs, 10 had AT/AF

Table 1. Baseline Characteristics of the Overall Study Group Stratified by Diagnosis of AF

Variable
Overall Study Group

(n�2486)

Documented AF at Time of Enrollment
or New Diagnosis of AT/AF (�20 s)

After Study Enrollment (n�1389)

No Prior AF and No New
AT/AF After Study Enrollment

(n�1097)
P Value Between AT/AF
and No AT/AF Groups

Age, y 70.9�11.1 71.7�11.0 70.0�11.1 0.0003

Male sex 1650 (66.4) 925 (66.6) 725 (66.1) 0.79

Device type

Pacemaker 1234 (49.6) 721 (51.9) 513 (46.8) 0.03

ICD 781 (31.4) 409 (29.5) 372 (33.9)

CRT 471 (19.0) 259 (18.7) 212 (19.3)

CHADS2 score 2.2�1.2 2.2�1.2 2.2�1.2 0.34

0–1 713 (28.7) 393 (28.3) 320 (29.2) 0.83

2 863 (34.7) 481 (34.6) 382 (34.8)

3–5 910 (36.6) 515 (37.1) 395 (36.0)

History of

Congestive heart failure 1479 (59.5) 843 (60.7) 636 (58.0) 0.17

Hypertension 1887 (75.9) 1065 (76.7) 822 (74.9) 0.31

Diabetes mellitus 783 (31.5) 393 (28.3) 390 (35.6) 0.0001

Prior thromboembolic event 333 (13.4) 190 (13.7) 143 (13.0) 0.68

Hemorrhagic stroke 31 (1.2) 15 (1.1) 16 (1.5) 0.51

Systolic blood pressure, mm Hg 133.3�22.5* 133.2�22.2† 134.4�22.8‡ 0.79

Diastolic blood pressure, mm Hg 70.6�12.1* 71.2�12.1† 69.6�12.1‡ 0.007

Coronary artery disease 1577 (63.4) 859 (61.8) 718 (65.5) 0.06

Previously documented AF 498 (20.0) 498 (35.9) 0 (0) �0.0001

Drug prescribed at baseline

Warfarin 517 (20.8) 407 (29.3) 110 (10.0) �0.0001

Aspirin 1547 (62.2) 824 (59.3) 723 (65.9) 0.0008

Class I and III antiarrhythmic drug 245 (9.9) 192 (13.8) 53 (4.8) �0.0001

Other antiplatelet 559 (22.5) 280 (20.2) 279 (25.4) 0.002

Data are presented as mean�SD or n (%).
*n�2469; †n�1381; ‡n�1088.

Glotzer et al Implantable Device Diagnostics and Stroke Risk 477

 at BIBL DE L'UNIV LAVAL on January 22, 2015http://circep.ahajournals.org/Downloaded from 

http://circep.ahajournals.org/


and were taking warfarin, 17 had AT/AF and were not taking
warfarin, and 24 did not have any AT/AF between enrollment
and the time of TE. The overall TE rate is similar when
including all TE events (1.3%) among all followed patients or
just those who have 30 days of device data available (1.2%)
in the overall study group. In addition, there were 6 hemor-
rhagic strokes reported in the overall study population that
were not considered TEs.

TE Rates According to AT/AF Burden
The annualized TE rate was 1.1% for both the subset of
windows with zero AT/AF burden and the subset of windows
with low AT/AF burden. For windows with high AT/AF
burden, the TE rate was 2.4% (Table 2). Excluding TIAs, the
annualized stroke/systemic embolus rates were 0.5% for the
windows with zero AT/AF burden, 1.1% for those with low
AT/AF burden, and 1.8% among those with high AT/AF
burden (Table 2).

After adjusting for stroke risk factors (history of ischemic
stroke/TIA/nonstroke systemic embolus, history of diabetes,
history of hypertension, history of congestive heart failure,
and age at baseline) and time-dependent antithrombotic
treatment (aspirin and warfarin use), the hazard ratio for the
low AT/AF burden subset compared with the zero AT/AF
burden subset was 0.98 (95% CI, 0.34 to 2.82; P�0.97). The
hazard ratio for the high AT/AF burden subset compared with
the zero AT/AF burden subset was 2.20 (95% CI, 0.96 to
5.05; P�0.06) (Table 3). In this analysis, use of aspirin or
warfarin was not a significant determinant of outcome, but
the CIs bounding our estimates were wide (hazard ratios, 1.68
[95% CI, 0.81, 3.47] for aspirin and 0.87 [95% CI, 0.41 to
1.87] for warfarin).

In the alternate analysis, we also characterized AT/AF as
the total cumulative hours of AT/AF over the prior 30 days.
The median value for this measure of AT/AF for those who
had any AT/AF was 10.8 hours. After adjusting for stroke
risk factors (history of ischemic stroke/TIA/nonstroke sys-
temic embolus, history of diabetes, history of hypertension,
history of congestive heart failure, and age at baseline) and
time-dependent aspirin and warfarin use, the hazard ratio for
the low AT/AF subset (�10.8 hours) compared with the zero
AT/AF subset was 0.97 (95% CI, 0.34 to 2.80; P�0.96). The
hazard ratio for the high AT/AF subset (�10.8 hours)
compared with the zero AT/AF subset was 2.22 (95% CI,
0.96 to 5.10; P�0.06). These results are nearly identical to
those in which AT/AF was characterized by the maximum
daily duration during the antecedent 30 days (see above),
reflecting the fact that the 2 measures of AT/AF burden are
highly correlated. Indeed, categorization of 30-day window
AT/AF burden (ie, zero, low, high) according to maximum
burden on any given day was 98% identical to categorization
according to cumulative duration of AT/AF.

Discussion
The TRENDS study was designed to assess the relationship
between low levels of paroxysmal AF and risk of stroke.
Analyses from older randomized trials indicate that patients
with “intermittent” AF have rates of stroke comparable to

All 30-Day Windows

(100%)

Zero AT/AF Burden Windows

(76%)

Low AT/AF Burden Windows:
< Median Burden Value

(12%)

High AT/AF Burden Windows:
>Median Burden Value

(12%)

Any AT/AF Burden Windows

(24%) Figure 4. Distribution of AT/AF burden in all
30-day windows during study follow-up.

Table 2. TE Rates for the Overall Study Group (Unadjusted)

AT/AF Burden
Subset

Annualized TE Rate
(95% CI), %

Annualized TE Rate
Excluding TIAs
(95% CI), %

Zero AT/AF burden 1.1 (0.8–1.6) 0.5 (0.3–0.9)

Low AT/AF burden (�5.5 h) 1.1 (0.4–2.8) 1.1 (0.4–2.8)

High AT/AF burden (5.5 h) 2.4 (1.2–4.5) 1.8 (0.9–3.8)

Table 3. Hazard Ratios for Thromboembolic Events Associated
With AT/AF Burden Adjusted for Stroke Risk Factors and
Antithrombotic Therapy

Category Variable
Hazard Ratio

(95% CI)* P Value

AT/AF burden Low burden vs
zero burden

0.98 (0.34, 2.82) 0.97

High burden vs
zero burden

2.20 (0.96, 5.05) 0.06

High and low burden are separated by the median value of 30-day windows
having nonzero AT/AF burden; that is, high corresponds to a burden of �5.5
hours, low corresponds to a burden of 20 seconds to �5.5 hours.

*Estimates based on Cox model with time-varying AT/AF burden and
antithrombotic therapy.
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patients with persistent AF, after controlling for stroke risk
factors.5,14 However, patients categorized as “intermittent”
AF or “paroxysmal” AF in previous trials were likely to have
relatively high AF burden (high enough to be seen and
documented on a 12-lead ECG by sporadic monitoring) to be
entered into those studies. Accurate quantitative assessment
of PAF burden, including brief and asymptomatic episodes,
can only be achieved using continuous cardiac rhythm mon-
itoring given the limitations inherent with intermittent mon-
itoring.15 In the TRENDS study, we took advantage of the
long-term monitoring capability of modern implanted cardiac
rhythm devices to provide an accurate continuous assessment
of AT/AF burden over months to years of follow-up.

There are 2 major findings of the TRENDS study. First,
there was a remarkably low TE rate in this large group of
patients with moderately high mean CHADS2 scores
(2.2�1.2) and implanted pacemakers, ICDs, and CRT de-
vices. Although the majority of participants (53%) and
30-day windows (76%) did not have any episodes of AT/AF,
the rates of TE were low even among those with episodes of
AT/AF and particularly low if TIAs were excluded. The
second finding is that TE risk appears to be quantitatively
linked to AT/AF burden. Low AT/AF burden (defined in our
study as �5.5 hours on each of 30 preceding days) confers a
TE risk similar to having no AT/AF, whereas an AT/AF
burden of �5.5 hours on any given day during the antecedent
30 days appears to confer a doubling of TE risk.

Other studies have also attempted to examine the relation-
ship between AT/AF burden and outcome in device patients.
Israel et al16 showed that implanted devices provide a more
sensitive and accurate measure of AT/AF burden than symp-
toms. A substudy of the MOde Selection Trial (MOST)
reported that atrial high rate episodes lasting at least 5
minutes predicted a higher incidence of the composite out-
come of death and nonfatal stroke.8 Because of its small size
(312 patients) and limitations in device memory in that era,
the MOST investigators could not further quantify a burden
value that raised the risk of the composite outcome of stroke
and death. Furthermore, the majority of end points observed
in the study were due to death, not stroke.

Capucci et al17 analyzed 725 antitachycardia pacemakers
with AT/AF burden recording capacity and found that AT/AF
lasting �24 hours conferred a 3-fold increase in TE risk
compared with those with no AT/AF or episodes lasting �24
hours. The main limitation of this study is that patients with
episodes �24 hours were combined with patients who had
zero burden, making it difficult to specify a daily burden of
brief AT/AF that raises the risk of TE.

The TRENDS study differs from these other studies in that
it was a larger multicenter, prospective study, enrolling
patients with devices capable of comprehensively recording
AT/AF, including brief episodes. In TRENDS, the follow-up
period was longer than previous studies and the primary end
point was adjudicated TEs, which directly addresses the core
issue of TE risk with brief episodes of PAF.

Low Rate of TE in TRENDS
The rate of TE observed in TRENDS was far below the 4%
annual rate anticipated on the basis of reports in AF patients

with average CHADS2 scores �2 when the study was
designed in 2003. Indeed, the low TE rate reported here
prevented our planned primary analysis. Multiple recent
studies have also reported lower than expected stroke rates
even among patients with persistent AF.18,19 Such low rates
limit the potential benefit of anticoagulation and highlight the
need to better predict the TE risk when considering long-term
warfarin therapy. The results presented here are independent
of warfarin use, suggesting that perhaps a finding of high
AT/AF burden on device diagnostics is an additional piece of
information to be used in conjunction with CHADS2 score to
determine need for anticoagulation.

AT/AF Burden
The TRENDS data do not allow us to define a “safe” AT/AF
burden threshold that confers a risk no greater than that of
zero AT/AF burden. Although 30-day windows with maximal
daily AT/AF burdens of �5.5 hours on each day in the
window or �10.8 total hours in the prior 30 days yielded
hazard ratios of 0.98 and 0.97, respectively, compared with
zero AT/AF burden, the CIs were wide. Given the observed
low TE rate, a much larger sample size would be needed to
narrow the CI and to subdivide AT/AF burden into more
groupings beyond the two created by the median. TRENDS
results suggest that �5.5 hours of AT/AF on a given day or
total time of AT/AF �10.8 hours in a 30-day window noted
on routine interrogation of an implantable device, confers
increased risk for TE.

Study Limitations
The main limitation of our study is the unexpectedly low
event rates. Low rates prevent precise definition of stroke
risks associated with quantitatively defined AT/AF burden
without a much larger sample size. The observed hazard ratio
of 2.2 for high burden versus no AT/AF has a CI that includes
1.0. Therefore it remains possible, though unlikely, that our
findings are due to random events.

Another limitation is the absence of electrograms to verify
AF. In the TRENDS study, a pragmatic approach replicating
clinical care used the nominal device settings (atrial rate
�175 bpm lasting �20 seconds) to define an AT/AF episode.
Previously published data suggest that excluding episodes �5
minutes eliminates most oversensing.20 This limitation was
addressed by completing an alternate analysis using a
5-minute threshold for AT/AF. With a 5-minute threshold,
although the median values changed, the hazard ratios for low
and high AT/AF burden compared with zero burden were
nearly identical to those reported here (data not shown).

A final limitation is that although we accounted for use of
anticoagulants in our regression models, we did not collect
INR levels on patients treated with warfarin.

Conclusions
TE risk is low in this group of patients despite a moderately
high CHADS2 risk score of 2.2. The TRENDS data suggest
that AT/AF burden �5.5 hours on any day in the most recent
30 days is associated with an approximate doubling of the
risk of TE compared with zero AT/AF burden, after control-
ling for clinical stroke risk factors and antithrombotic use.

Glotzer et al Implantable Device Diagnostics and Stroke Risk 479

 at BIBL DE L'UNIV LAVAL on January 22, 2015http://circep.ahajournals.org/Downloaded from 

http://circep.ahajournals.org/


Quantitative AT/AF burden detected by implanted devices
may be a TE risk factor that is independent of standard
clinical stroke risk factors. Further research is necessary to
precisely identify the amount of AT/AF burden, in conjunc-
tion with other stroke risk factors that might merit medical
intervention with antithrombotic therapy.
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CLINICAL PERSPECTIVE
The clinical importance of atrial tachyarrhythmia (AT) episodes or atrial fibrillation (AF) detected by pacemakers and
implantable cardioverter-defibrillators is currently unknown. In the practice of cardiology today, arrhythmia management
devices are being implanted in increasing numbers of patients. With the increasing prevalence of these sophisticated
devices, clinicians are confronted with accurate, quantitative and comprehensive memory for AT/AF events. Current
evidence-based cardiology practice defines management strategies for AT/AF that is detected by conventional monitoring
techniques, but these techniques are sensitive only for episodes that are frequent, prolonged, and/or symptomatic. It remains
unknown if the same management strategies apply to brief and often asymptomatic episodes of AT/AF. In the research
presented here, we made the first attempt to answer a question encountered frequently in pacemaker/implantable
cardioverter-defibrillator clinics: Is there a critical level of AT/AF burden that increases the risk of thromboembolic events
that is independent of other known risk factors? The data, although not definitive, suggest that there is such a quantitative
relationship between AT/AF burden and thromboembolic events. Further research will improve the precision of the current
estimate and define the impact of intervention with antithrombotic therapy.
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