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Atrial fi brillation and stroke: unrecognised and undertreated
When did you or your primary care physician last palpate 
your wrist to check for a regular heart rate? This simple 
action, followed by an electrocardiogram if the heart 
rate is irregular, might be crucial in preventing death and 
disability from ischaemic stroke, heart failure, or myocardial 
infarction. In this week’s issue, we publish a clinical Series 
of three papers on atrial fi brillation ahead of the annual 
European Society of Cardiology (ESC) meeting held in 
Rome, Italy, Aug 27–31. Atrial fi brillation is estimated to 
aff ect 33 million people worldwide. But this fi gure is likely 
an underestimate since many people do not know that 
they have atrial fi brillation until they develop symptoms 
or  present with an ischaemic thromboembolic stroke or 
systemic thromboembolism. The estimated lifetime risk 
of developing atrial fi brillation is 25%. A rising prevalence 
is largely due to an increase in the elderly population, but 
perhaps also due to a prevalence of risk factors, such as 
diabetes, hypertension, obesity, and alcohol consumption.

Even once diagnosed, as the fi rst paper in our 
Series highlights, many people who should be on oral 
anticoagulation therapy for stroke prevention after 
appropriate risk assessment are not on any at all, are 
wrongly given aspirin (which is not eff ective), are on a 
suboptimum dose (especially when on the oral vitamin K 
antagonist warfarin), or are not adhering to the lifelong 
required treatment. Vitamin K antagonists have been 
shown to reduce stroke or systemic thromboembolism 
by 64% and all-cause mortality by 26%. The newer 
non-vitamin K antagonist oral anticoagulants, such 
as dabigatran, have an additional eff ect of 19% and 
10% reduction, respectively, and might have a better 
adherence profi le. The authors highlight the steps needed 
to reduce stroke burden by better recognising stroke risk, 
which is a continuum, and to make oral anticoagulant 
treatment the default unless low risk is truly shown. Once 
patients are deemed at low risk, they need to be regularly 
reviewed since their risk profi le might change over time 
and anticoagulant therapy might then be indicated.

Stroke occurrence and death in patients in 
47 countries 1 year after presenting to a hospital emer-
gency department with atrial fi brillation have been 
assessed by Jeff  Healey and colleagues, in a prospective 
registry study published online on Aug 8. 11% of more 
than 15 000 patients died within 1 year, predominantly 
from heart failure, and 4% had a stroke. Coexisting 

hypertension varied from 42% in India to 81% in 
eastern Europe. And, worryingly, 32% of patients in 
North America, western Europe, and Australia, and up 
to 70% of those in China, who should have been on 
anticoagulant therapy according to existing guidelines, 
were not. To prevent heart failure in those with 
symptomatic atrial fi brillation, heart rate control, and 
in some cases rhythm control, is the approach to take. 
The second and third papers in our Series review existing 
evidence for rate and rhythm control in atrial fi brillation.

Atrial fi brillation is also one of the ten potentially 
modifi able risk factors associated with acute stroke 
identifi ed in the INTERSTROKE study, published in 
today’s issue. Martin O’Donnell and colleagues show 
that the population attributable risk of atrial fi brillation 
for ischaemic stroke is 17·1% in western Europe, North 
America, and Australia. The ten potentially modifi able 
risk factors (hypertension, regular physical activity, 
apolipoprotein [Apo] B/ApoA1 ratio, diet, waist-to-
hip ratio, psychosocial factors, smoking, cardiac causes 
including atrial fi brillation, alcohol consumption, 
and diabetes mellitus) accounted for 90·7% of the 
population attributable risk for stroke worldwide. 

Atrial fi brillation is eminently modifi able as a risk factor 
for stroke and relatively easy to screen for. There is also now 
an increasing choice of eff ective oral anticoagulant therapy. 
What is needed is an increased recognition that this is not 
a benign disorder and that we have good evidence-based 
clinical risk assessment scores for both stroke risk and 
bleeding risk to give physicians and patients the confi dence 
to make the right choices. The UK’s National Institute for 
Health and Care Excellence has just this month included 
new indicators to help general practitioners improve the 
identifi cation and management of atrial fi brillation and, 
next year, 30 practices across the UK will routinely test 
anyone older than 65 years for atrial fi brillation. 

The new 2016 European Guidelines on cardiovascular 
disease prevention in clinical practice already recom-
mend that anyone aged 65 years or older and anyone 
with diabetes mellitus is screened for atrial fi brillation 
by palpation followed by electrocardiogram if needed. 
More specifi c, new ESC guidelines on atrial fi brillation 
will be released and presented at the Rome conference. 
There are no excuses to ignore this common cardiac 
disorder.  The Lancet
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Stroke prevention in atrial fi brillation
Ben Freedman, Tatjana S Potpara, Gregory Y H Lip

Atrial fi brillation is found in a third of all ischaemic strokes, even more after post-stroke atrial fi brillation monitoring. 
Data from stroke registries show that both unknown and untreated or under treated atrial fi brillation is responsible 
for most of these strokes, which are often fatal or debilitating. Most could be prevented if eff orts were directed towards 
detection of atrial fi brillation before stroke occurs, through screening or case fi nding, and treatment of all patients 
with atrial fi brillation at increased risk of stroke with well-controlled vitamin K antagonists or non-vitamin K antagonist 
anticoagulants. The default strategy should be to off er anticoagulant thromboprophylaxis to all patients with atrial 
fi brillation unless defi ned as truly low risk by simple validated risk scores, such as CHA2DS2-VASc. Assessment of 
bleeding risk using the HAS-BLED score should focus attention on reversible bleeding risk factors. Finally, patients 
need support from physicians and various other sources to start anticoagulant treatment and to ensure adherence to 
and persistence with treatment in the long term. 

Introduction
Ischaemic strokes related to atrial fi brillation usually 
result from cardioembolism of a large cerebral artery, 
and therefore tend to be larger (fi gure 1) and more 
frequently fatal or associated with greater disability than 
strokes from other causes.1–3 However, strokes related to 
atrial fi brillation are largely preventable, because oral 
anticoagulants (OACs) are so eff ective. In meta-analyses,4,5 
vitamin K antagonists (VKAs; eg, warfarin) reduced 
stroke or systemic thromboembolism by 64% and 
all-cause mortality by 26% compared with placebo (fi ve 
studies) or untreated controls (one study); the use of 
non-VKA OACs (NOACs) off ers additional signifi cant 
reductions of 19% and 10%, respectively, relative to 
warfarin.4,5

Several steps are needed to reduce the stroke burden 
associated with atrial fi brillation. The fi rst is recognition 
of the risk of stroke in patients with atrial fi brillation, 
followed by risk assessment using simple risk scores 
such as CHA2DS2-VASc, and prescription of appropriate 
stroke prevention to all who are not at low risk of stroke. 
Second, a system is needed to recognise the pre-
symptomatic phase of atrial fi brillation rather than wait 
for stroke to be the fi rst clinical manifestation. Finally, 
measures are needed to achieve optimum treatment, 

including excellent international normalised ratio (INR) 
control if VKAs are used, excellent adherence to 
thromboprophylactic drugs (ie, VKAs or NOACs) as 
prescribed, and long-term persistence with treatment. In 
this paper, we provide an overview of all three aspects of 
stroke prevention in atrial fi brillation, in the hope that 
greater awareness will result in reduction of the overall 
ischaemic stroke burden associated with atrial fi brillation.

Atrial fi brillation as a cause of ischaemic stroke
Of all strokes with an established cause, over 85% are 
ischaemic strokes,6 and the association of atrial fi brillation 
with ischaemic stroke of cardioembolic origin is well 
recognised.7 Indeed, fi ndings from recent population-
based studies or stroke registries8–12 consistently showed a 
substantial atrial-fi brillation-attributable risk of stroke, 
especially in the elderly; at least one in three to four 
patients with an ischaemic stroke, and over 80% of those 
with ischaemic stroke of cardioembolic type, also had 
atrial fi brillation (appendix p 5), suggesting an even 
stronger association of atrial fi brillation with stroke than 
previously thought. In over 25% of strokes related to atrial 
fi brillation, the stroke was the fi rst manifestation of 
previously unknown atrial fi brillation, which in most 
cases could have been prevented by OAC treatment, had 
atrial fi brillation been detected before the stroke 
(appendix p 5).

Sometimes, even extensive post-stroke diagnostic 
testing does not elucidate the cause of the stroke 
(ie, large-vessel disease, cardioembolism, or small-vessel 
disease); such cryptogenic strokes comprise around 
25% of all strokes.13 In two randomised trials assessing 
various post-stroke cardiac rhythm monitoring strategies 
in patients with cryptogenic stroke,14,15 previously 
unknown atrial fi brillation was eventually detected by 
prolonged monitoring in 30% of patients in the 
CRYSTAL-AF trial14 and in 16% of patients with 30-day 
monitoring in the EMBRACE trial;15 identifi cation of 
atrial fi brillation after stroke would qualify patients for 
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Search strategy and selection criteria

We searched MEDLINE and PubMed (date of last search 
May 2, 2016) using the following search terms: “atrial 
fi brillation”, “warfarin”, “dabigatran”, “rivaroxaban”, “apixaban”, 
“edoxaban”, “randomized trial”, “real world”, “cohort study”, 
“registry”, “stroke prevention”, “stroke risk”, and “bleeding risk”, 
and checked reference lists from relevant articles. No 
publication time limits were specifi ed, though preference was 
given to articles from the past 10 years and some highly cited 
older articles. This search primarily focused on studies to be 
included in the table, panel 2, and the appendix pp 14–25. 

See Online for appendix
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secondary prevention using OACs instead of the standard 
non-atrial fi brillation post-stroke treatment, aspirin. In a 
meta-analysis of 50 studies,16 atrial fi brillation was 
detected in 24% of patients after stroke by combined 
short-term and long-term monitoring. The optimum, 
cost-eff ective technique and duration of post-stroke 
monitoring beyond the fi rst 24 h remains uncertain. At 
present, prolonged post-stroke monitoring is optional.

Replacement of the term cryptogenic stroke with the 
more explicitly defi ned embolic stroke of undetermined 
source (ESUS), a non-lacunar brain infarct without 
evident proximal arterial stenosis or cardioembolic 
sources, has been increasingly advocated.17 A substantial 
proportion of patients with ESUS have paroxysmal atrial 
fi brillation.17,18 The risk of stroke recurrence is high after 
incident ESUS.17,18 Electrocardiographic documentation 
of atrial fi brillation is mandatory for OAC use in the 
context of stroke prevention.19 In the CRYSTAL-AF14 and 
EMBRACE15 post-stroke monitoring trials, at least 75% of 
atrial fi brillation episodes were asymptomatic, which 
emphasises the unreliability of symptoms for detection 
of atrial fi brillation. Two ongoing randomised trials will 
compare the effi  cacy and safety of the NOACs dabigatran 
(RE-SPECT ESUS20) and rivaroxaban (NAVIGATE ESUS; 
NCT02313909) versus aspirin in unselected patients after 
ESUS, which might obviate the need for post-stroke 
monitoring.

Previous management of atrial fi brillation in 
patients presenting with stroke
Although most strokes related to atrial fi brillation can be 
prevented using OACs,21 fi ndings from contemporary 
registry-based and observational real-world reports from 
various geographical regions have consistently shown 
that OAC treatment is underused in patients with atrial 
fi brillation who are at risk of stroke.22 No OAC is used in 
around a third of eligible patients with atrial fi brillation, 
and in over 50% of patients who receive warfarin the 
quality of anticoagulation control remains suboptimum.23

In the Canadian Stroke Registry,24 only 10% of patients 
with known atrial fi brillation and acute ischaemic stroke 
were previously well managed on warfarin (an additional 
29% were on subtherapeutic warfarin), whereas in 
secondary prevention (ie, those with a history of stroke) 
the percentages increased to 18% and 39%, respectively 
(appendix p 6). In the Adelaide Stroke Incidence Study,10 
warfarin had been prescribed before stroke in 27% of 
patients with previous atrial fi brillation (15% therapeutic 
and 12% subtherapeutic; appendix pp 3, 4). Findings 
from a registry of over 94 000 ischaemic strokes from 
Sweden12 suggested that of all patients with ischaemic 
stroke, 20% had known but untreated or inadequately 
treated atrial fi brillation and 9% had previously unknown 
atrial fi brillation; in these patients stroke could have been 
prevented by either treatment with an OAC according to 
current guidelines or by screening for atrial fi brillation 
(appendix pp 3, 4). In the UK, according to the 

Sentinel Stroke National Audit Programme (SSNAP), 
there has been some improvement over previous 
anticoagulant treatment rates in patients with stroke 
with known atrial fi brillation over the past 3 years, but 
antiplatelet drugs, largely aspirin, were still the sole 
antithrombotic prescribed in 26% of patients in the 
12 months ending March, 2016. 

Aspirin is still widely misused for primary or even 
secondary stroke prevention in a quarter to a third of 
patients with atrial fi brillation who are eligible for 
OACs,24,25 presumably because of misperception of 
effi  cacy and safety for stroke prevention in atrial 
fi brillation, which is likely to contribute to continuing 
underuse of anticoagulants.26 Aspirin is neither eff ective 
nor safe as thromboprophylaxis for atrial fi brillation,26 
even possibly increasing stroke risk in elderly patients,27 
and has largely been removed from guidelines.19,28,29 The 
consequence of aspirin misuse is evident in stroke 
registries (appendix pp 3, 4, 6), with a high proportion of 
atrial-fi brillation-related strokes occurring in patients 
treated only with aspirin, despite a CHADS2 or CHA2DS2-
VASc score of at least 2 (appendix pp 3, 4). Replacing 
aspirin with OACs, and prescribing OACs for the 20% of 
high-risk patients with known atrial fi brillation who 
receive no OAC treatment (appendix p 6) constitutes a 
simple solution to reduce the atrial fi brillation stroke 
burden, provided eff ective measures to close this 
evidence–treatment gap are implemented.

Finding unknown atrial fi brillation to prevent 
stroke
Almost 10% of all ischaemic strokes (representing 
>25% of strokes related to atrial fi brillation) occur 
simultaneously with fi rst-detected atrial fi brillation. 
Measures to screen or case-fi nd unknown asymptomatic 
atrial fi brillation, and then treat with OACs, should 
logically have a major eff ect on reducing stroke burden. 
The inbuilt assumptions are that unknown asymptomatic 

A B

Figure 1: Imaging of large middle cerebral artery cardioembolic stroke in a patient with atrial fi brillation
(A) CT and (B) subsequent MRI from a 39-year-old man with large middle cerebral artery cardioembolic stroke.

For the SSNAP data see https://
www.strokeaudit.org/results/
clinical-audit/national-results.aspx
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atrial fi brillation is common, and that prognosis of 
unknown asymptomatic atrial fi brillation is similar to 
that in the pivotal trials,30 which included a small but 
unknown proportion of patients with incidentally 
detected atrial fi brillation (eg, during a routine clinic 
visit). Such pre-symptomatic atrial fi brillation has 
sometimes been assumed to have a benign prognosis.31 
In a study of asymptomatic incidentally detected atrial 
fi brillation in general practice, prognosis was far from 
benign, with a doubling of stroke and all-cause mortality 
compared with age-matched and sex-matched patients 
without atrial fi brillation.32 Moreover, anticoagulant 
treatment reduced the stroke rate from 4% to 1% after 
only 1·5 years compared with no treatment; this rate is 
almost identical to that in matched controls without atrial 
fi brillation seen contemporaneously (fi gure 2).21 A similar 
adverse prognosis of atrial fi brillation fi rst discovered in 
the absence of symptoms was noted in Olmsted county 
(MN, USA).33,34 In the EORP-AF registry,35 patients who 
had never experienced symptoms actually had a worse 
prognosis than those with symptoms.

Patients with pacemakers or similar implanted devices 
frequently have brief or even prolonged episodes of 
asymptomatic atrial fi brillation, and these have been 
associated with a more than doubling of the stroke 
risk, and a 5·5 times increase in the risk of subsequent 
atrial fi brillation.36,37 Longer (>18 h) episodes of atrial 
fi brillation have the highest adverse prognosis.36 
Ongoing randomised trials of anticoagulant treatment 
of device-detected asymptomatic atrial fi brillation (eg, 
ARTESiA [NCT01938248] and NOAH [NCT02618577]) 
are investigating the role of two NOACs, apixaban or 
edoxaban, versus aspirin for the treatment of device-
detected subclinical atrial fi brillation. Even excessive 

atrial ectopics or runs (defi ned as ≥20 beats) of atrial 
tachycardia without defi nitive atrial fi brillation carry a 
similar prognosis.38 This fi nding, coupled with the only 
partial temporal association of stroke with device-
detected atrial fi brillation episodes,39–41 suggests that as 
well as being a risk factor for stroke, atrial fi brillation is 
also a powerful risk marker for an abnormal atrial or 
systemic substrate, which can lead to stroke.42

Screening or case fi nding in either the clinic or 
community will detect atrial fi brillation in 1·4% of 
patients on a single screen in those aged at least 
65 years.43 Using stepped screening with patient-
activated handheld electrocardiograph (ECG) devices 
for 2 weeks in 75–76-year-olds detects atrial fi brillation 
in 3% of patients.44 Opportunistic case fi nding using 
pulse palpation and ECG if irregular is as eff ective 
as systematic 12-lead electrocardiography, and is 
more cost-eff ective.45 Hence, opportunistic clinic 
pulse screening forms the basis of guideline rec-
ommendations on screening.19 Cheaper, faster, yet 
accurate devices providing automated atrial fi brillation 
diagnosis, including handheld single-lead ECGs,44,46,47 
blood pressure oscillometry,48 and smartphone photo-
plethysmo graphy,49 are likely to improve the cost-
eff ective ness. Indeed, screening for unknown atrial 
fi brillation is likely to be cost-eff ective for stroke 
prevention,46,50 and might lead to revisions of 
recommendations about screening for atrial fi brillation 
to prevent stroke.30,51

Stroke risk factors and risk stratifi cation
Atrial fi brillation increases the risk of stroke and systemic 
thromboembolism, but the excess risk also depends on 
the presence of various additional risk factors, which 
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Figure 2: Eff ect of treatment on incidentally detected atrial fi brillation
AF=atrial fi brillation. OAC=oral anticoagulant. Reproduced with permission from Freedman and colleagues.21
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were defi ned from fi ndings from the non-warfarin 
placebo or control arms of historical randomised trials 
done two decades ago52 or from large observational 
epidemiological studies. There is good evidence of 
increased risk in patients with previous stroke or systemic 
embolism, age at least 65 years, recent decompensated 
heart failure (irrespective of ejection fraction; hence, 
heart failure with reduced or preserved ejection fraction, 
eg, hypertrophic cardiomyopathy),53 moderate-to-severe 
left ventricular dysfunction on cardiac imaging, diabetes 
mellitus, hypertension, or vascular disease (ie, peripheral 
artery disease or previous myocardial infarction).54 Female 
sex is probably a stroke risk modifi er, with accentuation 
of risk in those older than 65 years or with at least one 
additional stroke risk factor.55,56 The age threshold 
conferring excess stroke risk seems to be even lower (age 
≥50 years) in east Asians.57

More recent attention has been directed towards 
defi ning the stroke risk associated with a single stroke 
risk factor, since not all risk factors carry equal weight, 
and risk in atrial fi brillation varies depending on clinical 
setting (eg, community based vs hospitalised) and 
according to ethnic origin58 and availability of appropriate 
methods to establish event rates.59 The evidence is 
compelling that even a single stroke risk factor confers 
an excess risk of thromboembolism and mortality 
(fi gure 3),60–62 with a positive net clinical benefi t for OAC 
treatment compared with aspirin or no antithrombotic 
treatment for such patients.60,63

The more common stroke risk factors have been 
incorporated into stroke risk stratifi cation scores 
(appendix pp 7, 8), designed to help practical decision 
making in everyday practice. The most comprehensive 
review and comparison of stroke and bleeding risk scores 
is provided in the 2014 National Institute for Health and 
Care Excellence (NICE) guidelines,28 which are based 
on systematic reviews, evidence appraisal, and cost-
eff ectiveness. Risk scores based on clinical factors have 
modest predictive value for identifying high-risk patients, 
and additional refi nement of clinical-factor-based scores 
to improve identifi cation of high-risk patients can be 
made by the addition of biomarkers (eg, von Willebrand 
factor, natriuretic peptides, or troponin) and imaging (eg, 
cerebral or cardiac imaging).64 Even then, c statistics (ie, 
how well a score predicts an event) suggest only modest 
discrimination despite addition of several biomarkers, but 
with additional costs and a major loss of simplicity and 
practicality for everyday clinical use.

Stroke risk is a continuum, and the artifi cial 
categorisation into low or high risk still leads to many 
patients with high-risk atrial fi brillation being under-
treated. The default should be to use OACs to treat all 
patients with atrial fi brillation unless clearly defi ned as 
truly low risk. Hence, clinicians should be most 
concerned with identifying the very-low-risk patients 
who do not need thromboprophylaxis. The CHA2DS2-
VASc score65 is useful as a simple clinical score for easy 

initial identifi cation of low-risk patients (CHA2DS2-VASc 
score 0 in males and 1 in females) who have stroke rates 
of 1% or lower per year, who do not need antithrombotic 
treatment.59,66,67

One common misperception is that paroxysmal atrial 
fi brillation carries a low risk of stroke, whereas in many 
studies the risk is almost identical to that of persistent 
or permanent atrial fi brillation, notwithstanding 
considerations of variable arrhythmia burden and 
associated risk factors, especially since patients with 
paroxysmal atrial fi brillation tend to be younger and 
have fewer risk factors. Guidelines recommend treating 
paroxysmal atrial fi brillation with OACs using identical 
rules as apply to persistent or permanent atrial 
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Figure 3: Risk of stroke with a single additional risk factor
Data from Fauchier and colleagues.60
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Figure 4: Recommended decision pathway for treatment of newly diagnosed non-valvular atrial fi brillation
VKA=vitamin K antagonist. *Also calculate the HAS-BLED score. If HAS-BLED ≥3, address the modifi able bleeding 
risk factors and plan a closer clinical follow-up.
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fi brillation;19,68 unfortunately, in practice, this is often 
not done.69

Thromboprophylaxis in patients with atrial 
fi brillation
Guidelines recommend diff erent approaches to 
thromboprophylaxis in atrial fi brillation. Some use 
CHA2DS2-VASc score in a categorical approach; for 
example, the American Heart Association/American 
College of Cardiology/Heart Rhythm Society guidelines68 
defi ne patients with atrial fi brillation as low, moderate, or 
high risk, and recommend antithrombotic treatment on 
that basis. Patients at high risk are those with a 
CHA2DS2-VASc score of at least 2, for whom OACs are 
recommended; low risk are those with a CHA2DS2-VASc 
score of 0, for whom no antithrombotic treatment should 
be considered. For those with a CHA2DS2-VASc score 
of 1, OACs, aspirin, or no antithrombotic treatment can 
be chosen, depending on risk factors and patient values 
and preferences.

The 2014 NICE guidelines28 and European Society 
of Cardiology guidelines19 recommend that the 
initial step should be to identify low-risk patients 
(CHA2DS2-VASc score 0 in males, 1 in females) who do 
not need antithrombotic treatment. The next step is to 
off er eff ective stroke prevention with OACs (either VKAs 
with good quality anticoagulation control or NOACs) to 
those with at least one additional stroke risk factor. Since 
the default should be to give anticoagulants to all patients 

with atrial fi brillation unless defi ned as truly low risk, we 
recommend this simplifi ed approach (fi gure 4), because 
the decision to provide anticoagulation is already made 
with at least one additional stroke risk factor irrespective 
of score value or the addition of biomarkers or imaging. 
Since patients with atrial fi brillation have high rates of 
hospital admission and risk stratifi cation is not a static 
one-off  process, low-risk patients should be regularly 
reviewed to establish whether risk has increased. Aspirin 
alone should not be off ered for stroke prevention in atrial 
fi brillation.26–28

Bleeding risk assessment should also be part of the 
clinical decision-making process. In most cases, an 
elevated bleeding risk score should not be used as a 
reason to withhold anticoagulation, because stroke risk 
almost invariably outweighs serious bleeding risk, but 
patients at high risk of bleeding should be fl agged up 
for more careful review and follow-up, especially in the 
era of electronic health record alerts, with prompt 
attention given to common reversible bleeding risk 
factors within the score.70 These include uncontrolled 
hypertension; control of a known previous bleeding site, 
especially gastrointestinal; labile INRs if on a VKA; and 
excess alcohol or concomitant non-steroidal anti-
infl ammatory drug use.71 The simplest and best validated 
score is HAS-BLED72 (appendix pp 9, 10), which reliably 
predicts bleeding in patients on OACs (whether VKAs 
or other anticoagulants73), aspirin, or no antithrombotic 
treat ment. HAS-BLED has also been validated in 

Recurrent stroke, systemic embolic event, or transient ischaemic 
attack despite good anticoagulation control (TTR >70%)

Asian patients (consider drugs with reduced risk of intracranial 
haemorrhage and major bleeding in Asian subgroups)

Moderate-to-severe renal impairment (CrCl 15–49 mL/min)

High risk of gastrointestinal bleeding

Dabigatran 150 mg BID

Apixaban 5 mg BID*, rivaroxaban 15 mg once daily, dabigatran (if CrCl 30–49 mL/min)†, 
or edoxaban 30 mg once daily‡

Apixaban 5 mg BID* or dabigatran 110 mg BID§

Apixaban 5 mg BID*, rivaroxaban 20 mg once daily¶, or edoxaban 60 mg once daily|| 

Dabigatran 110 mg BID§, apixaban 5 mg BID*, or edoxaban 60 mg once daily|| 

VKA, rivaroxaban 20 mg once daily¶, or edoxaban 60 mg once daily|| 

Apixaban 5 mg BID*, dabigatran†, or edoxaban 60 mg once daily|| 

VKA with additional education and more regular follow-up, dabigatran†, 
rivaroxaban 20 mg once daily¶, apixaban 5 mg BID*, or edoxaban 60 mg once daily|| 

Gastrointestinal symptoms or dyspepsia 

High risk of bleeding (HAS-BLED ≥3)

Once daily dosing or preference to have a lower pill burden

Less likely to do well on VKA with good TTR (SAMe-TT2R2 score >2) 
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Figure 5: Choice of oral anticoagulant drug to fi t the patient profi le
A simplifi ed schema to assist physician choice of anticoagulant (VKA or individual NOAC) according to patient characteristic. BID=twice daily. CrCl=creatinine 
clearance. NOAC=non-vitamin K antagonist oral anticoagulant. TTR=time in therapeutic range. VKA=vitamin K antagonist. *Reduced to 2·5 mg BID with two of three 
criteria from age ≥80 years, bodyweight ≤60 kg, or serum creatinine concentration ≥133 μmol/L. †110 mg BID for patients with a CrCl 30–49 mL/min (most 
countries, but not in the USA); in the USA only, 75 mg BID (available in the USA only) for patients with CrCl 15–29 mL/min (and only 150 mg BID dose available in the 
USA for CrCl >30 mL/min). ‡30 mg with CrCl 15–49 mL/min, P-glycoprotein inhibitors, or weight <60 kg. §110 mg BID dose not available in the USA for atrial 
fi brillation. ¶Reduced to 15 mg if CrCl 15–49 mL/min. ||Dose to be halved if the patient has any of the following: CrCl 15–49 mL/min, bodyweight ≤60 kg, or 
concomitant use of P-glycoprotein inhibitors.
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non-atrial fi brillation populations, including venous 
thrombo embolism and patients undergoing bridging 
therapy. Simpler scores that aim to provide information 
valid for both VKAs and NOACs are likely to 
inappropriately categorise many patients who sub-
sequently bleed as low risk or substantially under-
estimate bleeding risks in VKA-treated patients by 
ignoring labile INR as a risk criterion.74,75 More complex 
scores using biomarkers off er statistically improved 
prediction of high-risk patients, but are less simple for 
everyday clinical use and do not focus on the reversible 
bleeding risk factors.70

VKAs are eff ective and safe if well managed with good 
quality anticoagulation control, as shown by the time in 
therapeutic range (TTR) of over 70%.76 However, a good 
TTR can be diffi  cult to obtain in clinical practice, or in 
some populations such as Asians.77 The control of VKAs 
is aff ected by several clinical features, and some common 
factors have been incorporated into the SAMe-TT2R2 
score (appendix pp 9, 10).78 Although prediction of the 
actual TTR is modest, the score is best used pragmatically 
to fl ag patients unlikely to do well on a VKA (score >2), 
because of labile INRs or poor TTR and the consequent 
risk of thromboembolism, death, or bleeding.79,80 Such 
patients should be targeted for more regular review and 
follow-up; educational interventions and counselling, 
which improve TTR;81 or use of NOACs.82

With availability of four NOACs in addition to VKAs, 
we can fi t a particular drug to a patient’s clinical profi le,83,84 

by use of available evidence from large randomised trials 
and observational cohorts (fi gure 5 and discussed later). 
Various clinical considerations when choosing a 
particular type or dose of NOAC can be summarised by 
the mnemonic ABCDE: abnormally low weight (dose 
reduction might be needed); bleeding risk, especially 
previous or recent gastrointestinal bleeding; creatinine 
clearance (ie, renal function); drug interactions (eg, 
P-glycoprotein inhibitors); and elderly age (dose 
reduction might be needed).

From clinical trials to real-world practice
The effi  cacy of warfarin compared with placebo or aspirin 
for stroke prevention in patients with non-valvular atrial 
fi brillation was established almost 30 years ago (table).4 
In a meta-analysis86 of eight more recent stroke 
prevention trials (2005–11), the pooled rate of residual 
stroke or systemic embolism in the warfarin arms was 
signifi cantly lower than in earlier trials (1·66% vs 2·09%), 
probably because of improved management of warfarin 
treatment (mean TTR 63·6% vs 42–81%, and four of six 
earlier trials with a TTR <60%), whereas the rates of 
major bleeding (1·4–3·4%) and intracranial haemorrhage 
(ICH; 0·61%) were similar.86

Owing to many limitations (panel 1),87 VKA treatment 
outside the trial setting is often suboptimal, and NOACs 
are increasingly used as a viable alternative. A meta-
analysis5 of four landmark NOAC trials in non-valvular 
atrial fi brillation revealed a signifi cant 19% stroke risk 

Included trials Number of patients Comparison Stroke or SE RR or HR (95%CI) Major 
bleeding 
RR or HR 
(95%CI)

Gastrointestinal 
bleeding RR or HR 
(95%CI)

ICH RR or HR 
(95%CI)

All-cause 
mortality RR or 
HR (95%CI)

Meta-analyses of randomised controlled trials of antithrombotic treatments

Hart et al (2007)4 5 primary, 
1 secondary 
prevention trial

2900 Adjusted-dose 
warfarin vs placebo 
or no treatment

64% (49 to 74) RR reduction 
with warfarin

Not 
calculated

–66% 
(–235 to 18)*

6 vs 3 events 26% (3 to 43)

Hart et al (2007)4 12 trials 3647 Adjusted-dose 
warfarin vs 
antiplatelet 
treatment

39% (22 to 52) RR reduction 
with warfarin

Not 
calculated

–70% 
(–234 to 14)*

20 vs 7 events 9% (–19 to 30)

Hart et al (2007)4 7 trials 3990 Aspirin vs placebo 
or no treatment

19% (–1 to 35) RR reduction 
with aspirin

Not 
calculated

2% (–98 to 52)* 8 vs 4 events 14% (–7 to 31)

Ruff  et al (2014)5 4 trials 42 411 on a NOAC,
29 272 on warfarin

NOACs vs adjusted-
dose warfarin

Overall RR 0·81 (0·73 to 0·91); 
ischaemic stroke RR 0·92 
(0·83 to 1·02); haemorrhagic 
stroke RR 0·49 (0·38 to 0·64)

RR 0.86 
(0·71–1·00)

RR 1·25 
(1·01 to 1·55)

RR 0·48 (0·39–0·59) RR 0·90 
(0·85 to 0·95)

Meta-analyses of observational studies of dabigatran vs warfarin

Romanelli et al 
(2016)85

7 trials 197 348 on warfarin,
197 348 on 
dabigatran 150 mg,
11 305 on dabigatran 
110 mg

Dabigatran 150 mg 
or 110 mg vs dose-
adjusted warfarin

Dabigatran 150 mg HR 0·92 
(0·84 to 1·10); dabigatran 
110 mg HR 0·92 (0·72–1·18)

Not 
reported

Dabigatran 
150 mg HR 1·23 
(1·01 to 1·50); 
dabigatran 
110 mg HR 0·91 
(0·55 to 1·51)

Dabigatran 150 mg 
HR 0·44 
(0·34 to 0·59); 
dabigatran 110 mg 
HR 0·49 (0·34–0·72)

Not reported

HR=hazard ratio. ICH=intracranial haemorrhage. NOAC=non-vitamin K antagonist oral anticoagulant. RR=relative risk. SE=systemic embolism. *Major extracranial bleeding.

Table: Meta-analyses of randomised, controlled trials or observational studies on the effi  cacy and safety of antithrombotic treatments for the prevention of stroke or systemic embolism 
in patients with non-valvular atrial fi brillation 
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reduction versus VKAs, which was driven by the 
reduction in haemorrhagic stroke and no real change in 
ischaemic stroke; comparable safety in terms of major 
bleeding, with impressive reductions in ICH, at the cost 
of increased gastrointestinal bleeding; and a 10% 
reduction in all-cause mortality relative to warfarin (table 
and appendix pp 11–13). The effi  cacy and safety of NOACs 
over warfarin seems to be even greater in east Asians 
compared with non-Asians.88

Randomised trials provide the most objective 
evidence on a drug treatment, but the results might not 
be fully applicable to a range of real-world settings, 
because of the trial-specifi c inclusion and exclusion 
criteria. Notwithstanding some limitations, post-
marketing observational studies, including prospective 
international registries and large administrative 
datasets, provide valuable complementary information 
on treatment performance in daily clinical practice. A 
meta-analysis of real-world observational studies on 
dabigatran versus warfarin for stroke prevention in 
non-valvular atrial fi brillation (table)85 yielded results 
broadly consistent with the main RE-LY trial. Key 
fi ndings from those studies are shown in panel 2 and 
the appendix (pp 14–17). In real-world studies of 
rivaroxaban with lower risk patients, compared with the 
pivotal ROCKET-AF trial, the rates of stroke, major 
bleeding, and death seemed to be lower,89 but fi ndings 
from more recent propensity-score-matched real-world 
studies with rivaroxaban consistently showed similar 
thromboembolism and bleeding risks to warfarin 
(appendix pp 14–17). In a large propensity-weighted 

analysis from a Danish nationwide cohort study,90 no 
signifi cant diff erences were found between NOACs and 
warfarin for ischaemic stroke, but the risks of death, 
any bleeding, or major bleeding were signifi cantly 
lower for apixaban and dabigatran than for warfarin. 
Warfarin and rivaroxaban had comparable annual 
bleeding rates.

Findings from large prospective international 
observational registries show that many patients with 
atrial fi brillation who are eligible for OACs because of 
high risk of stroke are still not treated with OACs, 
particularly the elderly or those at high risk of bleeding. 
Findings from registry studies highlight the gaps in daily 
clinical practice alluded to earlier, and identify the unmet 
needs regarding evidence-based guidance on optimum 
strategies for stroke prevention in some subsets of 
patients with atrial fi brillation.22 Key fi ndings and a 
detailed summary are shown in panel 2 and the appendix 
(pp 18–25).

Specifi c management considerations
Because of the overlap in stroke and bleeding risk factors, 
high-risk patients with atrial fi brillation are often denied 
OACs without an absolute contraindication. Elderly 
people91 and most patients with a history of bleeding (eg, 
previous gastrointestinal bleeding with a healed culprit 
lesion) clearly benefi t from OAC resumption.92 Patients 
with atrial fi brillation after intracerebral haemorrhage or 
those with severe renal disease represent other high-risk 
groups that were excluded from randomised trials, but 
fi ndings from observational studies suggest some benefi t 
from OACs.93–95

Patients with atrial fi brillation undergoing per-
cutaneous coronary intervention and stenting need a 
complex management strategy including OACs with 
single or dual antiplatelet treatment, to balance risk of 
stroke, recurrent ischaemia, or stent thrombosis 
against the risk of serious bleeding with combined 
treatment. Dependent on the patient risk profi le and 
clinical setting (ie, acute coronary syndrome vs stable 
disease), triple treatment with OACs plus dual 
antiplatelet treatment, followed by OACs plus a single 
antiplatelet drug such as clopidogrel, should be used 
for the shortest period advisable.96 Thereafter, OAC 
monotherapy (a NOAC or well-managed VKA) should 
continue.96

Catheter atrial fi brillation ablation is superior to 
medical treatment at eliminating clinical atrial fi brillation 
recurrences, but should not be used to avoid OAC 
treatment; the decision regarding long-term OAC use 
after ablation should be based on individual stroke risk 
and not the estimated procedural success.97 Reports on 
the association of left atrial appendage isolation with 
appendage thrombus and stroke are confl icting, with 
results showing either improvement or a neutral eff ect, 
and there might even be a downside depending on the 
procedural details.98 Two ongoing trials are investigating 

Panel 1: Essential features of vitamin K antagonists and non-vitamin K antagonist oral 
anticoagulants 

Vitamin K antagonists
• Slow onset and off set of action, with some thrombophilia during onset and off set
• Narrow therapeutic window (target INR 2·0–3·0)
• Several interactions with food and other drugs, which aff ect the anticoagulation intensity
• Variable dose response depending on the individual’s genetic background
• INR-guided dosing necessitates regular INR monitoring and frequent dose adjustments
• TTR of >65–70% is vital for optimum stroke prevention
• Used in clinical practice for a long time; not expensive

Non-vitamin K antagonist oral anticoagulants
• Fast onset and off set of action; onset faster than off set
• Fixed once or twice daily dosing
• A few clinically relevant interactions with other drugs; no food interaction
• Stable, dose-related anticoagulant eff ect; no need for regular laboratory monitoring of 

anticoagulation intensity, but renal function assessment is mandatory at baseline and 
during follow-up, depending on baseline renal function

• Strict adherence to non-vitamin K antagonist oral anticoagulant treatment crucial for 
optimum effi  cacy

• Relatively new drugs, expensive, but cost-eff ective, in comparison with vitamin K 
antagonists

See appendix pp 11–17 for more details. INR=international normalised ratio. TTR=time in therapeutic range. 
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early rhythm control (EAST; NCT01288352) or atrial 
fi brillation ablation versus antiarrhythmic drug treatment 
(CABANA; NCT00911508) on long-term risk of stroke 
and death.

Percutaneous left atrial appendage occlusion using the 
WATCHMAN, Amplatzer Cardiac Plug, or WaveCrest 
device or the Lariat endocardial and epicardial ligation 
technique might be an alternative for patients with atrial 
fi brillation who are at high risk of both stroke and 
bleeding or with contraindications to OACs; however, 
interventional cardiologists need to be trained in the 
procedure, and patients must receive dual antiplatelet 
treatment for at least 6 weeks after the procedure.99 

Modifi able cardiovascular risk factors (eg, hyper-
tension, obesity, dyslipidaemia, obstructive sleep apnoea, 
physical inactivity, and smoking) are important 

contributors to atrial fi brillation substrate progression 
and increased atrial fi brillation burden. Emerging 
evidence shows that aggressive risk factor management 
is likely to improve symptoms and reduce atrial 
fi brillation recurrence, thus facilitating rhythm control 
in patients with or without atrial fi brillation catheter 
ablation.100,101 Lifestyle interventions are likely to 
favourably aff ect cardiovascular outcomes, but whether 
these will reduce stroke remains to be established.

Population-centred or patient-centred 
interventions
Nurse-led clinics are an attractive possibility to improve 
uptake of stroke prevention strategies. In a randomised 
trial of 712 patients,102 appropriate OAC prescription 
increased from a high base of 83% in the usual care 

Panel 2: Key points regarding oral anticoagulant treatment for thromboprophylaxis in patients with non-valvular atrial 
fi brillation

Key points from the landmark NOAC trials in patients with 
non-valvular atrial fi brillation*
• NOACs were superior to warfarin (dabigatran 150 mg or 

apixaban) or similarly eff ective as warfarin (dabigatran 
110 mg, rivaroxaban, or edoxaban in both doses) at 
reducing stroke or systemic embolism.

• Stroke reduction was largely driven by the reduction in 
haemorrhagic stroke (signifi cant for all NOACs vs VKAs) with 
minimal eff ect on ischaemic stroke, in which a signifi cant 
reduction was only reported for dabigatran 150 mg.

• NOACs were either safer than warfarin (dabigatran 
110 mg, apixaban, or edoxaban in both doses) or as safe as 
warfarin (dabigatran 150 mg or rivaroxaban) with respect 
to major bleeding.

• Apixaban was more effective than aspirin in the 
prevention of stroke or systemic embolism, with 
comparable safety (regarding major bleeding, 
haemorrhagic stroke, ICH, and gastrointestinal bleeding), 
and was better tolerated.

Key points from large real-world administrative dataset 
analyses of NOAC use22†
• Eff ectiveness and safety of dabigatran, rivaroxaban, and 

apixaban in real-world data were broadly consistent with 
fi ndings from landmark trials; however, the ROCKET-AF 
study included higher-risk patients with more events than 
real-world studies.

• Gastrointestinal bleeding was the most common major 
bleeding event.

• ICH or fatal bleeding was rare.
• Risk of bleeding during OAC initiation is higher with 

warfarin than with dabigatran.

Key points from contemporary large observational 
international prospective registries‡
• OAC treatment for stroke prevention has increased in the past 

decade compared with earlier real-world data. Contemporary 

OAC use ranges from 45% in US general practice and 50% in 
Japan general practice, to 82% in European cardiologists and 
87% in Japanese cardiovascular specialists.

• Cardiologists and electrophysiologists are more likely to 
prescribe OACs across all stroke risk strata than are internal 
medicine specialists or primary care physicians.

• OAC use is generally higher in Europe and Japan than in 
the USA.

• VKAs are still the most commonly used OACs in many regions.
• OACs are underused in eligible patients and overused in 

patients at truly low risk of stroke.
• Physician perception of stroke and bleeding risk often diff ers 

from the evidence-based guideline-recommended risk 
assessment tool estimate.

• The most common reason for OAC non-use is physician 
decision (real or perceived high bleeding risk, need or 
perceived need for concomitant antiplatelet treatment, 
paroxysmal or asymptomatic atrial fi brillation, only one 
stroke risk factor), followed by patient refusal.

• Permanent discontinuation of warfarin is common among 
patients with atrial fi brillation (20% to >50%), especially in 
incident users and young patients. Discontinuation is most 
commonly because of physician preference, patient refusal, 
or bleeding events.

• Antiplatelet treatment, mostly aspirin, is used in about a 
third of patients, frequently as the sole treatment, especially 
in elderly people. When concomitant with an OAC, only half 
have vascular disease .

ICH=intracranial haemorrhage. OAC=oral anticoagulant. NOAC=non-vitamin K antagonist 
oral anticoagulant. VKA=vitamin K antagonist. *See appendix (pp 14–17) for a detailed 
summary of the trials and complete list of references. †See appendix (pp 14–17). 
‡See appendix (pp 18–25).
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For the StopAfib.org see 
http://www.StopAfib.org

group to 99% in the nurse-led clinic. Although cardio-
vascular death and hospital admissions were both 
signifi cantly reduced by the intervention, stroke was 
infrequent, with only 1% of patients having stroke in 
22 months of follow-up, and was not signifi cantly 
diff erent between groups in this well-managed patient 
cohort. Another approach is to link population screening 
for unknown atrial fi brillation with screening for known 
but untreated atrial fi brillation, referring such individuals 
to a cardiology team to prescribe OACs.44

Marketing of NOACs has probably resulted in a rise in 
the proportion of eligible patients receiving anti-
coagulation; after introduction of NOACs in the UK, the 
proportion of patients with a CHA2DS2-VASc score of at 
least 2 starting anticoagulants for atrial fi brillation 
increased from 41% to 65%.103 Patient support groups (eg, 
Atrial Fibrillation Association and StopAfi b.org) also 
have a part to play in increasing patient awareness of 
atrial fi brillation and its attendant stroke risk, and 
reducing reluctance to start OACs.

A neglected aspect of stroke prevention is ensuring that 
patients who start OACs continue to take the treatment 
indefi nitely. Unfortunately, persistence with OACs, or 
rather non-persistence, is a major issue; 21–50% of patients 
discontinue VKAs by 1 year after inception.103 Findings 
from many studies have shown lower persistence with 
warfarin than a single NOAC. In one study,103 persistence 
with warfarin was signifi cantly lower than with NOACs at 
1 year (65% vs 83%; appendix p 2). This diff erence in 
persistence of drug treatment is likely to be a major factor 
in strokes related to atrial fi brillation, because cessation of 
VKAs more than doubles the stroke risk, with a peak in the 
fi rst year after cessation, and a high absolute increase for at 
least 3 years after cessation.104 In view of the shorter half-
life with NOACs, poor patient adherence also translates to 
a higher risk of stroke and mortality despite overall good 
adherence to these drugs.105,106 Therefore, greater eff orts are 
needed to support the patient to increase adherence and 
continue OACs long term, whether with decision aids, 
educational measures, or patient counselling.81,107

Future directions
Increasing awareness of the role of unrecognised atrial 
fi brillation should accelerate eff orts to detect atrial 
fi brillation before stroke has occurred and institute eff ective 
thromboprophylaxis with OACs. Widespread recognition 
of the role of undertreatment of atrial fi brillation in 
causation of ischaemic stroke will be of crucial importance 
to focus eff orts to close the evidence–treatment gap for 
OACs, and replace aspirin with OACs in the therapeutic 
armamentarium. Basic and clinical research is needed to 
better understand the pathological atrial substrate leading 
to cardioembolism for which atrial fi brillation is likely to be 
a marker. In the longer term, eff orts should be directed at 
primary prevention of atrial fi brillation, which might need 
similar lifestyle modifi cations as advocated for prevention 
of coronary heart disease.

Contributors
BF drafted, collated, and revised the manuscript. TSP did the literature 
searches. TSP and GYHL drafted and revised the manuscript. 

Declaration of interests
BF has received research grants to undertake investigator-initiated 
studies from Bristol-Myers Squibb/Pfi zer, Bayer, and Boehringer 
Ingelheim; has been a consultant for Bayer, Bristol-Myers Squibb/Pfi zer, 
Boehringer Ingelheim, Servier, AstraZeneca, and Gilead; and has been a 
speaker for Bayer, Bristol-Myers Squibb/Pfi zer, and AstraZeneca. 
TSP has been a consultant for Bayer, AstraZeneca, and Pfi zer; and a 
speaker for Bayer, Pfi zer, and AstraZeneca. GYHL has been a consultant 
for Bayer/Janssen, Bristol-Myers Squibb/Pfi zer, Biotronik, Medtronic, 
Boehringer Ingelheim, Microlife, and Daiichi Sankyo; and a speaker for 
Bayer, Bristol-Myers Squibb/Pfi zer, Medtronic, Boehringer Ingelheim, 
Microlife, Roche, and Daiichi Sankyo.

Acknowledgments
We thank Alistair Corbett for providing the stroke images in fi gure 1, 
and James Leyden and Leif Friberg for providing additional information 
on antiplatelet treatment for appendix fi gure 2 (pp 3, 4) from the studies 
they led. 

References
1 Jorgensen HS, Nakayama H, Reith J, Raaschou HO, Olsen TS. 

Acute stroke with atrial fi brillation. The Copenhagen Stroke Study. 
Stroke 1996; 27: 1765–69.

2 Kimura K, Minematsu K, Yamaguchi T. Atrial fi brillation as a predictive 
factor for severe stroke and early death in 15 831 patients with acute 
ischaemic stroke. J Neurol Neurosurg Psychiatry 2005; 76: 679–83.

3 Marini C, De Santis F, Sacco S, et al. Contribution of atrial 
fi brillation to incidence and outcome of ischemic stroke: results 
from a population-based study. Stroke 2005; 36: 1115–19.

4 Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic 
therapy to prevent stroke in patients who have nonvalvular atrial 
fi brillation. Ann Intern Med 2007; 146: 857–67.

5 Ruff  CT, Giugliano RP, Braunwald E, et al. Comparison of the 
effi  cacy and safety of new oral anticoagulants with warfarin in 
patients with atrial fi brillation: a meta-analysis of randomised trials. 
Lancet 2014; 383: 955–62.

6 Mozaff arian D, Benjamin EJ, Go AS, et al. Heart disease and stroke 
statistics-2016 update: a report from the American Heart 
Association. Circulation 2016; 133: e38–360.

7 Wolf PA, Abbott RD, Kannel WB. Atrial fi brillation as an independent 
risk factor for stroke: the Framingham Study. Stroke 1991; 22: 983–88.

8 Bjorck S, Palaszewski B, Friberg L, Bergfeldt L. Atrial fi brillation, 
stroke risk, and warfarin therapy revisited: a population-based 
study. Stroke 2013; 44: 3103–08.

9 Yiin GS, Howard DP, Paul NL, et al. Recent time trends in 
incidence, outcome and premorbid treatment of atrial 
fi brillation-related stroke and other embolic vascular events: 
a population-based study. J Neurol Neurosurg Psychiatry 2015; 
published online Oct 20. DOI:10.1136/jnnp-2015-311947.

10 Leyden JM, Kleinig TJ, Newbury J, et al. Adelaide Stroke Incidence 
Study: declining stroke rates but many preventable cardioembolic 
strokes. Stroke 2013; 44: 1226–31.

11 Yiin GS, Howard DP, Paul NL, et al. Age-specifi c incidence, 
outcome, cost, and projected future burden of atrial 
fi brillation-related embolic vascular events: a population-based 
study. Circulation 2014; 130: 1236–44.

12 Friberg L, Rosenqvist M, Lindgren A, Terent A, Norrving B, 
Asplund K. High prevalence of atrial fi brillation among patients 
with ischemic stroke. Stroke 2014; 45: 2599–605.

13 Li L, Yiin GS, Geraghty OC, et al. Incidence, outcome, risk factors, 
and long-term prognosis of cryptogenic transient ischaemic attack 
and ischaemic stroke: a population-based study. Lancet Neurol 2015; 
14: 903–13.

14 Sanna T, Diener HC, Passman RS, et al. Cryptogenic stroke and 
underlying atrial fi brillation. N Engl J Med 2014; 370: 2478–86.

15 Gladstone DJ, Spring M, Dorian P, et al. Atrial fi brillation in 
patients with cryptogenic stroke. N Engl J Med 2014; 370: 2467–77.

16 Sposato LA, Cipriano LE, Saposnik G, Vargas ER, Riccio PM, 
Hachinski V. Diagnosis of atrial fi brillation after stroke and 
transient ischaemic attack: a systematic review and meta-analysis. 
Lancet Neurol 2015; 14: 377–87.

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight



Series

www.thelancet.com   Vol 388   August 20, 2016 815

17 Hart RG, Diener HC, Coutts SB, et al. Embolic strokes of 
undetermined source: the case for a new clinical construct. 
Lancet Neurol 2014; 13: 429–38.

18 Ntaios G, Papavasileiou V, Milionis H, et al. Embolic strokes of 
undetermined source in the Athens Stroke Registry: an outcome 
analysis. Stroke 2015; 46: 2087–93.

19 Camm AJ, Lip GYH, Caterina RD, et al. 2012 focused update of 
the ESC Guidelines for the management of atrial fi brillation. 
An update of the 2010 ESC Guidelines for the management of 
atrial fi brillation. Developed with the special contribution of the 
European Heart Rhythm Association. Eur Heart J 2012; 
33: 2719–47.

20 Diener HC, Easton JD, Granger CB, et al. Design of Randomized, 
double-blind, Evaluation in secondary Stroke Prevention comparing 
the Effi  caCy and safety of the oral Thrombin inhibitor dabigatran 
etexilate vs. acetylsalicylic acid in patients with Embolic Stroke of 
Undetermined Source (RE-SPECT ESUS). Int J Stroke 2015; 
10: 1309–12.

21 Freedman B, Martinez C, Katholing A, Rietbrock S. Residual risk of 
stroke and death in anticaogulant-treated patients with atrial 
fi brillation. JAMA Cardiol 2016; 1: 366–68.

22 Lip GY, Al-Khatib SM, Cosio FG, et al. Contemporary management 
of atrial fi brillation: what can clinical registries tell us about stroke 
prevention and current therapeutic approaches? J Am Heart Assoc 
2014; 3: e001179.

23 Kakkar AK, Mueller I, Bassand JP, et al. Risk profi les and 
antithrombotic treatment of patients newly diagnosed with atrial 
fi brillation at risk of stroke: perspectives from the international, 
observational, prospective GARFIELD registry. PLoS One 2013; 
8: e63479.

24 Gladstone DJ, Bui E, Fang J, et al. Potentially preventable strokes in 
high-risk patients with atrial fi brillation who are not adequately 
anticoagulated. Stroke 2009; 40: 235–40.

25 Sjalander S, Sjalander A, Svensson PJ, Friberg L. Atrial fi brillation 
patients do not benefi t from acetylsalicylic acid. Europace 2014; 
16: 631–38.

26 Ben Freedman S, Gersh BJ, Lip GY. Misperceptions of aspirin 
effi  cacy and safety may perpetuate anticoagulant underutilization in 
atrial fi brillation. Eur Heart J 2015; 36: 653–56.

27 Lip GY. The role of aspirin for stroke prevention in atrial fi brillation. 
Nat Rev Cardiol 2011; 8: 602–06.

28 NICE. Atrial fi brillation: management. NICE guidelines [CG180]. 
2014. https://www.nice.org.uk/guidance/
cg180?unlid=942923866201617111 (accessed Aug 10, 2016). 

29 Ogawa S, Aonuma K, Tse HF, et al. The APHRS’s 2013 statement 
on antithrombotic therapy of patients with nonvalvular atrial 
fi brillation. J Arrhythm 2013; 29: 190–200.

30 Ben Freedman S, Lowres N. Asymptomatic atrial fi brillation: the 
case for screening to prevent stroke. JAMA 2015; 314: 1911–12.

31 Potter BJ, Le Lorier J. Taking the pulse of atrial fi brillation. 
Lancet 2015; 386: 113–15.

32 Martinez C, Katholing A, Freedman SB. Adverse prognosis of 
incidentally detected ambulatory atrial fi brillation. A cohort study. 
Thromb Haemost 2014; 112: 276–86.

33 Tsang TS, Barnes ME, Pellikka PA, et al. Silent atrial fi brillation in 
Olmsted county: a community-based study. Can J Cardiol 2011; 
27: S122.

34 Siontis KC, Gersh BJ, Killian JM, et al. Typical, atypical, and 
asymptomatic presentations of new-onset atrial fi brillation in the 
community: characteristics and prognostic implications. 
Heart Rhythm 2016; 13: 1418–24.

35 Boriani G, Laroche C, Diemberger I, et al. Asymptomatic atrial 
fi brillation: clinical correlates, management, and outcomes in the 
EORP-AF Pilot General Registry. Am J Med 2015; 128: 509–18.e2.

36 Healey JS, Connolly SJ, Gold MR, et al. Subclinical atrial fi brillation 
and the risk of stroke. N Engl J Med 2012; 366: 120–29.

37 Glotzer TV, Hellkamp AS, Zimmerman J, et al. Atrial high rate 
episodes detected by pacemaker diagnostics predict death and 
stroke: report of the Atrial Diagnostics Ancillary Study of the MOde 
Selection Trial (MOST). Circulation 2003; 107: 1614–19.

38 Larsen BS, Kumarathurai P, Falkenberg J, Nielsen OW, Sajadieh A. 
Excessive atrial ectopy and short atrial runs increase the risk of 
stroke beyond incident atrial fi brillation. J Am Coll Cardiol 2015; 
66: 232–41.

39 Brambatti M, Connolly SJ, Gold MR, et al. Temporal relationship 
between subclinical atrial fi brillation and embolic events. 
Circulation 2014; 129: 2094–99.

40 Turakhia MP, Ziegler PD, Schmitt SK, et al. Atrial fi brillation 
burden and short-term risk of stroke: case-crossover analysis of 
continuously recorded heart rhythm from cardiac electronic 
implanted devices. Circ Arrhythm Electrophysiol 2015; 8: 1040–47.

41 Martin DT, Bersohn MM, Waldo AL, et al. Randomized trial of atrial 
arrhythmia monitoring to guide anticoagulation in patients with 
implanted defi brillator and cardiac resynchronization devices. 
Eur Heart J 2015; 36: 1660–68.

42 Kamel H, Okin PM, Elkind MS, Iadecola C. Atrial fi brillation and 
mechanisms of stroke: time for a new model. Stroke 2016; 
47: 895–900.

43 Lowres N, Neubeck L, Redfern J, Freedman SB. Screening to 
identify unknown atrial fi brillation. A systematic review. 
Thromb Haemost 2013; 110: 213–22.

44 Svennberg E, Engdahl J, Al-Khalili F, Friberg L, Frykman V, 
Rosenqvist M. Mass screening for untreated atrial fi brillation: 
the STROKESTOP study. Circulation 2015; 131: 2176–84.

45 Fitzmaurice DA, Hobbs FDR, Jowett S, et al. Screening versus 
routine practice in detection of atrial fi brillation in patients aged 
65 or over: cluster randomised controlled trial. BMJ 2007; 335: 383.

46 Lowres N, Neubeck L, Salkeld G, et al. Feasibility and 
cost-eff ectiveness of stroke prevention through community 
screening for atrial fi brillation using iPhone ECG in pharmacies. 
The SEARCH-AF study. Thromb Haemost 2014; 111: 1167–76.

47 Tieleman RG, Plantinga Y, Rinkes D, et al. Validation and clinical 
use of a novel diagnostic device for screening of atrial fi brillation. 
Europace 2014; 16: 1291–95.

48 Verberk WJ, Omboni S, Kollias A, Stergiou GS. Screening for atrial 
fi brillation with automated blood pressure measurement: research 
evidence and practice recommendations. Int J Cardiol 2015; 
203: 465–73.

49 McManus DD, Lee J, Maitas O, et al. A novel application for the 
detection of an irregular pulse using an iPhone 4S in patients with 
atrial fi brillation. Heart Rhythm 2013; 10: 315–19.

50 Levin LA, Husberg M, Sobocinski PD, et al. A cost-eff ectiveness 
analysis of screening for silent atrial fi brillation after ischaemic 
stroke. Europace 2015; 17: 207–14.

51 Kirchhof P, Breithardt G, Bax J, et al. A roadmap to improve the 
quality of atrial fi brillation management: proceedings from the fi fth 
Atrial Fibrillation Network/European Heart Rhythm Association 
consensus conference. Europace 2016; 18: 37–50.

52 Stroke Risk in Atrial Fibrillation Working Group. Independent 
predictors of stroke in patients with atrial fi brillation: a systematic 
review. Neurology 2007; 69: 546–54.

53 Banerjee A, Taillandier S, Olesen JB, et al. Ejection fraction and 
outcomes in patients with atrial fi brillation and heart failure: the Loire 
Valley Atrial Fibrillation Project. Eur J Heart Fail 2012; 14: 295–301.

54 Pisters R, Lane DA, Marin F, Camm AJ, Lip GY. Stroke and 
thromboembolism in atrial fi brillation. Circ J 2012; 76: 2289–304.

55 Wagstaff  AJ, Overvad TF, Lip GY, Lane DA. Is female sex a risk 
factor for stroke and thromboembolism in patients with atrial 
fi brillation? A systematic review and meta-analysis. Q JM 2014; 
107: 955–67.

56 Piccini JP, Simon DN, Steinberg BA, et al. Diff erences in clinical and 
functional outcomes of atrial fi brillation in women and men: two-year 
results from the ORBIT-AF registry. JAMA Cardiol 2016: 1: 282–91.

57 Chao TF, Wang KL, Liu CJ, et al. Age threshold for increased stroke 
risk among patients with atrial fi brillation: a nationwide cohort 
study from Taiwan. J Am Coll Cardiol 2015; 66: 1339–47.

58 Lip GY, Nielsen PB. Should patients with atrial fi brillation and 
1 stroke risk factor (CHA2DS2-VASc score 1 in men, 2 in women) 
be anticoagulated? Yes: even 1 stroke risk factor confers a real risk 
of stroke. Circulation 2016; 133: 1498–503.

59 Nielsen PB, Larsen TB, Skjoth F, Overvad TF, Lip GY. Stroke and 
thromboembolic event rates in atrial fi brillation according to 
diff erent guideline treatment thresholds: a nationwide cohort study. 
Sci Rep 2016; 6: 27410.

60 Fauchier L, Clementy N, Ivanes F, Angoulvant D, Babuty D, Lip G. 
Should atrial fi brillation patients with only 1 nongender-related 
CHA2DS2-VASc risk factor be anticoagulated? Stroke 2016; 
47: 1831–36.



Series

816 www.thelancet.com   Vol 388   August 20, 2016

61 Lip GY, Skjoth F, Rasmussen LH, Larsen TB. Oral anticoagulation, 
aspirin, or no therapy in patients with nonvalvular AF with 0 or 
1 stroke risk factor based on the CHADS-VASc score. 
J Am Coll Cardiol 2015; 65: 1385–94.

62 Chao TF, Liu CJ, Wang KL, et al. Should atrial fi brillation patients 
with 1 additional risk factor of the CHA2DS2-VASc score (beyond sex) 
receive oral anticoagulation? J Am Coll Cardiol 2015; 65: 635–42.

63 Lip GY, Skjoth F, Nielsen PB, Larsen TB. Non-valvular atrial 
fi brillation patients with none or one additional risk factor of the 
CHA2DS2-VASc score. A comprehensive net clinical benefi t analysis 
for warfarin, aspirin, or no therapy. Thromb Haemost 2015; 
114: 826–34.

64 Lip GY. Stroke and bleeding risk assessment in atrial fi brillation: 
when, how, and why? Eur Heart J 2013; 34: 1041–49.

65 Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refi ning 
clinical risk stratifi cation for predicting stroke and 
thromboembolism in atrial fi brillation using a novel risk 
factor-based approach: the euro heart survey on atrial fi brillation. 
Chest 2010; 137: 263–72.

66 Xiong Q, Chen S, Senoo K, Proietti M, Hong K, Lip GY. 
The CHADS2 and CHA2DS2-VASc scores for predicting ischemic 
stroke among east Asian patients with atrial fi brillation: a systemic 
review and meta-analysis. Int J Cardiol 2015; 195: 237–42.

67 Zhu W-G, Xiong Q-M, Hong K. Meta-analysis of CHADS2 versus 
CHA2DS2-VASc for predicting stroke and thromboembolism in 
atrial fi brillation patients independent of anticoagulation. 
Tex Heart Inst J 2015; 42: 6–15.

68 January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS 
guideline for the management of patients with atrial fi brillation: 
a report of the American College of Cardiology/American Heart 
Association Task Force on practice guidelines and the Heart 
Rhythm Society. Circulation 2014; 130: e199–267.

69 Hsu JC, Chan PS, Tang F, Maddox TM, Marcus GM. Diff erences in 
anticoagulant therapy prescription in patients with paroxysmal 
versus persistent atrial fi brillation. Am J Med 2015; 128: 654.e1–10.

70 Lip GY, Lane DA. Bleeding risk assessment in atrial fi brillation: 
observations on the use and misuse of bleeding risk scores. 
J Thromb Haemost 2016; published online June 14. 
DOI:10.1111/jth.13386.

71 Lip GY, Lane DA. Assessing bleeding risk in atrial fi brillation with 
the HAS-BLED and ORBIT scores: clinical application requires 
focus on the reversible bleeding risk factors. Eur Heart J 2015; 
36: 3265–67.

72 Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. 
A novel user-friendly score (HAS-BLED) to assess 1-year risk of 
major bleeding in patients with atrial fi brillation: the Euro Heart 
Survey. Chest 2010; 138: 1093–100.

73 Wang SV, Franklin JM, Glynn RJ, Schneeweiss S, Eddings W, 
Gagne JJ. Prediction of rates of thromboembolic and major bleeding 
outcomes with dabigatran or warfarin among patients with atrial 
fi brillation: new initiator cohort study. BMJ 2016; 353: i2607.

74 Proietti M, Senoo K, Lane DA, Lip GY. Major bleeding in patients 
with non-valvular atrial fi brillation: impact of time in therapeutic 
range on contemporary bleeding risk scores. Sci Rep 2016; 
6: 24376.

75 Senoo K, Proietti M, Lane DA, Lip GY. Evaluation of the 
HAS-BLED, ATRIA and ORBIT bleeding risk scores in atrial 
fi brillation patients on warfarin. Am J Med 2016; 129: 600–07.

76 Björck F, Renlund H, Lip GH, Wester P, Svensson PJ, Själander A. 
Outcomes in a warfarin-treated population with atrial fi brillation. 
JAMA Cardiol 2016; 1: 172–80.

77 Chiang CE, Wang KL, Lip GY. Stroke prevention in atrial 
fi brillation: an Asian perspective. Thromb Haemost 2014; 111: 789–97.

78 Apostolakis S, Sullivan RM, Olshansky B, Lip GY. Factors aff ecting 
quality of anticoagulation control among patients with atrial fi brillation 
on warfarin: the SAMe-TT(2)R(2) score. Chest 2013; 144: 1555–63.

79 Lip GY, Haguenoer K, Saint-Etienne C, Fauchier L. Relationship of 
the SAMe-TT2R2 score to poor-quality anticoagulation, stroke, 
clinically relevant bleeding, and mortality in patients with atrial 
fi brillation. Chest 2014; 146: 719–26.

80 Proietti M, Lane DA, Lip GYH. Relation of the SAMe-TT2R2 score 
to quality of anticoagulation control and thromboembolic events in 
atrial fi brillation patients: observations from the SPORTIF trials. 
Int J Cardiol 2016; 216: 168–72.

81 Clarkesmith DE, Pattison HM, Lip GY, Lane DA. Educational 
intervention improves anticoagulation control in atrial fi brillation 
patients: the TREAT randomised trial. PLoS One 2013; 8: e74037.

82 Esteve-Pastor MA, Roldan V, Valdes M, Lip GY, Marin F. The 
SAMe-TT2R2 score and decision-making between a vitamin K 
antagonist or a non-vitamin K antagonist oral anticoagulant in patients 
with atrial fi brillation. Expert Rev Cardiovasc Ther 2016; 14: 177–87.

83 Diener H-C, Aisenberg J, Ansell J, et al. Choosing a particular oral 
anticoagulant and dose for stroke prevention in individual patients 
with non-valvular atrial fi brillation: part 1. Eur Heart J 2016; 
published online Feb 4. DOI:10.1093/eurheartj/ehw069.

84 Diener H-C, Aisenberg J, Ansell J, et al. Choosing a particular oral 
anticoagulant and dose for stroke prevention in individual patients 
with non-valvular atrial fi brillation: part 2. Eur Heart J 2016; 
published online Feb 4. DOI:10.1093/eurheartj/ehv643.

85 Romanelli RJ, Nolting L, Dolginsky M, Kym E, Orrico KB. 
Dabigatran versus warfarin for atrial fi brillation in real-world 
clinical practice: a systematic review and meta-analysis. 
Circ Cardiovasc Qual Outcomes 2016; 9: 126–34.

86 Agarwal S, Hachamovitch R, Menon V. Current trial-associated 
outcomes with warfarin in prevention of stroke in patients with 
nonvalvular atrial fi brillation: a meta-analysis. Arch Intern Med 2012; 
172: 623–31.

87 De Caterina R, Husted S, Wallentin L, et al. Vitamin K antagonists 
in heart disease: current status and perspectives (section III). 
Position paper of the ESC Working Group on Thrombosis—Task 
Force on Anticoagulants in Heart Disease. Thromb Haemost 2013; 
110: 1087–107.

88 Wang KL, Lip GY, Lin SJ, Chiang CE. Non-vitamin K antagonist oral 
anticoagulants for stroke prevention in Asian patients with 
nonvalvular atrial fi brillation: meta-analysis. Stroke 2015; 46: 2555–61.

89 Camm AJ, Amarenco P, Haas S, et al. XANTUS: a real-world, 
prospective, observational study of patients treated with rivaroxaban for 
stroke prevention in atrial fi brillation. Eur Heart J 2016; 37: 1145–53.

90 Larsen TB, Skjoth F, Nielsen PB, Kjaeldgaard JN, Lip GY. 
Comparative eff ectiveness and safety of non-vitamin K antagonist 
oral anticoagulants and warfarin in patients with atrial fi brillation: 
propensity weighted nationwide cohort study. BMJ 2016; 
353: i3189.

91 Lip GY, Clementy N, Pericart L, Banerjee A, Fauchier L. Stroke and 
major bleeding risk in elderly patients aged ≥75 years with atrial 
fi brillation: the Loire Valley atrial fi brillation project. Stroke 2015; 
46: 143–50.

92 Staerk L, Lip GY, Olesen JB, et al. Stroke and recurrent 
haemorrhage associated with antithrombotic treatment after 
gastrointestinal bleeding in patients with atrial fi brillation: 
nationwide cohort study. BMJ 2015; 351: h5876.

93 Nielsen PB, Larsen TB, Skjoth F, Gorst-Rasmussen A, 
Rasmussen LH, Lip GY. Restarting anticoagulant treatment after 
intracranial hemorrhage in patients with atrial fi brillation and the 
impact on recurrent stroke, mortality, and bleeding: a nationwide 
cohort study. Circulation 2015; 132: 517–25.

94 Friberg L, Benson L, Lip GY. Balancing stroke and bleeding risks in 
patients with atrial fi brillation and renal failure: the Swedish Atrial 
Fibrillation Cohort study. Eur Heart J 2015; 36: 297–306.

95 Bonde AN, Lip GY, Kamper AL, et al. Net clinical benefi t of 
antithrombotic therapy in patients with atrial fi brillation and 
chronic kidney disease: a nationwide observational cohort study. 
J Am Coll Cardiol 2014; 64: 2471–82.

96 Lip GY, Windecker S, Huber K, et al. Management of 
antithrombotic therapy in atrial fi brillation patients presenting with 
acute coronary syndrome and/or undergoing percutaneous 
coronary or valve interventions: a joint consensus document of the 
European Society of Cardiology Working Group on Thrombosis, 
European Heart Rhythm Association (EHRA), European 
Association of Percutaneous Cardiovascular Interventions (EAPCI) 
and European Association of Acute Cardiac Care (ACCA) endorsed 
by the Heart Rhythm Society (HRS) and Asia-Pacifi c Heart Rhythm 
Society (APHRS). Eur Heart J 2014; 35: 3155–79.

97 Sticherling C, Marin F, Birnie D, et al. Antithrombotic 
management in patients undergoing electrophysiological 
procedures: a European Heart Rhythm Association (EHRA) 
position document endorsed by the ESC Working Group 
Thrombosis, Heart Rhythm Society (HRS), and Asia Pacifi c Heart 
Rhythm Society (APHRS). Europace 2015; 17: 1197–214.



Series

www.thelancet.com   Vol 388   August 20, 2016 817

98 Rillig A, Tilz RR, Lin T, et al. Unexpectedly high incidence of stroke 
and left atrial appendage thrombus formation after electrical 
isolation of the left atrial appendage for the treatment of atrial 
tachyarrhythmias. Circ Arrhythm Electrophysiol 2016; 9: e003461.

99 Meier B, Blaauw Y, Khattab AA, et al. EHRA/EAPCI expert 
consensus statement on catheter-based left atrial appendage 
occlusion. Europace 2014; 16: 1397–416.

100 Gallagher C, Hendriks JM, Mahajan R, et al. Lifestyle management 
to prevent and treat atrial fi brillation. Expert Rev Cardiovasc Ther 
2016; 14: 799–809.

101 Miller JD, Aronis KN, Chrispin J, et al. Obesity, exercise, obstructive 
sleep apnea, and modifi able atherosclerotic cardiovascular disease risk 
factors in atrial fi brillation. J Am Coll Cardiol 2015; 66: 2899–906.

102 Hendriks JM, de Wit R, Crijns HJ, et al. Nurse-led care vs. usual 
care for patients with atrial fi brillation: results of a randomized trial 
of integrated chronic care vs. routine clinical care in ambulatory 
patients with atrial fi brillation. Eur Heart J 2012; 33: 2692–99.

103 Martinez C, Katholing A, Wallenhorst C, Freedman SB. Therapy 
persistence in newly diagnosed non-valvular atrial fi brillation 
treated with warfarin or NOAC. A cohort study. Thromb Haemost 
2016; 115: 31–39.

104 Freedman SB, Martinez C, Wallenhorst C, Katholing A. 
High burden of potentially avoidable stroke from discontinuation of 
warfarin therapy in non-valvular atrial fi brillation. Eur Heart J 2015; 
36 (suppl): 862 (abstr P4981).

105 Gorst-Rasmussen A, Skjoth F, Larsen TB, Rasmussen LH, Lip GY, 
Lane DA. Dabigatran adherence in atrial fi brillation patients during 
the fi rst year after diagnosis: a nationwide cohort study. 
J Thromb Haemost 2015; 13: 495–504.

106 Shore S, Carey EP, Turakhia MP, et al. Adherence to dabigatran 
therapy and longitudinal patient outcomes: insights from the 
Veterans Health Administration. Am Heart J 2014; 167: 810–17.

107 NICE. Atrial fi brillation: management. https://www.nice.org.uk/
guidance/cg180/chapter/1-recommendations (accessed Aug 1, 2016).



Series

818 www.thelancet.com   Vol 388   August 20, 2016

Atrial fi brillation 2

Rate control in atrial fi brillation
Isabelle C Van Gelder, Michiel Rienstra, Harry J G M Crijns, Brian Olshansky

Control of the heart rate (rate control) is central to atrial fi brillation management, even for patients who ultimately 
require control of the rhythm. We review heart rate control in patients with atrial fi brillation, including the rationale 
for the intervention, patient selection, and the treatments available. The choice of rate control depends on the 
symptoms and clinical characteristics of the patient, but for all patients with atrial fi brillation, rate control is part of 
the management. Choice of drugs is patient-dependent. β blockers, alone or in combination with digoxin, or non-
dihydropyridine calcium-channel blockers (not in heart failure) eff ectively lower the heart rate. Digoxin is least 
eff ective, but a reasonable choice for physically inactive patients aged 80 years or older, in whom other treatments are 
ineff ective or are contraindicated, and as an additional drug to other rate-controlling drugs, especially in heart failure 
when instituted cautiously. Atrioventricular node ablation with pacemaker insertion for rate control should be used as 
an approach of last resort but is also an option early in the management of patients with atrial fi brillation treated with 
cardiac resynchronisation therapy. However, catheter ablation of atrial fi brillation should be considered before 
atrioventricular node ablation. Although rate control is a top priority and one of the fi rst management issues for all 
patients with atrial fi brillation, many issues remain.

Introduction
Atrial fi brillation is associated with stroke, heart failure, 
and death.1 Atrial fi brillation itself might be treated to 
reduce symptoms, improve quality of life, prevent 
cardiovascular morbidity and mortality, and avert 
iatrogenic consequences of unnecessary treatment. The 
fi rst step in the assessment of a patient with atrial 
fi brillation is to identify and treat associated medical 
disorders and have a strategy to correct issues related to 
haemodynamic instability.

Aside from anticoagulation to prevent stroke, two main 
treatment strategies (not necessarily exclusionary) have 
emerged: rate control and rhythm control. The aim of 
rate control is to regulate the ventricular (heart) rate 
during atrial fi brillation (but not adversely aff ect the rate 
during sinus rhythm), reduce or eliminate symptoms, 
improve haemodynamics, prevent heart failure, and 
reduce the risk of adverse cardiovascular outcomes. The 
aim of rhythm control is to achieve and maintain sinus 
rhythm. Pharmacological rhythm control is only 
moderately eff ective in maintaining sinus rhythm, has 
potential adverse eff ects, and does not cure atrial 
fi brillation; it can postpone or reduce atrial fi brillation 
recurrences but rarely eliminates atrial fi brillation.2 So 
far, to our knowledge, no trials comparing rhythm to rate 
control strategies have shown that rhythm control is 
superior to rate control alone in terms of major 

cardiovascular outcomes: morbidity, mortality, and 
quality of life.3–9 The absence of a recorded benefi cial 
eff ect of rhythm control treatments could be related to 
the little ability of these approaches to maintain sinus 
rhythm ranging between 39% and 63% during follow-up 
of 2·3–3·5 years, but additional reasons for not fi nding a 
benefi t might also exist. In the past 10 years, atrial 
catheter ablation procedures to restore and maintain 
sinus rhythm have improved substantially and have an 
increased success rate. Atrial fi brillation catheter ablation 
is superior to antiarrhythmic drugs for rhythm control in 
paroxysmal atrial fi brillation.10–13 Although less eff ective 
than in patients with paroxysmal atrial fi brillation, 
catheter ablation can also be done successfully in patients 
with symptomatic persistent or long-standing (>1 year) 
persistent atrial fi brillation.14 Implementation of atrial 
ablation in rate versus rhythm control trials might 
change outcomes in favour of rhythm control therapy 
but this eff ect has not yet been shown. The Early 
treatment of Atrial fi brillation for Stroke prevention 
Trial (EAST; ClinicalTrials.gov, number NCT01288352)15 
and the Catheter Ablation versus Antiarrhythmic 
Drug Therapy for Atrial Fibrillation Trial (CABANA; 
ClinicalTrials.gov, number NCT00911508) randomly 
assigned patients to rate control or early atrial catheter 
ablation. Outcomes in cardiovascular morbidity and 
mortality will be available within several years. These 
trials will provide contemporary results as to whether 
catheter ablation of atrial fi brillation is accompanied by a 
reduction of morbidity and mortality. If these trials report 
positive results, guidelines for treatment of atrial 
fi brillation and the choice between rhythm control and 
rate control might change.

However, on the basis of the present available data, 
accepting atrial fi brillation with treatment aimed at 
reducing symptoms and preventing heart failure, 
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especially in elderly patients without any symptoms or 
only minor symptoms, is reasonable.1,16 A rate control 
strategy can achieve this outcome; it is easier than 
rhythm control to institute and manage, and is associated 
with a lower rate of serious adverse events and fewer 
hospital admissions.17

The value of rate control as a treatment for 
atrial fi brillation
Atrial fi brillation can have important haemodynamic and 
symptomatic consequences. During atrial fi brillation, 
the atria fail to eject blood properly and do not contribute 
to the stroke volume, reducing cardiac output by 20–30% 
or more.18 The irregular and usually fast ventricular rate 
further reduces ventricular fi lling and stroke volume.19,20 
Both the rhythm irregularity and the reduced stroke 
volume cause symptoms and contribute to the 
development or worsening of heart failure.19 The 
reduction in stroke volume will become even more 
substantial at faster heart rates.20 Reduced cardiac output 
can be exacerbated in patients with heart failure who 
have preserved or reduced left ventricular ejection 
fractions and can cause substantial clinical deterioration.21 
Persistent rapid rates can also worsen or even cause a 
tachycardia-induced cardiomyopathy.22

There are four situations in which to consider rate 
control treatment (fi gure 1, 2). First, rate control is 
background (so-called adjunctive) treatment for nearly all 
patients with atrial fi brillation, even when a rhythm 
control strategy is attempted, because during relapses of 
atrial fi brillation well controlled heart rates are crucial. 
Rate control is the approach of choice for patients with 
new-onset or so-called acute atrial fi brillation and for 
patients with acute recurrences, even if rhythm control 
has been tried. Second, rate control can be a fi rst choice 
treatment for patients who do not require sinus rhythm 
(eg, patients older than 80 years with no or minor 
symptoms).1,16 Present data suggest that only oral 
anticoagulants,23,24 and not rhythm control treatments,3–9 
have been associated with improved survival in atrial 
fi brillation. Therefore, the main reason to use a rhythm 
control strategy at present is to reduce symptoms. Third, 
rate control is the only option when rhythm control, 
including atrial fi brillation ablation, fails. Finally, rate 
control is the treatment of choice for patients in whom 
the risks of restoring sinus rhythm outweigh the benefi ts 
(eg, in patients with brady–tachy syndrome who do not 
need pacing during atrial fi brillation). For patients who 
fi t into these categories, rate control is reasonable but 
treatment has to be personalised with a shared decision-
making approach for every patient.25,26

The defi nition of rate control and what the 
guidelines recommend
Rate control in atrial fi brillation is an adequate and 
appropriate ventricular rate that reduces symptoms and 
enables exercise. Rate control should prevent bradycardia 

Outline of rate control treatment

Background treatment 
in all patients with 
atrial fibrillation

First choice treatment 
in patients with no or 
minor symptoms

Treatment after failure 
of rhythm control

Treatment when risks 
restoring sinus rhythm 
outweigh benefits

• Lenient rate control
• Heart rate <110 bpm (12 lead ECG)

• Symptoms or deterioration of left 
ventricular function or CRT

• Lower heart rate: target heart rate <80 bpm (12 lead ECG)
• Lower heart rate in CRT aimed at continuous biventricular pacing
• Assess heart rate during exercise: gradual increase of heart rate; 

target heart rate <110 bpm at 25% duration of maximum exercise time
• In patients with CRT: assess continuous biventricular pacing during exercise
• Perform 24 h Holter monitoring for safety (not in patients with CRT)

Consider rhythm control or atrioventricular node ablation if symptoms or 
deterioration of left ventricular function or tachycardiomyopathy persist, 
or when continuous biventricular pacing in CRT is not achieved 

Figure 1: Outline of rate control treatment
bpm=beats per min. ECG=electrocardiogram. CRT=cardiac resynchronisation treatment.

Rate control is background treatment in all patients

Moderate or severe symptoms (EHRA III–IV)

1. Elderly, frail
2. Risks of restoring sinus rhythm outweigh benefits

No

No

No or minor symptoms (EHRA I–II)

Older than 80 years 80 years or younger

1. Worsening 
symptoms

2. Deterioration of 
cardiac function

Assess and optimise 
comorbidities

1. Failure of rhythm 
control

2. Atrial fibrillation
 accepted after shared 
decision making

Rate
control

Rhythm
control

Reconsider

Yes

Yes

Figure 2: Decision tree of timing and patient selection for rate control treatment
EHRA=European Heart Rhythm Association classifi cation.
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and reduce the risk of tachycardia-induced cardio-
myopathy and worsening heart failure. But what is 
meant by “adequate” rate control?27 Adequate rate control 
can be defi ned as the appropriate heart rate to supply the 
necessary cardiac output for specifi c physiological 
demands and to prevent adverse consequences. Heart 
rates that are too fast or too slow create problems 
(fi gure 3).28

However, to maintain physiological needs ventricular 
rates might need to be faster in atrial fi brillation than in 
sinus rhythm because the atria are not contributing to 
cardiac output. The ventricular rate in atrial fi brillation 
might not always translate to a proper heart rate during 
sinus rhythm for patients with paroxysmal atrial 
fi brillation. Furthermore, an adequate heart rate for one 
patient might not be adequate for others; for example, 
patients with heart failure and preserved left ventricular 
ejection fractions often need low heart rates to enable 
diastolic fi lling.18

Previous atrial fi brillation guidelines recommended 
heart rates in atrial fi brillation that were as low as those 
recommended for sinus rhythm (ie, resting heart rates 
of 60–80 beats per min [bpm] and 90–115 bpm during 
moderate exercise).29 However, these recom mendations 
were not based on randomised trials investi gating rate 
control strategies. Only one randomised trial17 has 
assessed the optimum heart rate in atrial fi brillation. 
RACE II17 randomly assigned 614 patients with 
permanent atrial fi brillation and a resting ventricular 
rate of more than 80 bpm to lenient rate control (resting 
heart rate <110 bpm) or strict rate control (target resting 
heart rate <80 bpm and <110 bpm during moderate 

exercise). Lenient rate control was non-inferior to strict 
rate control regarding the development of cardiovascular 
morbidity and mortality, symptoms, quality of life, and 
atrial and ventricular remodelling.17,30,31 Although the 
trial aimed to assess the eff ect of faster and slower heart 
rates in atrial fi brillation, it was not a mechanistic study 
on heart rate-specifi c outcomes. Rather, the trial 
compared two distinct clinical rate control strategies: 
one of which could be described as maintenance of 
current ventricular rate-slowing therapy; the other 
aimed at achieving strict rate control. Heart rate 
diff erences between both groups were moderate, but 
the strategies were completely diff erent. Compared with 
the strict control strategy, the lenient rate control 
strategy was easier to achieve, necessitating fewer and 
lower doses of drugs to control heart rate, and it was 
more convenient because it required fewer hospital 
visits.

Since the RACE II trial data became available, the 
European Society of Cardiology atrial fi brillation 
guidelines have adopted the lenient rate control strategy 
as the fi rst-choice approach in asymptomatic patients 
with atrial fi brillation and patients with minor 
symptoms of atrial fi brillation as long as the cardiac 
function remains preserved.1 In the case of symptom 
persistence, deterioration of cardiac function, or cardiac 
resyn chronisation therapy necessitating continuous 
biven tricular pacing, a stricter rate control approach is 
recom mended (fi gures 1, 2). After achievement of the 
stricter heart rate target, a 24 h Holter monitor is 
recommended to assess safety (ie, to identify bradycar-
dia or pauses [not in patients with a cardiac 
resynchronisation therapy device]). However, atrial 
fi brillation guidelines from the American College of 
Cardiology, American Heart Association, and Heart 
Rhythm Society lean towards more stringent rate 
control and recommend a strict rate control approach as 
class IIA recommendation (resting heart rate <80 bpm) 
in symptomatic patients.16 A lenient rate control strategy 
(resting heart rate <110 bpm) could be reasonable as 
long as patients remain asymptomatic and have 
preserved left ventricular systolic function (class IIB). 
The 2014 Canadian guidelines recommend a resting 
heart rate of less than 100 bpm and the assessment of 
heart rate during exercise in patients with associated 
symptoms during exercise.32

For patients who have atrial fi brillation and heart failure 
with a preserved or reduced ejection fraction, the optimum 
target for ventricular rate control is unknown. The 2016 
European Society of Cardiology heart failure guidelines 
recommend a moderately lenient rate control approach in 
patients with atrial fi brillation and heart failure, aiming at 
a resting heart rate of 60–100 bpm.33 The 2009 American 
College of Cardiology and American Heart Association 
heart failure guidelines advocate a target ventricular rate 
of less than 80–90 bpm at rest and less than 110–130 bpm 
during moderate exercise.34
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Optimum heart rate during atrial fibrillation

Lower heart rate

• Adverse effects of rate 
control drugs

• More pacemaker 
implantations

• Higher costs

Higher heart rate

• More symptoms of 
atrial fibrillation

• Impaired quality of life
• Increased risk of heart 

failure
• Increased risk of stroke
• Higher costs

Window of 
optimum
rate control

Heart rate (bpm)

Figure 3: Advantages and disadvantages of slow and fast heart rate 
management during atrial fi brillation
Note that both slow and fast heart rate approaches might eventually increase 
costs albeit for diff erent reasons. bpm=beats per min.
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However, despite these guideline recommendations, 
clinical judgment of the individual patient remains of 
utmost importance. Rate control in any given patient 
requires consideration of their activity level and 
symptoms, the type of atrial fi brillation (paroxysmal, 
persistent, or permanent), the patient’s age, underlying 
disorders, the presence of heart failure, and previous 
attempts at medical management; assessment of the 
relation, in the individual, between ventricular function 
and heart rates in atrial fi brillation; and recon sideration 
of ablation of atrial fi brillation itself if not considered 
before. In some instances, fast heart rates are required 
to simply maintain exercise tolerance, and sometimes a 
fast heart rate is required for medical conditions as 
well, such as with heart failure (“lower is not always 
better”).35

Slow heart rates in patients with heart failure and 
reduced left ventricular ejection fractions have been 
associated with increased mortality.35,36 Sometimes 
symptoms such as fatigue and reduced exercise are 
caused by a heart rate that is too slow initiating 
bradycardia and chronotropic incompetence. In that 
case, either rate-controlling drugs should be reduced, if 
possible, or a pacemaker should be implanted. However, 
for persistent symptoms and to prevent tachycardia 
inducing or mediating cardiomyopathy, the reverse can 
be the case. No one formula can integrate the best 
approach to optimum treatment in the individual 
patient, but one important message is that a lenient 
approach to rate control is easy, safe, and eff ective in 
many patients and should be considered as the initial 
approach.

Rate control treatments
Pharmacological rate control treatments
A golden rule of rate control is to observe and think before 
beginning a treatment because the heart rate during atrial 
fi brillation could indicate specifi c disorders needing 
further manage ment. In the absence of drug treatment, 
the heart rate during atrial fi brillation might signify 
illnesses such as hyperthyroidism with very fast 
ventricular rates, or conduction system disease with slow 
rates. The response to treatment can unmask specifi c 
disorders. If rates are uncontrollable, heart failure 
or hyperthyroidism might be present. Conversely, 
atrioventricular block and ventricular escape rhythms 
after initiation of rate control could represent conduction 
system disease or lead to unavoidable pacemaker 
implantation, especially in elderly people with the brady–
tachy syndrome.

The ventricular rate during atrial fi brillation is 
determined by the intrinsic conduction characteristics 
(dromotropic eff ect) of the atrioventricular node and 
sympathetic and parasympathetic activity. Three types 
of drugs are widely used to reduce the ventricular 
rate during atrial fi brillation: β blockers, non-
dihydropyridine calcium-channel antagonists, and 

cardiac glycosides (digoxin). The choice of rate-
controlling drugs, alone or in combination, depends on 
symptoms, comorbidities, and potential side-eff ects 
(fi gure 4).
β blockers block sympathetic (β1-receptor) activity in 

the atrioventricular node and thus slow the ventricular 
rate. Side-eff ects include cold extremities, broncho-
constriction, impotence, and fatigue. In patients with 
heart failure and reduced left ventricular ejection 
fractions, β blockers are recommended because large 
randomised controlled trials showed signifi cant 
reduction in the rates of morbidity and mortality in 
patients randomly assigned to β blockers. However, for 
patients with atrial fi brillation these data are not so 
robust.37,38 The reason for this is uncertain but it might be 
that β blockers in patients with atrial fi brillation slow the 
ventricular rate too much. Perhaps lower β blocker 
dosing, accompanied by faster heart rates, would be 
associated with better outcomes.35,36

Non-dihydropyridine calcium-channel antagonists 
slow atrioventricular node conduction by blocking 
calcium channels, thereby increasing the refra ctory 
period of the atrioventricular node. Constipation 
and peripheral oedema are side-eff ects associated 

Choice of drugs for rate control

Assess comorbidities

First-line
treatment

Second-line
treatment

Third-line
treatment

None, 
Hypertension, or 
HFpEF

HFrEF Severe COPD or 
asthma

Pre-excited atrial 
fibrillation or atrial 
flutter

• β blocker or
• ND-CCA

• β blocker • ND-CCA

• Digoxin and/or
• β blocker and/or 
• ND-CCA

• β blocker and/or
• Digoxin and/or
• Amiodarone

• ND-CCA and/or
• Digoxin

• Ablation

Clinical reassessment*

Clinical reassessment*

Consider addition of other 
rate-controlling drug

Consider combination of three drugs or assessment for pacemaker implantation and 
atrioventricular node ablation

Figure 4: Flow chart on initiating rate control
Solid lines represent best options and dashed lines represent second options, which might not be needed. 
HFpEF=heart failure with preserved ejection fraction. HFrEF=heart failure with reduced ejection fraction. 
COPD=chronic obstructive pulmonary disease. ND-CCA=non-dihydropyridine calcium-channel antagonists. 
*Clinical reassessment includes exclusion of underlying triggers: ischaemia, heart failure, severe valve disease, 
hyperthyroidism, anxiety, and others.
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with non-dihydropyridine calcium-channel blockers. 
Calcium-channel blockers are contraindicated in 
patients with heart failure and reduced left ventricular 
ejection fractions because of negative inotropic eff ects 
and adverse survival characteristics. These drugs might 
also reduce blood pressure because of their vasodilating 
eff ects.

Digoxin, presumably through tonic increase in para-
sympathetic activity, reduces atrioventricular con-
ductance. Digoxin is not eff ective in patients with a high 
sympathetic drive (ie, physically active or critically ill 
patients). Adverse eff ects of digoxin include gastro-
intestinal complaints, bradycardia, and tachycardia, 
including life-threatening ventricular arrhythmias. 
Digoxin is cleared by the kidney, has a narrow therapeutic 
range, and interacts with other drugs (eg, verapamil or 
specifi c antibiotics). Therefore, cautious use of low-dose 
digoxin is suggested in older patients, in patients with 
renal insuffi  ciency, and patients with concomitant use of 
drugs that could raise digoxin concentrations. Assess-
ment of the digoxin plasma concentration can help in 
dose fi nding.39

Data continue to emerge questioning the safety of 
digoxin in atrial fi brillation but whether the safety 
issues relate to the drug or the type of patient (ie, 
presence of comorbidities) treated with digoxin is 
unclear. Confl icting data on cardiovascular outcomes 
from patients with atrial fi brillation who used digoxin 
have been reported, predominantly derived from 
post-hoc analyses. An early analysis from the Atrial 
Fibrillation Follow-up Investigation of Rhythm Manage-
ment (AFFIRM) trial reported that digoxin was 
independently associated with increased mortality 
in patients with atrial fi brillation.40 Later analyses 
of AFFIRM reported confl icting results of its eff ect 
on prognosis.41,42

Meta-analyses and retrospective analyses confi rmed 
that digoxin in patients with atrial fi brillation is 
associated with an increased mortality risk,43,44 but 
neutral eff ects were also reported.45–49 A meta-analysis50 
showed no increased mortality in patients with atrial 
fi brillation and heart failure, but did in patients with 
atrial fi brillation without heart failure. Nevertheless, it 
is diffi  cult to ascribe adverse outcomes to digoxin alone 
because patients who take digoxin often have several 
comorbidities and have not responded to other 
treatments. Digoxin use has decreased, most 
importantly because there is no evidence that digoxin is 
an eff ective rate-controlling drug during exercise.51 
However digoxin is still frequently instituted in patients 
with heart failure and reduced left ventricular ejection 
fractions alone or in combination with a β blocker 
(although less often than before).51

Sotalol and amiodarone also have negative dromotropic 
eff ects.52 Sotalol is a β blocker with additional class III 
antiarrhythmic eff ects.53,54 The additional class III eff ect 
of sotalol can prolong the QT interval, thereby causing 

life-threatening arrhythmias (ie, torsades de pointes). As 
such, sotalol is not recommended solely for rate 
control.55,56 Amiodarone remains restricted to a small 
subset of patients because of its extensive non-cardiac 
adverse eff ects57,58 (ie, critically ill patients and those with 
[acute] heart failure in whom β blockers and digoxin are 
insuffi  cient to reduce the heart rate adequately).59 
Chronic rate control data for amiodarone are very 
limited.52 Dronedarone also has negative dromotropic 
charac teristics.60 However because of its ability to 
increase the risk of stroke, heart failure, and 
cardiovascular death in patients with permanent 
atrial fi brillation, dronedarone is contraindicated in 
permanent atrial fi brillation.61

Which rate-controlling drugs for which patients ?
Many studies have compared diff erent drugs to achieve 
either acute or chronic rate control. However, the quality 
of these studies is low, especially because of the low 
number of patients included in the trials and short 
follow-up.

Acute rate control is recommended in patients with 
severe haemodynamic distress or in patients who are very 
symptomatic. However, the optimum heart rate target is 
not investigated and should be judged on clinical grounds. 
The target is usually a heart rate of less than 100 bpm, 
guided by haemodynamic and symptomatic improvement. 
For patients with heart failure and reduced left ventricular 
ejection fractions, amiodarone might be a good option for 
acute treatment because β blockers are often—and calcium 
channel blockers are always—contraindicated in the acute 
situation, and digoxin is often ineff ective.59

For chronic rate control, no strong recommendations for 
drug choices can be provided. The choice of drug or drugs 
depends on the presence of heart failure with preserved or 
reduced left ventricular ejection fractions, comorbidities, 
and lifestyle (fi gure 4, table). Two of the more interesting 
studies compared several drugs in the same patients in a 
random sequence, assessing heart rates as the primary 
outcome. One study included 12 patients with permanent 
atrial fi brillation and used 24 h Holter monitoring and a 
treadmill exercise test to assess heart rates.62 Drug 
regimens included digoxin 0·25 mg, diltiazem 240 mg, 
atenolol 50 mg, digoxin 0·25 mg and diltiazem 240 mg, 
and digoxin 0·25 mg and atenolol 50 mg. The most 
eff ective treatment, defi ned as the treatment with the 
lowest heart rate during 24 h Holter monitoring and 
exercise, was the combination of atenolol and digoxin.

The RATAF study was a randomised, crossover 
study comparing four rate-controlling drugs in 
60 symptomatic patients with permanent atrial fi brillation 
without heart failure or reduced left ventricular ejection 
fractions, and with increased plasma concentrations 
of N-terminal pro-B-natriuretic peptide. The rate-
controlling drugs were metoprolol 100 mg/day, diltiazem 
360 mg/day, verapamil 240 mg/day, and carvedilol 
25 mg/day.63–65 Diltiazem seemed to be most eff ective 
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in reducing the ventricular rate. Arrhythmia-related 
symptoms were reduced by diltiazem and verapamil, but 
not by β blockers. Diltiazem and verapamil preserved 
exercise capacity and reduced levels of NT-pro-B-natriuretic 
peptide, whereas metoprolol and carvedilol both reduced 
the exercise capacity and increased plasma levels of NT-
pro-B-natriuretic peptide. These data might encourage 
clinicians to use non-dihydropyridine calcium-channel 
blockers more often.66,67

Although this strategy has never been investigated, in 
patients with a low burden of self-terminating paroxysmal 
atrial fi brillation, so-called pill-in-the-pocket rate control 
could be an option to control ventricular rate at the very 
moment of a relapse. Such a strategy precludes 
continuous rate-controlling drug treatment.

Non-pharmacological rate control treatment
Non-pharmacological rate control treatment (eg, atrio-
ventricular node ablation and implantation of a pace-

maker) can control the ventricular rate when heart 
failure develops or progresses, patients remain 
symptomatic, drugs fail, or drug-related adverse eff ects 
necessitate drug dis con tinuation.1,16 Ablation of the 
atrioventricular node with pacemaker insertion should 
be restricted until, and only if, it is absolutely necessary. 
Before doing so, catheter ablation of atrial fi brillation 
always should be considered.

Atrioventricular node ablation is a simple procedure 
with a low complication rate and low long-term 
mortality.68 The procedure usually does not worsen left 
ventricular function although worsening can occur due 
to continuous right ventricular pacing, especially if the 
baseline left ventricular function is not normal.69 
However, atrioventricular node ablation renders patients 
pacemaker-dependent.

The choice of pacing treatment (right ventricular or 
biventricular pacing with or without implantable 
defi brillator) will depend on individual patient charac-

Intravenous administration Usual oral maintenance dose Contraindicated

β blockers*

Metoprolol tartrate 2·5–5 mg intravenous bolus over 2 min;
up to four doses

25–100 mg twice a day In case of asthma institute β1 blockers; contraindicated in 
acute heart failure and history of severe bronchospasm

Metoprolol XL (succinate) NA 50–400 mg once a day In case of asthma institute β1 blockers; contraindicated in 
acute heart failure and history of severe bronchospasm

Bisoprolol NA 1·25–20 mg once a day In case of asthma institute β1 blockers; contraindicated in 
acute heart failure and history of severe bronchospasm

Atenolol NA 25–100 mg once a day In case of asthma institute β1 blockers; contraindicated in 
acute heart failure and history of severe bronchospasm

Esmolol 500 µg/kg intravenous bolus over 1 min, followed 
by 50–300 µg/kg per min

NA In case of asthma institute β1 blockers; contraindicated in 
acute heart failure and history of severe bronchospasm

Nebivolol NA 2·5–10 mg once a day In case of asthma institute β1 blockers; contraindicated in 
acute heart failure and history of severe bronchospasm

Carvedilol NA 3·125–50 mg twice a day In case of asthma institute β1 blockers; contraindicated in 
acute heart failure and history of severe bronchospasm

Non-dihydropyridine calcium channel antagonists

Verapamil 2·5–10 mg intravenous bolus
over 2 min

40 mg twice a day to 480 mg (extended release 
formulations) once a day

Contraindicated in  HFrEF; adapt doses in hepatic and renal 
impairment

Diltiazem 0·25 mg/kg intravenous bolus over 2 min, then 
5–15 mg/h

60 mg three times a day to 360 mg (extended 
release formulations) once a day

Contraindicated in HFrEF; adapt doses in hepatic and renal 
impairment

Digitalis glycosides

Digoxin 0·5 mg intravenous bolus (0·75–1·5 mg over 24 h 
in divided doses)

0·0625–0·25 mg once a day Contraindicated in WPW; high plasma levels associated 
with increased mortality; check renal function before 
starting and adapt dose in patients with chronic kidney 
disease

Digitoxin 0·4–0·6 mg 0·05–0·3 mg once a day Contraindicated in WPW; high plasma levels associated 
with increased mortality; check renal function before 
starting and adapt dose in patients with chronic kidney 
disease

Others

Amiodarone 300 mg intravenous diluted in 250 mL 5% 
dextrose over 30–60 min (preferably via central 
venous cannula), followed by 900–1200 mg 
intravenous over 24 h diluted in 500–1000 mL via 
a central venous cannula

200 mg once a day Long QT syndrome

NA=not applicable. HFrEF=heart failure with reduced ejection fraction. WPW=Wolff -Parkinson-White syndrome. *Some other β blockers are also available but not recommended as specifi c rate control therapy in 
atrial fi brillation and are therefore not mentioned (eg, propranolol and labetolol).

Table: Drugs for rate control in atrial fi brillation
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teristics, including left ventricular ejection fraction.70–72 
Biventricular pacing instead of right ventricular pacing 
should be considered in patients with heart failure and 
reduced left ventricular ejection fractions.

Appropriate programming of the pacemaker is 
essential. Rate adjustments are required in the fi rst few 
weeks after ablation. To prevent life-threatening 
ventricular arrhythmias, the lower rate should be set at 
80–90 bpm immediately after the ablation.73 Over the 
ensuing month, the pacing rate may be lowered. 
Although the optimum settings remain a matter of 
contention, especially in patients with heart failure and 
preserved left ventricular ejection fractions, low rates 
(lower rate of 50–60 bpm) are indicated to allow 
appropriate diastolic fi lling. Proper adjustments 
for paced rate response have not been tested. 
Atrioventricular node modifi cation has been attempted 
but has not found its way into clinical practice because it 
is successful for only a minority of patients in whom it 
is tried.

Monitoring of rate control
Although no specifi c recommendations suggest 
monitoring is necessary for patients in whom a rate 
control approach is anticipated or instituted, in patients 
who are symptomatic, assessment of the ventricular 
heart rate at rest and during exercise is recommended. 
Heart rate during moderate exercise is particularly worth 
assessing. An immediate rapid increase in heart rate is 
often associated with symptoms and might necessitate 
an increase of rate-controlling drugs.74 After institution of 
strict rate control, 24 h Holter monitoring should be 
considered for safety reasons (eg, assessing the 
occurrence of pauses; fi gure 1). The same holds when 
symptoms develop or persist. In patients who have atrial 
fi brillation-related symptoms during activity, the 
adequacy of heart rate control can be assessed during an 
exercise test or with use of a loop recorder.

Rate control in patients with implantable 
cardioverter-defi brillators and cardiac 
resynchronisation therapy devices
Atrial fi brillation can lead to inappropriate shocks in 
patients with implantable cardioverter-defi brillators.75 
Therefore in these patients, a stricter rate control 
approach is warranted, or at least drugs to prevent 
very fast conducted atrial fi brillation. Adequate pro-
gramming of the implantable cardioverter-defi brillators 
can further reduce the risks of inappropriate shocks.76 
Programming adjustments could include higher 
ventricular tachycardia or fi brillation thresholds 
(detection thresholds >200 bpm) and longer detection 
durations.77

Intercurrent or permanent atrial fi brillation can 
interfere with the outcome of cardiac resynchronisation 
therapy in patients with heart failure, reduced left 
ventricular ejection fractions, and atrial fi brillation.78,79 

The incidence of atrial fi brillation in patients undergoing 
cardiac resynchronisation therapy implantation is high 
(up to 30%), thus justifying careful analysis of device 
diagnostics, 12-lead electro cardiograms, and Holter 
recordings.80 The absolute goal in patients having cardiac 
resynchronisation therapy is to achieve 
100% biventricular pacing. If atrial fi brillation is present 
and interferes with biventricular pacing despite medical 
management, atrioventricular nodal ablation or atrial 
fi brillation ablation should be considered. Although not 
specifi cally tested in patients with atrial fi brillation 
receiving cardiac resyn chronisation therapy, a small 
study81 reported that pulmonary vein isolation is superior 
to atrioventricular node ablation with biventricular 
pacing for quality of life and 6 min-walk distance in 
patients with heart failure, reduced left ventricular 
ejection fractions, and drug-refractory paroxysmal or 
persistent atrial fi brillation.

Exercise testing or rate response programming based 
on histogram data might help determine the eff ective 
percentage of biventricular pacing during episodes of 
atrial fi brillation. If pharmacological rate control proves 
ineff ective, atrioventricular node ablation should be 
done. Atrioventricular node ablation, as compared with 
pharmacological rate control, has been associated with a 
reduction in all-cause mortality, mainly by reducing 
cardiovascular mortality, and improvements in New York 
Heart Association class when compared with medical 
rate control treatment only.82 As mentioned earlier, 
atrioventricular node ablation has the disadvantage of 
pacemaker dependency.83 The proper rate to pace at rest 
and with exercise remains unknown.

Rate control in specifi c patient groups
Atrial fl utter
All rate control criteria for atrial fi brillation also apply to 
atrial fl utter. However, adequate rate control is more 
diffi  cult to achieve in patients with atrial fl utter, especially 
during episodes of exertion when rates increase abruptly, 
perhaps due to the lack of concealed conduction in the 
atrioventricular node that occurs with atrial fi brillation. 
Catheter ablation of atrial fl utter is now recommended as 
the fi rst-line treatment with the best success rate; 
complications are rare and late recurrences uncommon.84

Postoperative atrial fi brillation
Atrial fi brillation is the most common complication after 
cardiac surgery, occurring in up to 30% of the patients. 
The peak incidence of postoperative atrial fi brillation 
occurs between postoperative days 2 and 4. Ventricular 
rate control is recommended in postoperative atrial 
fi brillation, for which β blockers are the most eff ective 
treatment.1 Studies assessing the optimum rate have not 
been done. Generally, the haemodynamic situation and 
symptoms guide treatment. Intravenous rate-controlling 
drugs are necessary in haemodynamically unstable 
patients.
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Patients treated with class IC antiarrhythmic drugs
It is recommended that rate-controlling drugs are used 
concomitantly with class IC antiarrhythmic drugs 
(fl ecainide and propafenone) because of the propensity 
for class IC antiarrhythmic drugs to convert atrial 
fi brillation to atrial fl utter, which in turn might then be 
conducted rapidly to the ventricles (ie, to avoid the so-
called proarrhythmic eff ect).1,85

Wolff -Parkinson-White syndrome
After an episode of atrial fi brillation, catheter ablation of 
the accessory pathway is recommended as fi rst-choice 
therapy.86 When pre-excitation is present, β blockers, 
non-dihydropyridine calcium-channel antagonists, di-
goxin, and adenosine are contraindicated.

Patients with the brady–tachy form of sick sinus 
syndrome
In patients with brady–tachy syndrome (ie, sick sinus 
syndrome, and paroxysmal atrial fi brillation with high 
ventricular rates), dual-chamber, rate-modulated pace-
maker implantation in combination with rate-
controlling drugs might help to prevent symptoms. 
Little research on heart rate control has been dedicated 
to these patients. However, high heart rates during 
atrial fi brillation have been associated with increased 
hospital admissions and symptoms.87 Pacemaker 
diagnostics can help to monitor heart rates during atrial 
fi brillation in these patients and institute adequate 
heart rate control.

What is new in rate control?
The response to rate control treatment might be 
genotype-dependent. The success of specifi c types of 
β blockers could depend on the presence of the 
β1-adrenoceptor (ADRB1) Arg389Gly polymorphism. 
The underlying mechanism is that the mutation induces 
loss of function of the β1-receptor, mediated by reduced 
cyclic-adenosine monophosphate production. Available 
data show that patients with the homozygous Arg389 
genotype were more resistant to pharmacological rate 
control using diff erent β blockers than patients with 
Gly389 genotypes.88,89 However, this fi nding might not be 
the case for all β blockers because this polymorphism did 
not aff ect the heart rate-lowering eff ect of bisoprolol and 
bucindolol.89,90 As such, data are still sparse but patient-
tailored treatment might also become dependent on 
genotype.

An interesting new rate control strategy is to pace the 
atrioventricular node. A 2015 study91 showed the 
feasibility of high frequency atrioventricular node 
stimulation to reduce the ventricular rate in patients 
with atrial fi brillation given cardiac resynchronisation 
therapy. Atrioventricular node stimulation increased 
the ventricular intervals by more than 25% in 81% of 
the patients acutely.91 Future research is warranted 
but this treatment approach could become useful 

in patients with atrial fi brillation given cardiac 
resynchronisation therapy and in patients with atrial 
fi brillation given a dual-chamber, rate-modulated 
pacemaker.

Conclusions
Rate control in atrial fi brillation (ie, the appropriate rate 
to supply the necessary cardiac output for specifi c 
physiological demands and prevent adverse con-
sequences) is a crucial part of atrial fi brillation 
management. However, serious gaps in knowledge exist 
making broad recommendations diffi  cult for all clinical 
circumstances. Rate control is background treatment for 
all patients with atrial fi brillation, including those 
receiving treatment with a rhythm control strategy. A 
lenient approach to rate control is easy, safe, and eff ective 
for many patients, and should be considered as the initial 
approach for patients with few symptoms and who are at 
low risk for this approach. A stricter rate control approach 
is adopted when symptoms persist or deterioration of the 
left ventricular function occurs. Patients with acute onset 
of atrial fi brillation, brady–tachy syndrome, cardiac 
resynchronisation therapy devices, or implantable 
cardioverter defi brillators each require special attention. 
Atrioventricular node ablation has a role as a treatment of 
last resort but the optimum target heart rate at rest and 
with exertion remains uncertain. In patients with atrial 
fi brillation, catheter ablation should always be 
considered. Although rate control is one of the fi rst 
management issues in all patients with atrial fi brillation, 
and has been studied in detail, many issues remain to be 
clarifi ed.
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Rhythm control in atrial fi brillation
Jonathan P Piccini, Laurent Fauchier

Many patients with atrial fi brillation have substantial symptoms despite ventricular rate control and require 
restoration of sinus rhythm to improve their quality of life. Acute restoration (ie, cardioversion) and maintenance 
of sinus rhythm in patients with atrial fi brillation are referred to as rhythm control. The decision to pursue rhythm 
control is based on symptoms, the type of atrial fi brillation (paroxysmal, persistent, or long-standing persistent), 
patient comorbidities, general health status, and anticoagulation status. Many patients have recurrent atrial 
fi brillation and require further intervention to maintain long term sinus rhythm. Antiarrhythmic drug therapy is 
generally recommended as a fi rst-line therapy and drug selection is on the basis of the presence or absence of 
structural heart disease or heart failure, electrocardiographical variables, renal function, and other comorbidities. 
In patients who continue to have recurrent atrial fi brillation despite medical therapy, catheter ablation has been 
shown to substantially reduce recurrent atrial fi brillation, decrease symptoms, and improve quality of life, although 
recurrence is common despite continued advancement in ablation techniques.

Reasons to choose a rhythm control strategy 
Atrial fi brillation aff ects 33 million individuals 
worldwide,1 and increases risk of stroke, heart failure, 
and death, and also impairs quality of life. Accordingly, 
the goals of care in atrial fi brillation include the 
prevention of stroke, control of the ventricular rate, and 
minimisation of symptoms to improve quality of life.2–4 
Although some patients’ symptoms are relieved with 
ventricular rate control alone, many require restoration 
and maintenance of sinus rhythm—referred to as 
rhythm control. The decision to pursue rhythm control is 
an individualised one and is based on symptoms, the 
type of atrial fi brillation (paroxysmal, persistent, or long-
standing persistent), patient comorbidities, general 
health status, and anticoagulation status. The burden 
and severity of atrial fi brillation-related symptoms should 
drive the decision to choose a strategy that aims to restore 
or maintain sinus rhythm rather than accept continued 
atrial fi brillation with rate control alone. Finally, not only 
are present rhythm and symptoms considered, but the 
age of the patient is also important. Unopposed atrial 
fi brillation over many decades might have adverse health 
consequences in younger patients, including in those 
who are aysmptomatic.

Acute rhythm management for atrial fi brillation 
The acute evaluation and management of patients 
presenting with atrial fi brillation is mainly focused on 
the improvement of cardiac haemodynamics and the 
provision of protection against thromboembolic events, 
such as stroke and systemic embolism. Both 
inappropriately tachycardic ventricular rates and 
irregularity of the cardiac rhythm can lead to symptoms 
or haemodynamic impairment, particularly in patients 
with abnormal ventricular fi lling (eg, diastolic function). 
The severity of atrial fi brillation symptoms should be the 
key factor in the decision to do a cardioversion and 
restore sinus rhythm. Patients with haemodynamic 

compromise require urgent cardioversion. Patients with 
a rapid ventricular rate require acute rate control and 
potentially acute rhythm management.

Prevention of thromboembolism 
Stroke prevention treatment in the form of oral 
anticoagulation is recommended for electrical and 
pharmacological cardioversion of atrial fi brillation 
lasting longer than 48 h in duration because restoration 
of sinus rhythm is associated with an increased risk of 
stroke or systemic embolism. However, even shorter 
periods of atrial fi brillation (>12 h) might be associated 
with a measurable and signifi cant risk of stroke.5 Oral 
anticoagulation with vitamin K antagonist or a non-
vitamin K antagonist anticoagulant should be continued 
for a minimum of 4 weeks after cardioversion because 
of the risk of thromboembolism in the setting of left 
atrial appendage contractile dysfunction (ie, atrial 
stunning) after cardioversion. On the basis of guideline 
recom mendations, patients with risk factors for stroke 
(CHA2DS2-VASc score ≥1) should continue lifelong oral 
anticoagulation regardless of the present rhythm status 
or maintenance of sinus rhythm. Unless adequate 
anticoagulation has been documented for 3 weeks or 
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Search strategy and selection criteria

We searched MEDLINE, PubMed, and major conference 
proceedings with the search terms “atrial fi brillation”, 
“rhythm control”, “cardioversion”, “antiarrhythmic”, and 
“catheter ablation”. We also searched proccedings from the 
American Heart Association Scientifi c Sessions, American 
College of Cardiology, European Society of Cardiology, Heart 
Rhythm Society, and Cardiostim Scientifi c Sessions. Finally, 
guideline documents about management of atrial fi brillation 
across major cardiovascular societies were also searched and 
reviewed from January, 2006 to June, 2016. 
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atrial fi brillation is defi nitively known to be less than 
48 h in duration, a transoesophageal echocardiogram 
should be done to ensure there are no atrial or 
appendage thrombi before attempting to cardiovert 
(fi gure 1).2,4,6,7

Direct current cardioversion 
Direct current cardioversion is a very eff ective means of 
terminating atrial fi brillation and restoring sinus rhythm. 
Pretreatment before direct current card ioversion 
treatment with antiarrhythmic medications such as 
fl ecainide, propafenone, sotalol, or amiodarone, in-
creases the probability of restoring sinus rhythm.8,9 The 
use of biphasic rather than monophasic external 
defi brillators allows the use of lower energy (lower joules) 
and greater cardioversion effi  cacy. Results from clinical 
trials have shown that anteroposterior electrode 
placement is more eff ective than anterolateral 
placement.10 When initial shocks are unsuccessful 
and do not terminate atrial fi brillation, the electrodes 
should be repositioned and cardioversion repeated. 
A postcardioversion electro cardiogram and adequate 
monitoring are required after the procedure before the 
patient can leave the hospital safely.

The risk of stroke is highest in the first 72 h after 
cardioversion and most events occur within 10 days of 
the procedure.4 Minor skin burns can occur. In patients 
with sinus node dysfunction, transient or prolonged 
sinus arrest can occur. In particular, the presence of 
substantial bradycardia before cardioversion or high 
doses of atrioventricular nodal blockers should alert the 
clinician to an increased risk of postconversion pauses or 
asystole. Cardioversion-related arrhythmias, such as 

ventricular tachycardia or fi brillation, are very rare with 
synchronised shocks but can arise in the presence of 
hypokalaemia, hypomagnesaemia, digoxin toxicity, or 
improper synchronisation. The risks related to sedation 
or anaesthesia can include transient hypoxia, hypo-
ventilation, or hypotension. Patients with implanted 
pacemakers and defi brillators should have their device 
interrogated after direct current cardioversion to ensure 
normal device function.

Pharmacological cardioversion 
Although many atrial fi brillation episodes terminate 
spontaneously within hours or days, other episodes can 
persist for longer. When atrial fi brillation symptoms 
persist despite adequate rate control or when rhythm 
control is desired, restoration of sinus rhythm with 
cardioversion is advised. Unlike direct current 
cardioversion, pharmacological cardioversion of atrial 
fi brillation with bolus administration of an 
antiarrhythmic drug obviates the need for conscious 
sedation. However, the success rate for pharmacological 
cardioversion is lower when compared with direct 
current cardioversion. Success rates are highest when 
the atrial fi brillation is relatively short lived (generally 
<48 h duration). The anticipated conversion rate with 
approved drugs is 50% or more within 15–120 min. 
Most patients undergoing pharmacological car-
d ioversion require continuous clinical and ECG 
monitoring during drug administration and afterwards, 
particularly because of the risk of proarrhythmic events 
such as ventricular arrhythmia, sinus node arrest, or 
atrioventricular block.2–4

Intravenous fl ecainide (2 mg/kg over 10 min) is 
eff ective (67–92% at 6 h) in restoring sinus rhythm, 
particularly in patients with atrial fi brillation lasting less 
than 24 h.2 Most patients convert to sinus rhythm within 
the fi rst hour after dosing. In the case of intravenous 
propafenone (2 mg/kg over 10–20 min), the expected 
conversion rate is 53–98% and the time to conversion 
varies from 30 min to 2 h.11 Class Ic antiarrhythmics, 
such as fl ecainide and propafenone, should be avoided in 
patients with underlying heart disease and abnormal 
ventricular function or ischaemia. Owing to its weak 
β blocking eff ect, propafenone should be avoided in 
patients with severe obstructive lung disease. From a 
comparative standpoint, one study12 has shown higher 
conversion rates to sinus rhythm of fl ecainide compared 
with propafenone (90% vs 72%). Flecainide and 
propafenone have limited effi  cacy for conversion of 
persistent atrial fi brillation and atrial fl utter.

Ibutilide is a class III antiarrhythmic drug used 
for pharmacological cardioversion and is usually 
administered in one or two infusions of 1 mg over 
10 min, with 10 min between doses. Most patients 
convert within 30 min, but overall conversion rates are 
50% across several randomised trials.13 Ibutilide 
prolongs the QT interval and carries a small but notable, 

Figure 1: Management algorithm for acute rhythm control in atrial fi brillation

Atrial fibrillation with poorly tolerated symptoms
Sinus rhythm is a relevant target and cardioversion 
is considered

Haemodynamic instability?

Atrial fibrillation onset <48 h: heparin

Atrial fibrillation onset >48 h or unknown: 
transoesophageal echocardiography strategy

Atrial fibrillation onset <48 h: heparin

Atrial fibrillation onset >48 h or unknown: 
3 weeks oral anticoagulant or transoesophageal 
echocardiography  strategy

Electrical cardioversion Pharmacological cardioversion 
Structural heart disease?

Intravenous flecainide,
propafenone, ibutilide, 
or vernakalant
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amiodarone

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight



Series

www.thelancet.com   Vol 388   August 20, 2016 831

important risk of polymorphic ventricular tachycardia. 
Thus, ibutilide is less frequently used and not widely 
available. When ibutilide is used, patients should be 
monitored for a minimum of 6 h or until the QTc 
returns to baseline.14

Vernakalant targets multiple ion channels, including 
the atrial selective acetylcholine-activated potassium 
current (IK,Ach) and was approved for pharmacological 
cardioversion by the European Medicines Agency in 
2010. In clinical trials, vernakalant converted 51% of 
patients with short duration atrial fi brillation (3 h to 
7 days) with a median time to conversion of 10 min.15,16 
The initial dose is 3 mg/kg dose over 10 min and a second 
infusion of 2 mg/kg can be given if atrial fi brillation 
persists after 10 min. Patients should be monitored for 
2 h after infusion to monitor for proarrhythmia and other 
potential complications.

Amiodarone is used infrequently compared with other 
antiarrhythmic medications for the purposes of acute 
pharmacological cardioversion. The approximate con-
version rate at 24 h in patients treated with placebo was 
40–60%, with an increase to 80–90% after amiodarone 
treatment.17 In contrast to the previously mentioned 
medications, digoxin, verapamil, sotalol, and β blockers 
are not eff ective for acute cardioversion of atrial 
fi brillation.

Pill-in-the-pocket approach 
An underused but eff ective and convenient treatment for 
select ambulatory patients with atrial fi brillation is, as 
needed, on-demand oral pharmacological cardioversion 
(ie, so-called pill-in-the-pocket treatment). This therapeutic 
approach might be ideal in highly symptomatic patients 
with infrequent (eg, between once per month and once 

Mechanism Electrocardiographic eff ects and 
monitoring

Elimination Dosing Drug interactions Contraindications

Class Ic*

Flecainide Blocks fast inward sodium 
channels

Prolongs PR and QRS; ECG 3 days 
after initiation and dose escalation

T1/2 13–19 h; 
hepatic 2/3; 
renal 1/3

50–150 mg 
twice daily

Increases digoxin levels Ischaemic or structural heart 
disease; sinus node dysfunction, 
2nd or 3rd degree atrioventricular 
block or bundle branch disease 
without a pacemaker

Propafenone Blocks fast inward sodium 
channels; mild β blocker and 
L-type channel blockade

Prolongs PR and QRS; ECG 3 days 
after initiation and dose escalation

Variable; T1/2 
(2–10 h and up 
to 32 h in slow 
metabolisers); 
hepatic

150–300 mg 
three times 
daily

Increases digoxin and warfarin 
levels

Ischaemic or structural heart 
disease; asthma; sinus node 
dysfunction, 2nd or 3rd degree 
atrioventricular block or bundle 
branch disease without a 
pacemaker; potent CYP2D6 
inhibitor or inducers

Class III†

Sotalol Racemic mixture: d-sotalol is 
a β blocker and l-sotalol 
inhibits IKs

Prolongs QT; ECG monitoring 
during initiation and QTc 
assessment every 3 months; renal 
function every 3 months

T1/2 12 h; renal 80–160 mg 
twice daily

Avoid concomitant QT 
prolonging drugs; antacids 
containing aluminium oxide and 
magnesium hydroxide decrease 
absorption

Asthma; creatinine clearance 
<40 mL/min; left ventricular 
dysfunction; QTc >450 ms; sinus 
bradycardia; <50 bpm, second or 
third degree atrioventricular block 
without a pacemaker

Dofetilide Inhibits rapid component of 
delayed rectifi er K current

Prolongs QT; ECG monitoring 
during initiation and QTc 
assessment every 3 months; renal 
function every 3 months

T1/2 10 h; 
50% renal

125–500 μg 
every 12 h

Contraindicated with verapamil, 
cimetidine, trimethoprim, 
megestrol; prochloroperazine 
hydrochlorothiazide, 
ketoconazole; avoid QT 
prolonging drugs

Creatinine clearance <40 mL/min; 
QTc >440 ms

Multichannel blockers‡

Amiodarone Inhibits sodium, potassium, 
and long-lasting type calcium 
channels, and β-adrenergic 
receptors

Prolongs PR, QRS, and QT intervals; 
liver and thyroid function tests at 
baseline and every 6 months; 
pulmonary function testing with 
diff using capacity of carbon dioxide 
at baseline and with symptoms; 
annual ophthalmological exam

T1/2 25–110 days; 
hepatic

Load then 
maintenance 
dose of 
100–400 mg 
daily

Impairs warfarin metabolism, 
increases digoxin levels, 
simvastatin dose should not 
exceed 20 mg per day

Avoid in those with advanced lung 
disease; severe hepatic 
impairment; thyroid dysfunction

Dronedarone Inhibits sodium, potassium, 
and long-lasting type calcium 
channels and β-adrenergic 
receptors

Prolongs PR, QRS, and QT intervals; 
renal and liver function testing at 
baseline and every 6 months

T1/2 13–19 h; 
hepatic

400 mg twice 
daily

Increases digoxin levels, 
contraindicated with potent 
CYP3A4 inducers or inhibitors

Permanent atrial fi brillation; recent 
decompensated or advanced heart 
failure (NYHA class III–IV); QTc 
>500 ms; severe hepatic 
impairment

T1/2=half-life. bpm=beats per min. ECG=electrocardiogram. IKs=the rapid component of the delayed rectifi er potassium current. NYHA=New York Heart Association. *Impair impulse formation and prolong action 
potential duration through inhibition of fast sodium channels. †Prolong action potential and refractoriness through inhibition of IKs. ‡Antiarrhythmic drugs with substantial blockade of multiple ion channels.

Table 1: Antiarrhythmic drugs used to maintain sinus rhythm in patients with atrial fi brillation 
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per year) recurrences of atrial fi brillation who do not have 
any structural heart disease or other contraindications to 
class Ic treatment. Before out patient treatment can be 
started, the effi  cacy and safety of oral treatment should be 
shown in the hospital. Patients should be instructed to 
take fl ecainide (200–300 mg) or propafenone (450–600 mg) 
when symptoms of atrial fi brillation occur. Both drugs 
have similar effi  cacy. On rare occasions, conversion of 
atrial fi brillation to atrial fl utter with one to one 
atrioventricular conduction can occur and cause syncope. 
In one clinical trial,18 oral propafenone or fl ecainide was 
administered safely out of hospital with 94% eff ectiveness. 
Only one in 569 episodes resulted in atrial fl utter with 
rapid conduction.18

Pharmacological drugs 
Antiarrhythmic drugs to maintain sinus rhythm 
When atrial fi brillation recurs and impairs quality of 
life, rhythm control is needed to restore and maintain 
sinus rhythm. There is no evidence that antiarrhythmic 
drug treatment improves survival and neither rate nor 
rhythm control strategies have been shown to be 
superior to one another. Thus, the focus of rhythm 
control with antiarrhythmic treatment is on symptom 
control and improvement of quality of life. Oral drug 
treatment is considered fi rst-line therapy for long-term 
outpatient rhythm control. Antiarrhythmic drug 
treatments maintain sinus rhythm by stabilising 
cardiac myocyte membranes or by prolonging action 
potential durations either through impairing impulse 
formation (class I) or prolongation of refractoriness 
(class III). These medications have been typically 
referred to by their mechanism of action (Vaughan-

Williams classifi cation); however, the reality is that 
most antiarrhythmic drugs act through several 
mechanisms (table 1). The selection of an anti-
arrhythmic drug for a patient is principally guided by 
drug safety, because antiarrhythmic drugs often pose 
substantial risks of toxicity in some patient groups 
(fi gure 2).

Patients without structural heart disease have the most 
options for antiarrhythmic drug therapy. This includes 
patients with hypertension but no evidence of substantial 
left ventricular hypertrophy (defi ned as a wall thickness 
of ≤1·4 cm).19 In these patients, class Ic treatment with 
fl ecainide or propafenone is often preferred because of 
their good effi  cacy and the patients’ ability to start the 
drug on an outpatient basis.4,20,21 Patients treated with 
sustained release propafenone 325 mg twice daily, have a 
41% risk of recurrence at 1 year compared with 68% in 
those treated with placebo.21 Class Ic antiarrhythmic 
drugs are not recommended in patients with structural 
heart disease because of concerns for ventricular 
proarrhythmia and increased mortality.22 Thus, patients 
should undergo a stress test to exclude coronary 
ischaemia before starting fl ecainide or propafenone 
treatment. Finally, because of the risk of 1:1 conduction 
of atrial fl utter, optimal treatment should include 
concomitant β-blocker or non-dihydropyridine calcium 
channel blocker treatment.

Class III antiarrhythmic drugs, including sotalol and 
dofetilide (available in the USA), prevent atrial 
fi brillation by prolonging refractoriness, and as a result, 
prolong the QT interval. Patients started on these 
medications should not be on any other QT prolonging 
drugs. Although there is some debate, most experts 
agree that class III drugs should be started on an 
inpatient basis to monitor the QT interval and any 
potential arrhythmia. These drugs are renally cleared 
and should not be used in patients with a creatinine 
clearance of less than 40 mL/min. Class III 
antiarrhythmic drugs are reverse-use dependent, 
which means that their channel blockade and 
electrophysiological eff ects are amplifi ed in those with 
slow heart rates. Thus, the risk of proarrhythmia can be 
accentuated when patients stop atrial fi brillation and 
restore sinus rhythm with a much slower ventricular 
rate, particularly at heart rates less than 50 beats per 
min. Risk factors for ventricular proarrhythmia and 
torsades in patients treated with class III antiarrhythmic 
drugs include bradycardia, female sex, renal im-
pairment, and left ventricular hypertrophy.23

Dronedarone is the most recent oral antiarrhythmic 
medication to be approved for the treatment of atrial 
fi brillation that has been shown to decrease the risk of 
cardiovascular admissions to hospitals in patients with 
non-permanent atrial fi brillation.24,25 The drug is a 
benzofuran derivative that has less toxicity and less 
effi  cacy than the more potent amiodarone.26 Dronedarone 
can be started as an outpatient but it should be avoided in 

Figure 2: Antiarrhythmic drug selection for the maintenance of sinus rhythm in patients with atrial fi brillation
*Substantial left ventricular hypertrophy is defi ned as a wall thickness of more than 1·4 cm. 
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patients with permanent atrial fi brillation or recent or 
advanced symptomatic heart failure because of concerns 
for increased mortality.27,28

In patients with structural heart disease, including left 
ventricular dysfunction or symptomatic heart failure, 
antiarrhythmic drug treatment selection is challenging, 
particularly because of the small number of medications 
without substantial safety concerns in this population. 
Although dofetilide is a guideline recommended 
therapy for patients with atrial fi brillation and heart 
failure,4 in most parts of the world, the only drug 
available is amiodarone. Although amiodarone is highly 
eff ective,20,26 it is associated with important safety 
concerns, including thyroid toxicity, neurological 
toxicity, hepatic, and pulmonary toxicity. Many of 
amiodarone’s adverse eff ects are dose dependent, so 
every attempt should be made to use as low a dose as 
possible. For many patients with atrial fi brillation, 
therapeutic success can be achieved with 100 mg daily. 
It is possible that the best rhythm control strategy in 
patients with heart failure might be to avoid membrane 
active antiarrhythmic drugs altogether. In the AATAC 
randomised trial,29 patients with heart failure and 
reduced ejection fraction showed better maintenance of 
sinus rhythm and lower mortality when treated with 
catheter ablation than those treated with amiodarone.

Development of newer more eff ective membrane active 
antiarrhythmic medications targeting ion channels is 
challenging because of the risks of proarrhythmia.30 As a 
result, there are increased eff orts to identify drug targets 
that can reverse or slow the atrial remodelling that 
promotes atrial fi brillation.31,32 Another important 
opportunity to improve pharmacological rhythm control 
is pharmacogenetic guidance.33 The GENETIC-AF trial 
(NCT01970501) is evaluating whether or not genotype 
directed β-blocker therapy with bucindolol can provide 
eff ective rhythm control without conventional membrane 
active antiarrhythmic medication.

Upstream therapy 
Although attempts to prevent recurrent atrial fi brillation 
and maintain sinus rhythm often focus on anti arrhythmic 
drug therapy or catheter ablation, these interventions do 
not target the underlying causative processes that lead to 
left atrial fi brosis and enlargement, which cause atrial 
fi brillation. There are a number of modifi able risk factors 
for the development of atrial fi brillation, including 
hypertension, obstructive sleep apnoea, increased body-
mass index, coronary artery disease, and hyperglycaemia.2 
For example, sleep apnoea is associated with more 
extensive atrial fi brosis and doubled rates of recurrence 
after catheter ablation.34,35 However, reductions in body-
mass index,36 blood pressure, and improved glycaemic 
control lead to less frequent atrial fi brillation.37 Treatment 
of non-atrial fi brillation illness and comorbidity is often 
suboptimal and can also lead to progression of atrial 
fi brillation.38 So-called upstream pharmacotherapies are 

prescribed to reverse or arrest the maladaptive 
pathophysiological processes that lead to atrial fi brosis 
and enlargement. Unfortunately, results with renin–
angiotensin–aldosterone system inhibition have been 
mixed.2,39 Although the anti-infl ammatory properties of 
statin therapy might40 or might not41 be effi  cacious for the 
prevention of postoperative atrial fi brillation, evidence is 
insuffi  cient for their use in the prevention of atrial 
fi brillation.2 Based on the present evidence, lifestyle 
modifi cation seems to have a large impact on the risk of 
atrial fi brillation whereas upstream drug therapy has not 
been particularly eff ective.37

Catheter ablation to maintain sinus rhythm 
Indications and patient selection 
After the discovery of ectopic impulses that initiate atrial 
fi brillation,42,43 catheter ablation was developed to isolate 
and eliminate ectopic triggers of atrial fi brillation or 
modify the susceptible atrial substrate. There have been 
many improvements in the safety and effi  ciency of 
catheter ablation for atrial fi brillation management in the 
last decade.44 In terms of maintenance of sinus rhythm, 
catheter ablation is more eff ective than antiarrhythmic 
drug therapy in selected patients with medically 
refractory atrial fi brillation.45,46 Catheter ablation is 
particularly eff ective in younger patients (<65 years) with 
paroxysmal atrial fi brillation, without substantial atrial 
enlargement and when the procedure is done in 
experienced centres. In these settings, multiple clinical 
trials have reported a reduced number of arrhythmia 
episodes and fewer symptoms related to atrial 
fi brillation.44,47 However, at present, there is no fi rm 
evidence that catheter ablation of atrial fi brillation 
signifi cantly reduces the risk of mortality, stroke, or heart 
failure. Ongoing large randomised clinical trials, such as 
CABANA (Catheter Ablation Versus Antiarrhythmic 
Drug Therapy for Atrial Fibrillation; NCT00911508) and 
EAST (Early Therapy of Atrial Fibrillation for Stroke 
Prevention Trial; NCT01288352) will provide new 
insights and establish whether catheter ablation of atrial 
fi brillation provides signifi cant reduction in stroke and 
death when compared with drug therapy for rate or 
rhythm control. Moreover, these trials will help to 
establish whether early rhythm control therapy with 
contemporary strategies can lower the incidence of 
stroke, cardiovascular death, or heart failure, compared 
with standard management.48 The highly awaited results 
of these studies will help to establish whether catheter 
ablation provides benefi t beyond the reduction of 
symptoms, which is currently the main purpose and 
indication for atrial fi brillation ablation.

When a rhythm control strategy is chosen, atrial 
fi brillation ablation is useful to treat symptomatic 
paroxysmal atrial fi brillation that is refractory to at least 
one class I or class III antiarrhythmic drug.2,4,44–46,49 In 
some cases, atrial fi brillation ablation might be used as a 
fi rst-line rhythm control strategy before the use of 
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antiarrhythmic drugs after a proper evaluation of the risk 
and benefi ts of antiarrhythmic and ablation therapy. This 
treatment strategy is usually reserved for those patients 
who express reluctance to long-term antiarrhythmic drug 
therapy because of the risks of proarrhythmia and other 
adverse eff ects.50,51 In patients with persistent atrial 
fi brillation with substantial symptoms, atrial fi brillation 
ablation might be useful when atrial fi brillation is 
refractory to antiarrhythmic drugs or when these drugs 
are not well tolerated.4,9,52,53 In patients with so-called long-
standing atrial fi brillation (persistent atrial fi brillation 
with >12 month duration) the eff ectiveness of atrial 
fi brillation ablation is less well established with a 
substantial risk of recurrent atrial fi brillation.

The decision to pursue atrial fi brillation ablation 
depends on several factors, including the type or pattern 
of atrial fi brillation, left atrial size, the severity of 
symptoms, the presence of associated cardiovascular 
disease, the presence or absence of systolic dysfunction, 
the patient’s previous history of treatment, the estimated 
risk of complications, and patient preference.44 It is 

noteworthy that most patients assessed in clinical trials 
of atrial fi brillation ablation were young and healthy with 
paroxysmal atrial fi brillation, in which antiarrhythmic 
drugs were previously unable to maintain sinus rhythm 
(table 2). The eff ectiveness of atrial fi brillation ablation in 
the longer term across broader patient populations 
encountered in clinical practice is an active area of 
investigation, particularly in elderly patients (>75 years)
with long-standing persistent atrial fi brillation and 
underlying structural heart disease.4,44 However, early 
studies in older individuals and randomised studies in 
patients with heart failure have been promising.

Endpoints and techniques for atrial fi brillation ablation 
The recognition that atrial fi brillation might be initiated 
by premature beats arising from the pulmonary veins 
promoted the development of interventional procedures 
designed to prevent atrial fi brillation recurrence by 
eliminating these arrhythmogenic triggers at their sites 
of origin.42 Strategies targeting the pulmonary veins act 
as the therapeutic foundation for most patients treated 

Number 
of 
patients

Atrial fi brillation 
pattern

Age (years) Ablation 
as a 
fi rst-line 
therapy

Ablation method Outcome: sinus rhythm at 
1 year

Ablation AAD p value

Krittayaphong et al (2003)54 30 Paroxysmal, persistent 55 (45–65; ablation); 
47 (32–62; AAD)

No Radiofrequency, PVI with LA lines; with CTI 
ablation and RA lines

79% 40% 0·02

Wazni et al (RAAFT study; 2005)55 70 Mainly paroxysmal 53 (45–61; ablation); 
54 (46–62; AAD)

Yes Radiofrequency, PVI 87% 37% <0·001

Stabile et al (CACAF study; 
2006)52

245 Paroxysmal, persistent 62 (53–71; ablation); 
62 (52–72; AAD)

No Radiofrequency, PVI with LA lines; with or 
without CTI ablation

56% 9% <0·001

Oral et al (2006)56 245 Persistent 57 (48–66) No Radiofrequency, CPVA 70% 4% <0·001

Pappone et al (APAF study; 2006)57 198 Paroxysmal 55 (45–65; ablation); 
57 (47–67; AAD)

No Radiofrequency, CPVA with CTI ablation 86% 22% <0·001

Jais et al (A4 study; 2008)58 112 Paroxysmal 51 (40–62) No Radiofrequency, PVI with or without LA lines; 
with or without CTI ablation

89% 23% <0·001

Forleo et al (2008)59 70 Paroxysmal, persistent 63 (54–72; ablation); 
65 (59–71; AAD)

No Radiofrequency, PVI with or without LA lines; 
with or without CTI ablation

80% 43% 0·001

Wilber et al (Thermocool study; 
2010)60

167 Paroxysmal 56 (ablation); 56 (AAD) No Radiofrequency, PVI with or without LA lines 
with or without CFAEs; with or without CTI 
ablation with or without RA lines

66% 16% <0·001

Cosedis Nielsen et al 
(MANTRA-PAF study; 2012)21,51

294 Paroxysmal 56 (ablation); 54 (AAD) Yes Radiofrequency, circumferential PVI with 
voltage abatement

85% 71% 0·01

Packer et al (STOP-AF study; 2013)61 245 Paroxysmal 57 (ablation); 56 (AAD) No Cryoablation, PVI; with or without LA lines 69·9% 7·3% <0·001

Morillo et al (RAAFT2 study; 
2014)50

127 Mainly paroxysmal 56 (ablation); 54 (AAD) Yes Radiofrequency, circumferential PVI with 
electrical isolation

45% 28% 0·02

Mont et al (SARA study; 2014)53 146 Persistent 55 (ablation); 55 (AAD) No Radiofrequency, PVI with or without LA lines 
with or without CFAEs

70% 44% 0·002

Di Biase et al (AATAC study; 
2016)29

203 Persistent with heart 
failure, LVEF <40%, ICD

62 (ablation); 60 (AAD) No Radiofrequency, PVI with or without LA posterior 
wall isolation with or without LA lines with or 
without CFAEs with or without SVC isolation

70% 34% <0·001

Data are median (range). AAD=antiarrhythmic drugs. PVI=pulmonary vein isolation. LA=left atrial. CTI=cavotricuspid isthmus. RA=right atrial. RAAFT=Radiofrequency Ablation Atrial Fibrillation Trial. 
CACAF=Catheter Ablation for the Cure of Atrial Fibrillation study. CPVA=circumferential pulmonary vein ablation. APAF=Ablation for Paroxysmal Atrial Fibrillation study. A4=atrial fi brillation ablation versus 
antiarrhythmic drugs. CFAE=complex fractionated atrial electrogram. MANTRA-PAF=Medical Antiarrhythmic Treatment or Radiofrequency Ablation in Paroxysmal Atrial Fibrillation. STOP-AF=Sustained 
Treatment Of Paroxysmal Atrial Fibrillation. SARA=Study of Ablation Versus Antiarrhythmic Drugs in Persistent Atrial Fibrillation. AATAC=Ablation vs Amiodarone for Treatment of Atrial Fibrillation in Patients 
With Congestive Heart Failure. LVEF=left ventricular ejection fraction. ICD=International Classifi cation of Diseases. SVC=superior vena cava.  

Table 2: Key results from randomised clinical trials of AF ablation compared with antiarrhythmic drugs2
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with atrial fi brillation ablation, in which electrical 
isolation and dissociation of the pulmonary veins from 
the left atrium is the goal.44 In the event that a non-
pulmonary vein trigger is observed, additional focal 
ablation or isolation can be considered at this site. 
Common non-pulmonary vein triggers include, but are 
not limited to, the posterior left atrial wall, superior vena 
cava, and the interatrial septum. More extensive ablation 
might be proposed in patients with non-paroxysmal 
atrial fi brillation. Substrate modifi cation, which targets 
the atrial tissue that sustains (rather than triggers) atrial 
fi brillation, often involves the creation of linear lesions 
on the atrial roof, posterior wall, mitral isthmus, or 
targeting of areas of complex fractionated electrograms 
or rotors.44 Although substrate ablation is often associated 
with improved effi  cacy, it is also associated with higher 
risks of atrial proarrhythmia, such as macrorentrant left 
atrial fl utters. Despite the rationale for more extensive 
substrate modifi cation, well-conducted clinical trials 
have not shown superiority of more extensive ablation.62 
Thus, the role of substrate modifi cation remains 
controversial and much debated.

The most common energy source used in studies 
assessing catheter ablation for treatment of atrial 
fi brillation has been radiofrequency energy. More 
recently, balloon catheters that deliver cryoablation have 
been developed, allowing relatively easy pulmonary vein 
isolation compared with the more labour-intensive 
method of point-by-point ablation with radiofrequency 
(fi gure 3).61,63 Although use of cryoballoon ablation is 
increasing in frequency, use of radiofrequency ablation 
remains the most common method worldwide. Other 
methods using diff erent energy sources have been 
developed and are in various stages of development or 
clinical use, or both.

 Recurrence of atrial fi brillation after catheter ablation 
Recurrence of atrial fi brillation is not uncommon in 
the fi rst 3 months after atrial fi brillation ablation but 
does not preclude long-term benefi t. Accordingly, early 
recurrence is often best managed with medical therapy 
and cardioversion rather than early redo procedures or 
more aggressive ablation in this early phase.4,44 
Recurrence of atrial fi brillation after the third month 

Figure 3: Methods of ablation for pulmonary veins triggering atrial fi brillation
(A) A 3D CT scan with a posterior view of left atrium and the four pulmonary veins. Firing initiating atrial fi brillation might come from pulmonary veins (red arrows 
on left inferior pulmonary vein). (B) An electrogram recorded by a multipolar catheter inserted in the left inferior pulmonary vein and shows depolarisation when 
premature atrial beats initiate at this site (red arrows). (C) The traditional approach of a radiofrequency catheter ablation system, delivering a series of point-by-point 
lesions to the antra of pulmonary veins using heat-energy with assistance from a 3D navigational system. (D) The more recent approach with a cryoballoon system 
and a single-shot approach in which the balloon delivers freezing temperatures at the same site.  Adapted from Kuck et al.63
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can indicate recovery of pulmonary vein conduction, 
and this can be an appropriate indication to repeat 
ablation or continue or reinitiate antiarrhythmic drugs 
if symptoms remain poorly tolerated.64 Another 
important factor infl uencing recurrence rates after 
ablation is operator experience. Available data suggest 
that higher operator procedure volumes are associated 
with lower rates of atrial fi brillation recurrence and 
adverse events.65,66 Although early data with these 
modalities have been promising, defi nitive comparative 
randomised trials are needed.

Long-term outcomes after atrial fi brillation ablation are 
suboptimal. 5 years after the procedure, only 25–30% of 
patients remain free from atrial fi brillation after a single 
ablation procedure.67,68 Several developments in ablation 
technology off er promise to improve long-term outcomes, 
including contact-force sensing, alternative ablation 
modalities, and mapping and ablation of rotors.69,70

Anticoagulation therapy periablation 
Because of the risks of periprocedural thromboembolism 
during ablation in the left atrium, patients under-
going catheter ablation of atrial fi brillation require 
preprocedural, intra-procedural, and post-procedural 
anticoagulation. Heparin is used during the procedure 

and is ideally administered before transeptal 
catheterisation to minimise thromboembolic risk.71 
Preoperative warfarin is continued uninterrupted 
throughout the procedure to minimise bleeding and 
thromboembolic risk.72 Non-vitamin K antagonists might 
be interrupted shortly before the procedure and resumed 
4–6 h afterwards, although uninterrupted non-vitamin K 
antagonist anticoagulants might be non-inferior to 
warfarin.73 It is important to note that catheter ablation 
should not be done in an attempt to liberate patients 
from long-term anticoagulation.4 Oral anticoagulation 
should be continued for a minimum of 2–3 months after 
ablation and thereafter should be on the basis of the 
patient’s underlying risk for stroke (ie, CHA2DS2-VASc 
score ≥1 in men and ≥2 in women) rather than the 
rhythm status of the patient.44,74 Patients at high risk for 
stroke who discontinue anticoagulation after catheter 
ablation of atrial fi brillation do have a higher risk of 
thromboembolic stroke than those who continue 
anticoagulation.75

Complications after atrial fi brillation catheter ablation 
Although catheter ablation is a safe and eff ective rhythm 
control therapy, complications can occur (fi gure 4). 
Overall, the proportion of major complications with 
atrial fi brillation ablation is 4–5% and the risk of all-
cause death is 1–2 in 1000.77 Most complications present 
during the intraoperative or immediate postoperative 
period. These complications include access site-related 
bleeding or vascular complications, pericardial eff usion, 
and tamponade (1–3%), transient ischaemic attack or 
stroke (1%), or pulmonary congestion due to volume 
overload.44,78,79 Due to the proximity of the phrenic nerve 
to the right-sided pulmonary veins, catheter ablation 
can cause phrenic nerve paralysis, which is usually 
temporary but can persist for several months or longer. 
Phrenic nerve paralysis is more common with 
cryoballoon ablation (3%) than with radiofrequency 
ablation (<0·5%).63

Other complications can present after the ablation, 
including delayed pericardial tamponade. The most 
feared and severe complication of catheter ablation is 
atrio-oesophageal fi stula formation, which is rare (one in 
2500) but fatal in more than 50% of cases. Patients with 
atrio-oesophageal fi stula usually present 10–14 days after 
ablation with symptoms that can include odynophagia, 
fever, and stroke-like symptoms.80 Patients who present 
with dyspnoea after catheter ablation should be assessed 
for pulmonary vein stenosis. Although less common 
with contemporary ablation techniques (<0·5% of all 
cases),77 pulmonary vein stenosis can still occur, 
particularly in patients who have undergone multiple 
atrial fi brillation catheter ablation procedures. Less 
commonly, patients can present with haemoptysis, or 
with an unexplained cough. This diagnosis can be made 
with lung ventilation scanning, CT scans, or cardiac 
magnetic resonance venography.81

Figure 4: Complications of atrial fi brillation ablation
(A) Stenosis of the right upper pulmonary vein as shown by CT of the left atrium. (B) Barium swallow showing 
oesophageal ulceration after catheter ablation.76 (C) Right hemidiaphragm elevation after right phrenic nerve 
paralysis sustained during radiofrequency ablation. (D) Echocardiography of a haemodynamically signifi cant 
pericardial eff usion with evidence of right ventricular compression and tamponade.
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Surgical ablation 
Complete isolation of the pulmonary veins and other 
atrial structures can be achieved with surgical abla-
tion techniques by transmural radiofrequency or 
cryothermal lesions. With traditional cut and sew 
techniques as used in the Cox maze procedure, it is 
possible to isolate the pulmonary veins, right and left 
atrial appendages, and extend lesions to the mitral 
annulus and coronary sinus. Persistence of sinus 
rhythm can be noted in 75–95% of the patients up to 
15 years after surgery.82 In patients who require mitral 
valve surgery, concomitant Cox maze isolation can 
result in a prognosis similar to that of patients initially 
in sinus rhythm.83 The procedure is complex, associated 
with additional risk of complications, and thus is not 
widely performed.2,4 As described previously, alternative 
sources of energy (eg, radiofrequency, cryoablation, and 
high-intensity focused ultrasound) can create lines of 
block in the atria without traditional cut and sew 
incisions, allowing less time-consuming and less 
complex procedures.84,85 Although surgical ablation is 
controversial, it should be considered in patients with 
atrial fi brillation undergoing cardiac surgery.44 Direct 
comparison clinical trials are needed to further clarify 
the optimal method of ablation in patients with 
advanced or long-standing persistent atrial fi brillation.

Populations with special circumstances 
Heart failure 
When rhythm and rate control strategies are compared in 
patients with atrial fi brillation and heart failure with 
reduced ejection fraction, neither strategy has been found 
to lead to superior outcomes.86 Eff orts to restore and 
maintain sinus rhythm are particularly challenging in 
patients with heart failure.86 However, patients with heart 
failure who have less atrial fi brillation suff er less severe 
functional impairment and restoration of sinus rhythm 
after catheter ablation leads to improved ventricular 
function and exercise capacity.87,88 As mentioned previously, 
antiarrhythmic options are scarce in patients with heart 
failure and carry risks of toxicity. However, the potential for 
pharmacogenetic-guided β-blocker therapy and improved 
outcomes associated with catheter ablation raises the 
possibility of more effi  cacious therapies in the future.29,89

Chronic kidney disease 
Potential problems in patients with chronic kidney disease 
include reduced ability to excrete drugs or their metabolites, 
increased sensitivity to medications (particularly those 
bound to albumin in hypoalbuminaemic states), 
diminished tolerance of side-eff ects (particularly in the 
elderly), and loss of effi  cacy. Dosing of antiarrhythmic 
drugs should be based on the estimated creatinine 
clearance as indicated in the package insert. Several 
equations can be used for this purpose, each with 
advantages and limitations. Patients with chronic kidney 
disease should receive, when possible, the same treatment 

as those with normal renal function. However, dose 
adjustment for creatinine clearance is often needed for 
antiarrhythmic drugs, most of which have narrow 
therapeutic windows.90

Left ventricular hypertrophy
The presence of left ventricular hypertrophy complicates 
antiarrhythmic drug selection and subsequent therapy. 
Patients with left ventricular hypertrophy have an 
increased risk of proarrhythmia,91 although one 
observational study suggests that the use of class Ic and 
class III antiarrhythmic drugs in patients with persistent 
atrial fi brillation and left ventricular wall thickness 
greater than or equal to 1·4 cm was not associated with 
increased mortality when compared with those given 
amiodarone.92 Nonetheless, guidelines recommend 
avoidance of class Ic and class III drugs in patients with 
substantial left ventricular hypertrophy due to concerns 
for increased ventricular proarrhythmia.2

Postoperative atrial fi brillation 
Postoperative atrial fi brillation is a common clinical 
problem aff ecting 30–50% of patients after cardiovascular 
surgery and is associated with considerable morbidity and 
mortality.2 Multiple interventions have been shown to 
decrease the risk of postoperative atrial fi brillation, 
including β-blocker therapy and antiarrhythmic drug 
therapy, such as amiodarone.93 Generally, these inter-
ventions are more eff ective when they are administered 
before surgery. Neither rate nor rhythm control has shown 
net clinical advantage for the treatment of postoperative 
atrial fi brillation and therefore, treatment decisions should 
be individualised and patient centred.94

Conclusion 
Rhythm control therapy to maintain sinus rhythm is an 
important component of arrhythmia management 
in patients with atrial fi brillation. Although neither 
ventricular rate nor rhythm control has been established 
as superior, rhythm control is an important strategy to 
improve symptoms, functional status, and quality of life 
in patients with atrial fi brillation. Antiarrhythmic drug 
therapy remains a fi rst-line treatment for maintenance of 
sinus rhythm. Catheter ablation leads to improved 
outcomes in patients who have not been successful with 
antiarrhythmic drug therapy and is an increasingly used 
therapy for rhythm control.
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