
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CLINICAL RESEARCH
Atrial fibrillation

Randomized trial of atrial arrhythmia
monitoring to guide anticoagulation in patients
with implanted defibrillator and cardiac
resynchronization devices
David T. Martin1, Malcolm M. Bersohn2, Albert L. Waldo3, Mark S. Wathen4,
Wassim K. Choucair5, Gregory Y.H. Lip6, John Ip7, Richard Holcomb8, Joseph G. Akar9,
and Jonathan L. Halperin10*, on behalf of the IMPACT Investigators
1Lahey Hospital and Medical Center, Burlington, MA, USA; 2Veterans Administration and University of California Los Angeles School of Medicine, Los Angeles, CA, USA; 3Case Western
Reserve University School of Medicine, Cleveland, OH, USA; 4Tennessee Heart, Cookeville, TN, USA; 5Endovascular Heart Institute, San Antonio, TX, USA; 6University of Birmingham
Centre for Cardiovascular Sciences, City Hospital, UK; 7Sparrow Research Foundation, Lansing, MI, USA; 8Minneapolis, MN, USA; 9Yale University School of Medicine, New Haven, CT,
USA; and 10Icahn School of Medicine at Mount Sinai, New York, NY, USA

Received 3 October 2014; revised 23 February 2015; accepted 19 March 2015; online publish-ahead-of-print 23 April 2015

See page 1640 for the editorial comment on this article (doi:10.1093/eurheartj/ehv159)

Aims Atrial tachyarrhythmias (ATs) detected by implanted devices are often atrial fibrillation or flutter (AF) associated with
stroke. We hypothesized that introduction and termination of anticoagulation based upon AT monitoring would
reduce both stroke and bleeding.

Methods
and results

We randomized 2718 patients with dual-chamber and biventricular defibrillators to start and stop anticoagulation
based on remote rhythm monitoring vs. usual office-based follow-up with anticoagulation determined by standard
clinical criteria. The primary analysis compared the composite endpoint of stroke, systemic embolism, and major
bleeding with the two strategies. The trial was stopped after 2 years median follow-up based on futility of finding
a difference in primary endpoints between groups. A total of 945 patients (34.8%) developed AT, 264 meeting
study anticoagulation criteria. Adjudicated atrial electrograms confirmed AF in 91%; median time to initiate anti-
coagulation was 3 vs. 54 days in the intervention and control groups, respectively (P , 0.001). Primary events
(2.4 vs. 2.3 per 100 patient-years) did not differ between groups (HR 1.06; 95% CI 0.75–1.51; P ¼ 0.732). Major
bleeding occurred at 1.6 vs. 1.2 per 100 patient-years (HR 1.39; 95% CI 0.89–2.17; P ¼ 0.145). In patients with
AT, thromboembolism rates were 1.0 vs. 1.6 per 100 patient-years (relative risk 235.3%; 95% CI 270.8 to
35.3%; P ¼ 0.251). Although AT burden was associated with thromboembolism, there was no temporal relationship
between AT and stroke.

Conclusion In patients with implanted defibrillators, the strategy of early initiation and interruption of anticoagulation based on re-
motely detected AT did not prevent thromboembolism and bleeding.

Clinical trial
registration

IMPACT ClinicalTrials.gov identifier: NCT00559988 http://clinicaltrials.gov/ct2/show/NCT00559988?term=
NCT00559988&rank=1.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Atrial fibrillation † Arrhythmia monitoring † Oral anticoagulation † Stroke prevention † Randomized controlled

clinical trial

* Corresponding author. The Cardiovascular Institute, Mount Sinai Medical Center, Fifth Avenueat100th Street, NewYork,NY10029, USA. Tel: +1212 241 7243, Fax:+1212 831 2195,
Email: jonathan.halperin@mssm.edu

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2015. For permissions please email: journals.permissions@oup.com.

European Heart Journal (2015) 36, 1660–1668
doi:10.1093/eurheartj/ehv115

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/36/26/1660/2293338 by U

.S. D
epartm

ent of Justice user on 17 August 2022

http://clinicaltrials.gov/ct2/show/NCT00559988?term=NCT00559988&amp;rank=1
http://clinicaltrials.gov/ct2/show/NCT00559988?term=NCT00559988&amp;rank=1
http://clinicaltrials.gov/ct2/show/NCT00559988?term=NCT00559988&amp;rank=1
http://clinicaltrials.gov/ct2/show/NCT00559988?term=NCT00559988&amp;rank=1
http://clinicaltrials.gov/ct2/show/NCT00559988?term=NCT00559988&amp;rank=1
mailto:jonathan.halperin@mssm.edu
mailto:jonathan.halperin@mssm.edu
mailto:jonathan.halperin@mssm.edu


Introduction
Implanted cardiac devices can detect atrial tachyarrhythmias
(ATs), permitting correlation of atrial fibrillation or flutter (AF)
with stroke risk.1,2 Contemporary dual-chamber cardioverter-
defibrillator (ICD) and resynchronization (CRT) devices can issue
remote ATalerts. It is not knownwhether starting and stopping antic-
oagulation based upon such data can prevent stroke, systemic embol-
ism, and major bleeding compared with conventional management.
We conducted a randomized trial of a specified anticoagulation
protocol guided by continuous remote rhythm monitoring com-
pared with usual office-based care.

Methods

Organization
The Steering Committee designed and governed the trial, analysed the
data, and takes responsibility for the manuscript. A Clinical Events Com-
mittee adjudicated suspected primary events and deaths, and an inde-
pendent Data Monitoring Committee (DMC) oversaw participant safety.

Study design
The design has been described.3 This multicentre, single-blinded, rando-
mized trial of wireless telemetry [Home Monitoring (HM); BIOTRONIK,
Lake Oswego, OR, USA] monitored cardiac rhythms in patients with
implantable cardioverter-defibrillator (ICD) and resynchronization
therapy defibrillator (CRT-D) devices. We hypothesized that prompt
intervention would reduce both thromboembolism and haemorrhage
compared with conventional therapy by initiating anticoagulation early
after AT detection and withdrawing it when AT abated. Control patients
received usual care, including device interrogations at routine checks.

Outcomes
The primary analysis compared first occurrence of stroke, systemic
embolism, or major bleeding in the two arms. Specified secondary
analyses included AT burden in relation to events.

Population
Patients with ICD or CRT-D devices, CHADS2 risk score ≥1 and ability
to tolerate anticoagulation enrolled at 104 arrhythmia centres in North
America, Europe, and Australia.3,4 Patients with permanent AF or contra-
indications to anticoagulation were excluded. The protocol was
approved by institutional review boards governing human research,
and consenting patients enrolled any time after device implantation.

Treatment
Patients were randomized 1:1 to intervention or control, stratified by
CHADS2 category (1–2, 3–4, 5–6) and device type (ICD, CRT-D). The
control group received standard follow-up and anticoagulation based on
clinical criteria as determined by treating physicians. The intervention
group was continuously monitored by remote technology that issued
notifications when ATs occurred. The Coordinating Centre recorded
data for both groups, and provided safety surveillance for malfunctions,
elevated lead impedance, energy depletion, replacement indicators, and
ventricular arrhythmias. Both groups were followed as recommended
for ICD devices,5 but access to HM differed: Monitoring was fully
enabled in the intervention group, but AT information for controls was
obtained by conventional diagnostic methods or device interrogation.

Atrial tachyarrhythmias were identified in the intervention group
when ≥36 of 48 atrial beats had cycle lengths ≤300 ms (≥200 b.p.m.).

A treatment-blinded committee retrospectively reviewed electrograms
obtained when protocol-specified anticoagulation criteria were met plus
a random sample of periodic transmissions.

Anticoagulation for the intervention group was based on CHADS2 risk
score [1 point each for heart failure or left-ventricular ejection fraction
(EF) ≤0.35, hypertension, age ≥75 years, or diabetes; 2 points for previ-
ous thromboembolism].4 The duration of AT prompting anticoagulation
in patients with scores 5–6 (previous thromboembolism) was shorter
than for patients with scores 1–4 without previous thromboembolism
(Figure 1).3

Anticoagulants initially included only vitamin K antagonists (VKA), but
dabigatran, rivaroxaban, or apixaban were allowed once approved for
use. Dosing of VKA was adjusted per local protocols [goal International
Normalized Ratio (INR) 2.0–3.0]. Time in therapeutic range (TTR) was
calculated by linear interpolation for prescribed periods6 and excluded
the first 14 days after starting or restarting therapy, and brief periods of
interruption for surgical or medical reasons. Other oral anticoagulants
were prescribed as labelled. There were no restrictions on device set-
tings, antiarrhythmic medication, cardioversion, ablation procedures,
or other treatments.

If sinus rhythm resumed in the intervention group, monitoring contin-
ued for AT (Figure 1) and anticoagulation was stopped according to
CHADS2 score and arrhythmia-free periods, but continued for patients
with prior thromboembolism. Recurrent AT prompted resuming antic-
oagulation unless haemorrhage occurred.

To balance sensitivity for event detection, both groups completed
stroke symptom questionnaires every 3 months.7 Blinded specialists
assessed patients with suspected endpoint events, and collected data
for blinded adjudication.

Definitions
Diagnosis of ischaemic stroke required rapid onset of focal neurological
deficit lasting ≥24 h and infarction on brain imaging. Haemorrhagic
strokes were confirmed by imaging or autopsy. Systemic embolism
required acute arterial occlusion without previous arterial disease, con-
firmed by angiography. Major bleeding was clinically overt and disabling,
fatal, or associated with ≥5 g/dL haemoglobin decline, transfusion ≥2
units, hospitalization, surgery, or a critical anatomical site.3

Statistical analyses
Sample size was based on Fisher’s exact test and estimated event rate
2.8/100 patient-years for stroke, systemic embolism, and major bleeding
in the control group.2,8 The primary analysis assessed for superiority
according to intention-to-treat, with 80% power [type I error (2-sided
a) 0.044 for the adjusted P-value]. Detection of 40% reduction required
951 patients per arm; compensation for 10%/year attrition brought
enrolment to 2718 patients.

Analyses were as-randomized and per-protocol, based on time to first
event using Cox proportional hazards modelling stratified for CHADS2

score and device type. The DMC performed group sequential interim
analyses at 25, 50, and 75% of requisite primary events to validate rate
assumptions and monitor for benefit, harm, or futility. The Lan-DeMets
and O’Brien-Fleming a-spending functions had two-sided symmetrical
boundaries.9,10

Categorical variables are summarized as number of observations and
proportion of participants and continuous variables as mean, standard
deviation, median, and interquartile range. Statistical analyses were per-
formed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA), SPSS
version 21 (IBM Corp., Armonk, NY, USA), and StatXact version 10
(Cytel, Cambridge, MA, USA). Significance was accepted at the 95%
confidence level (two-sided P ≤ 0.05) for the primary composite
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endpoint. Other P-values and confidence intervals for the study results
are reported as unadjusted, nominal values without assignment of statis-
tical significance.

Results

Recruitment and follow-up
Between 28 February 2008 and 17 May 2013, we randomized 2718
patients. After 75% of expected primary events had occurred, the
DMC determined that the anticoagulation protocol was unlikely to
influence the primary outcome, and that endpoint differences
between the two groups were unlikely to emerge in further follow-
up. The Steering Committee concurred, and closed the study on
12 June 2013 with median patient exposure 701 days, and cumulative
follow-up 5430 patient-years.

The mean interval from device implantation to enrolment was 121
days (median 4.0 months; range 1 day–64 months), similar in both
groups. In the control and intervention groups, 10.2 and 11.2% of
patients, respectively, withdrew before endpoints, death, or termin-
ation of the study occurred (Figure 2). There were 15 977 follow-up
visits (89.9% of expected); 95.3% of patients completed ≥1 visit, and
devices were interrogated an average of nine times. Clinical status
was confirmed for 99.6% of active patients at study termination;
8 (0.3%) were lost to follow-up.

Patient characteristics
Randomized patients were typical of individuals managed with ICD
(64%) and CRT-D (36%) devices (Table 1). The median age was
64.4 years; 26.3% were women. Most had CHADS2 scores 1–2 at
entry (53.3%); 41.9% scores of 3–4 and 4.8% scores of 5–6.
Groups were balanced for risk factors (Table 1), estimated

CHA2DS2-VASc (median 4) and HAS-BLED (median 3) scores;11,12

8.9% had previous ischaemic stroke or thromboembolism, and
71.5% had ischaemic heart disease. Baseline medications were
balanced between groups, with 76% taking aspirin, but more in the
intervention group took other platelet inhibitors, mainly clopidogrel
(34.5 vs. 30.7%; P ¼ 0.037). Devices were implanted predominantly
to treat potentially lethal ventricular arrhythmias (83.1%). The
mean EF was 0.30 (range 0.05–0.80); median CHADS2 scores
were 2 for patients with ICD and 3 for CRT-D devices.

Clinical outcomes
The primary event rate did not differ between the intervention and
control groups (2.4 vs. 2.3/100 patient-years, respectively; HR 1.06;
95% CI 0.75–1.51; P ¼ 0.732; Figure 3). Of 124 total primary
events in the study, 22were strokes, 41major bleeds, and none extra-
cranial systemic embolic events in the intervention group. Corre-
sponding events in controls were 30, 29, and 2. Nine patients
developedmore thanoneprimaryevent (majorbleedafter ischaemic
stroke in two intervention and three control, ischaemic stroke after
major bleed in two intervention and one control, and haemorrhagic
stroke after ischaemic stroke in one intervention patient), but data
were censored after the first event (Figure 3).

Among those with AT, thromboembolism rates were 1.0 and
1.6/100 patient-years in the intervention and control groups, res-
pectively (relative risk reduction 235.3%; 95% CI 270.8 to 35.3%;
P ¼ 0.251; Table 2). Ischaemic stroke occurred at 0.7/100 patient-
years among patients with AT in the intervention group, vs. 1.3 in
the control group (HR 0.55; 95% CI 0.23–1.34; P ¼ 0.188). Major
bleeding rates were 1.6 and 1.2/100 patient-years (HR 1.39; 95% CI
0.89–2.17; P ¼ 0.145). Intracranial haemorrhage rates did not differ
across groups (0.1/100 patient-years). All-cause mortality was 10.8%
in the intervention group vs. 10.3% in controls (5.4 vs. 5.1/100 patient-

Figure 1 Anticoagulation initiation and interruption algorithm for the intervention group. AT, atrial tachyarrhythmia.
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years; P ¼ 0.662); 38.3% were classified as cardiovascular, 26.1%
non-cardiovascular, and 35.5% uncertain, similar for both groups.

The ischaemic stroke or thromboembolism rate for control
patients with ≥6 min of AT on any day was 1.8/100 patient-years
(4.3% of 281 patients with AT ≥6 min), and 3.1/100 patient-years
with AT ≥5.5 h (7.7% of 143 patients with AT ≥5.5 h; P-trend ¼
0.173). In the intervention group, 2.8% of 290 patients with ≥6 min
and 2.5% of 161 patients with ≥5.5 h of AT developed thrombo-
embolism, 1.1 and 1.0/100 patient-years, respectively (P-trend ¼
1.000; interaction P ¼ 0.470). Taking both treatment groups to-
gether, thromboembolism occurred in 3.1% of patients with AT,
not significantly greater than in those without AT (2.3%, P ¼ 0.202),
but incremental risk became significant when the burden of AT
was .5.5 h (4.9% of patients with AT vs. 2.2% of those without,
P ¼ 0.010). The increased risk was driven mainly by the control
group with thromboembolism in 7.7% of patients with AT .5.5 h,
as opposed to 2.5% of intervention patients.

Atrial tachyarrhythmias
During 2 years mean follow-up, 99.0% of devices transmitted rhythm
information; the proportion of days with transmissions was 83.7%;
.70% of patients had transmission rates ≥80%. One percent of
periodic transmissions showed AT, which occurred in 945 patients
(34.8%), 36.3% in the intervention group and 33.2% in controls
(P ¼ 0.09). In the interventionandcontrolgroups, 138and126arrhyth-
mias, respectively, qualified for anticoagulation. Electrogram adjudica-
tion confirmed 91% diagnostic accuracy, with 60.5% atrial fibrillation,
30.0% atrial flutter (cycle length 255+31 ms), and 9.5% false-positive
due to far-field over-sensing (6.3%) or noise (3.2%). This compares
favourably with data reported with other devices.13

Anticoagulation
In the control group, 25.2% of ATs met protocol-specified anticoagu-
lationcriteria, butbecause thesepatients were randomized toconven-
tional management, physicians were not alerted; 60.0% of these
patients began anticoagulants (mean OAC duration 450 days, 48.4%
of follow-up), mainly for AF identified by clinical criteria including
device interrogation. The incidence of AT meeting protocol-specified
anticoagulation criteria was similar in the intervention group (25.6%),
and 72.2% began anticoagulants (mean OAC duration 409 days,
43.1% of follow-up). In the intervention arm, 45.2% of 126 eligible
patients started within the specified timeframe, 23.0% followed the
start-stop-resume plan, and 27.8% received no anticoagulation.
Although overall compliance with the anticoagulation protocol was
suboptimal, in those patients who adhered the time-to-initiation of
anticoagulation was substantially abbreviated (median 3 days in the
intervention group vs. 54 days in controls, P , 0.001).

When considering any indication, more of the intervention
(13.4%,n ¼ 182) thancontrol (11.6%,n ¼ 158)patients initiatedantic-
oagulants (80.9% VKA, 10.0% dabigatran, 8.2% rivaroxaban, and 0.9%
apixaban), with similar distributions across groups (Figure 4). The
TTR during VKA therapy (58.8%) was similar between groups and
61.2% in intervention patients during protocol-specified periods.

Relationship between atrial
tachyarrhythmia and thromboembolism
There was no temporal association between AT and clinical events.
Of 69 thromboembolic events in both groups combined, 20
(29.0%) followed AT by 1 to 489 days, and 9 (13.0%) preceded AT
(Figure 5). The remaining 40 (58.0%) occurred without AT detected
during the monitoring period.

Figure 2 Enrolment, randomized treatment allocation, and attrition of patients.
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Discussion
This is the only randomized trial of continuous device-detected atrial
arrhythmia information to guide therapeutic intervention for stroke
prevention. In this cohort, the strategy of early anticoagulation
for incident AF and withdrawal after arrhythmia-free periods did
not improve outcomes compared with conventional management.
Continuous monitoring over a long period documented clear

temporal dissociation of atrial arrhythmias from ischaemic stroke
or thromboembolism.

Rhythm-guided anticoagulation
Our data are consistent with observational studies in which the
annualized rate of thromboembolism was about 1.3/100 patient-
years.14 The incidence of thromboembolism correlates with

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Characteristics of patients at baseline

Characteristic Control group (n 5 1361) Intervention group (n 5 1357) P C vs. I

Age, years 64.2+11.5 64.7+10.8 0.236

Male sex, n (%) 993 (73.0) 1010 (74.4) 0.408

White race, n (%) 1109 (81.5) 1124 (82.8) 0.686

Hispanic ethnicity, n (%) 48 (3.5) 59 (4.3) 0.280

CHADS2 score (median) 2 2 0.544

1 or 2, n (%) 723 (52.1) 725 (53.4)

3 or 4, n (%) 563 (41.4) 576 (42.4)

5 or 6, n (%) 75 (5.5) 56 (4.1)

CHADS2 components, n (%)

Age ≥ 75 years 261 (19.2) 247 (18.3) 0.523

Recent CHF or LV dysfunction 1217 (89.5) 1228 (90.5) 0.372

History of hypertension 1144 (84.1) 1133 (83.5) 0.716

History of diabetes 547 (40.2) 562 (41.4) 0.532

History of stroke/TIA 132 (9.7) 111 (8.2) 0.179

Left-ventricular ejection fraction, % 29.4+11.3 29.9+10.8 0.307

NYHA functional class, n (%) 0.695

I 110 (9.3) 113 (9.4)

II 649 (54.9) 638 (53.2)

III 412 (34.9) 438 (36.5)

IV 11 (0.9) 10 (0.8)

Blood pressure, mmHg

Systolic 123.5+18.1 123.7+17.8 0.832

Diastolic 72.6+11.0 72.2+11.1 0.520

Coronary artery disease 968 (71.2) 976 (71.9) 0.671

Non-ischaemic cardiomyopathy 422 (31.0) 393 (29.0) 0.258

Ischaemic cardiomyopathy 775 (56.9) 805 (59.3) 0.214

Valvular disease 707 (52.0) 717 (52.8) 0.673

Myocardial infarction 739 (54.3) 755 (55.6) 0.512

Peripheral arterial disease 161 (11.8) 159 (11.7) 0.953

History of atrial fibrillation or flutter 163 (12.0) 167 (12.3) 0.814

Medication at baseline, n (%)

Antiarrhythmic drug 156 (11.5) 139 (10.2) 0.266

AV-nodal blocking calcium antagonist 168 (12.3) 175 (12.9) 0.686

ACE inhibitor or ARB 1136 (83.5) 1140 (84.0) 0.716

Digoxin or digitalis glycoside 197 (14.5) 182 (13.4) 0.439

Nitrate 386 (28.4) 416 (30.7) 0.193

b-blocker 1244 (91.4) 1235 (91.0) 0.735

Diuretic 910 (66.9) 921 (72.3) 0.595

Statin 1018 (74.8) 981 (72.3) 0.140

Hypoglycaemic 442 (32.5) 465 (34.3) 0.329

Platelet inhibitor (non-aspirin) 418 (30.7) 468 (34.5) 0.037

Aspirin 1050 (77.1) 1015 (74.8) 0.164
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CHADS2 score.15 Accelerating initiation and withdrawal of antic-
oagulation based on rhythm monitoring did not prevent stroke
and bleeding better than conventional management. Although
the anticoagulation protocol was not optimally applied, the
impact of this deficiency upon the outcome of the study is mitigated
by the low event rate and lack of temporal relationship between AT
and stroke (Figure 5). Nevertheless, there were three embolic
events that occurred after withdrawal of anticoagulation for
patients with previously identified AT episodes, and this provides

further support for the long-term continuation of anticoagulation
even when the arrhythmia appears to have subsided (Figure 5).
Target-specific oral anticoagulants provide more rapid onset and
offset of anticoagulation than vitamin K antagonists. Although
these were prescribed infrequently, there is little reason to
suspect that greater use would have altered the outcome. Tem-
poral dissociation between AF and stroke suggests that the
driving hypothesis was unsound and calls for reconsideration of
conventional notions of stroke pathogenesis in the patient popula-
tion studied (Figure 5).

Burden and timing of atrial
tachyarrhythmia in relation to ischaemic
stroke or thromboembolism
The association of AT burden with stroke risk has varied in previous
reports, possibly because of the populations studied. Five minutes of
AT correlated with elevated risk of stroke and death in the Mode Se-
lection Trial (MOST).2 After adjustment for other risk factors,
patients in an Italian pacemaker registry with AT .24 h were three
times more likely to develop thromboembolism than those with
shorter episodes.16 A daily AT burden of 3.8 h raised risk in the
HomeCARE and everesT studies.17 The TRENDS investigators
established an AT threshold of 5.5 h in a 30-day period,14 while AT
lasting ≥6 min in the ASSERT study elevated risk 2.5-fold.18 In a
pooled analysis of 10 016 patients adjusted for stroke risk and antic-
oagulation, even 1 h of AT doubled the rate of stroke.19 In our trial of
patients with ICDs (.85% of whom had no history of atrial fibrilla-
tion at baseline), there was a clear relationship between AT burden
and stroke risk.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 2 Outcomes by treatment group, atrial tachyarrhythmia, and oral anticoagulation at any time during the study

Control group
N 5 1361

Intervention group
N 5 1357

Hazard ratiob (95% CI) P C vs. I

na Rate na Rate

Primary endpointc 61 2.3 63 2.4 1.06 (0.75–1.51) 0.732

AT detected 30 2.9 34 3.0

No AT detected 31 1.9 29 2.0

OAC started 24 6.4 32 7.6

No OAC started 37 1.6 31 1.4

Thromboembolismc 37 1.4 32 1.2 0.88 (0.55–1.41) 0.586

Mortality 140 5.1 147 5.4 1.07 (0.85–1.34) 0.662

Ischaemic stroke 28 1.0 22 0.8 0.79 (0.45–1.39) 0.417

TIA 8 0.3 10 0.4 1.27 (0.50–3.21) 0.619

Systemic embolismd 2 0.1 0 0.0 NA 0.969

Haemorrhagic stroke 3 0.1 3 0.1 1.03 (0.21–5.10) 0.973

Major bleed 32 1.2 43 1.6 1.39 (0.89–2.17) 0.145

AT, atrial tachyarrhythmia; OAC, oral anticoagulation; TIA, transient ischaemic attack.
an represents the number of patients with each clinical outcome. Rates are expressed as the number of events per 100 patient-years.
bHazard ratio provided for comparison of total events in each treatment group.
cOnly the first event for each patient (ischaemic stroke, haemorrhagic stroke, systemic embolism, or major bleed for primary endpoint; ischaemic stroke, systemic embolism,
or TIA for thromboembolism) is counted toward the total number of events.
dSystemic embolism refers to extracranial thromboembolic events.

Figure 3 Primary events (first stroke, systemic embolism, or
major bleeding event) in the two treatment groups (intention-to-
treat analysis).

IMPACT trial of rhythm-guided anticoagulation 1665
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/36/26/1660/2293338 by U
.S. D

epartm
ent of Justice user on 17 August 2022



While several studies found no temporal relationship between
AT and thromboembolism, inferences were limited by selective
anticoagulation. This is the first prospective trial to validate
temporal dissociation with anticoagulant therapy, a controlled vari-
able. One-third of the cohort developed AT, frequently after,
rather than before, clinical events, confirming by comprehensive
monitoring what was suggested by smaller observational studies
with less rhythm ascertainment.17 Collectively, these data suggest
that better adherence to rhythm-guided anticoagulation or wider
use of target-specific anticoagulants may not prevent most events.
Temporal dissociation of ATand stroke is strong evidence againstdis-
continuing anticoagulation based on rhythm criteria.17,20,21 The cur-
rently recruiting Rhythm Evaluation for AntiCoagulaTion With
COntinuous Monitoring (REACT COM) study addresses this in a dif-
ferent patient population with baseline atrial fibrillation and CHADS2

scores ,2 (http://clinicaltrials.gov/show/NCT01706146).
Only 4% of ischaemic strokesoccurred in patients with antecedent

AT meeting anticoagulation criteria, and 55.8% occurred in patients
without AT (Figure 5). Although longer AT episodes more accurately
indicated AF than short episodes, the protocol based anticoagulation
upon the cumulative duration of AT within a specified timeframe,
rather than individual episodes. Modifying criteria to address
longer AT and overlooking shorter episodes could yield different
results.22 While some strokes in patientswith AF involve mechanisms
other than embolism from the left atrium,23 pathological changes in
atrial tissue (such as fibrosis or endothelial dysfunction), as well as
increased thrombogenicity of blood may predispose to both AF
and stroke, causing clinical events without antecedent AF.20,24,25

The implication is that anticoagulation for device-detected AT
should be based on a broader assessment of risk (including co-
morbidities) and benefit.

Stroke and atrial fibrillation
Patients in this trial differed from those with predominantly sinus
node disease enrolled in pacemaker-based studies. Our patients

generally had left-ventricular dysfunction, heart failure, and vascular
disease (Table 1)14,16,18 and were, therefore, at risk of stroke with
or without AF. Long-term cardiac rhythm monitoring in victims
of cryptogenic ischaemic stroke found AF in only �30% over
3 years.26 Consistent with dissociation of AF and stroke, over half
the patients developing ischaemic stroke in our study did not
exhibit AF during continuous monitoring, and the mechanisms re-
sponsible for stroke in patients with more advanced heart disease
may differ.

Limitations
The main limitation of this study was poor compliance with the antic-
oagulation plan in the intervention group. Participating sites were
specialized arrhythmia management practices, and for a high propor-
tion of patients, other providers managed anticoagulation. In patients
receiving VKA, the TTRcompared favourably to previous trials, and is
representative of common anticoagulation care.27 Greater use of
antiplatelet therapy, combined with the protocol-specified starting
of anticoagulation in the intervention group might have increased
bleeding asymmetrically. Whether adherence would improve with
a simpler algorithm or different care model is speculative, but the
temporal dissociation of AT and thromboembolism makes better ap-
plication of an anticoagulation strategy such as ours unlikely to yield
benefit.

Conclusions
Early initiation of anticoagulation based on device-detected AT did
not improve outcomes, in part because of temporal dissociation
between AF and stroke, and possibly because of stroke mechan-
isms independent of AF. The results do not support urgent initi-
ation or any later withdrawal of anticoagulation in response to
incident AFor its termination, and argue instead for anticoagulation
based on more comprehensive, individualized assessment of risk
and benefit. Additional studies are needed to elucidate stroke

Figure 4 Distribution of oral anticoagulant utilization during the course of the study. OAC, oral anticoagulant; VKA, vitamin K antagonist.
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mechanisms in patients with advanced heart disease to inform
anticoagulation decision for AF detected by implanted cardiac
rhythm management devices.

Supplementary material
Supplementary material is available at European Heart Journal
online.
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