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§ Most common sustained arrhythmia in clinical practice 
§ 4% of the population over age 60; 10% over age 80 
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Prevalence of AF (per 100,000)
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Deaths attributable to AF
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AF-associated mortality, stratified

Chugh S S et al. Circulation. 2014;129:837-847
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AF is the most expensive cardiac dx
§ Direct annual cost age < 65: $6.65 billion 
§ Medicare spending for new AF: $15.7 billion 

§ Mainly due to complications (stroke, CHF, MI, tachycardia) 
§ Direct and indirect cost of stroke: $58 billion

CONSEQUENCES IN  COST AND C ARE   /   5

AFib significantly increases the risk of stroke22 and heart disease, both of which are leading causes of 

death in the United States.23 It is also often associated with several age-related cardiovascular comor-

bidities, such as valvular heart disease, heart failure (HF), coronary artery disease, and hypertension.24 

AFib patients with heart disease also have higher mortality rates compared to patients with normal 

heart rhythm.25 

Since the incidence, prevalence, and complications of AFib increase with age, the Medicare program 

absorbs a majority of the burden of care. An Avalere Health analysis of public and private payer survey 

data identifies Medicare as the primary payer of AFib across all settings of care (Figure 3).26 

FIGURE 3: MEDICARE IS THE PRIMARY PAYER FOR AFIB ACROSS ALL SETTINGS OF CARE 
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Stroke shortens lifespan the most

(Peeters A, et al. Eur Heart J. 2002)

Average Remaining Life Expectancy at Age 60 (Men)
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AF and stroke: the classical model
Physiology 

§ Loss of coordinated 
atrial activity 

§ Impaired emptying, 
stasis, hyper-
coagulability, clot 
formation

Implications for stroke risk 
§ 15% of 700,000 strokes/

year in U.S. 
§ Risk if untreated: 3-12%/yr 
§ Stroke from AF has higher 

severity, disability and 
mortality (larger territory)

Therapies can prevent stroke in AF

KDIGO



§ 1 point for each of the following:  
§ Congestive heart failure 
§ Hypertension 
§ Age ≥ 75 
§ Diabetes 

§ 2 points for prior Stroke/TIA

First, there was CHADS2

10

(Gage BF, JAMA 2001; AHA 2006 guidelines; ACCP 2012 guidelines)
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National Registry of AF (NRAF)
§ Source of CHADS2 data 
§ Quality improvement Medicare registry 
§ 1733 inpatients, age 65-95, discharged 

from a hospital with AF 
§ 7 hospitals from stroke belt states 
§ ICD9 codes, not chart review  
§ Max follow-up: 2.7 years 
§ CKD not assessed 
§ Non-generalizable

KDIGO



Validation: how good is CHADS2?
§ c-statistic = 

0.56-0.62 
§ (0.50 = pure chance) 
§ Substantial 

misclassification 
§ Untreated “low risk” 

patients who get 
strokes 

§ Treated “high risk” 
patients who bleed

(Fang M, JACC 2006)
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Why did CHADS2 survive this long?
§ Specific, not sensitive 
§ Warfarin was too risky to be broadly used 

§ High INR+uncontrolled BP±ASA = ICH 
§ As warfarin management improved (and 

ICH decreased), goal was to find a high 
sensitivity risk tool

Turakhia M, Circ Qual Care Outcomes, 2013
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Then came CHA2DS2-VASc…

(range, 2.0–3.0), unless contraindicated. Such a practice appears to
translate to better outcomes in AF patients in routine care.10,51

As shown in Table 7, there is a clear relationship between
CHADS2 score and stroke rate.50 The original validation of this
scheme classified a CHADS2 score of 0 as low risk, 1–2 as mod-
erate risk, and .2 as high risk.

The Stroke in AF Working Group performed a comparison of
12 published risk-stratification schemes to predict stroke in
patients with non-valvular AF, and concluded that there were sub-
stantial, clinically relevant differences among published schemes
designed to stratify stroke risk in patients with AF. Most had
very modest predictive value for stroke (c-statistics—as a
measure of the predictive value—of !0.6); also, the proportion
of patients assigned to individual risk categories varied widely
across the schemes. The CHADS2 score categorized most subjects
as ‘moderate risk’ and had a c-statistic of 0.58 to predict stroke in
the whole cohort.

In the present guidelines, we have tried to de-emphasize the use
of the ‘low’, ‘moderate’, and ‘high’ risk categorizations, given the
poor predictive value of such artificial categories, and recognize
that risk is a continuum. Thus, we encourage a risk factor-based
approach for more detailed stroke risk assessment, recommending
the use of antithrombotic therapy on the basis of the presence (or
absence) of stroke risk factors.

Support for this approach comes from various published ana-
lyses, where even patients at ‘moderate risk’ (currently defined
as CHADS2 score ¼ 1, i.e. one risk factor) still derive significant
benefit from OAC over aspirin use, often with low rates of
major haemorrhage. Importantly, prescription of an antiplatelet
agent was not associated with a lower risk of adverse events.
Also, the CHADS2 score does not include many stroke risk
factors, and other ‘stroke risk modifiers’ need to be considered
in a comprehensive stroke risk assessment (Table 8).

‘Major’ risk factors (previously referred to as ‘high’ risk
factors) are prior stroke or TIA, or thrombo-embolism, and
older age (≥75 years). The presence of some types of valvular
heart disease (mitral stenosis or prosthetic heart valves) would
also categorize such ‘valvular’ AF patients as ‘high risk’.

‘Clinically relevant non-major’ risk factors (previously
referred to as ‘moderate’ risk factors) are heart failure [especially
moderate to severe systolic LV dysfunction, defined arbitrarily as
left ventricular ejection fraction (LVEF) ≤40%], hypertension, or
diabetes. Other ‘clinically relevant non-major’ risk factors (pre-
viously referred to as ‘less validated risk factors’) include female
sex, age 65–74 years, and vascular disease (specifically, myocardial
infarction, complex aortic plaque and PAD). Note that risk factors
are cumulative, and the simultaneous presence of two or more
‘clinically relevant non-major’ risk factors would justify a stroke
risk that is high enough to require anticoagulation.

This risk factor-based approach for patients with non-valvular
AF can also be expressed as an acronym, CHA2DS2-VASc [con-
gestive heart failure, hypertension, age ≥75 (doubled), diabetes,
stroke (doubled), vascular disease, age 65–74, and sex category
(female)].52 This scheme is based on a point system in which 2
points are assigned for a history of stroke or TIA, or age ≥75;
and 1 point each is assigned for age 65–74 years, a history of
hypertension, diabetes, recent cardiac failure, vascular disease

(myocardial infarction, complex aortic plaque, and PAD, including
prior revascularization, amputation due to PAD, or angiographic
evidence of PAD, etc.), and female sex (Table 8). Thus, this
acronym extends the CHADS2 scheme by considering additional
stroke risk factors that may influence a decision whether or not
to anticoagulate (see Section 4.1.1).

Table 8 CHA2DS2VASc score and stroke rate

(a) Risk factors for stroke and thrombo-embolism 
in non-valvular AF

‘Major’ risk factors ‘Clinically relevant non-major’
risk factors

Previous stroke, TIA, 
or systemic embolism

Age > 75 years

Heart failure or moderate to 
severe LV systolic dysfunction

(e.g. LV EF < 40%)
Hypertension - Diabetes mellitus

Female sex - Age 65–74 years
Vascular diseasea

(b) Risk factor-based approach expressed as a point based 
scoring system, with the acronym CHA2DS2-VASc

(Note: maximum score is 9 since age may contribute 0, 1, or 2 points)

Risk factor Score

Congestive heart failure/LV dysfunction 1

Hypertension 1

Age >75 2

Diabetes mellitus 1

Stroke/TIA/thrombo-embolism 2

Vascular diseasea 1

Age 65–74 1

Sex category (i.e. female sex) 1

Maximum score 9

(c) Adjusted stroke rate according to CHA2DS2-VASc score

CHA2DS2-VASc
score

Patients (n = 7329) Adjusted stroke 
rate (%/year)b

0 1 0%

1 422 1.3%

2 1230 2.2%

3 1730 3.2%

4 1718 4.0%

5 1159 6.7%

6 679 9.8%

7 294 9.6%

8 82 6.7%

9 14 15.2%

See text for definitions.
aPrior myocardial infarction, peripheral artery disease, aortic plaque. Actual rates
of stroke in contemporary cohorts may vary from these estimates.
bBased on Lip et al.53

AF ¼ atrial fibrillation; EF ¼ ejection fraction (as documented by
echocardiography, radionuclide ventriculography, cardiac catheterization, cardiac
magnetic resonance imaging, etc.); LV ¼ left ventricular;
TIA ¼ transient ischaemic attack.

ESC GuidelinesPage 14 of 61
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Weaknesses of CHA2DS2-VASc

(range, 2.0–3.0), unless contraindicated. Such a practice appears to
translate to better outcomes in AF patients in routine care.10,51

As shown in Table 7, there is a clear relationship between
CHADS2 score and stroke rate.50 The original validation of this
scheme classified a CHADS2 score of 0 as low risk, 1–2 as mod-
erate risk, and .2 as high risk.

The Stroke in AF Working Group performed a comparison of
12 published risk-stratification schemes to predict stroke in
patients with non-valvular AF, and concluded that there were sub-
stantial, clinically relevant differences among published schemes
designed to stratify stroke risk in patients with AF. Most had
very modest predictive value for stroke (c-statistics—as a
measure of the predictive value—of !0.6); also, the proportion
of patients assigned to individual risk categories varied widely
across the schemes. The CHADS2 score categorized most subjects
as ‘moderate risk’ and had a c-statistic of 0.58 to predict stroke in
the whole cohort.

In the present guidelines, we have tried to de-emphasize the use
of the ‘low’, ‘moderate’, and ‘high’ risk categorizations, given the
poor predictive value of such artificial categories, and recognize
that risk is a continuum. Thus, we encourage a risk factor-based
approach for more detailed stroke risk assessment, recommending
the use of antithrombotic therapy on the basis of the presence (or
absence) of stroke risk factors.

Support for this approach comes from various published ana-
lyses, where even patients at ‘moderate risk’ (currently defined
as CHADS2 score ¼ 1, i.e. one risk factor) still derive significant
benefit from OAC over aspirin use, often with low rates of
major haemorrhage. Importantly, prescription of an antiplatelet
agent was not associated with a lower risk of adverse events.
Also, the CHADS2 score does not include many stroke risk
factors, and other ‘stroke risk modifiers’ need to be considered
in a comprehensive stroke risk assessment (Table 8).

‘Major’ risk factors (previously referred to as ‘high’ risk
factors) are prior stroke or TIA, or thrombo-embolism, and
older age (≥75 years). The presence of some types of valvular
heart disease (mitral stenosis or prosthetic heart valves) would
also categorize such ‘valvular’ AF patients as ‘high risk’.

‘Clinically relevant non-major’ risk factors (previously
referred to as ‘moderate’ risk factors) are heart failure [especially
moderate to severe systolic LV dysfunction, defined arbitrarily as
left ventricular ejection fraction (LVEF) ≤40%], hypertension, or
diabetes. Other ‘clinically relevant non-major’ risk factors (pre-
viously referred to as ‘less validated risk factors’) include female
sex, age 65–74 years, and vascular disease (specifically, myocardial
infarction, complex aortic plaque and PAD). Note that risk factors
are cumulative, and the simultaneous presence of two or more
‘clinically relevant non-major’ risk factors would justify a stroke
risk that is high enough to require anticoagulation.

This risk factor-based approach for patients with non-valvular
AF can also be expressed as an acronym, CHA2DS2-VASc [con-
gestive heart failure, hypertension, age ≥75 (doubled), diabetes,
stroke (doubled), vascular disease, age 65–74, and sex category
(female)].52 This scheme is based on a point system in which 2
points are assigned for a history of stroke or TIA, or age ≥75;
and 1 point each is assigned for age 65–74 years, a history of
hypertension, diabetes, recent cardiac failure, vascular disease

(myocardial infarction, complex aortic plaque, and PAD, including
prior revascularization, amputation due to PAD, or angiographic
evidence of PAD, etc.), and female sex (Table 8). Thus, this
acronym extends the CHADS2 scheme by considering additional
stroke risk factors that may influence a decision whether or not
to anticoagulate (see Section 4.1.1).

Table 8 CHA2DS2VASc score and stroke rate

(a) Risk factors for stroke and thrombo-embolism 
in non-valvular AF

‘Major’ risk factors ‘Clinically relevant non-major’
risk factors

Previous stroke, TIA, 
or systemic embolism

Age > 75 years

Heart failure or moderate to 
severe LV systolic dysfunction

(e.g. LV EF < 40%)
Hypertension - Diabetes mellitus

Female sex - Age 65–74 years
Vascular diseasea

(b) Risk factor-based approach expressed as a point based 
scoring system, with the acronym CHA2DS2-VASc

(Note: maximum score is 9 since age may contribute 0, 1, or 2 points)

Risk factor Score

Congestive heart failure/LV dysfunction 1

Hypertension 1

Age >75 2

Diabetes mellitus 1

Stroke/TIA/thrombo-embolism 2

Vascular diseasea 1

Age 65–74 1

Sex category (i.e. female sex) 1

Maximum score 9

(c) Adjusted stroke rate according to CHA2DS2-VASc score

CHA2DS2-VASc
score

Patients (n = 7329) Adjusted stroke 
rate (%/year)b

0 1 0%

1 422 1.3%

2 1230 2.2%

3 1730 3.2%

4 1718 4.0%

5 1159 6.7%

6 679 9.8%

7 294 9.6%

8 82 6.7%

9 14 15.2%

See text for definitions.
aPrior myocardial infarction, peripheral artery disease, aortic plaque. Actual rates
of stroke in contemporary cohorts may vary from these estimates.
bBased on Lip et al.53

AF ¼ atrial fibrillation; EF ¼ ejection fraction (as documented by
echocardiography, radionuclide ventriculography, cardiac catheterization, cardiac
magnetic resonance imaging, etc.); LV ¼ left ventricular;
TIA ¼ transient ischaemic attack.

ESC GuidelinesPage 14 of 61

 by guest on Septem
ber 4, 2010

eurheartj.oxfordjournals.org
D

ow
nloaded from

 § CHADS2 score gets 
reclassified upward 
§ Age, CAD, female 

§ Few stroke events in 
derivation 

§ European Heart Survey 
§ 1,577 of 5,333 

untreated AF patients 
from cardiology 
practices in 35 
countries 

§ 2003-2004 
§ 1-year follow up

Lip GY, et al. Chest. 2010
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R2CHADS2: Yet another score
§ Derivation: ROCKET-AF 

(rivaroxaban vs. warfarin) 
§ Validation: Kaiser 
§ Adding GFR<60 improves 

discrimination and reclassification 
§ c-statistic 0.74 

§ AHA/ACC/HRS 2014 guidelines 
did not endorse

(Piccini J, Circulation 2012)
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‣ Risk factors 
‣Age 67 
‣ Female 
‣Carotid disease 
‣GFR < 60

Answer choices: 
1.Very low (< .5%) 
2.Low (~1-2%)  
3.Medium (~3-6%) 
4.High (~8-18%)

17

Q: What is this patient’s annual risk of stroke?

‣ CHADS2: 0 (low) 
‣ CHA2DS2-VASc: 3 (med) 
‣ R2CHADS2: 2 (med)

KDIGO



So why did new guidelines go 
with CHA2DS2-VASc?
§ Calibrated for for high sensitivity  
§ Contemporary therapy has tilted in favor of 

having a low treatment threshold  
§ Low bleeding risk with DOACs 
§ Warfarin: less ICH, major bleeding now

18
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The biggest limitation of the 
CHADS-based scores is the 
diagnosis of AF itself
§ AF defined by treatment, not disease 

§ Reimbursement codes, mostly hospitalized 
patients 

§ Transient or lone AF not well represented 
§ Diagnosis creep 

§ Device-detected AF 
§ Ambulatory ECG 
§ Episodic detection with wearables

KDIGO



How much AF should be treated?
§ 30 seconds? 
§ 1 minute? 
§ 6 minutes? 
§ 6 hours? 
§ Depends on vascular risk? 

§ Is this a condemnation to lifelong 
therapy?

KDIGO
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Background
One quarter of strokes are of unknown cause, and subclinical atrial fibrillation may be 
a common etiologic factor. Pacemakers can detect subclinical episodes of rapid atrial 
rate, which correlate with electrocardiographically documented atrial fibrillation. We 
evaluated whether subclinical episodes of rapid atrial rate detected by implanted de-
vices were associated with an increased risk of ischemic stroke in patients who did not 
have other evidence of atrial fibrillation.

Methods
We enrolled 2580 patients, 65 years of age or older, with hypertension and no history 
of atrial fibrillation, in whom a pacemaker or defibrillator had recently been im-
planted. We monitored the patients for 3 months to detect subclinical atrial tachyar-
rhythmias (episodes of atrial rate >190 beats per minute for more than 6 minutes) and 
followed them for a mean of 2.5 years for the primary outcome of ischemic stroke or 
systemic embolism. Patients with pacemakers were randomly assigned to receive or not 
to receive continuous atrial overdrive pacing.

Results
By 3 months, subclinical atrial tachyarrhythmias detected by implanted devices had 
occurred in 261 patients (10.1%). Subclinical atrial tachyarrhythmias were associated 
with an increased risk of clinical atrial fibrillation (hazard ratio, 5.56; 95% confidence 
interval [CI], 3.78 to 8.17; P<0.001) and of ischemic stroke or systemic embolism 
(hazard ratio, 2.49; 95% CI, 1.28 to 4.85; P = 0.007). Of 51 patients who had a primary 
outcome event, 11 had had subclinical atrial tachyarrhythmias detected by 3 months, 
and none had had clinical atrial fibrillation by 3 months. The population attributable 
risk of stroke or systemic embolism associated with subclinical atrial tachyarrhyth-
mias was 13%. Subclinical atrial tachyarrhythmias remained predictive of the primary 
outcome after adjustment for predictors of stroke (hazard ratio, 2.50; 95% CI, 1.28 to 
4.89; P = 0.008). Continuous atrial overdrive pacing did not prevent atrial fibrillation.

Conclusions
Subclinical atrial tachyarrhythmias, without clinical atrial fibrillation, occurred fre-
quently in patients with pacemakers and were associated with a significantly increased 
risk of ischemic stroke or systemic embolism. (Funded by St. Jude Medical; ASSERT 
ClinicalTrials.gov number, NCT00256152.)

The New England Journal of Medicine 
Downloaded from nejm.org on April 28, 2013. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 366;2 nejm.org january 12, 2012126

chemic stroke or systemic embolism associated 
with a subclinical atrial tachyarrhythmia was 
nearly 4% per year. More than half of the pa-
tients were receiving aspirin at baseline, and 18% 

of patients with subclinical atrial tachyarrhyth-
mias received a vitamin K antagonist during the 
follow-up period. Both of these treatments could 
have reduced the risk of stroke and might have 

C
um

ul
at

iv
e 

H
az

ar
d

1.0

0.6

0.8

0.4

0.2

0.0
0 0.5 1.0 1.5 2.0 2.5

0.08

0.06

0.04

0.02

0.00
0 0.5 1.0 1.5 2.0 2.5

Years of Follow-up

B Risk of Ischemic Stroke or Systemic Embolism

A Risk of Clinical Atrial Tachyarrhythmias

No. at Risk
Subclinical atrial tachyarrhythmias present
Subclinical atrial tachyarrhythmias absent

261
2319

249
2145

238
2070

218
1922

178
1556

122
1197

Subclinical atrial tachyarrhythmias present

Subclinical atrial tachyarrhythmias present

Subclinical atrial
tachyarrhythmias absent

Subclinical atrial tachyarrhythmias absent

C
um

ul
at

iv
e 

H
az

ar
d

1.0

0.6

0.8

0.4

0.2

0.0
0 0.5 1.0 1.5 2.0 2.5

0.30

0.25

0.20

0.15

0.10

0.05

0.00
0 0.5 1.0 1.5 2.0 2.5

Years of Follow-up

261
2319

No. at Risk
Subclinical atrial tachyarrhythmias present
Subclinical atrial tachyarrhythmias absent

236
2146

222
2064

205
1911

160
1544

110
1176

Figure 1. The Risk of Clinical Atrial Tachyarrhythmias and of Ischemic Stroke or Systemic Embolism, According 
to the Presence or Absence of Subclinical Atrial Tachyarrhythmias.

Panel A shows the risk of electrocardiographically documented clinical atrial tachyarrhythmias after the 3-month visit, 
according to whether subclinical atrial tachyarrhythmias were or were not detected between enrollment and the 
3-month visit. Panel B shows the risk of ischemic stroke or systemic embolism after the 3-month visit, according to 
whether subclinical atrial tachyarrhythmias were or were not detected between enrollment and the 3-month visit. 
The insets show the same data on an enlarged y axis.
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§ Subclinical atrial 
tachyarrhythmias (AT) (> 
6 minutes) in 10% by 3 
months 
AT associated w/clinical 
AF (HR 5.6) 

§ AT associated w/
ischemic stroke/SE (HR 
2.5) 

§ But, population 
attributable risk low: 13%

(Healey JS, NEJM 2012)
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Mechanisms of stroke in AF are diverse

§ Cardioembolic 
§ Atheroembolic 
§ Small vessel

antitachycardia responses of CIEDs are not spe-
cific for AF (35,37) and may be triggered by other
forms of AT, including atrial tachycardia or atrial
flutter. Thus, intracardiac electrograms (EGMs) must
be reviewed to verify the accuracy of the device di-
agnostics. Device-stored data based solely on marker
channels, without EGMs, cannot be used to verify AF
due to the potential for diagnostic errors caused by
oversensing or undersensing by the atrial lead.
Furthermore, atrial tachycardia detection rate pro-
gramming and the duration of the post-ventricular
atrial blanking interval can also influence the num-
ber of automatic mode-switching episodes in the
setting of AT (38). Although ICM are also susceptible
to false AF detection due to oversensing or missed AF
detection due to undersensing, 2 ICM with AF algo-
rithms (Medtronic Reveal XT, Model 9529, Medtronic
Inc., Minneapolis, Minnesota, and, SJM Confirm
Implantable Cardiac Monitor Model DM2102, St. Jude
Medical, Inc., Sunnyvale, California) are currently
available on the market, with the Medtronic Reveal
XT reported to have an overall accuracy of 98.5% in
AF detection (39) (Figure 3). Although atrial high rate
episodes (AHRE) have been used as a surrogate for
AF, the data must be interpreted with caution. In the
ASSERT (ASymptomatic AF and Stroke Evaluation in

Pacemaker Patients and the AF Reduction Atrial
Pacing) trial, the positive predictive value of AHREs
for EGM-confirmed AF was examined in 2,850 sub-
jects with implanted pacemakers. In 17.3% of cases,
AHRE episodes at >190 beats/min lasting >6 min
were found to be falsely positive, due predominantly
to repetitive non–re-entrant ventriculoatrial syn-
chrony (40), also known as atrioventricular-
desynchronization arrhythmia (Figure 4). Repetitive
non–re-entrant ventriculoatrial synchrony is trig-
gered by retrograde ventriculoatrial conduction with
functional atrial undersensing. It results from retro-
grade atrial activation during the post-ventricular
atrial refractory period and functional atrial non-
capture due to atrial stimulation during the absolute
refractory period, with the potential to trigger mode
switching (41–45).

REVIEW OF PUBLICATIONS ON

DEVICE-DETECTED AF

Because the advent of dual-chamber devices and
ventricular leads with atrial sensing capability, the
clinical implications of device-detected AT have been
considered in the context of anticoagulation for
stroke prevention (46), but the question of what to

FIGURE 1 Mechanisms of Stroke in Atrial Fibrillation

Cardioembolic sources, almost exclusively represented by left atrial appendage thrombi, account for >90% of embolic events. Noncardioembolic origin, more often
embolic material dislodged from thoracic and or carotid plaques, account for the remaining 10% of events. Graphics source: National Institutes of Health/National Heart,
Lung, and Blood Institute.
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§ In patients with CHD/CHF but without AF, 
CHADS2 and other scores predict… 
§ Left atrial dysfunction, LA appendage clot 
§ Ischemic stroke 
§ Incident AF

Vascular risk factors also predict AF, stroke

Copyright 2015 American Medical Association. All rights reserved.

Discussion

In this cohort study, our principal findings were that (1) pa-
tients with HF had a high risk of ischemic stroke, TE, and
death whether or not AF was present; (2) the CHA2DS2-VASc
score was able to modestly predict these end points and had a
moderately high NPV at 1-year follow-up; and (3) at high
CHA2DS2-VASc scores (≥4), patients with HF without AF had
high absolute risk of ischemic stroke, TE, and death, and the
absolute risk increased in a comparable manner in patients with
HF with and without AF, exhibiting a clear dose-response re-
lationship. Indeed, the absolute risk of thromboembolic com-
plications was higher among patients without AF compared
with patients with concomitant AF at high CHA2DS2-VASc
scores (≥4). To our knowledge, this is the first study to evalu-
ate the predictive ability of the CHA2DS2-VASc score in esti-
mating the risk of ischemic stroke, TE, and death in a popula-
tion of patients with incident HF with and without AF.

Patients with HF and without AF are at increased risk of
ischemic stroke and TE, and in recent randomized trials, these
end points (which were secondary trial end points) were re-
duced by warfarin therapy.28-30 In the Danish Diet, Cancer and
Health cohort, we previously demonstrated the high risk of
stroke and mortality among patients with HF without AF, which
was lower if warfarin therapy was prescribed.4

Patients with HF have an increased risk of ischemic stroke,
TE, and death regardless of whether AF is present.28 In our
study, one of our principal findings was that the absolute risk
of ischemic stroke among patients without AF was about 1.5%
per year or higher with CHA2DS2-VASc scores of 2 or higher,
with associated 5-year absolute ischemic stroke risks in ex-
cess of 4% or more. Risks were even higher among the pa-
tients with HF with AF in our study. Similar absolute risks were
found when stratifying analyses according to early and late
study period, indicating a robustness of our findings to changes
in standard HF diagnostic and treatment modes between 2000
and 2012. In the general AF population, a stroke risk of greater

Figure 2. Absolute Risks and Relative Risks by CHA2DS2-VASc Score Components During the First Year
of Follow-up, Stratified According to Prior Diagnosis of Atrial Fibrillation
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Error bars indicate 95% CIs. Numbers
of patients contributing data in each
group for CHA2DS2-VASc scores from
1 to 6, respectively, were as follows:
without atrial fibrillation, 2366, 4503,
7462, 9183, 5958, and 2733; with
atrial fibrillation, 606, 931, 1752, 2571,
1937, and 980.

CHA2DS2-VASc Accuracy for Predicting Heart Failure Outcomes Original Investigation Research
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Table 3

Univariate correlates of subclinical cerebrovascular disease

SBI Log-WMHV

B (SE) P value B (SE) P value

Age 0.06 (0.01) <0.01 4.7 (0.4) <0.01

Male sex −0.2 (0.3) 0.46 0.9 (9.3) 0.92

BMI −0.02 (0.03) 0.47 −3.4 (1.0) <0.01

Hypertension 0.9 (0.4) <0.05 43.0 (10.4) <0.01

Diabetes 0.5 (0.3) 0.05 −3.3 (10.1) 0.75

Hypercholesterolemia −0.03 (0.27) 0.90 −9.9 (9.4) 0.29

Atrial fibrillation 1.6 (0.4) <0.01 64.6 (20.0) <0.01

CAD 0.7 (0.5) 0.15 38.7 (18.7) <0.05

Cigarette smoking 0.1 (0.3) 0.70 10.3 (9.1) 0.26

LV mass 0.02 (0.004) <0.01 0.8 (0.2) <0.01

Relative wall thickness 2.4 (1.4) 0.07 248.1 (48.9) <0.01

LV ejection fraction −0.03 (0.01) 0.07 −0.9 (0.6) 0.12

LV diastolic dysfunction 0.5 (0.3) 0.07 43.6 (8.9) <0.01

MV regurgitation (> mild) 0.9 (0.4) <0.05 11.3 (16.2) 0.48

Heart rate 0.01 (0.01) 0.22 0.2 (0.4) 0.56

Values in table are parameter estimates (B) and relative standard error (SE). SBI: Silent brain infarcts. WMHV: White matter hyperintensities
volume. BMI: Body mass index. CAD: Coronary artery disease. MV: Mitral valve.

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2014 March 01.

AF correlates with brain disease
§ Manhattan Cohort 

Study subset 
(CABL) 

§ n = 455 without 
stroke history; all 
received MRI 

§ LA volume and LA 
function also 
associated with 
brain ischemic 
lesions
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Watchman 4-year data

§ 579 of 707 
(82%) of 
randomized 
pts

Reddy V, JAMA 2014

Copyright 2014 American Medical Association. All rights reserved.

interpretation of event rates, but truncated exposure pre-
venting detection or registration of events would be more
costly to the device group if patients ceased participation
after complications from warfarin therapy. Furthermore,
additional sensitivity analyses revealed that as assessed by
time in therapeutic range prior to dropout, the higher-risk
warfarin patients withdrew from the study, thereby biasing
the study against the device group. When a vital status
update was obtained, the overall mortality even more
strongly favored the device group (HR, 0.63; 95% CI, 0.45-
0.90; P = .01) (eMethods and eTables 4-6 in Supplement 2);
patients who did not comply with the follow-up require-
ments of the protocol may have been less adherent to warfa-
rin dose regulation, raising the risk of ischemic or hemor-
rhagic events.

Earlier analyses of trial data at 1065 and 1588 patient-
years of exposure (mean follow-up, 1.5 and 2.3 years, respec-

tively) found the device strategy noninferior to warfarin for
the primary efficacy end point.10,11 Although the RR ranged
from 0.6 to 0.7, wide credible intervals had precluded estab-
lishment of superiority. But the current scheduled data analy-
sis yielded superiority, thereby representing a notable change
in the conclusion as compared with previously reported out-
comes. With the additional follow-up detailed herein,
whether analyzed according to the Bayesian-Poisson model
or the frequentist Cox proportional hazards model, the
device was associated with a 40% relative reduction in the
risk of the primary end point when compared with warfarin.
Secondary analyses indicated that this advantage was unex-
plained by the antithrombotic therapies required early after
device deployment.

The beneficial outcomes with the device were driven
largely by lower rates of hemorrhagic stroke and cardiovas-
cular death. Cardiovascular mortality in the warfarin group

Table 2. Intention-to-Treat Primary Efficacy and Safety Outcomes According to Treatment Group by Bayesian Model

Event

Device Group (n = 463) Warfarin Group (n = 244) Device/Warfarin
Rate Ratio (95%

Credible Interval)

Posterior Probabilities, %
Events/Patient-

Years
Observed

Ratea
Events/Patient-

Years
Observed

Ratea Noninferiority Superiority
Primary efficacy end
pointb

39/1720.2 2.3 (1.7-3.2) 34/900.8 3.8 (2.5-4.9) 0.60 (0.41-1.05) >99 96

Stroke 26/1720.7 1.5 (1.0-2.2) 20/900.9 2.2 (1.3-3.1) 0.68 (0.42-1.37) >99 83

Ischemic 24/1720.8 1.4 (0.9-2.1) 10/904.2 1.1 (0.5-1.7) 1.26 (0.72-3.28) 78 15

Hemorrhagic 3/1774.2 0.2 (0.0-0.4) 10/916.2 1.1 (0.5-1.8) 0.15 (0.03-0.49) >99 99

Disablingc 8/1771.3 0.5 (0.2-0.8) 11/912.7 1.2 (0.6-1.9) 0.37 (0.15-1.00) >99 98

Nondisablingc 18/1723.7 1.0 (0.7-1.7) 9/907.7 1.0 (0.4-1.7) 1.05 (0.54-2.80) 89 34

Systemic
embolization

3/1773.6 0.2 (0.0-0.4) 0/919.5 0 NA

Cardiovascular or
unexplained death

17/1774.3 1.0 (0.6-1.5) 22/919.4 2.4 (1.4-3.4) 0.40 (0.23-0.82) >99 99

Primary safety end
pointd

60/1666.2 3.6 (2.8-4.6) 27/878.2 3.1 (2.0-4.3) 1.17 (0.78-1.95) 98 20

Abbreviation: NA, not applicable.
a Events per 100 patient-years (95% credible interval).
b Primary efficacy defined as composite of stroke, systemic embolization, or

cardiovascular/unexplained death.
c Disabling or fatal strokes were those with a Modified Rankin Score of 3-6 after

the stroke. Nondisabling strokes were those with Modified Rankin Scores of
0-2 after the stroke.

d Safety defined as procedure-related events (pericardial effusion requiring inter-
vention or prolonged hospitalization, procedure-related stroke, or device emboli-
zation) and major bleeding (intracranial or bleeding requiring transfusion).

Figure 2. Kaplan-Meier Curves for the Primary Efficacy and Safety End Points
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Primary safety end pointB

HR (95% CI), 0.61 (0.38-0.97)
P = .04

HR (95% CI), 1.21 (0.78-1.94)
P = .41

Warfarin The primary efficacy outcome (A)
was stroke, systemic embolization, or
cardiovascular death. The primary
safety outcome (B) was a composite
of major bleeding events and
procedure-related complications.
Incident probabilities for the
intention-to-treat analysis are shown.
HR indicates hazard ratio.
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AF temporally discordant
§ ASSERT 

§ 1 of 51 stroke patients had AF at time of 
stroke 

§ 25 (49%) had no AT/AF (including post-stroke) 
§ Median time to AF was 339 days prior 

§ In larger device cohorts, AF does transiently 
increase risk but attributable risk is low 

§ AF also discordant with ICH on OAC

Brambatti M, et al. Circulation, 2014 
Turakhia M, et al. Circ EP, 2015
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AF being short and intermittent bursts of AF, while persistent
and permanent AF are more prolonged or constant).42 Current
guidelines recommend treating AF based on clinical risk factors,
not by the type or duration of AF.2 However, data on the correl-
ation between AF duration and stroke is conflicting. Several
studies suggest that paroxysmal, persistent and permanent AF
carry the same risk of stroke while others suggest that stroke
risk correlates with AF duration.43 44 This conflicting data com-
plicates the management of occult AF.

If occult, permanent AF is detected on routine pacer interro-
gation or after an index stroke, treatment with OAC should be
considered based on clinical risk factors. However, current evi-
dence does not offer specific treatment recommendations for
occult, paroxysmal AF. The duration and frequency of occult,
paroxysmal AF that lead to increased risk of stroke are poorly
defined. Thus, the burden of occult, paroxysmal AF necessary
to warrant OAC treatment is unclear. Several studies are under-
way that may shed light on these questions.

Apixaban for the Reduction of Thromboembolism in Patients
With Device-Detected Sub-Clinical Atrial Fibrillation (ARTESiA)
is a prospective, randomised, double-blinded trial investigating
the benefit of anticoagulation in the device-detected AHRE
population. It will compare treatment with aspirin 81 mg to apix-
aban 5 mg twice daily in patients with device-detected AHREs
but no history of clinical AF. Primary outcomes will be stroke and
major bleeding events. Results are expected in 2019.45

Systematic ECG Screening for Atrial Fibrillation Among
75-year-old Subjects in the Region of Stockholm and Halland,
Sweden (STROKESTOP) is a randomised, parallel-assignment trial
investigating the effectiveness of population-wide AF screening
combined with subsequent OAC treatment. This study will directly
test the hypothesis that screening for occult AF can reduce the rates
of stroke. All persons aged 75 years and 76 years with no history of
AF will be randomised to either 2 weeks of twice-daily ECG
screening or routine care. Those with AF duration >30 s will be
offered treatment with OAC. Primary outcomes will be stroke and

major bleeding events and results are expected in 2019.46 Results
from ARTESiA and STROKESTOP will be critically important in
demonstrating the benefit derived from screening for, and subse-
quently treating, occult AF (table 2).

Two other trials will evaluate the initiation or withdrawal of
OAC via remote monitoring in patients with a prior history of
AF but with low burden of device-detected AF. Rhythm
Evaluation for Anticoagulation With Continuous Monitoring
(REACT COM) is a prospective, non-randomised study evaluat-
ing the safety and efficacy of intermittent anticoagulation with a
rapid-onset novel OAC guided by a continuous AF-sensing
implantable cardiac monitor (Medtronic Reveal XT) with
remote data transmission capabilities.47 Tailored Anticoagulation
for Non-continuous AF (TACTIC-AF) is a prospective, rando-
mised study involving patients already taking a novel OAC for
paroxysmal AF, investigating if discontinuing OAC in patients
with little to no detectable AF can improve outcomes of stroke
and major bleeding events48 (table 3).

Both studies are similar in design to the prematurely terminated
Randomised Trial of Anticoagulation Guided by Remote Rhythm
Monitoring in Patients With Implanted Cardioverter-Defibrillator
and Resynchronisation Devices (IMPACT). IMPACT tested the
hypothesis that initiation and/or withdrawal of oral anticoagulant
therapy based on the presence or absence of AHREs by remote
monitoring via CRT-D devices could reduce major-bleeding events
while still preventing thromboembolic events.49 IMPACT was
stopped prematurely based on failure to demonstrate a meaningful
difference between arms. Despite the intervention arm’s earlier
initiation of OAC (remote monitoring vs control, 3 days vs
54 days; p<0.001), no significant difference was noted in the
primary outcome.50 This lack of difference likely reflects the
complex relationship between AF, comorbid risk factors and
stroke. Those at highest risk for AF related stroke are also at high
risk for non-AF related strokes, and as such, targeting OAC
therapy only to times of high AF burden may not be the most
effective strategy for stroke prevention.

Table 1 Summary of ongoing trials investigating the diagnoses of occult AF

Population Intervention Primary outcomes Impact on current understanding

REVEAL-AF CHADS2 ≥3, or ≥2 +CAD, CKD, OSA
or COPD
No history of AF

Insertion of
ILR

AF episode >6 min,
thromboembolism

Will further understanding of risk factors for occult AF, ILR for
detection of AF >6 min, temporal relationship between AF episode
and stroke

ASSERT-II Age ≥65 +CHA2DS2-VASc ≥2 +LA
enlargement or elevated p-BNP
No history of AF

Insertion of
ILR

AF episode >5 min,
thromboembolism

Will further understanding of risk factors for occult AF, ILR for
detection of AF >5 min, temporal relationship between AF episode
and stroke

AF, atrial fibrillation; ASSERT, Asymptomatic AF and Stroke Evaluation in Pacemaker Patients and the AF Reduction Atrial Pacing Trial; BNP, B-type natriuretic peptide; CAD, coronary
artery disease; CHADS2, CHF, HTN, Age ≥75, Diabetes, Stroke (2 points); CHA2DS2-VASc, CHF, HTN, Age ≥75 (2 points), Diabetes, Stroke (2 points), Vascular Disease, Age ≥65
(1 point), Female Sex; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; LA, left atrial; ILR, implantable loop recorder; OSA, obstructive sleep apnoea.

Table 2 Summary of ongoing trials investigating the safety/efficacy of OAC treatment of occult AF

Population Intervention Primary outcomes Impact on current understanding

ARTESiA CHA2DS2-VASc ≥4 with at least a single
AHRE ≥175 bpm lasting ≥6 min detected
by ILR or intracardiac device
No history or ECG evidence of clinical AF

Randomised to either aspirin 81 mg daily
(control) or apixaban 5 mg twice daily
(intervention)

Incidence of stroke
and major bleeding
events

Will be the first trial directly investigating
the risk/benefit of OAC treatment in the
device-detected AHRE population.

STROKESTOP All persons aged 75 years and 76 years in
two Swedish provinces
No history of AF

Twice-daily ECG screening+OAC
treatment if AF detected (single episode
duration >30 s, or 2 or more episodes
>10 s)

Incidence of stroke
and major bleeding
events

Will be the first trial investigating
population-based screening for occult AF
and the effect on stroke prevention

AF, atrial fibrillation; AHREs, atrial high rate episodes; ARTESiA, Apixaban for the Reduction of Thromboembolism in Patients With Device-Detected Sub-Clinical Atrial Fibrillation;
CHA2DS2-VASc, CHF, HTN, Age ≥75 (2 points), Diabetes, Stroke (2 points), Vascular Disease, Age ≥65 (1 point), Female Sex; ILR, implantable loop recorder; OAC, oral anticoagulation.

4 Keach JW, et al. Heart 2015;0:1–6. doi:10.1136/heartjnl-2015-307588

Review

group.bmj.com on May 6, 2015 - Published by http://heart.bmj.com/Downloaded from 

Trials in progress

Keach W, Turakhia M, et al. Heart, 2015
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Favors Warfarin

Heterogeneity P=0.13.

ENGAGE AF-TIMI 48

ARISTOTLE

ROCKET AF

RE-LY

Combined

Favors NOAC

0.88 (0.75 - 1.02)

0.80 (0.67 - 0.95)

0.88 (0.75 - 1.03)

0.66 (0.53 - 0.82)

0.81 (0.73 - 0.91)

Risk Ratio (95% CI)

P<0.0001
0.5 1 2

[Random Effects Model]

N=58,541

[Edoxaban 60 mg]

Ruff CT, et al. Lancet. 2014

[Dabigatran 150 mg]

[Rivaroxaban]

[Apixaban]

Target specific oral anticoagulants vs. warfarin 
Outcome of stroke or systemic embolism
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RE-LY 
(Dabigatran)

ROCKET-AF 
(Rivaroxaban)

ARISTOTLE 
(Apixaban)

ENGAGE AF 
TIMI 48 (Edoxaban)

% Renal Excretion 80% 35% 27% 50%

Efficacy % Warfarin 
vs. OAC (CVA or SE)

1.69 vs. 1.11  
p<.001 
NNT = 167 
*150 mg shown

2.42 vs. 2.12   
p=.12 
(2.2 vs 1.7 on treatment)

1.60 vs. 1.27  
p < .001 
NNT = 303

1.80 vs. 1.57  
p=.08 
(1.5 vs. 1.18 on treatment) 
*High-dose (60 mg)

Major Bleeding % 3.57 vs. 3.32 
p=0.31

3.45 vs. 3.6  
p=0.58

3.09 vs. 2.13  
p<.001

3.43 vs. 2.75  
p<.001

ICH% 0.74 vs. 0.30 
p< .001

0.74 vs. 0.49  
p=.019

0.47 vs. 0.24  
p< .001

0.85 vs. 0.39  
p< .001

All-cause mortality 
%/yr

4.13 vs. 3.64  
p = 0.051 
NNT = 204

4.91 vs. 4.52   
p=NS

3.94 vs 3.52 
 p = 0.05 
NNT = 238

4.35 vs. 3.99   
p=0.08 
NNT = 277

Conclusion vs. 
warfarin

Superior efficacy, similar 
bleeding, less ICH

Non-inferior on efficacy 
and safety measures

Superior efficacy, less 
major bleeding and ICH, 
lower mortality

Non-inferior on efficacy; 
less bleeding

Connolly SJ et al. N Engl J Med. 2009 
Patel MR et al. N Engl J Med. 2011 

Granger CB et al. N Engl J Med. 2011 
Giugliano RP et al. N Engl J Med. 2013
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Dosing in chronic kidney disease
Agent Standard  AF Dose  

(Prescribing  info) Renal Dosing Trial and Other Experience

Dabigatran 150mg Twice Daily  
(CrCl > 30ml/min)

75mg Twice Daily  
(CrCl 15-30ml/min) 

• RE-LY trial: 150mg or 110mg BID if CrCl > 
30ml/min 

• No trial experience in pts w/ CrCl < 30ml/min 
• 75mg dose not studied in RCTs 
• European dosage: 

• 150mg BID if CrCl >50ml/min 
• 110mg BID if CrCl 30-50ml/min 
• Contraindicated if CrCl < 30ml/min

Rivaroxaban 20mg Once Daily 
(CrCl > 50ml/min)

15mg Once Daily 
(CrCl 15-50ml/min)

• ROCKET-AF trial: 
• 20mg Daily if CrCl > 50ml/min 
• 15mg Daily if CrCl 30-50ml/min 

• No trial experience in pts w/ CrCl < 30ml/min

Apixaban 5mg Twice Daily

2.5mg Twice daily if at least 2 of 
the following: > 80 y/o, Weight  < 
60kg, SCr > 1.5ml/dL 
Dosing guidance for ESRD (with 
or without hemodialysis)

• ARISTOTLE trial: Renal dose studied as per 
prescribing information. 

• No trial experience in pts w/ CrCl < 25ml/min 
• No trial experience with ESRD patients 

Edoxaban

60mg Once Daily 
(CrCl  50-95ml/min) 

BLACK BOX 
WARNING: 
Avoid use if CrCl > 
95ml/min

30mg Once Daily 
(CrCl 15-50ml/min)

• TIMI-ENGAGE: Randomized to 60mg or 30mg 
Daily 

• Dose halved if 
• CrCl 30-50ml/min, Weight < 60kg, or 
• Concomitant verapamil, quinidine, 

or dronedarone (strong P-gp 
inhibitors) 

• No trial experience in pts w/ CrCl < 30ml/min 
• Worse outcomes in patients with CrCl > 95ml/min

Bottom Line:  
None have been evaluated  

in randomized trials for  
CrCl < 25-30 or dialysis


ESRD trials in developmentKDIGO



Issues
§ Treatment benefit in CKD subgroups? 
§ Treatment harm? 
§ Stability of kidney function? 

§ How often should CrCl be assessed? 
§ Titration of ACE/ARB? 

§ Cockroft-Gault vs MDRD or CKD-EPIKDIGO



Pivotal NOAC trials and CKD

Table 1 Selected patient characteristics of the included trials

Characteristics Trial

RE-LY (n = 18,113) ARISTOTLE
(n = 18,201)

ROCKET AF
(n = 14,262)

J-ROCKET AF
(n = 1,278)

ENGAGE AF-TIMI 48 (n = 21,105)

Dab
110 mg

Dab
150 mg

Warfarin Apix Warfarin Riva Warfarin Riva Warfarin Edox
30 mg

Edox
60 mg

Warfarin

Dosing regimen Twice
daily

Twice
daily

Dose-
adjusted

Twice
daily

Dose-
adjusted

Once
daily

Dose-
adjusted

Once
daily

Dose-
adjusted

Once
daily

Once
daily

Dose-
adjusted

Mean or median age, years 71.4 71.5 71.6 70.0 70.0 73 73 71.0 71.2 72 72 72

Women % 35.7 36.8 36.7 35.5 35.0 39.7 39.7 17.1 21.8 37.5 37.9 38.8

Mean or median follow-up
years

2.0 1.8 1.9 NRa 2.8

AF typeb

Persistent or permanent 67.9 67.4 66.2 84.9 84.4 81.1 80.8 NR NR NR NR NR

Paroxysmal 32.1 32.6 33.8 15.1 15.5 17.5 17.8 NR NR 25.3 24.9 26.1

Mean or median CHADS2-
score

2.1 2.2 2.1 2.1 2.1 3.5 3.5 3.27 3.22 2.8 2.8 2.8

Diabetes mellitus % 23.4 23.1 23.4 25.0 24.9 40.4 39.5 39.0 37.1 35.8 36.4 36.2

Heart failure 32.2 31.8 31.9 35.5 35.4 62.6 62.3 41.3 40.2 57.5 58.2 56.6

Hypertension 78.8 78.9 78.9 87.3 87.6 90.3 90.8 79.5 79.5 93.6 93.7 93.5

Previous stroke/TIAe % 19.9 20.3 19.8 19.2 19.7 54.9 54.6 63.8 63.4 28.3 28.1 28.5

Previous VKA used 50.1 50.2 48.6 51.7 57.2 62.3 62.5 90.3 89.7 58.8 58.8 59.2

Creatinine clearancec %

30–49 mL/min 19.4 19.2 19.4 16.5 16.6 21.0 20.6 22.1 22.4 19.3 19.6 19.0

50–79 mL/min 48.6 48.1 48.5 41.6 41.8 46.6 48.8 51.3 51.3 NR NR NR

[80 mL/min 32.3 32.0 32.2 41.2 41.4 32.3 31.3 26.6 26.3 NR NR NR

NR not reported, Dab dabigatran, Apix apixaban, Riva rivaroxaban, Edox edoxaban
a Intended 30 months duration
b ROCKET AF included 1.4 % newly diagnosed AF patients in both arms
c ARISTOTLE excluded patients with CrCl\25 mL/min. Other studies CrCl\30 mL/min
d ROCKET AF and J-ROCKET AF: use of VKA C6 weeks at time of screening. RE-LY and ARISTOTLE: C61 days of VKA use. ENGAGE AF-TIMI 48: C60 days of use
e ROCKET AF and J-ROCKET AF: included previous systemic embolism
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Heart failure 32.2 31.8 31.9 35.5 35.4 62.6 62.3 41.3 40.2 57.5 58.2 56.6
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30–49 mL/min 19.4 19.2 19.4 16.5 16.6 21.0 20.6 22.1 22.4 19.3 19.6 19.0

50–79 mL/min 48.6 48.1 48.5 41.6 41.8 46.6 48.8 51.3 51.3 NR NR NR

[80 mL/min 32.3 32.0 32.2 41.2 41.4 32.3 31.3 26.6 26.3 NR NR NR

NR not reported, Dab dabigatran, Apix apixaban, Riva rivaroxaban, Edox edoxaban
a Intended 30 months duration
b ROCKET AF included 1.4 % newly diagnosed AF patients in both arms
c ARISTOTLE excluded patients with CrCl\25 mL/min. Other studies CrCl\30 mL/min
d ROCKET AF and J-ROCKET AF: use of VKA C6 weeks at time of screening. RE-LY and ARISTOTLE: C61 days of VKA use. ENGAGE AF-TIMI 48: C60 days of use
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Table 2 Hazard ratios of
efficacy and safety outcomes of
NOACs compared to warfarin
stratified by renal function

CrCl creatinine clearance, CI
confidence interval, NR not
reported

Moderate renal impairment:
a creatinine clearance
25–49 ml/min,
b creatinine clearance
30–49 ml/min. Mild renal
impairment: creatinine
clearance 50–80 ml/min.
Non renal impairment:
c CrCl[80 ml/min,
d CrCl[50 ml/min
e Estimated from [9]

Moderate renal
impairment (95 % CI)

Mild renal
impairment (95 % CI)

Non renal
impairment (95 % CI)

Safety

Dabigatran 110 [39] 0.99b (0.77–1.28) 0.76 (0.62–0.94) 0.61c (0.44–0.84)

Dabigatran 150 [39] 1.01b (0.79–1.30) 0.91 (0.75–1.11) 0.84c (0.62–1.13)

Rivaroxaban [40] 0.98b (0.84–1.14) NR 1.04d (0.96–1.13)

J-ROCKET [41] 1.22b (0.78–1.91) NR 1.07d (0.80–1.43)

Apixaban [30] 0.50a (0.38–0.66) 0.77 (0.65–0.94) 0.80d (0.61–1.04)

Edoxaban 30 [9] 0.31b (0.23–0.42)e NR 0.55d (0.46–0.65)e

Edoxaban 60 [9] 0.63b (0.50–0.81)e NR 0.88d (0.76–1.03)e

Efficacy

Dabigatran 110 [39] 0.85b (0.59–1.24) 0.93 (0.70–1.23) 0.84d (0.54–1.32)

Dabigatran 150 [39] 0.56b (0.37–0.85) 0.68 (0.50–0.92) 0.67d (0.42–1.09)

Rivaroxaban [40] 0.84b (0.57—1.23) NR 0.78d (0.63–0.98)

J-ROCKET [41] 0.82b (0.25–2.69) NR 0.36d (0.14–0.93)

Apixaban [30] 0.79a (0.55–1.14) 0.74 (0.56–0.97) 0.88c (0.64–1.22)

Edoxaban 30 [9] 1.17b (0.92–1.45)e NR 1.10d (0.92–1.32)e

Edoxaban 60 [9] 0.86b (0.68–1.15)e NR 0.87d (0.82–1.05)e

Fig. 2 Forest plots on point
estimates for hazard rate ratio
for safety outcome comparing
one NOAC to another NOAC
(or dose of the same NOAC)
stratified on a subgroup of
patients with a creatinine
clearance 25–49 ml/min. CI
confidence interval, Dab
dabigatran, Riva rivaroxaban,
Apix apixaban, Edox edoxaban,
CrCl creatinine clearance,
NOAC new oral anticoagulant

Clin Res Cardiol (2015) 104:418–429 423
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Subgroup analyses of NOAC trials
§ For CrCl ≤ 50 mL/min
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ORIGINAL RESEARCH ARTICLE

Key Words: anticoagulants  
◼ atrial fibrillation ◼ kidney ◼ renal 
insufficiency

Editorial, see p 48

BACKGROUND: Despite rapid clinical adoption of novel anticoagulants, it 
is unknown whether outcomes differ among patients with worsening renal 
function (WRF) taking these new drugs compared with warfarin. We aimed 
to determine whether the primary efficacy (stroke or systemic embolism) 
and safety (major bleeding and nonmajor clinically relevant bleeding) end 
points from the ROCKET AF trial (Rivaroxaban Once-Daily, Oral, Direct 
Factor Xa Inhibition Compared With Vitamin K Antagonism for Prevention 
of Stroke and Embolism Trial in Atrial Fibrillation trial) differed among 
participants with WRF taking rivaroxaban and those taking warfarin.

METHODS: After excluding patients without at least 1 follow-up creatinine 
measurement (n=1624), we included all remaining patients (n=12 612) 
randomly assigned to either rivaroxaban or dose-adjusted warfarin. On-
treatment WRF (a decrease of >20% from screening creatinine clearance 
measurement at any time point during the study) was evaluated as a time-
dependent covariate in Cox proportional hazards models.

RESULTS: Baseline characteristics were generally similar between patients 
with stable renal function (n=9292) and WRF (n=3320). Rates of stroke or 
systemic embolism, myocardial infarction, and bleeding were also similar, but 
WRF patients experienced a higher incidence of vascular death versus stable 
renal function (2.21 versus 1.41 events per 100 patient-years; P=0.026). 
WRF patients who were randomized to receive rivaroxaban had a reduction 
in stroke or systemic embolism compared with those taking warfarin (1.54 
versus 3.25 events per 100 patient-years) that was not seen in patients with 
stable renal function who were randomized to receive rivaroxaban (P=0.050 
for interaction). There was no difference in major or nonmajor clinically relevant 
bleeding among WRF patients randomized to warfarin versus rivaroxaban.

CONCLUSIONS: Among patients with on-treatment WRF, rivaroxaban was 
associated with lower rates of stroke and systemic embolism compared 
with warfarin, without an increase in the composite bleeding end point.

CLINICAL TRIAL REGISTRATION: URL: http://www.clinicaltrials.gov. 
Unique identifier: NCT00403767. 

On-Treatment Outcomes in Patients With 
Worsening Renal Function With Rivaroxaban 
Compared With Warfarin
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Christopher B. Fordyce, 
MD, MHS, MSc

Anne S. Hellkamp, MS
Yuliya Lokhnygina, PhD
Samuel M. Lindner, MD
Jonathan P. Piccini,  

MD, MHS
Richard C. Becker, MD
Scott D. Berkowitz, MD
Günter Breithardt, MD
Keith A. A. Fox, MB ChB
Kenneth W. Mahaffey, MD
Christopher C. Nessel, MD
Daniel E. Singer, MD
Manesh R. Patel, MD
On behalf of the ROCKET 

AF Steering Committee 
and Investigators

© 2016 American Heart 
Association, Inc.

Correspondence to: Christopher 
B. Fordyce, MD, MSc, Duke 
Clinical Research Institute, 2400 
Pratt St, Durham, NC 27705. 
E-mail christopher.fordyce@duke.
edu.

Sources of Funding, see p 45

 by guest on O
ctober 27, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 
 by guest on O

ctober 27, 2016
http://circ.ahajournals.org/

D
ow

nloaded from
 

 by guest on O
ctober 27, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 
 by guest on O

ctober 27, 2016
http://circ.ahajournals.org/

D
ow

nloaded from
 

 by guest on O
ctober 27, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 
 by guest on O

ctober 27, 2016
http://circ.ahajournals.org/

D
ow

nloaded from
 

 by guest on O
ctober 27, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 
 by guest on O

ctober 27, 2016
http://circ.ahajournals.org/

D
ow

nloaded from
 

 by guest on O
ctober 27, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 
 by guest on O

ctober 27, 2016
http://circ.ahajournals.org/

D
ow

nloaded from
 

 by guest on O
ctober 27, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 
 by guest on O

ctober 27, 2016
http://circ.ahajournals.org/

D
ow

nloaded from
 

 by guest on O
ctober 27, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 

  Worsening Renal Function With Rivaroxaban Versus Warfarin
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Table 2. Baseline Characteristics by Renal Function Over the Follow-Up

Variable
All Patients
(n=12 612)

SRF Patients 
(n=9292)

WRF Patients
(n=3320) P Value

Randomized to rivaroxaban, % (n) 50 (6253) 49 (4565) 51 (1688) 0.090

Age, y 73 (65, 78) 72 (65, 78) 73 (66, 78) <0.0001

Female, % (n) 39 (4959) 38 (3555) 42 (1404) <0.0001

Atrial fibrillation type, % (n) 0.91

    Persistent 81 (10 218) 81 (7526) 81 (2692)

    Paroxysmal 18 (2221) 18 (1636) 18 (585)

    New onset/newly diagnosed 1 (173) 1 (130) 1 (43)

CHADS2 score, mean (SD) 3.5 (0.9) 3.4 (0.9) 3.5 (0.9) 0.0016

CHADS2 score, % (n)

    1 <1 (1) <1 (1) 0

    2 13 (1683) 14 (1284) 12 (399)

    3 44 (5488) 44 (4047) 43 (1441)

    4 29 (3625) 29 (2681) 28 (944)

    5 12 (1576) 12 (1109) 14 (467)

    6 2 (239) 2 (170) 2 (69)

Presenting characteristics

    Body mass index, kg/m2 28.3 (25.2, 32.0) 28.1 (25.1, 31.8) 28.6 (25.4, 32.6) 0.0001

    Systolic blood pressure, mm Hg 130 (120, 140) 130 (120, 140) 130 (120, 142) <0.0001

    Diastolic blood pressure, mm Hg 80 (70, 85) 80 (70, 85) 80 (70, 85) 0.13

    Heart rate, bpm 76 (67, 86) 76 (67, 86) 76 (67, 85) 0.97

    SCr, mg/dL 1.0 (0.9, 1.2) 1.0 (0.9, 1.2) 1.0 (0.8, 1.2) <0.0001

    CrCl, mL/min 68 (53, 88) 67 (52, 86) 70 (54, 91) <0.0001

Baseline comorbidities, % (n)

    Previous stroke, TIA, or non-CNS embolism 55 (6944) 56 (5229) 52 (1715) <0.0001

    Peripheral arterial disease 6 (727) 6 (521) 6 (206) 0.20

    Hypertension 90 (11 401) 90 (8327) 93 (3074) <0.0001

    Diabetes mellitus 40 (5027) 39 (3584) 43 (1443) <0.0001

    Previous myocardial infarction 17 (2119) 16 (1505) 18 (614) 0.0024

    Congestive heart failure 62 (7813) 61 (5665) 65 (2148) 0.0001

    COPD 10 (1280) 10 (918) 11 (362) 0.093

Medications, % (n)

    Previous vitamin K antagonist use 64 (8073) 64 (5933) 64 (2140) 0.53

    ACE inhibitor/ARB at baseline 75 (9428) 74 (6878) 77 (2550) 0.0015

    β-Blocker at baseline 66 (8276) 66 (6110) 65 (2166) 0.59

    Digitalis at baseline 38 (4835) 38 (3497) 40 (1338) 0.0067

    Diuretic at baseline 60 (7519) 58 (5384) 64 (2135) <0.0001

Continuous variables are shown as median (25th, 75th percentile) except when noted. ACE indicates angiotensin-converting enzyme; 
ARB, angiotensin receptor blocker; CHADS2, congestive heart failure, hypertension, age 75 years or older, diabetes mellitus, and history 
of stroke or transient ischemic attack; CNS, central nervous system; COPD, chronic obstructive pulmonary disorder; CrCl, creatinine 
clearance; SCr, serum creatinine; SRF, stable renal function; TIA, transient ischemic attack; and WRF, worsening renal function.
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July 5, 2016 Circulation. 2016;134:37-47. DOI: 10.1161/CIRCULATIONAHA.116.02189042

WRF patients randomized to receive warfarin (1.54 ver-
sus 3.25 events per 100 patient-years for patients tak-
ing rivaroxaban versus warfarin) that was not seen in SRF 
patients (1.80 versus 1.83 events per 100 patient-years 
for patients taking rivaroxaban versus warfarin; P=0.050 
for interaction; Figure 1). In those with WRF, there was no 
significant difference in major or NMCR bleeding between 
those randomized to warfarin and those randomized to 
rivaroxaban. WRF patients randomized to receive rivaroxa-
ban had a greater incidence of a hemoglobin decrease ≥2 
g/dL (3.56 versus 1.85 events per 100 patient-years for 
patients taking rivaroxaban versus warfarin) that was not 
seen in SRF patients (2.22 versus 2.19 events per 100 
patient-years for patients taking rivaroxaban versus warfa-
rin; P=0.047 for interaction). Similarly, WRF patients ran-
domized to receive rivaroxaban had a greater incidence 
of gastrointestinal bleeding that was not seen in SRF pa-
tients (3.21 versus 1.28 events per 100 patient-years for 
patients taking rivaroxaban versus warfarin; P=0.02 for 
interaction). However, there was no difference between 
patients with WRF and SRF for major or NMCR bleeding 
(P=0.61 for interaction between patients randomized to 
warfarin and rivaroxaban) or intracerebral hemorrhage 
(P=0.67 for interaction). We explored the interaction of 
assigned treatment and WRF with WRF expressed as a 
continuous variable for the end points of stroke or sys-
temic embolism (Figure 2A) and major or NMCR bleeding 

(Figure 2B) by magnitude of decrease in CrCl from screen-
ing. Consistent with the above findings, the greater the 
percent of CrCl decrease from screening, the greater 
the increase in stroke or systemic embolism in patients 
randomized to warfarin. In contrast, among patients re-
ceiving rivaroxaban, event rates were similar regardless 
of the percent of CrCl decrease. Bleeding rates were 
consistent across arms and the full range of decreasing 
CrCl, which was also consistent with the above findings.

We also performed sensitivity analyses using the 
MDRD and CKD-EPI formulas to define WRF (Tables III 
and IV in the online-only Data Supplement). The results 
were consistent with the overall pattern found with the 
Cockcroft-Gault formula, with some exceptions. With 
the CKD-EPI formula, there was a trend, but no longer a 
significant interaction, for stroke or systemic embolism 
for WRF patients randomized to rivaroxaban (P=0.28 for 
interaction) and hemoglobin decrease ≥2 g/dL (P=0.11 
for interaction). The interaction for myocardial infarction 
was significant (P=0.034), but this estimate in WRF 
patients is based on only 20 events.

DISCUSSION
The overall aim of the present study was to determine 
whether outcomes differ among patients with WRF on riva-
roxaban compared with warfarin. Warfarin was associated 

Table 3. Outcomes by Renal Function Over the Course of the Study On-Treatment Period

Outcomes

SRF Patients, Event Rate per 
100 patient-years (95% CI)  

(Total Events, n)

WRF Patients, Event Rate per 
100 patient-years (95% CI)  

(Total Events, n)

HR (95% CI), 
WRF Versus SRF 

Patients P Value

Efficacy outcomes

    Stroke or systemic embolism 1.82 (1.60–2.04) (262) 2.37 (1.68–3.07) (45) 1.25 (0.89–1.75) 0.19

    Vascular death 1.41 (1.21–1.60) (203) 2.21 (1.54–2.88) (42) 1.47 (1.05–2.06) 0.026

    MI 0.93 (0.77–1.09) (134) 1.22 (0.72–1.72) (23) 1.19 (0.75–1.90) 0.47

    Stroke/embolism/vascular death/MI 3.87 (3.55–4.19) (557) 5.66 (4.59–6.74) (107) 1.40 (1.13–1.73) 0.0023

    All-cause mortality 1.93 (1.70–2.15) (279) 3.10 (2.31–3.89) (59) 1.49 (1.12–1.98) 0.0067

    Ischemic stroke 1.24 (1.06–1.42) (179) 1.63 (1.06–2.21) (31) 1.25 (0.83–1.87) 0.29

Safety outcomes

    Major or NMCR bleeding 11.44 (10.87–12.01) (1529) 11.97 (10.34–13.61) (206) 1.05 (0.90–1.21) 0.55

    Major bleeding 3.16 (2.87–3.45) (451) 3.69 (2.82–4.56) (69) 1.08 (0.83–1.40) 0.59

    Fatal bleeding 0.28 (0.19–0.36) (40) 0.26 (0.03–0.49) (5) 0.98 (0.37–2.56) 0.96

    Critical organ bleeding 0.98 (0.82–1.14) (141) 0.74 (0.35–1.12) (14) 0.68 (0.38–1.21) 0.19

    Transfusion ≥2 U 0.73 (0.59–0.87) (105) 1.11 (0.63–1.58) (21) 1.34 (0.81–2.22) 0.25

    Hemoglobin decrease ≥2 g/dL 2.21 (1.96–2.45) (316) 2.72 (1.97–3.46) (51) 1.08 (0.78–1.48) 0.64

    ICH 0.63 (0.50–0.76) (91) 0.68 (0.31–1.05) (13) 1.00 (0.54–1.83) 0.99

    NMCR bleeding 8.56 (8.07–9.06) (1159) 8.53 (7.16–9.90) (149) 1.02 (0.86–1.21) 0.82

CI indicates confidence interval; HR, hazard ratio; ICH, intracranial hemorrhage; MI, myocardial infarction; NMCR, nonmajor clinically relevant; SRF, stable 
renal function; and WRF, worsening renal function.
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value might seem low, observational data from usual 
clinical practice often show even lower means.11,16  
Therefore, the overall standards of anticoagulation in the 
warfarin group of RE-LY correspond well to contemporary 
standards for such treatment. As in previous multicentre 
multinational trials of anticoagulation, there were wide 
variations in INR control between countries and sites, 
which have led to questions of the relevance of the overall 
fi ndings for countries and sites with better mean INR 
control. We therefore did a prespecifi ed assessment of the 
primary and secondary outcomes of the RE-LY trial in 
relation to the quality of INR control. In the absence of any 
indicator of anticoagulation status in the dabigatran 
groups, the average TTR each centre achieved in its 
patients treated with warfarin was used as an approximation 
of quality of INR control for all its patients (centre’s mean 
TTR [cTTR]) receiving warfarin.10 The objective was 
therefore to assess the eff ects of centre-based INR control 
on these outcomes.13 

Methods
Patients
The detailed design and primary results of RE-LY have 
been published.14 18 113 patients were recruited from 
951 clinical centres in 44 countries. Inclusion criteria were 
documented atrial fi brillation and at least one of the 
following: previous stroke or transient ischaemic attack; 
congestive heart failure or reduced left ventricular ejection 
fraction (<40%); at least 75 years of age; or at least 65 years 
of age with diabetes mellitus, hypertension, or coronary 
artery disease. Exclusion criteria included severe heart 
valve disorder, recent stroke, increased risk of 
haemorrhage, creatinine clearance less than 30 mL/min, 
or active liver disease.

The study was approved by all appropriate national 
regulatory authorities and ethics committees. All patients 
provided written informed consent before study entry.

Randomisation and masking
In RE-LY patients were randomly assigned (1:1:1) to 
110 mg dabigatran, 150 mg dabigatran, or warfarin by an 

interactive, automated telephone system. Dabigatran was 
supplied in capsules containing either 110 mg or 150 mg. 
Warfarin was supplied in 1 mg, 3 mg, or 5 mg tablets and 
adjusted locally to achieve an INR of 2·0–3·0 on the basis 
of INR measurements that were obtained at least once 
per month. Investigators and patients were masked to 
dabigatran dose but not to warfarin dose.

Procedures
The primary effi  cacy outcome in the RE-LY trial was 
stroke or systemic embolism. The primary safety 
outcome was major haemorrhage. Secondary outcomes 
were stroke, systemic embolism, and death. Other 
outcomes were myocardial infarction, pulmonary 
embolism, and transient ischaemic attack. The primary 
net benefi t–risk outcome was the composite of stroke, 
systemic embolism, pulmonary embolism, myocardial 
infarction, death, or major haemorrhage. Patients were 
followed up 14 days after randomisation, at 1 and 
3 months, every 3 months thereafter for the fi rst year, 
and then every 4 months until the end of the study. 

Stroke was defi ned as sudden onset of focal 
neurological defi cit consistent with the territory of a 
major cerebral artery and categorised as ischaemic, 
haemorrhagic, or unspecifi ed. Haemorrhagic 
transformation of ischaemic stroke was not deemed to 
be haemorrhagic stroke. Intracranial haemorrhage 
included haemorrhagic stroke and subdural or 
subarachnoid haemorrhage. Systemic embolism was 
an acute vascular occlusion of a limb or organ 
documented by imaging, surgery, or autopsy. Major 
bleeding was defi ned as a reduction in haemoglobin 
concentration by at least 20 g/L, transfusion of at least 
two units of blood, or symptomatic bleeding in a crucial 
area or organ. Life-threatening bleeding was a subset 
of major bleeding that included fatal bleeding; 
symptomatic intracranial bleeding; bleeding with a 
decrease in haemoglobin concentration of at least 
50 g/L; or bleeding requiring transfusion of at least 
four units of blood, inotropic agents, or surgery. All 
other bleedings were regarded as minor. All primary 

Figure 1: Country distribution of mean time in therapeutic range in the RE-LY trial
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0.56 to 1.84; p for interaction ¼ 0.008) (53). The
ongoing GENETIC-AF (Genetically Targeted Therapy
for the Prevention of Symptomatic Atrial Fibrillation
in Patients With Heart Failure) clinical trial will test
the hypothesis that genotype-directed bucindolol
therapy is superior to metoprolol for the prevention
of symptomatic AF in patients with HF.

CATHETER ABLATION FOR RHYTHM

AND SYMPTOM CONTROL

ABLATION TECHNIQUE. Given the limitations of
current antiarrhythmic drug therapy, clinicians have
shown great interest in the use of nonpharmacological
rhythm control interventions in patients with AF and
HF. The role of catheter ablation is not simply to
restore and maintain sinus rhythm, but more impor-
tantly, to ameliorate symptoms and improve QOL. The
percutaneous technique, at a minimum, employs
circumferential ablation and hence electrical isolation
of the pulmonary veins and their connection to atrial
myocardium. Additional ablation, such as linear abla-
tion and/or focal ablations of areas with evidence
of scar, fractionation, or rotor-perpetuation, may be
employed, too, depending upon the type of AF and

degree of left atrial disease (Fig. 3) (54–56). Ablation of
complex fractionated atrial electrograms as an adjunct
to pulmonary vein isolation (PVI) has been demon-
strated to increase freedom from AF compared with
PVI alone (55,57). Several investigators have demon-
strated that the focal impulse and rotor modulation
(FIRM) technique, distinct from PVI, can successfully
identify ablative targets, called rotors, and terminate
or slow AF and improve arrhythmia-free outcomes
compared with conventional ablation alone (56,57). As
our understanding of the mechanisms behind AF
initiation and propagation continues to advance, du-
rable targets for novel therapies are evolving in tan-
dem (58).

ABLATION VERSUS ANTIARRHYTHMIC DRUG THERAPY.

Although the efficacy of catheter ablation varies
according to the underlying severity and duration of
AF, multiple studies have established its superiority
in those patients with recurrent AF despite antiar-
rhythmic drug therapy (59,60). Meta-analyses of
clinical trials have concluded PVI to be superior to
antiarrhythmic drug therapy as a second-line therapy
for maintaining sinus rhythm, improving physical
functioning, and potentially, reducing readmission
rates for patients with symptomatic AF (60,61).
Initial studies comparing antiarrhythmic drug ther-
apy versus catheter ablation as initial therapy in
treatment-naive patients with paroxysmal AF have
revealed conflicting results (62,63); hence, catheter
ablation is not typically employed as first-line ther-
apy. However, a recent clinical trial demonstrated a
significant attributable benefit of catheter ablation
compared with antiarrhythmic therapy as first-line
therapy for preventing recurrent atrial tachyarrhyth-
mias at 2 years (64). Notably, these studies were not
primarily performed in patients with HF, and many of
the antiarrhythmic medications used are contra-
indicated in patients with HF. To date, there are no
studies investigating catheter ablation as first-line
treatment for AF in HF patients. Although some trials
include freedom from antiarrhythmic drugs as a ther-
apeutic endpoint of catheter ablation, it should be
noted that the 2 interventions may be synergistic or
even necessary to ameliorate AF-associated symptoms
and potentially restore sinus rhythm.

EFFICACY AND OUTCOMES FOR CATHETER

ABLATION. Importantly, studies citing the highest
success rates of catheter ablation are composed pri-
marily of middle-aged men with few comorbidities
and often included repeat or redo ablation pro-
cedures. A smaller number of trials have been per-
formed in dedicated cohorts with AF and concomitant
HF. Table 1 details and reviews the available

CENTRAL ILLUSTRATION The Physiological Relationship Between
Atrial Fibrillation and Heart Failure

*Action potential duration heterogeneity includes spatial and temporal nonuniformities
(36). **This mechanistic hypothesis has fallen out of favor with recent evidence (33).
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Severity of renal impairment in patients with
heart failure and atrial fibrillation: implications
for non-vitamin K antagonist oral
anticoagulant dose adjustment
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Aims The non-vitamin K antagonist oral anticoagulants (NOACs) have varying degrees of renal elimination which may be
challenging in patients with heart failure (HF) and atrial fibrillation (AF). We examined the severity and variation in
renal impairment, and the proportion of patients requiring NOAC cessation or dose reduction.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Methods
and results

A retrospective analysis of patients with HF and AF in the Candesartan in Heart failure Assessment of Reduction
in Mortality and Morbidity programme was carried out. Trends in renal impairment over 26 months were defined
using Cockcroft–Gault (CG), simplified Modification of Diet in Renal Disease (MDRD), and Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equations. Mean estimated glomerular filtration rate (eGFR) was worse at
every time point in patients with AF compared with those without AF, the difference being ∼11 mL/min (CG),
9 mL/min (CKD-EPI), and 7 mL/min (MDRD). As renal function declined, CG classified a greater proportion of
patients as having moderate or severe CKD and agreement with MDRD/CKD-EPI declined. At least moderate renal
impairment was present in a quarter of patients with AF at baseline, a third by study completion, and approaching
a half at least once during follow-up. The projected need for NOAC dose reduction was accordingly high, though it
varied between individual NOACs due to different criteria for adjustment.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Conclusions Renal impairment in patients with HF and AF is common, fluctuates, progresses, and frequently mandates NOAC

dose reduction, though the need for cessation is rare. Baseline renal function, the method of estimating GFR, and
intensity of monitoring should be considered when commencing oral anticoagulation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Heart failure • Atrial fibrillation • Renal insufficiency • Non-vitamin K antagonist oral
anticoagulants
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Table 3 Proportion of patients with stable vs. worsening renal impairment across serial measurements stratified by
atrial fibrillation, according to the European Medicines Agency classification using the Cockcroft–Gault, Modification
of Diet in Renal Disease, and Chronic Kidney Disease Epidemiology Collaboration methods

CG MDRD CKD-EPI
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AF No AF AF No AF AF No AF

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

n with ≥2 measures 527 2003 527 2003 527 2003
Stable renal function (%) 67.7 71.2 64.1 63.9 67.7 65.9
Normal (>80) (%) 25.4 33.8 18.0 25.9 21.4 30.1
Mild (50–80) (%) 19.7 23.5 25.8 25.3 25.6 23.1
Moderate (30–49) (%) 16.7 10.9 15.6 10.0 15.2 9.7
Severe (15–30) (%) 5.9 3.0 4.7 2.6 5.5 2.8
Stable≥moderate (%) 22.6 13.9 20.3 12.6 20.7 12.6
Worse renal function (%) 32.3 28.8 35.9 36.1 32.3 34.1
Mild (>50) (%) 10.8 12.3 12.1 15.8 9.9 14.7
Moderate (30–49) (%) 15.4 11.3 16.7 14.0 15.2 13.5
Severe (15–30) (%) 5.7 4.7 6.5 5.8 6.6 5.5
Very severe (<15) (%) 0.4 0.4 0.6 0.5 0.6 0.5
Very≥moderate (%) 21.4 16.5 23.7 20.3 22.4 19.5
All≥moderate (%) 44.0 30.4 44.0 33.0 43.1 32.1

CG, Cockcroft–Gault; CKI-EPI, Chronic Kidney Disease Epidemiology Collaboration; MDRD, Modification of Diet in Renal Disease.

Figure 1 Relative proportion of patients with atrial fibrillation stratified by baseline Cockcroft–Gault estimated glomerular filtration rate
(eGFR) developing varying degrees of renal impairment during follow-up (mild, moderate, severe, or very severe).

all periods using CG). A recent study found a similar proportion of
renal impairment (57% with CrCl <60 mL/min) over 6 months in
patients discharged following decompensated HF with concurrent
AF.10

Anticoagulation dilemmas in patients
with co-existent heart failure–atrial
fibrillation–chronic kidney disease
Patients with HF–AF have high thrombo-embolic risk yet low levels
of appropriate anticoagulation. At best, two-thirds of patients with-
out contraindication receive oral anticoagulation: 68% of concur-
rent HF in the Euro Heart Survey for AF;36 and 65% of concurrent ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.. AF in the Get With The Guidelines HF programme.37 Moreover,

HF is strongly associated with reduced time in therapeutic range
(TTR), the single most important predictor of warfarin effective-
ness and safety.38 To compound matters, renal impairment is also
an independent predictor of low TTR, haemorrhagic complica-
tions, and warfarin underutilization.4,5,37,39 An analysis from RE-LY
recently demonstrated greater progression of renal impairment
with warfarin compared with dabigatran, possibly due to vitamin
K antagonist effects on vascular atherosclerosis and calcification.40

NOACs potentially address these issues through improved patient
adherence and more consistent anticoagulation, yet at the same
time renal impairment may increase bleeding risk and necessitate
closer monitoring.

© 2016 The Authors
European Journal of Heart Failure © 2016 European Society of Cardiology

KDIGO



What about bleeding risk?
Patient factors affecting bleeding risk 
• Age 
• Prior major bleeding 
• Anemia 
• Kidney disease 
• Antiplatelet agents, NSAIDS 
• Hypertension (SBP > 160) 
• Prior stroke 
• High alcohol use 
• Moderate to severe liver disease 
• Low TTR / unstable INRs

These 
factors 

also affect 
risk of 
stroke}
Gage BF, et al. Am Heart J. 2006 

Fang MC, et al. J Am Coll Cardiol. 2011 
Pisters R, et al. Chest. 2010 

Piccini JP, et al. Circulation. 2013  
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Anticoagulation prescription in new AF: 
Primary care vs. cardiology in VA system 
n = 140,000

Turakhia M, Am Heart J, 2012

CHADS2 score

45
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Nephrology and Cardiology care 
not coordinated

§ In outpatient setting, most 
patients take on role of care 
coordinator 

§ In U.S., bundled payments are 
disease focused 

§ Problem of care structure 
§ “I defer to the other”
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Renal Function in Patients With Atrial Fibrillation
Receiving Anticoagulants
The Canaries in the Coal Mine

The past few years have witnessed unprecedented
progress in the field of anticoagulation for atrial fibrilla-
tion (AF). Since 2010, 4 direct oral anticoagulants
(DOACs) have been approved in nonvalvular AF based
on pivotal trials. Patients with advanced chronic kidney
disease (CKD) are arguably the highest-risk patients re-
ceiving anticoagulation from the standpoint of both
stroke/systemic embolism and bleeding events. Al-
though patients with estimated creatinine clearance
(eCrCl) less than 30 mL/min/1.73m2 (to convert to mil-
liliters per second per meters squared, multiply by
0.0167) were excluded from trials, about 15% to 20%
of enrollees had stage 3 CKD, providing clinicians rep-
resentative data to derive meaningful conclusions to
guide practice. Prespecified subgroup analysis and meta-
analysis concur that the overall trial results (ie, noninfe-
riority of the DOACs vs warfarin in the prevention of
stroke/systemic embolism) are applicable to patients
with stage 3 CKD, and several agents may actually have
specific advantages.1

Not enough attention has been focused on sys-
temic approaches to recognize and anticipate the fresh
set of challenges that will be posed in the era of the
DOACs, particularly in this high-risk population. Pub-
lished scenarios raise doubts about our maturity as a
health care system to safely adapt to this new world of
anticoagulation. Data from a large dialysis database
showed that nearly 6% of patients with AF undergoing
long-term hemodialysis initiated therapy with dabiga-
tran or rivaroxaban from 2010 to 2014.2 This is a trou-
bling observation because these DOACs are not ap-
proved in dialysis patients owing to their exclusion from
pivotal randomized clinical trials, and because use can
be associated with heightened bleeding risk and erratic
blood levels on dialysis. The DOACs were prescribed
within 45 days of approval in the United States and
steadily increased during the study period. Moreover,
about 15% of dabigatran and 32% of rivaroxaban users
were prescribed the full dose (without renal dose modi-
fication), whereas others received doses approved for
patients with moderate CKD. Importantly, their use
among hemodialysis patients was accompanied by se-
rious consequences—higher associated risks of both ma-
jor and fatal bleeding. A similar theme of enthusiastic pre-
scription of dabigatran to dialysis patients was observed
in data from the United States Renal Data System.3 In an-
other example, hematologists in New Zealand carried out
an audit of bleeding complications after introduction of
dabigatran, reporting a higher occurrence of major bleed-
ing episodes than would be anticipated from the repre-
sentative randomized clinical trial.4 The authors con-

cluded that errors by prescribers related to incorrect
dosing/indication were major contributors in the con-
text of clinical characteristics that affect accurate dos-
ing (ie, higher age, impaired renal function).

In these examples, the lack of recognition of the sig-
nificance of underlying renal impairment was a unify-
ing denominator. The CKD population is most vulner-
able to needing dose adjustments because of the high
renal clearance of the DOACs, ranging from 25% (apixa-
ban) to 80% (dabigatran). A post hoc observation of the
Randomized Evaluation of Long-term Anticoagulation
Therapy (RE-LY) trial highlighted the temporal deterio-
ration in eCrCl among all 3 study arms receiving long-
term anticoagulation (high- and low-dose dabigatran and
warfarin), albeit statistically significant in the warfarin
arm.5 This observation may lend credence to the no-
tion of warfarin-related nephropathy/glomerulopathy,
but more importantly perhaps, indicates the need for
temporal monitoring of renal function during anticoagu-
lant therapy for AF, particularly in patients with CKD. Al-
though most clinicians use estimated glomerular filtra-
tion rates to monitor renal function in practice, the doses
of DOACs are approved based on eCrCl values (Cockroft-
Gault equation). There is significant discordance in doses
of some DOACs if estimated glomerular filtration rate is
used to measure renal function instead of eCrCl; the
discordance is higher for agents with greater renal
clearance.6

These studies provide sobering forewarnings of the
potential for clinical errors with use of DOACs among pa-
tients with CKD. As the coprevalence of AF and CKD
steadily increases in an aging population, these ex-
amples will only become increasingly common. We need
to couple our enthusiasm to adopt the DOACs with ad-
equate systemwide measures to focus attention to pre-
scriber education, achieving familiarity in their use and
creating alerts to prevent errors. Although DOACs rep-
resent a huge advance in medical therapy, their use also
involves a steep learning curve that could be unforgiv-
ing from a patient’s perspective. For clinicians who have
long been accustomed to warfarin, without attendant
need for significant dose adjustment in the face of kid-
ney impairment and with the comfort of the availability
of international normalized ratio (INR) levels to guide
dosing changes, this is not a trivial change in perspec-
tive. Acute kidney injury is common among hospital-
ized patients, and it is now incumbent on inpatient health
care professionals to actively recognize and ensure that
dynamic dose adjustment of DOACs occurs consis-
tently. Another important paradigm shift with the DOACs
(relative to warfarin) is the rapid onset/offset of action,
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Summary
§ Challenges 

§ We have enough data to be worried, but not 
enough to know what to do 

§ Trials of every permutation are unlikely 
§ Reliance on observational data 
§ More precision risk stratification? 

§ Opportunities 
§ Defining areas of controversy, gaps in evidence, and a 

roadmap for research 
§ Starting down a longer path of joint recommendations 

for clinical care and process measures 
§ New friends, new collaborations!
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