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1 Atrial fibrillation 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia. In the 
Netherlands alone there are an estimated 300,000 patients with AF. The prevalence 
of atrial fibrillation is age dependent, reflected by the impressive numerical rise of 
1% among the overall population to >8% of the individuals aged 80 or above.1 Also 
staggering is the lifetime risk of developing AF of nearly 25% at 55 years of age.1 
Other important and common risk factors for the development of AF are obesity 
and hypertension.2, 3 Given the current conditions of the Western society, it is there-
fore easily foreseeable that the prevalence of AF is heading towards true epidemic 
proportions within the next decades.4 

If a disease would cause little to no inconvenience, or would be easy to treat – 
or even cure – a (strong) rising prevalence per se does not have to be disturbing. 
However, labeling AF as a benign, harmless arrhythmia could not be farther away 
from the truth. First of all, next to an irregular (rapid) heartbeat – probably the 
hallmark of the arrhythmia – AF usually causes a variety of symptoms which disrupt 
a normal social life and prompt patients to seek medical attention. Furthermore, on 
top of the doubled mortality rate5 and increased risk of developing heart failure, AF 
patients have an increased thromboembolic risk.6 Most feared is the occurrence of 
an ischemic stroke, for which AF patients – irrespective of the clinical type of AF – 
have an average risk of 5% per year: two to seven times higher compared to indi-
viduals without the arrhythmia.6, 7 This risk is even further increased in the presence 
of several cardiovascular risk factors.8 Apart from being more prone to develop a 
stroke, AF patients also have the disadvantage that the impact of the stroke is more 
severe compared to non-AF related strokes.9 

Physicians treating AF patients face one particular important, somehow confus-
ing issue. There is no benefit regarding prevention of mortality or stroke for a strat-
egy where all efforts are made to maintain sinus rhythm over one where merely 
(lenient) rate control is applied.10–12 Fortunately, antithrombotic regimens are avail-
able which substantially reduce the chance of dying and the risk of thromboembolic 
events in general and ischemic stroke in particular.13 However, hurdles for its wide-
spread implementation in every day practice are all around.14, 15 Introduction of 
antithrombotic agents inherently comes at the cost of an increased risk of major 
bleeding and introduces the pivotal aspect of iatrogenic harm. Short-term focus on 
rhythm management allows old paradigms to withstand time and certain drug spe-
cific aspects, e.g. the need for intensive monitoring of the anticoagulation effects, 
cripple the antithrombotic readiness for battle, in this example of vitamin K antago-
nists (VKAs). 

Altogether, this translates into a somewhat vicious, sustained inadequate anti-
thrombotic management of AF patients.15, 16 Which subsequently leads to unneces-
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sary strokes, major bleedings and loss of life.17 This is especially alarming consider-
ing the forecasted burden of the arrhythmia. 

2 Clinical aspects of the antithrombotic management of atrial 
fibrillation 

2.1 Identifying the arrhythmia 

Atrial fibrillation, as the name suggests, is an arrhythmia that takes places in the 
atria of the heart. As the clinical presentation of many supraventricular tachycardias 
(SVTs) can mimic AF or create suspicion of its existence, electrocardiographic diag-
nosis is warranted for discriminative reasons. In particular considering the potential 
horrific sequelae associated with AF, opposed to the ‘benign’ natural history of most 
other SVTs. Unlike for instance the atrial repolarization, identifying AF on an elec-
trocardiogram (ECG) is not compromised by the ventricles cancelling out the electri-
cal forces of their smaller counterparts. In fact, absence of distinct atrial activity (P 
waves) is one of AF’s key diagnostic ECG features together with totally irregular R-R 
intervals during the recording of a 12-lead ECG or 30 seconds on a rhythm strip.18 
From a clinical point of view AF has been divided into four categories. First detected 
AF represents the first documented episode and can turn out to be either one of the 
following types. Paroxysmal AF refers to spontaneously converting episodes with a 
duration of up to 7 days, whereas persistent AF is unable to convert without medi-
cal intervention and by definition lasts longer than a week. Permanent AF, finally, 
depicts mutual agreement between patient and physician upon acceptance of the 
arrhythmia – predominantly following failed attempts to restore sinus rhythm 
whether or not in combination with no or minimal symptoms – and thereby its con-
tinuous presence on the ECG.19, 20 

The above mentioned clinical classification points out the two most important 
clinical hurdles in detecting AF. First, the arrhythmia does not have to be ‘around’ all 
the time, but can be present for (brief) paroxysms making it hard to ‘catch’.21 
22Second, from the permanent AF scenario it is important to note that even long 
standing (persistent) or continuous (permanent) presence of AF is not synonymous 
to ‘easy’ detection if the patient is (virtually) asymptomatic.23 Thus, although AF 
related symptoms impair social life, the (completely) asymptomatic patients are 
likely posed with the biggest health threat. This is reflected by nearly 20% of newly 
diagnosed AF in recent stroke patients.24 Also, patients who suffered from a stroke 
of unknown origin, so-called cryptogenic, stroke might have underlying paroxysmal 
AF which has simply not been caught (yet). This is exemplified by increased AF de-
tection rate when extended monitoring is applied, being between 1–23% depending 
on the type of monitoring and definitions used.25–28 
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2.2 Identifying the risk of ischemic stroke 

In the mid 1980’s recognition of the significant increased thromboembolic risk asso-
ciated with AF triggered a series of large randomized clinical trials.29–34 They tested 
the hypothesis whether oral anticoagulation would be beneficial compared to care 
as usual – at that time being no antithrombotic therapy - regarding primary and 
secondary prevention of thromboembolism in patients with AF. The so-called ‘big 
five’ set a milestone in medicine and revolutionized the treatment of AF with a to 
this date (!) unprecedented, unanimous risk reduction with oral anticoagulation.13 
However, the contribution to today’s common knowledge was not limited to the 
antithrombotic armamentarium. Important information on stroke risk factors were 
derived from a pooled analysis of the placebo control arms of these studies.8 For the 
first time, clinical stroke risk factors in AF patients were described: advanced age, 
heart failure, history of hypertension, diabetes mellitus and previous stroke or tran-
sient ischemic attack. In time, supportive evidence of the latter risk factors became 
available as well as less consistent identification of additional stroke risk factors, 
such as female gender and coronary artery disease. The notion of styling this infor-
mation into a clinically usable format led to the development of several stroke risk 
stratification schemas of which the CHADS2 score35 probably is the most renowned 
and used. CHADS2 is an acronym based scoring system which rewards one point for 
the presence of each of the following risk factors Congestive heart failure, Hyper-
tension, Age ≥75 years, Diabetes mellitus and two points in case the patient already 
suffered from a transient ischemic attack, Stroke or other thromboembolism. Sim-
ply add up the points (maximum of 6) and the resulting score correlates with an 
annual stroke risk which can be used to further classify patients into low, intermedi-
ate and high thrombo-embolic risk and guide antithrombotic treatment.35 

2.3 Identifying the risk of major bleeding 

Like most milestones, the antithrombotic breakthrough in the management of AF 
patients proofed to be a double edged sword. It is not hard to imagine that VKAs 
carry a bleeding risk, considering the strategic position of the vitamin K dependent 
clotting factors – II, VII, IX and X – of which they irreversibly distort the normal 
structure and thereby function. Again, insights from the initial large randomized 
trials showed a risk of major bleeding with VKA use of approximately 1%. Taking into 
account the more contemporary studies, the risk of major bleeding associated with 
the use of oral anticoagulation should be considered to be in the range of 3–4%.36–38 
Important to note, however, is that aspirin also carries a substantial risk of major 
bleeding.39, 40 The risk of intracranial hemorrhage, the most feared complication of 
antithrombotic therapy, is doubled in patients who are treated with VKA compared 
to aspirin users. However, the numerical difference is small: 0.2% for VKA and 0.1% 
for aspirin use.13 Risk factors of this feared complication have been studied in the 
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past and advanced age, an excessively high international normalized ratio (INR) and 
a previous ischemic stroke have been identified as its main independent predic-
tors.41, 42 As for the stroke risk, attempts have been made to create a risk stratifica-
tion schema for the occurrence of major bleeding across several settings. The HEM-
ORR2HAGES score43, from the same group as the CHADS2 index, is probably the best 
alternative. HEMORR2HAGES is also an acronym based scoring system and repre-
sents Hepatic or renal disease, Ethanol abuse, Malignancy, Older (age >75 years) , 
Reduced platelet count or function, Re-bleeding risk (2 points), Hypertension (un-
controlled), Anemia, Genetic factors, Excessive fall and Stroke. Apart from a previ-
ous major bleeding (re-bleeding) presence of the other risk factors adds one point. 
The resulting maximum score is 12 and an increasing score relates to an increasing 
risk of major bleeding.43 However, it is not as commonly applied as the CHADS2 
score, in part due to inferior user-friendliness related to the incorporation of not 
readily available risk factors, nor is it represented in the 2006 ACC/AHA/ESC Joined 
guidelines on the management of atrial fibrillation.18 

3 Translating the risk of stroke (and bleeding) into an antithrombotic 
regimen 

At the starting point of this thesis, September 2006, a full revision of the first joined 
international management guidelines for AF was released.18 The available evidence 
on stroke risk factors and efficacy of antithrombotic regimens was translated into 
recommendations displayed in Figure 1 as a picture is worth a thousand words. 
Important to note, however, is that many schemas (and especially the widespread 
used CHADS2 score) classify the majority of patients at ‘intermediate’ risk.44 This 
leaves patients and physicians in doubt whether to choose between the inferior 
(aspirin) or superior (VKAs) drug.13, 18 Furthermore, a considerable number of pa-
tients are withheld from effective antithrombotic therapy based on their ‘low’ risk 
profile, but still suffer from a thromboembolic event. Finally, straightforward guid-
ance regarding the risk of major bleeding was lacking at that time, reflected by the 
absence of a dedicated section in the document. 
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Figure 1 - 2006 Recommendations for the antithrombotic management of patients with atrial fibrillation 

 
To summarize, 
AF is the most common arrhythmia in the world. Yet, paradoxically, identifying indi-
viduals at risk of developing (or suffering from) the arrhythmia is challenging at 
least, but of the utmost importance to allow adequate antithrombotic therapy and 
thereby save lives. 

AF (unfortunately) is often only regarded as an electrocardiographic phenome-
non, i.e. an arrhythmia, and treated accordingly. Yet, morbidity and mortality on the 
long run are similar for a rhythm and rate control strategy which lets physicians get 
the wrong end of the stick, neglecting the patients (long term) thromboembolic risk. 

AF carries an increased thromboembolic risk which can be classified by several 
(user-friendly) stroke risk schemas. Yet, these schemas fail to successfully identify 
patients at truly low risk and provide considerable opportunity to ‘bailout’ on the 
use of oral anticoagulation. 

AF poses a serious health threat through the increased risk of ischemic stroke, 
which is known and successfully manageable to a certain level. Yet, inappropriate 
antithrombotic treatment is still common practice. 
Antithrombotic management of AF patients is associated with an increased risk of 
major bleeding. Yet, a user-friendly counterpart to assess the bleeding risk is lack-
ing. 

4 Aims and outline of this thesis 

The aim of this thesis was to maintain focus on the essential pillar of the AF man-
agement: dealing with the increased stroke risk by portraying real life pitfalls (Chap-
ters 2, 4–7). To improve present clinical antithrombotic treatment of AF patients by 
developing new and fine-tuning available tools (Chapter 1 and 3). Finally, to pro-
mote similar advantageous proceedings in the nearby future by identifying unusual 
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suspects as potential allies in the battle against thromboembolic events in AF pa-
tients (Chapter 8). 
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ABSTRACT 

Background: Contemporary clinical risk stratification schemata for predicting stroke 
and thromboembolism (TE) in patients with atrial fibrillation (AF) are largely derived 
from risk factors identified from trial cohorts. Thus, many potential risk factors have 
not been included.  
Methods: We refined the 2006 Birmingham/National Institute for Health and Clini-
cal Excellence (NICE) stroke risk stratification schema into a risk factor-based ap-
proach by reclassifying and/or incorporating additional new risk factors where rele-
vant. This schema was then compared with existing stroke risk stratification schema 
in a real-world cohort of patients with AF (n=51,084) from the Euro Heart Survey for 
AF. 
Results: Risk categorization differed widely between the different schemes com-
pared. Patients classified as high risk ranged from 10.2% with the Framingham 
schema to 75.7% with the Birmingham 2009 schema. The classic CHADS2 (Conges-
tive heart failure, Hypertension, Age.75, Diabetes, prior Stroke/transient ischemic 
attack) schema categorized the largest proportion (61.9%) into the intermediate-
risk strata, whereas the Birmingham 2009 schema classified 15.1% into this cate-
gory. The Birmingham 2009 schema classified only 9.2% as low risk, whereas the 
Framingham scheme categorized 48.3% as low risk. Calculated C-statistics suggested 
modest predictive value of all schema for TE. The Birmingham 2009 schema fared 
marginally better (C-statistic, 0.606) than CHADS2. However, those classified as low 
risk by the Birmingham 2009 and NICE schema were truly low risk with no TE events 
recorded, whereas TE events occurred in 1.4% of low-risk CHADS2 subjects. When 
expressed as a scoring system, the Birmingham 2009 schema (CHA2DS2-VASc acro-
nym) showed an increase in TE rate with increasing scores (P value for trend=.003). 
Conclusion: Our novel, simple stroke risk stratification schema, based on a risk fac-
tor approach, provides some improvement in predictive value for TE over the 
CHADS2 schema, with low event rates in low-risk subjects and the classification of 
only a small proportion of subjects into the intermediate-risk category. This schema 
could improve our approach to stroke risk stratification in patients with AF. 
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INTRODUCTION 

Atrial fibrillation is the most common sustained cardiac rhythm disorder, which is 
associated with a substantial risk of mortality and morbidity from stroke and 
thromboembolism (TE). A substantial evidence base is in favor of anticoagulants 
with the vitamin K antagonists (VKAs, e.g., warfarin), which reduce the risk by two-
thirds, whereas antiplatelet therapy only reduces the risk by 22%.1 Vitamin K an-
tagonists are clearly superior to aspirin for stroke prevention even in patients with 
AF aged ≥75 years. For example, in the Birmingham Atrial Fibrillation Treatment of 
the Aged (BAFTA) Study, the use of VKA (INR 2–3) reduced the primary end point of 
TE by 52% compared with aspirin 75 mg daily, with no difference in major bleeding 
events between VKA or aspirin.2 Even in low- risk subjects with AF, aspirin may be 
no better than control for reducing TE events, with a tendency to more adverse 
effects (especially bleeding) with aspirin.3 

The risk of stroke and TE in AF is not homogeneous, and various clinical and 
echocardiographic features have been identified to help stratify risk into high-, in-
termediate-, or low-risk categories.1 How- ever, contemporary clinical risk stratifica-
tion schema for predicting stroke, transient ischemic attack (TIA), or TE for patients 
with AF are largely derived from risk factors identified from non-VKA arms of trial 
cohorts, and one cohort study (Framingham). Thus, many potential risk factors have 
not been adequately assessed, as not all potential risk factors have been systemati-
cally documented in the clinical trial populations. The Stroke in AF Working Group4 
performed a systematic review of these stroke risk factors and concluded that only 
four clinical features (prior stroke/TIA, advancing age, hypertension, and diabetes) 
were consistent independent risk factors. Also, existing stroke risk stratification 
schema have widely varying proportions categorized into high-, intermediate-, and 
low-risk strata, and are generally of modest predictive value in predicting stroke and 
TE (C-statistics of approximately 0.6).5 Again, some of the validation studies compar-
ing the performance of different schema are limited by having been performed in 
anticoagulated trial cohorts,6 retrospective analyses of anticoagulated AF registries,7 
and in some, non-VKA arms of trial cohorts whereby antiplatelet therapy and/or 
subtherapeutic VKA (e.g., INR , 1.5) were used.8 

Other data on “real life” AF populations were provided in the ATRIA study,9 but 
this study did not compare some contemporary risk stratification schema as used in 
current guidelines.10–12 

Nonetheless, there are increasing data that other risk factors should be consid-
ered in refining stroke and TE risk stratification for AF. For example, female gender 
increased TE risk in the Euro Heart Survey and other cohorts.13–15 Also, vascular 
diseases, includ- ing myocardial infarction, peripheral artery disease, and complex 
aortic plaque, all increase TE risk in AF.16–20 Furthermore, stroke risk in AF increases 
at age . 65 years onwards, and age as a risk factor is not a yes/no phenomenon. 
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Indeed, the BAFTA trial showed that VKA was clearly superior thrombo-prophylaxis 
to aspirin in elderly (aged ≥75 years) subjects with AF in a primary care setting, 
which shows that the frequently reported fear of bleeding as an excuse for not 
prescribing warfarin to elderly patients is not justified.1,2 

In 2006, the Birmingham stroke risk stratification schema was compared against 
the CHADS2 (Congestive heart failure, Hypertension, Age ≥75, Diabetes, prior 
Stroke/transient ischemic attack) schema in a cohort of 994 patients with AF, and it 
was found that the accuracy of both clinical risk stratification schemes was similar 
for predicting ischemic strokes and vascular events.8 The Birmingham schema was 
subsequently refined for the evidence-based UK National Institute for Health and 
Clinical Excellence (NICE) guidelines on AF management, which formulated an algo-
rithm-based approach to stroke risk stratification.12 Since 2006, it is apparent that 
stroke risk stratification needs to be simple, yet consider new data on other risk 
factors (female gender, age, vascular disease, and so forth) that have emerged, and 
recognize that an artificial categorization into high-, intermediate-, and low-risk 
categories per se may be less helpful. Current treatment guidelines recommend VKA 
for high-risk subjects and (usually) aspirin for low- risk subjects, but for intermediate 
risk, many guide- lines state “either warfarin or aspirin” can be used.10–12 The latter 
can sometimes cause uncertainty for clinicians managing such patients, especially if 
a large proportion of a particular cohort of patients with AF are classified into this 
intermediate-risk category. This “either warfarin or aspirin” recommendation is also 
sometimes used as an excuse not to prescribe warfarin in intermediate-risk pa-
tients. Also, clinicians need reassurance that those classified as low risk are truly low 
risk, with no TE events in such patients. 

The objective of this analysis is to refine the 2006 Birmingham/NICE stroke risk 
stratification schema into a risk factor-based approach, by reclassifying and/or in-
corporating additional new risk factors as relevant. This novel schema (Birmingham 
2009) was then compared with existing schema in a real world AF patient cohort in 
the Euro Heart Survey for AF, where longitudinal data on outcomes have previously 
been published.21 

METHODS 

Validation Cohort 

To test the predictive ability of the refined Birmingham schema, and to compare 
this with the performance of other schema, we used the Euro Heart Survey on AF 
population. Survey methods, center participation, patient characteristics, manage-
ment and definitions of the baseline and follow-up survey of the Euro Heart Survey 
on AF have previously been described.21,22 In summary, 5,333 ambulant and hospi-
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talized patients with AF were enrolled from the cardiology practices of 182 hospitals 
among 35 countries in 2003 to 2004. Patients were enrolled if they were >18 years 
old and if they had an ECG or Holter recording showing AF during the qualifying 
admission/consultation or in the preceding 12 months. A follow-up was performed 
to assess mortality and incidence of major adverse events during 1 year. 

For the current analysis we selected 1,577 patients without mitral stenosis or 
previous heart valve surgery and who did not use either VKA or heparin at discharge 
of the qualifying visit. We had survival status during 1 year for 1,150 (73%) of these 
patients and the TE status for 1,084 (69%). Compared with patients with known 
survival status at follow-up, patients with unknown survival status were at baseline 
of similar age (66615 vs. 66614 years; P=.624), were as often female (45% vs. 40%; 
P=.103), and equally as often had diabetes (15% vs. 17%; P=.244) or a prior 
stroke/TIA (9% vs. 8%; P=.359), whereas they more often had heart failure (41% vs. 
24%; P<.001) and less often vascular disease (35% vs. 42%; P= .015) and hyperten-
sion (62% vs. 67%; P=.032). Patients with known survival status at follow-up but 
unknown TE status were more often deceased compared with patients who had 
both survival and TE status known (24% vs. 4%; P <.001). 

Description of Stroke Risk Stratification Schema 

The various stroke risk schema compared and/or validated in this real world Euro-
pean cohort are summarized in Table 1. In case of multiple available schema, we 
chose to use the most recent one: for example, the Stroke Prevention in Atrial Fibril-
lation (SPAF) 1999 schema (rather than the SPAF 1995 schema),23 the second Ameri-
can College of Cardiology/American Heart Association/ European Society of Cardiol-
ogy (ACC/AHA/ESC) guidelines (2006),11 and the eighth American College of Chest 
Physicians (ACCP) guidelines (2008).10 We did use the AF Investigators 1994 sche-
ma,24 since the 1998 analysis explored the additional value of echocardiography 
parameters, but did not explicitly recommend a new schema. The Framingham and 
CHADS2 schema are point-based scores, with the Framingham based on a mathe-
matical equation25 and the CHADS2 based on one point for CHAD and two points for 
stroke/TIA.26 

In order to compare their predictive ability with other schema for distinguishing 
low, intermediate, and high risk, we categorized the scores into three groups. We 
defined the CHADS2 score in two ways: (1) classic, whereby scores of 0 5 low, 1 to 2 
= intermediate,25high risk; or (2) revised, whereby scores of 0 = low, 1 = intermedi-
ate, >2 = high risk. We categorized the Framingham score in a similar manner to that 
proposed by Fang et al,9 as follows: score 0 to 7 = low, 8 to 15 = intermediate, 16 to 
31 = high risk. In addition to these categorized definitions (commonly used in clinical 
practice), the Framingham and CHADS2 scores were also tested as continuous vari-
ables. 
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Table 1 - Risk stratification schemes used to predict thromboembolism in atrial fibrillation 

Risk Scheme Low risk Intermediate risk High Risk 
AFI Investigators (1994) 24 Age> 65 y and no risk 

factors 
Age> 65 y and no other risk 
factors 

Prior stroke/TIA, hypertension, 
diabetes 

SPAF investigators23 No risk factors Hypertension, diabetes Prior stroke/TIA, women . 75 y, 
men >75 y with hypertension 

CHADS 2 (2001)—classic26 Score 0 Score 1–2 Score 3–6 
CHADS 2 —revised Score 0 Score 1 Score 2–6 
Framingham (2003)25 Score 0–7 Score 8–15 Score 16–31 
NICE guidelines (2006)12 Age≥ 65 y with no 

moderate/high-risk 
factors 

Age≥ 65 y with no high-risk
factors 
Age , 75 y with hyperten-
sion, 
diabetes, or vascular dis-
ease a 

Age ≥75 y with hypertension, 
diabetes, or 
vascular disease 
Clinical evidence of valve disease 
or 
heart failure, or impaired left 
ventricular function 

ACC/AHA/ESC 
guidelines (2006)11 

No risk factors Age> 75 y, or hypertension, 
or heart 
failure, or LVEF ≤35%, or 
diabetes 

Previous stroke, TIA or embo-
lism, 
or ≥2 moderate risk factors: age 
≥75 y, 
hypertension, heart failure, LVEF 
≤35%, 
diabetes 

Eighth ACCP 
guidelines (2008)10 

No risk factors Age 75 y, or hypertension, 
or 
moderately or severely 
impaired 
LVEF and/or heart failure, 
or diabetes 

Previous stroke, TIA or embo-
lism, 
or ≥2 moderate risk factors: age 
≥75 y, 
hypertension, moderately or 
severely 
impaired LVEF and/or heart 
failure, 
diabetes 

Birmingham (2009) No risk factors One combination risk 
factor: heart 
failure/LVEF ≤40, hyperten-
sion, 
diabetes, vascular disease, a 
female 
gender, age 65–74 

Previous stroke, TIA or embo-
lism, or 
age ≥75 y, or ≥2 combination risk 
factors: heart failure/LVEF ≤40, 
hypertension, diabetes, vascular 
disease, a 
female gender, age 65–74 

ACC = American College of Cardiology; ACCP = American College of Chest Physicians; AFI =Atrial Fibrilla-
tion Investigators; AHA = American Heart Association; CHADS 2 = Congestive heart failure, Hypertension, 
Age >75, Diabetes, prior Stroke/TIA; ESC = European Society of Cardiology; LVEF = left ventricular ejection 
fraction; NICE = National Institute for Health and Clinical Excellence; SPAF = Stroke Prevention in Atrial 
Fibrillation; TIA = transient ischemic attack. 
a Myocardial infarction, peripheral artery disease, or aortic plaque. 

 
We refined the 2006 Birmingham (or NICE) TE risk schema into a risk factor-based 
approach, by defining definitive risk factors (previous stroke/TIA/TE and age ≥75 
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years) and combination risk factors (heart failure/moderate-severe cardiac dysfunc-
tion, hypertension, diabetes, vascular disease, female gender, and age 65–74 years). 
If we wished to artificially categorize these subjects, high risk was defined as one 
definitive or two or more combination risk factors, intermediate risk was essentially 
defined as one combination risk factor, and low risk was defined as no risk factors 
being present. This refined (2009) Birmingham schema was also tested with a point-
based scoring system, the CHA2DS2-VASc score (see Table 2 for definition), whereby 
scores of 0 = low, 1 = intermediate, and >2 = high risk. 
 
Table 2 - The 2009 Birmingham Schema Expressed as a Point-Based Scoring System, With the Acronym 
CHA 2 DS 2 –VASc 

Risk Factor Score 
Congestive heart failure/LV dysfunction 1 
Hypertension 1 
Age ≥75 y 2 
Diabetes mellitus 1 
Stroke/TIA/TE 2 
Vascular disease (prior myocardial infarction, peripheral artery 
disease, or aortic plaque) 

1 

Age 65–74 y 1 
Sex category (ie female gender) 1 

LV = left ventricular; TE = thromboembolism. See Table 1 for expansion of other abbreviations. 

Definitions of End Points and Risk Factors 

Ischemic stroke was defined as a focal neurologic deficit of sudden onset as diag-
nosed by a neurologist, lasting >24 h and caused by ischemia. TIA was defined as a 
focal neurologic deficit of sudden onset as diagnosed by a neurologist, lasting >24 h. 
Peripheral embolism was defined as TE outside the brain, heart, eyes, and lungs. 
Pulmonary embolism was defined by the responsible physician. TE as outcome vari-
able of the validation analysis was defined as either an ischemic stroke, peripheral 
embolism, or pulmonary embolism. Definitions of risk factors, such as diabetes, 
hypertension, heart failure, peripheral artery disease, and so forth, are pro- vided in 
the online supplement. 

Statistical Analysis 

We used descriptive analyses with proportions and means (6SD) to describe the 
validation cohort, categorization of the three risk groups per schema, and the event 
rates per risk group. We calculated the 95% CI of event rates using the binomial 
approximation. We performed logistic regression with each schema, containing 
three risk groups, as independent variable and TE during 1 year as dependent vari-
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able. The probability that this model predicted the correct classification of each 
patient (TE or not) was saved. Following this we plotted this probability in a re-
ceiver- operating characteristic (ROC) curve against TE as dependent variable. The 
area under the curve for this ROC curve represents the ability of a schema to cor-
rectly classify risk for TE, which is also referred to as the C-statistic (Harrell’s C). As a 
subsidiary analysis, we also ran the same analyses on 843 patients within this group 
who were not on anticoagulation at both baseline and 1-year follow-up. 

To assess the effect of individual risk factors on the occurrence of TE in this co-
hort, we performed multivariable logistic regression with the following independent 
variables: age, gender, diabetes, coronary artery disease, heart failure, hyperten-
sion, prior stroke/TIA, prior other thromboembolism, and peripheral vascular dis-
ease. To assess whether the effect of systolic blood pressure at baseline was differ-
ent than that of hypertension, we performed the same analysis while replacing 
systolic blood pressure for hypertension and we report these results in the text 
only. Further, since recent echocardiography was not available for 400 (37%) pa-
tients, we repeated the initial analysis with the addition of left ventricular ejection 
fraction to assess its effect and whether other effects were changed by this addi-
tion. Variables were removed stepwise from the model when the P value exceeded 
<.10. Variables with P value <0.05 in the final model were considered to be signifi-
cant contributors to TE prediction and we report the net odds ratio (OR), 95% CI, 
and P value for these variables. Variables in the final model were tested for interac-
tion(s), if any. 

RESULTS 

The 1,084 patients with nonvalvular AF, who were not on anticoagulation at base-
line and for whom we knew TE status at 1 year, were on average 66 years old and 
40.8% were women (Table 3). Hypertension was the most prevalent stroke risk 
factor (67.3%), followed by coronary artery disease (38.4%). Antiplatelet drugs were 
taken by 74.0%. In univariate analyses, female gender, history of vascular disease, 
prior stroke/TIA, and diabetes were associated with an increased incidence of TE (all 
P<.05; Table 4). When assessing the independent effect of all potential risk factors 
on TE occurrence in multivariate analysis, female gender (OR52.53 [1.08–5.92]; 
P=.029) was the only significant associated factor, whereas the effect of vascular 
disease was near significant (OR 5 2.27 [0.94–5.46]; P=.064) (Table 4). Taking into 
account systolic blood pressure at baseline, rather than the diagnosis of hyperten-
sion, showed that also systolic blood pressure was not significantly associated with 
TE occurrence (OR=0.99 [0.97–1.01] per mm Hg increase; P=.319). 
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Table 3 - Clinical Characteristics of 1,084 Non-valvular Atrial Fibrillation Patients 
Not Receiving Oral Anticoagulation and Heparin at Discharge of the Baseline Euro 
Heart Survey and With Known Thromboembolic Follow-up Status During 1 Year 

Clinical Characteristic No. (%) or Mean 6 SD 
Age, y 66 ± 14 
Age ≥75 y 309 (28.5) 
Women 442 (40.8) 
Past medical history  
Stroke 45 (4.2) 
TIA 46 (4.3) 
Other systemic embolism 6 (0.6) 
CAD 412 (38.4) 
Peripheral vascular disease 62 (5.8) 
Hypertension 729 (67.3) 
Diabetes 187 (17.3) 
Heart failure 253 (23.5) 
Systolic blood pressure, mm Hg 139 ± 23 
LVEF, % 53 ± 14± 
Drugs  
ACEI 480 (44.3) 
ARB 139 (12.8) 
ACEI/ARB 607 (56.0) 
Statins 252 (23.2) 
Antiplatelet drugs 802 (74.0) 

ACEI = ACE inhibitor; ARB = angiotensin II receptor blocker; CAD = coronary artery 
disease. See Table 1 for expansion of other abbreviations. 

 
Table 4 - Univariate and Multivariate Predictive Power of Risk Factors for Thromboembolic Events 

 Event Rate With 
Risk Factor 

Event Rate Without 
Risk Factor 

Univariate  
P Value 

OR a Multivariate 
P Value a 

Age>75 11 (3.6) 14 (1.8) .083 1.46 (0.63–3.35) .383 
Female 16 (3.6) 9 (1.4) .017 2.53 (1.08–5.92) .029 
Stroke/TIA/TE 5 (5.9) 20 (2.0) .023 2.22 (0.78–6.35) .163 
Hypertension 19 (2.6) 6 (1.7) .349 1.01 (0.38–2.66) .992 
Diabetes 8 (4.3) 17 (1.9) .048 1.79 (0.73–4.40) .220 
Heart failure 6 (2.4) 19 (2.3) .967 0.72 (0.27–1.88) .493 
LVEF <40 1 (0.8) 12 (2.1) .335 0.34 (0.04–2.73) .243 
Vascular disease b 16 (3.6) 9 (1.5) .022 2.27 (0.94–5.46) .063 

OR = odds ratio. See Tables 1 and 2 for expansion of other abbreviations. 
a All results other than LVEF from model without LVEF. 
b Coronary artery disease, peripheral vascular disease, or a previous thromboembolism other than 
stroke/TIA. 

 
The proportions of patients categorized as high, intermediate or low risk are shown 
in Table 5. Risk categorization differed widely between the different schemes. Pa-
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tients classified as high risk ranged from 10.2% with the Framingham schema to 
75.7% with the Birmingham 2009 schema. The classic CHADS2 categorized the larg-
est proportion (61.9%) of subjects into the intermediate-risk strata, whereas the AF 
Investigators and Birmingham 2009 schema classified 12.2% and 15.1%, respec-
tively, into this category. 
 
Table 5 - Risk Categorization, Incidence of TE, a and Predictive Ability for Contemporary Risk Stratification 
Schema Among Euro Heart Survey Patients Who Did not Receive Anticoagulation at Baseline 

 Categorization  
of TE Risk 

  Predictive Ability  

 Low Intermediate High C Statistic (95% CI) P Value 
AFI 1994     .209 
% in risk category 16.7 12.2 71.1 0.573   
TE events, No. (%) 1 (0.6) 4 (3.0) 20 (2.6) (0.470–0.676)  
SPAF 1999     .405 
% in risk category 26.2 44.8 29.0 0.549  
TE events, No. (%) 5 (1.8) 11 (2.3) 9 (2.9) (0.435–0.662)  
CHADS 2 —classic     .296 
% in risk category 20.4 34.9 44.7 0.586 b  
TE events, No. (%) 3 (1.4) 7 (1.9) 15 (3.1) (0.477–0.695)  
Framingham     .018 
% in risk category 48.3 41.5 10.2 0.638 b  
TE events, No. (%) 6 (1.2) 14 (3.2) 5 (4.6) (0.532–0.744)  
NICE 2006     .094 
% in risk category 13.1 39.2 47.7 0.598  
TE events, No. (%) 0 (0.0) 13 (3.1) 12 (2.3) (0.498–0.698)  
ACC/AHA/ESC 2006     .228 
% in risk category 19.6 33.4 47.0 0.574  
TE events, No. (%) 3 (1.4) 7 (1.9) 15 (3.0) (0.465–0.683)  
Birmingham 2009     .070 
% in risk category 9.2 15.1 75.7 0.606  
TE events, No. (%) 0 (0.0) 1 (0.6) 24 (3.0) (0.513–0.699)  

See Tables 1 and 2 for expansion of abbreviations. 
aIschemic stroke, pulmonary embolism, or peripheral embolism. 
bThe C statistics for the Framingham and CHADS2 scores, if tested as continuous variables, are as follows: 
Framingham: 0.693 (0.603–0.784);P =.001; and CHADS2 : 0.602 (0.486–0.718); P= .081. 

 
The Birmingham 2009 schema classified only 9.2% as low risk, whereas the Fram-
ingham scheme categorized 48.3% as low risk. 

The C-statistics all suggested modest predictive value of all schema for TE, with 
C-statistics ranging from 0.549 (SPAF) to 0.638 (Framingham), whereby the Fram-
ingham schema was the only one to predict TE better than chance in this cohort. If 
Framingham and CHADS2 scores were tested as continuous variables a slightly im-
proved C-statistic was obtained compared with their respective categorized scores. 
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The Birmingham 2009 schema fared marginally better (C-statistic, 0.606) than 
CHADS2, whether classic (0.561) or revised (0.586), or as a continuous variable 
(0.602) (Table 5). 

Those classified as low risk by Birmingham 2009 and the NICE schema were tru-
ly low risk, with no TE events recorded, whereas TE events occurred in 1.4% of low-
risk CHADS subjects and 1.8% of SPAF low-risk subjects. Also, where most interme-
diate-risk groups had an event rate around 3%, the intermediate- risk group using 
the Birmingham 2009 schema had only 1 event (0.6%). When expressed as a scoring 
system (Table 6), the Birmingham 2009 schema (with the CHA2DS2-VASc acronym) 
showed an increase in TE rate with increasing scores (P value for trend =.003); those 
with a score of 0 (i.e., low risk) had no TE events, whereas a score of 1 (i.e., inter-
mediate risk) had TE events in 0.6%. 
 
Table 6 - Stroke or Other TE at 1 Year Based on the 2009 Birmingham (CHA 2 DS 2 -VASc) Scoring System 

CHA 2 DS 2 -VASc 
Score 

No. Number of 
TE Events 

TE Rate During 1 y (95% CI) TE Rate During 1 y, Adjusted 
for Aspirin Prescription, a % 

0 103 0 0% (0–0) 0 
1 162 1 0.6% (0.0–3.4) 0.7 
2 184 3 1.6% (0.3–4.7) 1.9 
3 203 8 3.9% (1.7–7.6) 4.7 
4 208 4 1.9% (0.5–4.9) 2.3 
5 95 3 3.2% (0.7–9.0) 3.9 
6 57 2 3.6% (0.4–12.3) 4.5 
7 25 2 8.0% (1.0–26.0) 10.1 
8 9 1 11.1% (0.3–48.3) 14.2 
9 1 1 100% (2.5–100) 100 
Total 1,084 25 P Value for trend 0.003  

See Tables 1 and 2 for expansion of abbreviations. 
aTheoretical TE rates without therapy: corrected for the % of patients receiving aspirin within each group, 
assuming that aspirin provides a 22% reduction in TE risk, based on Hart et al.28 

 
A secondary analysis of a cohort of subjects who were not treated with anticoagula-
tion at baseline and at follow-up are presented in the online supplement, and ac-
cepting the caveat of lower study numbers, this does not substantially change our 
observations. 

DISCUSSION 

In this article, we have provided a validation for a novel risk factor-based approach 
to stroke risk stratification (Birmingham 2009), in comparison with other published 
schema, in a real world European cohort. This Birmingham 2009 schema considers 
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patients with a prior stroke/TIA or patients ≥75 years as high risk and as candidates 
for warfarin. Further- more, a combination of at least two risk factors from hyper-
tension, heart failure, diabetes, age 65 to 75, female gender, and vascular disease 
are also considered to be high risk; we provide strong evidence from the Euro Heart 
Survey for the addition of the latter two risk factors. To aid risk scoring, we also 
provide a risk score for the Birmingham 2009 schema, using the CHA2DS2-VASc ac-
ronym, with a clear increase in stroke risk with an increasing score, whereas those 
with a score of 0 to 1 (that is, low to moderate risk) had low event rates. We also 
confirm the results of recent comparisons5–9,14 showing a modest predictive value of 
older published stroke risk stratification schema for stroke and TE in patients with 
AF, but extend this work by showing the modest performance of the most recent 
ACC/AHA/ESC, ACCP, and NICE schemata. 

There is some justification for the addition of female gender, vascular disease, 
and age 65 to 74 years into the combination risk factor category. The impact of 
female gender on stroke and TE risk has recently been reviewed by us.15 Compared 
with men, women are more likely to suffer a TE event or ischemic stroke when not 
taking warfarin, but when they are prescribed warfarin they have comparable INR 
control, are not more likely to suffer a major bleed, and demonstrate a greater TE 
risk reduction.15 The impact of vascular disease, particularly myocardial infarction, 
on increasing TE risk in AF has also been systematically reviewed.16–19 Furthermore, 
the presence of AF in association with peripheral artery disease is associated with a 
substantial mortality and morbidity, and the impact of atherothrombotic disease is 
also clearly illustrated by the presence of complex aortic plaque on the descending 
aorta being an independent predictor for stroke and TE in AF.17,20 Last, stroke inci-
dence increases with advancing age, and in AF this is no exception. Given that age is 
not a yes/no effect on stroke, and that anticoagulation has marked benefit in elderly 
subjects2 our proposal is that age ≥75 years is a definitive (high) risk factor, and age 
65 to 74 plus one additional combination risk factor also merits anticoagulation, 
thus improving thromboprophylaxis for large absolute numbers of AF patients who 
would otherwise be at risk. Our proposal is supported by data that the relative is-
chemic stroke risk reduction of antiplatelet drugs decreases with aging, whereas 
oral anticoagulation maintains its preventive power.27 

The Framingham schema25 had the highest C-statistic (0.638) but is based on a 
complicated mathematical formula and has not been incorporated into current 
treatment guidelines. In addition, it classified most patients of our cohort into low 
and moderate risk categories. Thus, many patients could have been denied VKA 
treatment on this basis, exposing them to the risk of stroke and TE. The AF Investi-
gators schema24 is based on the original (and now, historical) placebo-controlled 
trials of warfarin vs control, and again, represents historical interest given that many 
schema (e.g., Birmingham/NICE and CHADS2) have since evolved from this schema. 
Similarly, the SPAF risk stratification schema is of historical interest and the CHADS2 
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schema was an amalgamation of the AF Investigators and SPAF schema, but the 
SPAF schema was the only one to have previously included female gender as a risk 
factor.23 Since publication of the Stroke in AF Working Group analysis,5 the eighth 
ACCP guidelines have been published,10 and the current analysis provides a com-
parison of this against other schema. Because the eighth ACCP schema is broadly 
similar to the revised CHADS2 schema (score 1 as intermediate risk group), it is un-
surprising that the performance of this schema is comparable to CHADS2. 

The CHADS2 schema is widely used due to its simplicity and ease. The CHADS2 

schema has been validated in its classic form, and we are unaware of a formal vali-
dation or comparison against other published schema with its revised (0, 1, >1) 
form.9,26 As our analysis (and that of others5–9) has shown, the classic CHADS2 ver-
sion generated a large intermediate risk group (>60%) for whom it is unclear which 
treatment (warfarin or aspirin) to apply. The revised CHADS2 provided some im-
provement, with a low proportion classified as intermediate risk, but with the addi-
tion of vascular disease, female gender, or age 65 to 74 years to a risk factor-based 
schema (Birmingham 2009) there was further refinement of TE risk stratification for 
AF with an improved C-statistic. 

Current guidelines divide subjects into high-, intermediate-, and low-risk strata, 
but one advantage of a risk factor-based approach as proposed in the current analy-
sis is the possibility to state “consider anti- coagulation if AF present with one or 
more TE risk factors.” Indeed, the presence of one definitive factor merits oral anti-
coagulation with (for example) an oral VKA (to a target INR 2–3). Patients with two 
or more combination risk factors should all be considered for oral anticoagulation. 
Thus, those with one definitive factor or two or more combination risk factors rep-
resent the old-style high-risk category. The small group of patients with one combi-
nation risk factor (15% of this cohort) would represent the old-style intermediate- 
risk category and should be managed with antithrombotic therapy, either as oral 
anticoagulation therapy (e.g., VKA, target INR 2–3) or as aspirin 75 to 325 mg daily, 
although the recent ACCP guidelines suggest considering a VKA rather than aspirin if 
possible.10 In Figure 1, we propose a clinical flowchart, based on the Birmingham 
2009 schema. Our refined schema can thus be presented in three ways: (1) in a 
narrative manner (high risk is one definitive risk factor, or two or more combination 
risk factors), (2) scoring system (CHA2DS2-VASc score >2 is high risk), or (3) as a 
algorithm-based flow diagram. 

Where possible, patients at intermediate risk should be considered for oral an-
ticoagulation rather than aspirin, since undertreatment is more harmful than over-
treatment.28,29 Full discussion with the patient with one combination risk factor 
would enable agreement to use oral anticoagulation instead of aspirin to allow 
greater protection against ischemic stroke, especially if these patients value stroke 
prevention much more than the (theoretical) lower risk of hemorrhage with aspirin 
and the inconvenience of anti- coagulation monitoring.10 As mentioned, the BAFTA 



 34 

trial found no difference in major bleeding between warfarin (INR 2–3) and aspirin 
75 mg in an elderly AF population in primary care,2 and aspirin cannot be regarded 
as a much safer alternative to VKA. 
 

 
Figure 1 - Proposed clinical flowchart for the use of oral anticoagulation for stroke prevention in atrial
fibrillation. 

 
Patients with no risk factors are at low risk (essentially patients aged <65 years with 
lone AF, with none of the risk factors, whether high, moderate, or less validated), as 
confirmed by the absence of TE events in this group in our analysis, and can be 
managed with aspirin 75 to 325 mg daily or no anti- thrombotic therapy, given the 
limited data on the benefits of aspirin in this patient group (that is, lone AF) and the 
potential for adverse effects.3 Indeed, the 22% reduction in stroke risk with anti-
platelet therapy in the latest meta-analysis is largely driven by the SPAF-I clinical 
trial, in which internal inconsistencies in TE events with the aspirin vs. control arms 
are apparent.30 Also, it is likely that the magnitude of aspirin effect is related to the 
stroke prevention seen by giving antiplatelet therapy in patients with vascular dis-
ease.1,27,31 It is notable that if trials with aspirin alone (and not other antiplatelet 
drugs) are considered in the recent meta-analysis by Hart et al,28 the 95% confi-
dence intervals of the aspirin effect also include zero. Interestingly, more recent 
trials in vascular disease have not shown any significant benefit for aspirin in the 
primary prevention of vascular disease.32,33 

Hesitance to prescribe VKA to patients at high or intermediate risk is substan-
tially related to the need for monitoring VKA and the many interactions of food and 
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drugs with VKAs. These limitations can cause a patient to spend a low proportion of 
time within the therapeutic target INR range, which is associated with an increase 
TE risk.34 Implementation of methods shown to improve quality of VKA manage-
ment, such as an anticoagulation clinic, and the development of new oral anticoagu-
lants that can be given as a fixed dose with few food/drug interactions and no re-
quirement for monitoring, provide an opportunity for guidelines to adopt this risk 
factor-based approach to simply state “consider oral anticoagulation if AF is present 
with one or more TE risk factors” (i.e., CHA2DS2-VASc score of 1 or more). The Bir-
mingham 2009 schema also allows identification of a truly low-risk population, in 
whom no TE events were recorded in the low-risk subjects classified as no risk fac-
tors (i.e., CHA2DS2-VASc score = 0) and such patients may not need any antithrom-
botic therapy. 

This analysis is limited by its dependence upon a survey database, and although 
we have made efforts to ensure accurate coding and validation, all possible sources 
of bias and recording errors cannot be excluded. An important limitation is the ab-
sence of information on TE occurrence during 1 year for 31% of patients from the 
baseline survey. Also, we have based our primary analysis on 1,084 subjects who 
were not anticoagulated at baseline, but during the 1 year of follow-up, a small 
proportion (18%) were started on VKA, which could have influenced TE end points. 
However, confining our analysis to a secondary cohort of subjects who were not 
treated with anti- coagulation at baseline or during follow-up does not change our 
conclusions. Also, these analyses may have included some patients who were not 
started on VKA because of comorbidities, poor compliance (or inability to have ade-
quate monitoring), and/or intolerance of anticoagulation, and furthermore, the 
numbers of end points in this subset are much lower. We recognize our modest 
follow-up period (1 year) in a contemporary real life clinical practice survey, but 
follow-up durations in other analyses are only marginally better. For example, the 
(older) CHADS2 validation exercise only had an average of 1.25 years of follow-up.26 

In conclusion, our novel, simple stroke risk stratification schema, based on a risk 
factor approach, pro- vides some improvement in predictive value for TE over the 
CHADS2 schema, with low event rates in low risk subjects and the classification of 
only a small proportion of subjects into the intermediate risk category. This schema 
could improve our approach to stroke risk stratification in patients with AF. Ongoing 
validations of the Birmingham 2009 risk schema in other AF populations from dif-
ferent race/ethnic groups will confirm its true value. 
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CHA2DS2-VASc Risk Scheme Not Ready for Clinical Use 

To the Editor: 
 
In a recent issue of CHEST (February 2010), Lip et al1 assert that their “novel . . . 
schema could improve our approach to stroke risk stratification in patients with AF 
[atrial fibrillation].” We respectfully disagree because the following limitations, 
among others, substantially undercut this assertion: 
 
1. Most importantly, the scheme’s predictive ability was poor, with a C statistic of 

0.606. Although the authors suggest that their model was better than the wide-
ly used CHADS2 (an acronym for Congestive heart failure, Hypertension, Age 
≥75, Diabetes, prior Stroke/TIA (transient ischemic attack) scheme, they provide 
no evidence that the two were statistically significantly different. Indeed, in one 
analysis, the authors note that their scheme did not predict thromboembolism 
“better than chance.” The study’s clearest finding was that the Framingham 
scheme performed best in their limited cohort. 

2. Modern prognostic model building demands validation of the exact model to 
avoid deterioration in performance when used outside the original data.2 The 
authors claim that their study provides a validation for their Birmingham 2009 
scheme. However, we were unable to identify any formal validation of the 
model (e.g., through testing in an independent sample). The authors should 
make clear what they mean by validation. 

3. The statistical approach described in “Methods” was not followed in the analy-
ses. The “Methods” state, “Variables were removed stepwise from the model 
when the P value exceeded <10.” In the final model, six of the eight variables 
included did not meet the P <.10 criterion. 

4. The authors claim that a distinctive feature of their scoring system is that their 
low-risk patients sustained no strokes during follow-up. They report a rate of 0 
with a CI of (0–0). First, we note that this is an impossibly precise CI. The true 
upper bound actually includes stroke rates >3% per year. The low observed rate 
is largely the consequence of setting a very low threshold for categorizing pa-
tients as more than low risk. As a result, the scheme also categorizes 75% of 
their patients as high risk. It is particularly important to validate the perform-
ance of these thresholds since the threshold can be chosen post hoc. 

5. The Euro Heart Survey had limitations that could bias the reported analyses. 
Most importantly, follow-up for thromboembolism was missing for a substantial 
(31%) portion of the cohort. An earlier report from Euro Heart conceded that 
some patients might have been lost because of stroke events.3 
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In sum, we need better stroke-risk prediction schemes for patients with AF, but the 
analysis reported by Lip et al is too pre- mature for clinical application. 
 
Daniel E. Singer MD Boston MA, Margret C. Fang MD MPH, San Francisco CA, Alan S. 
Go MD Oakland, CA.  
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RESPONSE 

DOI: 10.1378/chest.10–0938 
 
To the Editor: 
 
Singer et al feel that the CHA2DS2-VASc (Cardiac failure or dysfunction, Hyperten-
sion, Age ≥75[Doubled], Diabetes, Stroke Doubled] - Vascular disease, Age 65–74 
and Sex category [Female]) (Birmingham 2009) schema is too premature for clinical 
application, but our schema is essentially an adaptation/refinement of the widely 
applied 2006 American College of Cardiology (ACC)/American Heart Association 
(AHA)/European Society of Cardiology (ESC) guidelines risk schema1 that takes into 
account recent research evidence. 

Recent schema largely incorporates the same risk factors, and small differences 
in C statistics are shown by us2 and Fang et al.3 Differences might only be statisti-
cally different when using a very large cohort, especially when correcting for multi-
ple comparisons. Our aim was to fine-tune risk stratification by adding evidence 
from our cohort (and other recent research) to current known-risk factors in a prac-
tically useful schema. The desirable large C statistic improvements might only be 
expected when making a schema substantially more complex or adding multiple 
biomarkers/genes. Although the Framingham score performed better than chance 
when (artificially) categorized into three risk strata, this schema requires a risk cal-
culator, categorizes many as low (48.3%) or intermediate (41.5%) risk, and is im-
practical for everyday use. 



 41 

We have “validated” the schema in the sense that we used a combination of the 
existing CHADS2 score added to gender, age 65 to 74 years, and vascular disease (all 
already listed in the 2006 ACC/AHA/ESC guidelines as “less validated” moderate risk 
factors). In keeping with new data, the CHA2DS2-VASc score recognizes the impor-
tance of age ≥75 years as a major risk factor. 

We stated that ongoing validations of the CHA2DS2-VASc score in other popula-
tions will confirm its true value, and one presented analysis in >80,000 atrial fibrilla-
tion (AF) patients confirms the usefulness of CHA2DS2-VASc.4 We initially used the 
stepwise approach to test which factors were significantly associated with throm-
boembolism in the Euro Heart Survey “derivation cohort,” which were gender and 
vascular disease. However, in the final analysis of the CHA2DS2-VASc score, we kept 
all risk factors in the model and reported their performance in Table 4 (no stepwise 
method was applied). 

We apologize for the typo in the 95% CI of (0–0) in Table 6; the correct 95% CI 
should read (0.0–3.5), which reflects the modest statistical power of our analysis. 
For everyday clinical use, it is still preferable to have a small intermediate-risk group 
(avoiding the “aspirin or warfarin” uncertainty) and to be better at filtering out the 
“truly low-risk” patients who will receive less benefit from antithrombotic therapy 
(with potential harm from bleeding). 

We have already acknowledged that a major limitation was the absence of in-
formation on thromboembolism for 31% of the patients, but a strength of our anal-
ysis was its prospective nature, which allowed better standardization of definitions 
and identification of events, compared with retrospective record linkage data. Pa-
tients lost to follow-up were more diseased and, if anything, we have probably un-
derestimated the overall thromboembolic event rate. 

Overall, a valuable risk stratification tool should have good predictive ability, be 
practically useful, and take into account acceptable absolute event rates and the net 
risk-benefit for linking risk scores to treatment recommendations. Regarding the 
last, most patients in randomized trials that show the efficacy of oral anticoagula-
tion have only one or two stroke risk factors, and in clinical practice, more of such 
patients are being considered for anticoagulant therapy. We feel the CHA2DS2-VASc 
score improves identification of “truly low-risk” patients, without increasing the 
“intermediate-risk” category (with the uncertainty of “warfarin or aspirin”), and will 
assist in delivering oral anticoagulation (especially with new agents on the horizon) 
to more patients with AF who are likely to benefit. 
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Obstructive Sleep Apnea Is a Risk Factor for Stroke and Atrial Fibrillation 

To the Editor: 
 
In a recent issue of CHEST (February 2010), the study by Lip et al.1 helps with the 
assessment of risk for stroke and thromboembolism in patients with atrial fibrilla-
tion (AF). Unfortunately, the Euro Heart Survey did not evaluate patients for ob-
structive sleep apnea (OSA), which we believe is a significant risk factor. 

OSA is believed to increase the risk of stroke through endothelial damage and 
hypercoagulability as well as to increase the risk of AF. OSA with an apnea-
hypopnea index (AHI) <5 is an independent risk factor for stroke, with a hazard ratio 
of 1.97 when adjusted for race, sex, smoking, alcohol use, BMI, diabetes, AF, hyper-
tension, and lipids.2 In a meta-analysis of studies on stroke and sleep apnea, we 
found that 72% of patients with stroke and transient ischemic attack (TIA) have OSA 
with an AHI <5, and 38% have OSA with an AHI <20.3 Further, we cite studies finding 
that treatment with continuous positive airway pressure (CPAP) reduces the rate of 
recurrent stroke and mortality in patients with OSA. 

Among the Sleep Heart Health Study cohort, 4.8% of patients with OSA (AHI <5) 
have AF compared with only 0.9% of patients without OSA.4 OSA increases the 12-
month recurrence of AF after cardioversion from 53% of patients without OSA to 
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82% of patients with untreated OSA vs. 42% of those treated with CPAP.5 OSA could 
increase the risk of paroxysmal AF. 

OSA is thought to predispose patients to AF because of effects on the parasym-
pathetic and sympathetic nervous systems that occur in the setting of hypoxemia, 
acidosis, apneas, and arousals. Additionally, mechanical effects of negative intratho-
racic pressure promote cardiac stretch, which may predispose arrhythmias through 
mechanical-electrical feedback mechanisms.4 

Given the increased risk of stroke and TIA in patients with AF and in patients 
with OSA, a strong case can be made that patients with both AF and OSA are at high 
risk and should receive oral anticoagulation for stroke prevention. Further studies 
are needed to better assess this risk. 
 
Karin G. Johnson, MD Springfield, MA Douglas C. Johnson, MD Boston, MA 
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RESPONSE 

To the Editor: 
 
Johnson and Johnson suggest the routine use of oral anticoagulation (OAC) in pa-
tients with both atrial fibrillation (AF) and obstructive sleep apnea (OSA) because 
they consider these patients to be at high risk for stroke. Although we lack data on 
OSA in the Euro Heart Survey on AF, the use of OAC in these patients is more likely 
to be highly prevalent, given the associated comorbidities, such as hypertension, in 
this population. Although the OSA-related pathophysiologic mechanisms pointed 
out by Johnson and Johnson might influence the risk of stroke, there is no evidence 
that OSA is an independent risk factor for stroke in AF. 
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In the article by Yaggi et al.,1 the hazard ratio of 1.97 does not hold true for OSA in 
relation to stroke but for the composite end point of stroke and death from any 
cause. Considering fatality was the major contributor of the combined end point, 
OSA was no longer a significant predictor of death as the single end point after cor-
rection for known confounders.1 

Emphasis should lie on the high prevalence of OSA in general and its coexis-
tence with underlying cardiovascular disease.2 Apart from OSA leading to hyperten-
sion3 no causal data exist; it is, therefore, much more likely that a “compromised” 
cardiovascular patient results in OSA than vice versa.4 Thus, the underlying cardio-
vascular conditions reflect the risk of stroke. 

The novel CHA2DS2-VASc score, a point-based acronym to assess stroke risk in 
patients with AF (consisting of congestive heart failure, hypertension, age ≥75 years 
[2 points], diabetes, stroke [2 points], vascular disease [coronary artery disease, 
peripheral vessel disease], age [65–74 years], and sex category [female]) takes the 
broad spectrum of cardiovascular disease and risk factors into account.5 As men-
tioned previously, considering the vast prevalence of under- lying heart disease 
among patients with AF6 and of OSA in cardio- vascular disease, patients are more 
likely to have an OAC-qualifying CHA2DS2-VASc score of ≥2, reducing the additive 
value of OSA in antithrombotic decision making in patients with AF to nil. 
 
Ron Pisters, MD Robby Nieuwlaat, PhD Maastricht, The Netherlands Deirdre A. Lane, 
PhD Birmingham, England Harry J. G. M. Crijns, MD Maastricht, The Netherlands 
Gregory Y. H. Lip, MD Birmingham, England 
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 47 

 

Chapter 2 
Clopidogrel plus Aspirin in Atrial Fibrillation 
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To the Editor:  
 
The investigators of ACTIVE (Atrial Fibrillation Clopidogrel Trial with Irbesartan for 
Prevention of Vascular Events) (May 14 issue)1 address the pivotal clinical question, 
“Will the addition of clopidogrel to aspirin reduce the risk of vascular events in high-
risk patients with atrial fibrillation for whom vitamin K antagonists are unsuitable?” 
The notion of the unsuitability of vitamin K antagonists warrants explanation, since 
the vast majority of patients in ACTIVE A (the part of the trial comparing clopidogrel 
plus aspirin with aspirin alone in patients with atrial fibrillation) did not have a risk 
factor for bleeding. Instead, “a physician’s judgment that a vitamin K antagonist was 
inappropriate for the patient” (for 50% of the patients) and “the patient’s prefer-
ence not to take a vitamin K antagonist” (26%) dominated enrollment. Unfortu-
nately, the authors do not provide a detailed explanation of the “physician’s judg-
ment” and “patient’s preference” designations.2 It is noteworthy that 8.5% of the 
patients were receiving vitamin K antagonists at inclusion, but this treatment was 
discontinued due to the unsuitability of these agents. Also, 10% of the patients 
switched to vitamin K antagonists during follow-up after discontinuing the study 
drug. Was this switch due to unreported stroke that occurred while the patient was 
receiving placebo or clopidogrel? In summary, the meaning of the unsuitability of 
vitamin K antagonists in ACTIVE A is unclear, and the article may cause physicians to 
avoid vitamin K antagonists inappropriately. 
 
Ron Pisters, M.D. Trang Dinh, M.D. Harry J. Crijns, M.D., Ph.D. 
 
1. The ACTIVE Investigators. Effect of clopidogrel added to as- pirin in patients with atrial fibrillation. N 

Engl J Med 2009;360: 2066–78.  
2. Nieuwlaat R, Capucci A, Lip GY, et al. Antithrombotic treat- ment in real-life atrial fibrillation pa-

tients: a report from the Euro Heart Survey on Atrial Fibrillation. Eur Heart J 2006;27:3018–26. 
 
The Authors Reply:  
 
Pisters et al. raise the issue of how physicians decide whether warfarin is un- suit-
able for patients with atrial fibrillation. As we pointed out in our article, only about 
50% of high-risk patients with atrial fibrillation receive warfarin. Many patients are 
unable or unwilling to make the considerable commitment required for safe war-
farin therapy. Many patients cannot take adjusted-dose warfarin because of a lack 
of access to good anticoagulation monitoring, be- cause of widely fluctuating or 
poorly controlled INRs, or because of other contraindications. Inter- national guide-
lines provide little specific guidance on how to assess the benefits and risks of war-
farin treatment, and physicians must use their clinical judgment, weighing many 
factors. 
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Chapter 3 
A Novel User-Friendly Score (HAS-BLED) to 
Assess 1-Year Risk of Major Bleeding in 
Patients with Atrial Fibrillation:  
The Euro Heart Survey 
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ABSTRACT 

Objective: Despite extensive use of oral anticoagulation (OAC) in patients with atrial 
fibrillation (AF) and the increased bleeding risk associated with such OAC use, no 
handy quantification tool for assessing this risk exists. We aimed to develop a prac-
tical risk score to estimate the 1-year risk for major bleeding (intracranial, hospitali-
zation, hemoglobin decrease .2 g/L, and/or transfusion) in a cohort of real-world 
patients with AF. 
Methods: Based on 3,978 patients in the Euro Heart Survey on AF with complete 
follow-up, all univariate bleeding risk factors in this cohort were used in a multivari-
ate analysis along with historical bleeding risk factors. A new bleeding risk score 
termed HAS-BLED (Hypertension, Abnormal renal/liver function, Stroke, Bleeding 
history or predisposition, Labile international normalized ratio, Elderly (. 65 years), 
Drugs/alcohol concomitantly) was calculated, incorporating risk factors from the 
derivation cohort. 
Results: Fifty-three (1.5%) major bleeds occurred during 1-year follow-up. The an-
nual bleeding rate increased with increasing risk factors. The predictive accuracy in 
the overall population using significant risk factors in the derivation cohort (C statis-
tic 0.72) was consistent when applied in several subgroups. Application of the new 
bleeding risk score (HAS-BLED) gave similar C statistics except where patients were 
receiving antiplatelet agents alone or no antithrombotic therapy, with C statistics of 
0.91 and 0.85, respectively. 
Conclusion: This simple, novel bleeding risk score (HAS-BLED) provides a practical 
tool to assess the individual bleeding risk of real-world patients with AF, potentially 
supporting clinical decision making regarding antithrombotic therapy in patients 
with AF. 
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INTRODUCTION 

Atrial fibrillation (AF) is associated with a well known increase in ischemic stroke 
risk,1 which is further increased by individual conditions such as heart failure, hyper-
tension, diabetes, and prior thromboembolism.2 Oral anticoagulation (OAC) dra-
matically reduces this risk3 and is therefore recommended in patients with AF at 
moderate-high risk of stroke and thromboembolism.4 The increasing incidence and 
prevalence of AF increases the likelihood of OAC use in the AF population, which is 
usually elderly, and comorbidities commonly coexist.5–7 Indeed, clinical decision 
making about whether or not OAC is justified based on stroke risk is supported by 
various practical stroke risk classification schema which incorporate known clinical 
risk factors.4,8 

However, stroke risk is also closely related to bleeding risk,9 and OAC prescrip-
tion needs to balance the benefit from stroke prevention against the risk from 
bleeding. Thus, there is often suboptimal implementation of thromboprophylaxis 
amongst AF patients,9,10 which may be partly due to the lack of a validated bleeding 
risk stratification schema that is user-friendly.11–13 This is further reflected by the 
absence of recommendations on bleeding risk assessment in current anti-
thrombotic guidelines for AF management.4,12 The available schemas estimating the 
risk of bleeding associated with use of OAC either do not focus on AF patients in 
particular,14,15 address a (very) specific subgroup among AF patients,16 or incorpo-
rate routinely unavailable risk factors which also overlap significantly with stroke 
risk factors.17 Furthermore, all published schema are based on ‘historic’ cohorts of 
patients and consequently may not reflect advancements in medical care over time 
(for example, OAC monitoring) and treatment of underlying heart disease.14–17 

Our aim was to develop a practical risk score to estimate the one-year risk of 
major bleeding (intracranial, hospitalization, hemoglobin drop >2g/L and/or transfu-
sion) in a contemporary, ‘real world’ cohort of AF patients. 

METHODS 

We used the large population database of the prospective Euro Heart Survey on AF, 
with data collected between 2003 and 2004. A detailed study outline of the Euro 
Heart Survey on AF at baseline5 and follow-up assessment18 has been previously 
described. In summary, 5,333 ambulatory and hospitalized AF patients from 182 
university, non- university, and specialized hospitals among 35 member countries of 
the European Society of Cardiology (ESC) were enrolled. Patients had to be 18 years 
or older and have an ECG or Holter proven diagnosis of AF during the qualifying 
admission or in the preceding year. A one year follow-up assessment was per-
formed to determine survival and major adverse cardiovascular events, such as 



 52 

major bleeding. Medical records and/or medical information systems were used to 
populate the dataset. 

We defined major bleeding as any bleeding requiring hospitalization and/or 
causing a decrease in hemoglobin level of more than 2 g/L and or requiring blood 
transfusion, which was not a hemorrhagic stroke. Hemorrhagic stroke was defined 
as a focal neurologic deficit of sudden onset, diagnosed by a neurologist, lasting 
longer than 24 hours and caused by bleeding. Presence of chronic dialysis or renal 
transplantation or serum creatinine ≥200μmol/L was classified as abnormal kidney 
function. Abnormal liver function was defined as chronic hepatic disease (e.g. cirrho-
sis) or biochemical evidence of significant hepatic derangement (e.g. bilirubin >2x 
upper limit of normal, in association with AST/ALT/ALP >3x upper limit normal, etc.). 
Finally, valvular heart disease was defined as the presence of any regurgitation or 
gradient over a valve with hemodynamic significance and/or related symptoms. 

Statistical analysis and design of a new bleeding risk score 

Data analysis was performed with SPSS (SPSS Inc., Version 16.0). The presence of 
any differences between the groups with and without a major bleeding during one 
year follow-up was tested by Fisher’s exact test for categorical variables and by 
independent samples T-test for continuous variables. 

All potential bleeding risk factors identified from the univariate analyses of the 
derivation cohort with a p-value <0.10 (age>65, female gender, diabetes mellitus, 
heart failure, chronic obstructive pulmonary disease, valvular heart disease (VHD), 
kidney failure, prior major bleeding episode and clopidogrel use), were used in the 
multivariate logistic regression analyses along with more ‘historical’ bleeding risk 
factors: OAC, alcohol use, and hypertension. We disregarded thyroid disease 
(p=0.039) because of difficulties with interpretation (only n=10 bleeding events) and 
this had not been identified as a bleeding risk in prior systematic reviews.11–13Given 
the persistent nature of the evidence of OAC, hypertension, age>65, renal failure, 
alcohol abuse and prior major bleed as bleeding risk factors, these variables were 
kept in the model at all times. The other, less strongly linked, variables were re-
moved stepwise from the model when the P-value exceeded 0.10. Variables with 
P<0.05 in the final model were considered to be significant contributors and were 
checked for interaction effects, which did not exist. 

In recognition of the limited number of major bleeds and relatively short follow-
up period in the Euro Heart Survey on AF, we also added consistent risk factors for 
major bleeding(stroke, alcohol use, systolic blood pressure >160mmHg, etc.) identi-
fied in recent systematic reviews11,13 to use the data from the derivation cohort to 
test a new bleeding risk score (HAS-BLED, see below) in final statistical model, ac-
cepting the lack of statistical significance of some variables in our derivation cohort. 
For each of the variables in the final model the regression coefficient, net odds ratio 
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(OR) and its 95% confidence interval (CI) and P-value are reported (Table 1). We 
then calculated the c- statistic as a measure of the predictive accuracy of the model 
incorporating bleeding risk factors from the derivation cohort (that is, prior major 
bleeding, age>65, clopidogrel use and kidney failure), where based on their respec-
tive multivariate regression coefficients, two points were awarded for prior major 
bleeding and one point for each of the other bleeding risk factors. In addition, we 
report the c-statistics in a subgroup analysis of individuals discharged with OAC 
monotherapy, OAC combined with an antiplatelet drug, an antiplatelet drug alone, 
or no antithrombotic therapy. 
 
Table 1 - Baseline characteristics* 

Characteristic Major bleeding 
(n=49) 

No major bleeding 
(n=1,087) 

P value 

Mean (SD) age, y  70.7 (6.4) 67.9 (8.5) 0.005 
Female 17 (34) 386 (36) 1.00 
Mean (SD) BMI, kg/m2 27.2 (4.1) 28.1 (4.5) 0.21 
Mean (SD) SBP, mmHg  136.9 (18.3) 139.5 (20.1) 0.37 
Current smoker 6 (12) 163 (15) 0.84 
Total AF history, days 
 Median 
 Interquartile range 

 
400 
183–1891 

 
506 
171–1618 

0.73 

Medical history    
Mean (SD) CHADS2 score 0.90 (1.12) 1.03 (1.01) 0.19 
Hypertension 14 (29) 402 (37) 0.29 
Coronary artery disease 8 (17) 181 (17) 1.00 
Diabetes mellitus 2 (4) 119 (11) 0.16 
Congestive heart failure 7 (14) 193 (18) 0.70 
Stroke/TIA 4 (8) 97 (9) 1.00 
Previous major bleeding 6 (12) 33 (3) 0.005 
Alcohol abuse  1 (2) 18 (2) 0.57 

Abbreviations: AF, atrial fibrillation; DBP, diastolic blood pressure; SBP, systolic blood pressure TIA, 
transient ischemic attack. CHADS2 : congestive heart failure, hypertension, age ≥75 years, previous stroke 
or transient ischemic attack (2 points). 
*Data are presented as No. (%) or unless otherwise specified. Fisher exact test for comparison of cate-
gorical outcomes and Unless otherwise specified Students t-test between two and three groups. 

 
A new bleeding risk score (acronym HAS-BLED: Hypertension, Abnormal renal/liver 
function, Stroke, Bleeding history or predisposition, Labile INR, Elderly (>65), 
Drugs/alcohol concomitantly) was calculated, incorporating risk factors from the 
derivation cohort as well as significant risk factors of major bleeding found in the 
literature from systematic reviews.11,13 HAS-BLED is an acronym for Hypertension 
[uncontrolled, >160 mmHg systolic), Abnormal renal/liver function (1 point for 
presence of renal or liver impairment, maximum 2 points), Stroke (previous history, 
particularly lacunar), Bleeding history or predisposition [anemia], Labile INR [i.e. 
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therapeutic time in range <60%], Elderly (>65 years), Drugs/alcohol concomitantly 
(antiplatelet agents, non- steroidal anti-inflammatory drugs; 1 point for drugs plus 1 
point for alcohol excess, maximum 2 points) as shown in Table 2. 
 
Table 2 - Uni- and multivariate analyses of risk factors of major bleeding 

 Event rate (%)     
 Risk factor present Univariate analysis Multivariate analysis 
Risk factor Yes No HR (95% CI) p value HR (95% CI) p value 
Previous major bleeding 15.4 3.9 4.36 (1.85–10.26) 0.001 4.70 (1.99–11.08) <.001 
Age ≥75 y 5.8 3.9 1.52 (0.81–2.87) 0.20 1.39 (0.72–2.68) 0.32 
Hypertension 3.4 4.9 0.68 (0.36–1.26) 0.22 0.72 (0.39–1.34) 0.30 
Alcohol abuse 5.3 4.3 1.26 (0.17–9.14) 0.82 1.70 (0.23–12.61) 0.60 
Renal dysfunction 8.3 4.2 1.97 (0.61–6.32) 0.26 2.21 (0.68–7.19) 0.19 
Congestive heart failure 3.5 4.5 0.80 (0.36–1.78) 0.59 0.83 (0.36–1.91) 0.67 
Female 4.2 4.4 0.98 (0.54–1.76) 0.95 1.10 (0.60–2.02) 0.76 
Previous stroke/TIA 4.0 4.3 0.91 (0.33–2.54) 0.86 0.94 (0.33–2.64) 0.91 
Smoking 3.6 4.4 0.81 (0.35–1.91) 0.63 0.80 (0.34–1.89) 0.62 
Aspirin use 5.3 4.3 1.21 (0.17–8.74) 0.85 1.32 (0.18–9.68) 0.79 
Diabetes mellitus 1.7 4.6 0.38 (0.09–1.55) 0.18 0.14 (0.08–1.40) 0.14 
Coronary artery disease 4.2 4.2 1.04 (0.49–2.21) 0.93 (0.44–2.10) 0.93 

 
In order to compare the predictive accuracy of our novel bleed risk score (HAS-
BLED) with the previously proposed HEMOR2RHAGES scheme, patients were classi-
fied accordingly17; however, we considered ‘uncontrolled’ hypertension to be >160 
mmHg systolic, a ‘history of malignancy’ to be similar to ‘current malignancy’ and 
we classified ≥8 units alcoholic consumption per week as ‘ethanol abuse’. Relevant 
genetic and laboratory data (required for calculation of the HEMOR2RHAGES sche-
ma), apart from serum creatinine, were not available for the Euro Heart Survey on 
AF cohort. 

RESULTS 

Of the 5272 AF patients in the Euro Heart Survey of AF who were discharged alive5, 
3456 (66%) patients without mitral valve stenosis or valvular surgery had one year 
follow-up status regarding major bleeding. The overall mean (SD) age was 66.8 
(12.8) years and the majority were male (59%). Fifty-three (1.5%) patients experi-
enced a major bleed during the first year, including 9 (17%) cases of intracerebral 
hemorrhage (ICH). The baseline demographic and clinical characteristics of the 3456 
patients are presented in Table 3. 
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Table 3 - Major bleeding rates by HAS-BLED score 

HAS-BLED score Patients with particular score* Number of major bleedings† 
0 218 (19.2) 8 (3.7) 
1 532 (46.8) 21 (3.9) 
2 324 (28.5) 15 (4.6) 
3 51 (4.49) 4 (7.8) 
4 10 (0.9) 1 (10.0) 
5 1 (0.1) 0 (0) 
 C statistic=0.61; p value for trend 0.27 

Values are n (%). *Percentage of column total. †Percentage of row total. HAS-BLED: Hypertension, Ab-
normal Renal/Liver Function, Stroke, Bleeding History or Predisposition, Labile INR, Elderly, 
Drugs/Alcohol Concomitantly 

 
Of all discharged patients, 2242 (64.8%) were on OAC (286 (12.8%) of whom also 
received aspirin and/or clopidogrel), 828 (24.0%) received antiplatelet therapy 
alone (aspirin and/or clopidogrel) and 352 (10.2%) received no antithrombotic ther-
apy. The distribution of the risk factors for major bleeding within one year among 
the different antithrombotic treatment regimens in the derivation cohort is de-
picted in Table 4. The risk of major bleeding within one year in AF patients in the 
Euro Heart Survey determined by the novel bleeding risk score, HAS-BLED, is shown 
in Table 5. The annual bleeding rate increased with the addition of each risk factor 
from the derivation cohort (Table 5). 
 
Table 4 - Risk factors for major bleeding according to the HAS-BLED score 

   Major 
bleeding

 Univariate 
analyses 

 Multivariate 
analyses 

 

Risk factor RACE I/II 
cohort definition 

RF+  RF+ RF- HR (95% CI) P 
value

HR (95% CI) P 
value 

Hypertension SBP>160 mmHg at 
entry 

133 (11.7) 5 (3.8) 44 (4.4)     

Abnormal 
renal function 

Serum creatinine 
>200 or dialysis 

36 (3.2) 3 (8.3) 46 (4.2)     

Stroke Yes/no 27 (2.4) 0 (0) 49 (4.4)     
Bleeding 
predisposition 

Prior major bleed-
ing/anemia 

56 (4.9) 6 (10.7) 43 (4.0)     

Labile INR TTR <60% 353 (31.3) 15 (4.2) 34 (4.3)     
Elderly >65 years at entry 

>75 years at entry 
735 (64.7) 
224 (19.7) 

36 (4.9) 
13 (5.8) 

13 (3.2)
36 (3.9)

    

Drugs Aspirin use 
Alcohol >8U/week 

19 (1.7) 
19 (1.7) 

1 (5.3) 
1 (5.3) 

48 (4.3)
48 (4.3)
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Table 5 - Predictive value of contemporary bleeding risk schemas in patients on oral anticoagulation 

Bleeding risk score (Ref. #) Low Moderate High C-statistic (95% CI) 
HAS-BLED 
 % in risk category 
 Bleeding events, n (%) 

 
218 (19.2) 

 
856 (75.4) 

 
62 (5.5) 

 
0.61 (0.53–0.68) 

Shireman et al. 
 % in risk category 
 Bleeding events, n (%) 

 
1069 (94.1) 

 
66 (5.8) 

 
1 (0.1) 

 
0.68 (0.60–0.75) 

HEMORR2HAGES 
 % in risk category 
 Bleeding events, n (%) 

 
1032 (90.8) 

 
98 (8.6) 

 
6 (0.5) 

 
0.62 (0.53–0.70) 

Beyth 
 % in risk category 
 Bleeding events, n (%) 

 
361 (31.8) 

 
771 (67.9) 

 
4 (0.4) 

 
0.59 (0.52–0.67) 

Kuijer 
 % in risk category 
 Bleeding events, n (%) 

 
162 (14.3) 

 
941 (82.8) 

 
33 (2.9) 

 
0.58 (0.50–0.66) 

 
The corresponding unadjusted bleeding rates in patients with OAC, antiplatelet 
therapy alone, or no antithrombotic treatment were 1.75, 0.97, and 1.42 bleeds per 
100 patient years, respectively. The predictive accuracy in the overall population 
using significant risk factors in the derivation cohort (c-statistic 0.72) was consistent 
when applied in several subgroups, as shown in Table 6. Application of the new 
bleeding risk score (HAS-BLED) gave similar c-statistics to that derived in the deriva-
tion cohort overall (0.72), or when patients were established on OAC at baseline 
(0.69) or where patients were on ‘OAC plus antiplatelet therapy’ at baseline (0,78). 
HAS-BLED substantially improved the predictive accuracy of bleeding risk where AF 
patients were receiving antiplatelet therapy alone or in those who were not on 
antithrombotic therapy at all (with c-statistics of 0.91 and 0.85, respectively). The 
HEMOR2RHAGES bleeding scheme had a lower predictive accuracy compared to the 
new HAS-BLED score, overall or in relation to antithrombotic therapy use, except in 
the ‘OAC plus antiplatelet therapy’ subgroup (Table 6). 

Of all the 33 bleeding events in patients discharged with OAC because of a 
CHADS2 score≥1, 4 (12%) patients had a HAS-BLED-based bleeding risk that out-
weighed their individual stroke risk. Conversely, of all 1580 patients discharged with 
OAC because of a CHADS2 score≥1 who did not suffer a major bleed within one year, 
only 34 (2.2 %) had a HAS-BLED-based bleeding risk that outweighed their individual 
stroke risk. Of all 21 patients with a CHADS2 score≥1 discharged without OAC who 
suffered a stroke within one year of follow-up, only one had a HAS-BLED score out-
weighing the individual stroke risk. Of the CHADS2 score ≥1 patients discharged 
without OAC with a higher HAS-BLED bleeding risk score, all three patients suffered 
a major bleed. 
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Table 6 - Predictive power of the bleeding risk scores used to assess risk of major bleeding within one 
year in atrial fibrillation patients 

Antithrombotic treatment Bleeding risk score N C-statistic (CI) 
Overall group Derivation cohort* 3381 0.72 (0.64-0.79) 
 HAS-BLED** 3071 0.72 (0.65-0.79) 
 HEMORRHAGES*** 3040 0.66 (0.57-0.74) 
Oral anticoagulation alone Derivation cohort* 1947 0.68 (0.58-0.78) 
 HAS-BLED** 1722 0.69 (0.59-0.80) 
 HEMORRHAGES*** 1706 0.64 (0.53-0.75) 
OAC + antiplatelet therapy Derivation cohort* 240 0.80 (0.68-0.93) 
 HAS-BLED** 239 0.78 (0.65-0.91) 
 HEMORRHAGES*** 235 0.83 (0.74-0.91) 
Antiplatelet therapy alone Derivation cohort* 788 0.74 (0.52-0.97) 
 HAS-BLED** 753 0.91 (0.83-1.00) 
 HEMORRHAGES*** 728 0.83 (0.68-0.98) 
No antithrombotic therapy Derivation cohort* 348 0.75 (0.51-0.99) 
 HAS-BLED** 315 0.85 (0.00-1.00) 
 HEMORRHAGES*** 311 0.81 (0.00-1.00) 

N, number of patients included in analysis; CI, confidence interval; OAC, oral anticoagulation). 
*Derivation cohort risk factors: Bleeding history, Age>65 years, Clopidogrel use and Kidney failure 
**HAS-BLED, acronym: Hypertension [uncontrolled, >160 mmHg systolic), Abnormal renal/liver function, 
Stroke, Bleeding history or predisposition [anemia], Labile INR [i.e. therapeutic time in range <60%], 
Elderly (>65 years) and Drugs/alcohol concomitantly [antiplatelet agents, non-steroidal anti-
inflammatory drugs; 
***HEMOR2RHAGES, acronym: Hepatic or renal disease, Ethanol abuse, Malignancy, Older age (>75years), 
Re-bleeding, Reduced platelet count or function, Hypertension (uncontrolled), Anemia, Genetic factors, 
Excessive fall risk and Stroke. 
[NB. Classifying bleeding risk by antithrombotic therapy use with the HEMOR2RHAGES model resulted in 
mean scores of 1.17, 1.17, 1.31, 1.24 and 1.07, respectively.] 

DISCUSSION 

Using a derivation cohort based on the large, ‘real-world’ population of the Euro 
Heart Survey on AF, we identified four independent risk factors of major bleeding 
within one year (prior major bleeding, age>65, clopidogrel use and kidney failure). 
Incorporating these risk factors with other established risk factors from systematic 
reviews and multivariate analyses,11,13,19 we developed and tested a novel, user-
friendly bleeding risk score, HAS-BLED, which demonstrated a good predictive accu-
racy in the overall Euro Heart survey cohort (c-statistic 0.72) but performed particu-
larly well in predicting bleeding risk where antiplatelet therapy was used alone (c-
statistic 0.91), or no antithrombotic therapy at all (c-statistic 0.85). Assessment of 
both stroke and bleeding risk using the CHADS2 and HAS-BLED schemas, respec-
tively, in the Euro Heart Survey on AF population would have resulted in withhold-
ing OAC therapy in 12% of the patients who suffered a major bleeding within one 
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year and the initiation of OAC in 95% of the patients at high risk for stroke who were 
discharged without OAC and had suffered a stroke within one year. 

With the previously published HEMOR2RHAGES schema17 and others,11,19 the 
concept of a risk score for major bleeding in AF patients is not new. However, our 
novel proposed HAS-BLED score has several key advantages over the above-
mentioned bleeding risk stratification method. First, the shorter acronym means 
that physicians have less risk factors to memorize when using the HAS-BLED score, 
thereby increasing the user- friendliness and subsequent clinical application. Fur-
ther, in contrast to certain risk factors incorporated into the HEMOR2RHAGES score 
which require laboratory parameters or even genetic testing17, all risk factors of the 
HAS-BLED score are either readily available from the clinical medical history or rou-
tinely tested in (new) AF patients. This characteristic strongly supports its use in all 
health care settings and is another significant contributor to its superior user-
friendliness. Because less does not necessarily mean more, it is important to note 
that the predictive accuracy of the HAS-BLED score is broadly similar when com-
pared to the HEMOR2RHAGES model in the overall population (c- statistic of 0.72 vs. 
0.66, respectively).17 However, the HAS-BLED score was particularly useful when 
antiplatelet therapy was used alone or no antithrombotic therapy used at all (c-
statistics of 0.91 and 0.85, respectively). Whilst the HAS-BLED score and the HEM-
OR2RHAGES model were broadly similar in subjects who were not taking antithrom-
botic therapy at baseline (c-statistics of 0.85 vs. 0.81, respectively), the HAS- BLED 
score is simpler. This score would be particularly useful in everyday clinical practice, 
when making decisions on whether OAC can be initiated in a newly diagnosed AF 
patient who is not taking any antithrombotic therapy12, or where antiplatelet ther-
apy (or NSAIDs) use is being considered, for example, in the setting or coronary 
artery disease.20 

As mentioned previously, balancing the individual risk of bleeding and stroke is 
difficult21 but of the utmost importance to maximize appropriate antithrombotic 
therapy and minimize adverse events in AF patients, resulting in a net clinical bene-
fit for the treated patient. In daily clinical practice, the CHADS2 index8 is a widely 
used tool to stratify stroke risk in AF patients. For now, the HEMOR2RHAGES score is 
the only suitable counterpart available to assess the risk of bleeding.17 Closer ex-
amination of the risk factors comprising the CHADS2 and HEMOR2RHAGES schemas, 
reveals an extensive overlap between risk factors for bleeding and stroke, which has 
obvious drawbacks.8,17 Indeed, the patients at highest stroke and thromboembolic 
risk are – paradoxically - more likely to sustain bleeding complications. This may 
lead to confusion when trying to decide on the most appropriate antithrombotic 
regimen, to balance the risks of bleeding against the risk of stroke, thereby limiting 
the applicability of such schemas. 

The ‘trade off’ in terms of the benefits and risks of OAC using the CHADS2 index 
and HAS-BLED score demonstrates that in the vast majority of AF patients who re-
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quire OAC (CHADS2 index ≥2) the risk of bleeding outweighs the potential benefit of 
OAC if the HAS-BLED bleed score exceeds the individual CHADS2 index. In case of a 
CHADS2 score of 1 the HAS-BLED score must exceed two for the potential harm 
caused by OAC use to offset its beneficial effect on stroke risk reduction. Appropri-
ate use of this practical ‘rule’ in the Euro Heart Survey on AF population could have 
prevented more than one out of every ten (4/33) of the major bleeds. However, 
34/1580 (2.2%) of the patients with a CHADS2 score≥1 discharged with OAC who did 
not suffer a major bleed within one year would have been denied OAC because of a 
HAS-BLED bleed risk outweighing their stroke risk. 

The potential impact on current clinical practice of the novel HAS-BLED score is 
underlined by the recently published Atrial Fibrillation Clopidogrel Trial with Irbesar-
tan for Prevention of Vascular Events (ACTIVE)-A trial.22 This large randomized clini-
cal trial was designed to compare the preventive effect on all cause vascular events 
of clopidogrel plus aspirin vs. aspirin alone in AF patients deemed unsuitable for 
OAC treatment. In half (n~3,500) of these AF patients with a high stroke risk, the 
most common applied classification was ‘unsuitable for OAC’, which was solely 
based on physician clinical judgment, without the presence of any predefined risk 
factor of bleeding or other objective risk scoring. Perhaps this reflects physician’s 
uncertainty about what to consider as true risk factors of bleeding and their fear of 
potential iatrogenic harm caused by OAC use. 

Given the recent promising results of the RE-LY trial23, patients assessed as be-
ing at higher bleeding risk using the novel HAS-BLED score could be prescribed the 
lower dose (110mg bid) of the oral direct thrombin inhibitor, dabigatran, which 
demonstrated a significant reduction in major bleeding compared to warfarin, with 
a similar stroke risk reduction to warfarin, whilst those at lower bleeding risk could 
be prescribed dabigatran 150mg bid which offers superior efficacy but with a similar 
major bleeding risk to warfarin24. Further, the HAS-BLED score could also be used to 
identify patients who may benefit from a left atrial appendage occlusion device25, 
i.e. patients at high risk of ischemic stroke who have such an increased risk of bleed-
ing that OAC is contraindicated. Thus, future clinical decisions by physicians deciding 
on initiating OAC (whether with the VKAs or new oral anticoagulants, such as dabi-
gatran) in an AF patient could use the HAS-BLED score to assess the potential bleed-
ing risk and feel more confident in prescribing OAC where appropriate or refer for 
implantation of a left atrial appendage occlusion device. Indeed, bleeding risk scores 
should also be validated in dabigatran treated patients, as well as those being con-
sidered for left atrial appendage occlusion devices. 

LIMITATIONS 

The HAS-BLED score need to be validated in at least one other large contemporary 
cohort of AF patients before it can be widely implemented into daily practice. Po-
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tential selection bias might have occurred because of 25% missing data regarding 
the occurrence of major bleeding during the follow-up period. Patients who were 
lost to follow-up were likely to have been more comorbidities and transferred to 
nursing homes or even deceased, which might have led to underestimation of the 
overall bleeding rate. Also, we recognize that the limited number of major bleeds 
and the relatively short follow-up period make it possible that other important risk 
factors for bleeding were not identified. Indeed, bleeding may occur following 
changes to warfarin (e.g. for surgery or interventions such as pacemaker implant, 
etc.) with institution of ‘bridging’ therapy with low molecular heparin. We also did 
not consider thyroid disease in our model, as this had not been identified as a 
bleeding risk in prior systematic reviews11–13; however, some pathophysiological 
plausibility is possible, since hypothyroidism has been described to cause acquired 
von Willebrand disease associated with low Factor VIII levels and platelet dysfunc-
tion26. Of note, there is an improved predictive power of the HAS-BLED score over 
the HEMOR2RHAGES score in patients treated with antiplatelet therapy (or NSAIDs) 
or no antithrombotic therapy at all (Table 6). 

The risk of major bleeding (especially intracranial hemorrhage) is increased with 
advanced age26,7,28. Of note, the risk of major hemorrhage can be similar amongst 
elderly patients receiving warfarin and aspirin29. The relatively small numbers of 
bleeding events and the modest size of the very elderly in our cohort makes it ra-
ther difficult to draw too many firm conclusions by introducing different weights to 
different age categories (e.g. 1 point for age 65–74, 2 points for age 75–84, 3 points 
for age≥85, etc.), as well as introducing additional complexity to our simple HAS-
BLED scoring system. Also, age is a continuous (rather than categorized) risk for 
bleeding (as well as stroke). It must be stressed that in many instances, bleeding risk 
amongst the elderly is multifactorial30 and is often the result of associated comor-
bidities, high anticoagulation intensity and labile INRs in this population11–13. The 
HAS-BLED score already takes some of these aspects into account, allowing cumula-
tive assessment of risk factors for bleeding. In the present analysis, the HAS-BLED 
score already outperforms the HEMOR2RHAGES bleeding scheme, which was an 
attempt by Gage et al.17 to have a ‘simple’ method of bleeding assessment. Future 
validation and refinement of HAS- BLED amongst a huge elderly AF population with 
prolonged follow-up may address the issue of age as a continuous variable for 
bleeding risk. 

Finally, data about INR control are obviously not available when having to de-
cide on starting OAC for the first time in a patient. When on OAC, the INR is often 
elevated at the time of admission for a bleeding event, but it is unknown which 
measure of INR control best predicts bleeding in such a manner that clinical action 
could prevent the bleeding. We did not include actual INR values during follow-up, 
but acknowledge its importance as risk factor of bleeding.19 Of note, the current 
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alternative (HEMOR2RHAGES model) was also developed without the availability of 
INR values.17 

CONCLUSION 

We propose a novel bleeding risk score, HAS-BLED, which provides an easy, practical 
tool to assess the individual bleeding risk of AF patients, potentially supporting clini-
cal decision-making regarding antithrombotic therapy for stroke prevention. 
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Balancing the Risk of Hemorrhage vs Thromboembolism in Patients With 
Atrial Fibrillation : How To Navigate Between Scylla and Charybdis? 

Giuseppe Boriani, Igor Diemberger, Mauro Biffi and Cristian Martignani 
Chest 2010;138;1032–1033 DOI 10.1378/chest.10–0808 
 
According to mythology, Scylla and Charybdis were two sea monsters placed on 
opposite sides of the Strait of Messina, between Calabria and Sicily in Italy. Sailors’ 
navigation was extremely difficult since these monsters were very close to each 
other and attempts to avoid Scylla implied passing very closely to Charybdis and vice 
versa. This imaginary scenario well depicts the difficulties that a practicing physician 
may encounter when deciding on the intriguing trade-off between benefits and risks 
of antithrombotic prophylaxis in the challenging and complex setting of “real- 
world” patients affected by nonvalvular atrial fibrillation (AF).1 

In this issue of CHEST (see page 1093), Pisters et al.2 report on the development 
of a novel, easy, and practical risk score to estimate the 1-year risk for major bleed-
ing, which uses the acronym HAS-BLED (Hyper- tension, Abnormal renal/liver func-
tion, Stroke, Bleeding history or predisposition, Labile international normalized 
ratio, Elderly (>65 years), Drugs/alcohol concomitantly). The authors tested this 
score (also called the Birmingham AF Bleeding Risk Schema) on a cohort of 3,678 
real-world patients enrolled in the Euro Heart Survey on AF. At discharge, around 
65% of patients were on oral anticoagulation (OAC) treatment (13% of them also 
taking aspirin and/or clopidogrel), 24% on antiplatelet therapy alone, and 10% 
without any antithrombotic therapy, with unadjusted bleeding rates of 1.75%, 
0.97%, and 1.42% per year, respectively. 

This study is particularly interesting because the risk of bleeding was assessed 
on real-world patients with AF included in a registry, thus in a much-less- selected 
population than that represented in randomized clinical trials on OACs, where, quite 
often, up to one-third of patients with AF were not enrolled, mainly because they 
were judged to be at high risk of bleeding.3 During treatment with OACs, the abso-
lute risk of major bleeding complications for patients followed by specialized anti-
coagulation services ranges from 0.32% to 2.1% per year, with a risk of fatal bleed-
ing ranging from 0% to 0.25% per year, and this implies that the risk of major bleed-
ing and the risk of intracranial hemorrhage are increased by 0.3% to 0.5% per year 
and by 0.2% per year, respectively, in comparison with controls.3,4 

However, these data cannot necessarily be extrapolated to real-world clinical 
practice, where patients’ care may be less accurate and rigorous.4 A series of bleed-
ing-risk stratification schemes have been previously developed and proposed to 
estimate the risk of major bleeding during OAC treatment,3,4 but most of them were 
not necessarily specific for patients with AF, were derived from historic cohorts 
without subsequent prospective validation, and did not appear to be user friend-
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ly.2–4 The study by Pisters et al2 indicates that a very simple risk score, HAS-BLED, is 
able to predict the bleeding risk with consistent accuracy, performing better than 
the more complicated HEMOR2RAGES (Hepatic or renal disease, Ethanol abuse, 
Malignancy, Older age [<75 years], Rebleeding, Reduced platelet count or function, 
Hypertension [uncontrolled], Anemia, Genetic factors, Excessive fall risk, and 
Stroke) scheme (which also requires genetic assessment4) when tested in the over-
all population and in all the subgroups of patients, apart from those receiving both 
OAC and antiplatelet treatments.2 

While the HAS-BLED score is a very simple and useful tool to be applied in daily 
practice, the article also stimulates questions about how to further improve our 
prediction of the risk of bleeding. In our view, and according to what the authors 
reported, assessment of the bleeding risk in the elderly will merit further evaluation. 
Indeed, the use of antithrombotic treatments in the elderly is quite problematic but 
relevant given the increasing prevalence of AF with age.1 However, biologic age is 
perhaps more relevant than chronologic age. For example, a frail 60-year-old pa-
tient with multiple comorbidities and polypharmacy would be at greater bleeding 
risk than a fit, healthy 90-year-old subject with no previous illnesses who still goes 
ballroom dancing. 

The risk of bleeding, and specifically the risk of intracranial hemorrhage, is par-
ticularly increased in the elderly.3–6 Whereas the prevalence of bleeding is reported 
to be 0.2% to 1.0% patient-years over- all among patients who are anticoagulated, 
this rate increases to 1.1% patient-years in patients aged ≥75 years.3 Fang et al.5 
reported an adjusted odds ratio of 2.5 for intracranial hemorrhage in patients aged 
≥85 vs. a reference group of patients aged 70 to 74 years. However, the risk of ma-
jor bleeding is not limited to use of OACs, since the occurrence of major hemor-
rhage may be similar with both warfarin or aspirin use.7 The relatively small num-
bers of bleeding events and the limited number of very elderly patients in the study 
by Pisters et al.2 suggest the need for collecting long-term data on larger popula-
tions of elderly patients with AF to assess how much the bleeding risk is increased at 
ages > 65 years, thus providing further tools for improving decision making in the 
elderly. Perhaps a future refinement of HAS-BLED would address this. 

A decision-making process based on balancing the individual risk of bleeding 
and the risk of stroke is difficult, and the risk factors for bleeding and stroke largely 
overlap. For example, a history of previous stroke is one of the determinants of the 
HAS-BLED risk score. The impact of bleeding in decision making is considerable be-
cause physicians are less likely to prescribe OACs to any patient after observing a 
case of major bleeding during treatment with these agents, but the same powerful 
influence does not appear to exist in the case of a thromboembolic stroke occurring 
in a patient without OAC prescription.8 Therefore, any method for predicting the 
risk of bleeding in an individual patient may be of special value.3 
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Now, how do we make decisions in balancing the risks of hemorrhage and throm-
boembolism? Stroke risk assessment is well served by many studies into stroke risk 
factors and the value of stroke risk stratification schema. Indeed, the same investi-
gators recently proposed the CHA2DS2-VASc (Congestive heart failure, Hyperten-
sion, Age ≥75 years, Diabetes mellitus, prior Stroke or transient ischemic attack, 
Vascular disease, Age 65–74 years, and Sex category [female]) score9 to improve 
identification of “truly low-risk” patients and to incorporate risk factors not included 
in the commonly used CHADS (Congestive heart failure, Stroke or transient ischemic 
attack) risk score. In our view, the availability of such simple stroke and bleeding-
risk assessments is the basis for helping to improve “personalized care,” but per-
haps should also take into account the balance between risks and benefits of all the 
available treatments, the patient’s context and comorbidities, the patient’s cogni-
tive state and likelihood of compliance to therapy, as well as the patient’s values 
and preferences, where the problematic trade-off of stroke vs. hemorrhagic risk 
may not coincide with the physician’s priorities.10 Thus, a dialogue between the 
patient, the patient’s relatives, and a physician well aware of the complexity of this 
problem and of the potential options appears to be mandatory for appropriately 
directing the helm between Scylla and Charybdis. 
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Assessing the Performance of the HAS-BLED Score 
Is the C Statistic Sufficient? 

To the Editor: 
 
I read with interest the article by Pisters et al.1 in CHEST (November 2010) that ad-
dresses the problem of major bleeding in patients with atrial fibrillation during 
treatment with oral anticoagulant drugs. The authors suggest a new user-friendly 
score in order to assess the risk of major bleeding and, possibly, to sup- port clinical 
decision making about antithrombotic therapy in patients with atrial fibrillation. 
They evaluated the predictive accuracy of the model by using the C statistic. Al-
though the C statistic should offer a simple and intuitive measure of the accuracy of 
predictions using a single test, several readers might not be so familiar with it. Con-
ventionally, the evaluation of a new scoring system is performed using calibration, 
discrimination and, to a lesser extent, classification measures (mainly sensitivity and 
specificity), and likelihood ratios.2–4 

The calibration is generally assessed with the Hosmer-Lemeshow goodness-of-
fit test,5 which is a summary measure of the model’s ability to predict outcome for 
groups of patients having different levels of risk. Patients are rank-ordered accord-
ing to outcome probability; they then are divided into deciles of risk. Expected and 
observed outcomes are compared within each decile of risk. The results of compari-
sons for each cell of the contingency table are summed, and that result is compared 
with the x2 distribution: P values larger than .05 demonstrate adequate model cali-
bration across the entire range of risks. 

On the other hand, discrimination is commonly evaluated using the area under 
the receiver operating characteristic curve.2–4 The area under the receiver operating 
characteristic curve summarizes in a single number the overall discrimination across 
the range of risks, independently of disease prevalence and without loss of informa-
tion due to the choice of a particular decision criterion, as happens for classification 
measures.2,3 The area can range from 0.5 to 1.0; 0.7 is considered the minimal value 
acceptable in the validation of a model. Finally, although the role of classification 
measures in the assessment of the performance of scoring systems has been ques-
tioned,2,3 most readers are familiar with these measures, particularly with sensitivity 
and specificity. In my opinion, such an interesting article could have benefited if the 
authors had reported in a table at least some of the above- mentioned time-
honored statistics, making easier the interpretation of the performance results of 
the model, as well as its comparison with other scoring systems. 
 
Ulisse Corbanese, MD Conegliano, Italy 
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RESPONSE 

To the Editor: 
 
Dr Corbanese raises the question as to whether the C statistic suffices as a compre-
hensible measure of predictive accuracy of our novel bleeding risk model, HAS-BLED 
(hypertension, abnormal renal/liver function, stroke, bleeding history or predisposi-
tion, labile international normalized ratio, elderly [>65 years], drugs/alcohol con-
comitantly). We acknowledge that the C statistic has its shortcomings, although it is 
used widely in many validation studies of risk-scoring systems. In addition, the 
moderate size of the Euro Heart Survey study population1 was reason not to apply 
the complex statistics proposed by Dr Corbanese in our analysis. 

However, in a recent second validation of HAS-BLED, Lip et al.2 tested the dif-
ferent statistical methods on the available bleeding risk models in a much larger 
clinical trial cohort (>7,000 patients). In this study, univariate Cox regression was 
used to estimate the hazard ratios and 95% CIs for individual risk factors, with major 
bleeding as the dependent variable. All potential risk factors investigated in the 
univariate analyses were included in the multivariate Cox regression analyses; only 
those variables with P values that remained significant at the 5% level in the pres-
ence of other selected variables were retained in the final model. Then, C statistics 
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were estimated to quantify the predictive accuracy of the risk schemes, with 95% 
CIs obtained by bootstrapping analyses. 

The Hosmer-Lemeshow test for calibration was also performed by Lip et al.2 in 
conjunction with all C statistics, and none of the P values was >.05 for any of the risk 
scores (i.e., lack of goodness of fit was not indicated). For HAS-BLED in particular, 
the P values were .24 for all patients and .13 for the warfarin patient cohort. Fur-
thermore, using multivariate Cox regression models, Lip et al.2 tested whether the 
HAS-BLED score added significantly to models already incorporating the four older 
scores, one at a time. In all four instances, HAS-BLED was associated with predictive 
improvement when inserted into models already incorporating the older scores. In 
contrast, none of the other four older scores added significantly when inserted one 
at a time into a model already including HAS-BLED. Thus, we hope we have clarified 
the interpretation of the predictive accuracy of the HAS-BLED model, as well as its 
comparison with the other bleeding risk models, in the second validation study, 
which had a much larger sample size and used other statistical methods beyond the 
C statistic,2 as suggested by Dr Corbanese. 
 
Ron Pisters, MD Maastricht, The Netherlands Deirdre A. Lane, PhD Birmingham, 
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The HAS-BLED Score and Renal Failure 

To the Editor: 
 
In a recent issue of CHEST (November 2010), Pisters et al.1 published an interesting 
work that establishes a score to assess 1-year risk of major bleeding in patients with 
atrial fibrillation. In this article, kidney failure (defined as the presence of chronic 
dialysis or renal transplantation or serum creatinine ≥200 mmol/L) is identified as a 
risk factor for major bleeding. The “Discussion” section of the article stated that in 
the vast majority of patients with atrial fibrillation who require oral anticoagulation 
(CHADS2 [congestive heart failure, hypertension, age .75 years, diabetes mellitus, 
previous stroke/transient ischemic attack (doubled)] index ≥2), the risk of bleeding 
outweighs the potential benefits of oral anticoagulation if the HAS-BLED (hyperten-
sion, abnormal renal/liver function, stroke, bleeding history or predisposition, labile 
international normalized ratio, elderly [>65 years], drugs/alcohol concomitantly) 
score exceeds the individual CHADS2 index. As such, a 75-year-old man with hyper-
tension and renal failure would have a CHADS2 index of 2 and HAS-BLED score of 3, 
and the oral anticoagulant treatment should be discouraged. We believe that this 
recommendation does not take into account the impact of renal failure on throm-
boembolism risk in patients with atrial fibrillation. In all trials in which the benefit of 
oral anticoagulant in the prevention of thromboembolism in atrial fibrillation was 
established, the patients with end-stage renal failure were excluded, and in the 
European Heart Survey on atrial fibrillation, renal failure was not evaluated as a risk 
factor for thromboembolism.2 However, in the ATRIA (Anticoagulation and Risk 
Factors in Atrial Fibrillation) study, chronic kidney disease increased the risk of 
thromboembolism in atrial fibrillation independently of other risk factors3; in addi-
tion to this, studies carried out in our institution show that the patients with end-
stage renal disease and atrial fibrillation have a very high rate of thromboem-
bolism.4,5 We believe that this excellent risk score should have considered that al-
though renal failure can increase the bleeding risk, it can also increase the risk of 
thromboembolism. 
 
Eduardo Vázquez, MD Carmen Sánchez-Perales, MD Jaén, Spain 
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RESPONSE 

To the Editor: 
 
We thank Vázquez and Sánchez-Perales for their interest into our recent article in 
CHEST (November 2010).1 First, we emphasize our mutual agreement on the impor-
tance of chronic kidney failure (defined as the presence of chronic dialysis or renal 
transplantation or serum creatinine ≥200 mmol/L) as a thromboembolic risk factor, 
as was highlighted in the article by Go et al.2 on the importance of decreased 
glomerular filtration rate and proteinuria as risk factors for stroke. 

However, patients with chronic kidney failure represent a difficult treatment 
problem. Not only are these patients at high risk of thromboembolism, but they are 
also at high risk of bleeding, myocardial infarction, vascular events, and all-cause 
mortality.3 That the Euro Heart Survey on atrial fibrillation (AF) did high- light the 
absence of definitive evidence on chronic kidney failure or proteinuria is a limita-
tion, as we did not have information on proteinuria in our survey. Nonetheless, 
patients with severe chronic kidney failure have not been adequately studied in 
clinical trials of stroke prevention in AF, and our proposal of using the HAS-BLED 
(Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predispo-
sition, Labile international normalized ratio, Elderly (> 65 years), Drugs/alcohol con-
comitantly) score was meant to provide a simple, user-friendly score for use in eve-
ryday clinical practice that would be applicable for the majority of patients with AF. 
Indeed, one could informally apply an unwritten rule for guideline writing, where 
any recommendations would need to be applicable for >80% of the time, in > 80% 
of the patient population.  Vasquez and Sánchez-Perales challenge our statement in 
the discussion where we discourage the use of oral anticoagulation if the HAS-BLED 
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score outweighs the CHADS2 (congestive heart failure, hypertension, age ≥75 years, 
diabetes mellitus, previous stroke/transient ischemic attack [doubled]) score.1 Bal-
ancing the risk of stroke and bleeding solely based on this simplistic subtraction is 
tricky and fails to take into account significant (and important) differences in mor-
bidity, mortality, and associated costs within the different types of major bleeding 
and compared with AF-related ischemic strokes. Indeed, a high HAS-BLED score is 
indicative of the need for caution and/or regular review of patients following the 
initiation of antithrombotic therapy, rather than the  complete nonuse of oral anti-
coagulation.4 Despite the awareness of the above-mentioned shortcomings  of our 
proposed “rule,” we strongly believe its use is justified. Compared with a scenario 
where no practical guidance on balancing stroke and bleeding risks in patients with 
AF is available, large numbers of patients are automatically deemed unsuitable for 
oral anticoagulation. Given that poor guideline adherence has a significant impact 
on adverse outcomes, undertreatment can be reduced by applying decision rules, at 
the cost of a few cases where oral anticoagulation may be withheld.1  With regard 
to the scenario illustrated by Vázquez and Sánchez- Perales of a 75-year-old man 
with renal failure and hypertension, a history of hypertension is less of a risk com-
pared with uncontrolled hypertension, in relation to bleeding.1 With the age of 75 
and the presence of renal failure scoring, the patient’s HAS-BLED score is 2. As his 
CHADS2 score is also 2, application of our rule in this specific case would actually 
favor the use of oral anticoagulation. Even if a particular patient has a HAS-BLED 
score of >3, this is an “alarm bell” for caution and a signal that correctable bleeding 
risk factors should be treated (e.g., cessation of concomitant aspirin use with oral 
anticoagulation, control of blood pressure, labile international normalized ratios, 
etc.) to lower the HAS-BLED score.4 
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ABSTRACT 

Aims: Despite the known increased stroke risk associated with AF and the benefit of 
oral anticoagulation (OAC) in high-risk patients, still ~20% of all ischaemic strokes 
are atrial fibrillation (AF) related. We aimed to evaluate the frequency of inappro-
priate anticoagulation in all patients admitted with AF associated ischaemic stroke 
and calculate the theore- tical number of preventable strokes in case of proper 
guideline adherence and assess secondary stroke prevention at discharge. 
Methods and results: In this cross-sectional study, all patients with ischaemic 
strokes admitted to our hospital during May 2003–August 2006 in whom the diag-
nosis AF was either known or established during hospital stay were identified. We 
studied if their admission and discharge antithrombotic therapy was in accordance 
with the published guidelines. Subsequently, we calculated the number of prevent-
able strokes in case AF patients would have received adequate antithrombotic 
treatment on admission. On admission, in 51% of the OAC eligible known AF pa-
tients the drug was withheld. Improved antithrombotic guideline adherence poten-
tially would have prevented 20 out of the 89 (22%) ischaemic strokes. At discharge 
at least 10% of the patients were still insufficiently protected against recurrent 
stroke. 
Conclusion: Many known AF patients admitted with ischaemic stroke lack adequate 
antithrombotic treatment on admission. Antithrombotic guideline adherence in 
these patients has the potential to prevent a substantial number strokes. Secondary 
stroke prevention at discharge is also suboptimal. 
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INTRODUCTION 

Atrial fibrillation (AF) is associated with an increased risk of ischaemic stroke and 
accounts for almost 20% of all ischaemic strokes.1 Stroke due to AF is often more 
severe and has a worse prognosis.2 

The risk of AF related stroke can be lowered with adequate antithrombotic 
therapy (ATT). Stroke prevention with aspirin in AF patients with a low thrombo-
embolic risk seems justified3, whereas in high-risk AF patients treatment with vita-
min K antagonists is superior to placebo and aspirin.4,5 Despite over- whelming evi-
dence antithrombotic guideline adherence in AF patients is suboptimal6,7 and treat-
ment is not at all tailored to risk score8,9 resulting in undertreatment in primary and 
secondary stroke prevention, both quantitatively and qualitatively.10 

However, mostly underuse of only oral anticoagulation (OAC) is considered in a 
numerical way without any indication of the associated clinical toll. Therefore, the 
aim of the present hospital based study among all admissions for AF related is-
chaemic strokes, is to assess primary and secondary quantitative antithrombotic 
under- treatment as a and estimate the possible decrease in numbers of strokes if 
antithrombotic guidelines are strictly applied. 

METHODS 

Patients 

In this retrospective cross-sectional study, we included all consecutive patients 
admitted with a (first) CT or MRI proven ischaemic stroke to our hospital during the 
period May 2003–August 2006 in whom the diagnosis AF was either known or newly 
detected during hospital stay. Patients were identified using the Maastricht Stroke 
Registry:11 a registry of all consecutive stroke admissions. 

We defined AF according the most recent guidelines as an episode of more than 
30 s where consistent P waves are substituted by fibrillatory waves together with an 
irregular, often rapid ventricular response when atrioventricular conduction is in 
tact.3 Patients without an AF history prior to admission but an ECG with AF during 
hospital stay were classified as ‘newly detected AF’. Patients with a history of AF 
were considered ‘known AF’ patients. All ECG’s retrieved from the hospitals elec-
tronic ECG database, were reviewed by two of us (R.P. and H.C.) to verify the diag-
nosis. 

Using hospital chart review we retrieved medical history, admission and dis-
charge medication. On the basis of medical history prior to the index stroke, the 
CHADS2 score was calculated.12 We use the phrase ‘virtual CHADS2 score’ to refer to 
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patients exhibiting associated diseases without the diagnosis AF (prior to the index 
stroke). 

The study was approved by the institutional review board at the University 
Maastricht Medical Centre. 

Admission guideline adherence assessment As the period of observation 
stretched from 2003 to 2006 we used the ACC/AHA/ESC 2001 guidelines for the 
management of patients with AF to classify patients accordingly as high, medium, or 
low risk.13 Guideline adherent ATT consisted of OAC in patients with at least one 
high-risk factor or more than one inter- mediate risk factor and aspirin in low-risk 
patients. We defined undertreatment in case high-risk AF patients were not using 
OAC and whenever low-risk AF patients did not use aspirin. 

We considered a documented history of malignancy or bleeding [gastro-
intestinal bleeding or intracranial haemorrhage (ICH)], severe kidney or liver dys-
function (glomerular filtration rate , 30 mL/min, aspartate transaminase and alanine 
transaminase more than three times the upper limit, respectively), alcohol abuse or 
non-compliance (e.g. unwilling or dementia) to be contra- indications for OAC. In 
these cases any regimen (OAC, aspirin or no antithrombotic medication) was con-
sidered guideline adherent irrespective of stroke risk. 

Discharge guideline adherence assessment Patients receiving OAC at discharge 
were considered to be treated according to the guidelines. In patients with either 
the above mentioned contraindications for the use of OAC, or a documented reason 
by the treating neurologist to withhold OAC (i.e. poor neurological outcome) any 
antithrombotic regimen was also considered guideline adherent. All other scenarios 
were classified as antithrombotic undertreatment. 

Calculation of the number of potential preventable ischaemic strokes 

Figure 1 displays the methods for calculating the theoretic number of preventable 
strokes with strict use of OAC. For example, assume that of 18 OAC eligible, AF re-
lated stroke patients six receive aspirin, four receive OAC, and eight receive no anti-
thrombotic medication. In theory, OAC prescription in this population could have 
prevented 6 × 0.40 1⁄4 2.4 strokes (benefit OAC vs. aspirin)5 plus 8 × 0.60 1⁄4 4.8 
strokes (benefit OAC vs. placebo),5 in total 7.2 strokes per year. On the basis of the 
deduced population we took the additional cases of OAC associated ICH (0.4%) into 
account,14 producing a net number of preventable strokes. 
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Figure 1 - Methods for calculating the theoretic number of preventable 
strokes with OAC; AF, atrial fibrillation; ASA, aspirin; ATT, antithrom-
botic therapy; OAC, oral anticoagulation. 

Statistical analysis 

Data analysis was performed with SPSS statistical software (release 15.0, SPSS Inc., 
Chicago, IL, USA). Results in Table 1 are reported as mean ± standard deviation for 
age and CHADS2 score and as proportion within the column for the remaining vari-
ables. When testing continuous variables for differences between two groups we 
used the t-test, for detecting differences between categorical variables the x2 statis-
tic was used. A P-value <0.05 was considered statistically significant. 

RESULTS 

Patient characteristics 

Of the 1120 stroke admissions, 163 (15%) were associated with AF, of which 89 
(55%) were known AF and 74 (45%) newly detected AF patients. In total, 138 pa-
tients (85%) were discharged alive and thus survived the index stroke. Baseline 
characteristics are shown in Table 1. The average CHADS2 score prior to the index 
stroke was 2.34 in the known AF patients and in the newly detected group 2.05. The 
CHADS2 score distribution is dis- played in Figure 2. Twelve of the known AF pa-
tients had a (relative) contraindication for OAC being either a history of malignancy 
(n=4, two patients with colorectal cancer, one patient with bladder cancer, and 
another with prostate cancer) or bleeding (n= 8). 
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Table I - Baseline characteristics of known and the newly detected atrial fibrillation patients admitted 
with a stroke 

Characteristic Known AF* (n=89) Newly detected AF (n=74) P value 
Age (yr) 80 ± 8 80 ± 9 0.881 
Female sex  48 (54) 48 (65) 0.158 
CHADS2

† score 2.3 ± 1.4 2.05 ± 1.27‡ 0.221 
 History of heart failure 13 (15) 6 (8) 0.209 
 History of hypertension  42 (48) 40 (55) 0.372 
 History of diabetes mellitus  19 (21) 11 (15) 0.306 
 History of ischemic stroke  26 (29) 15 (21) 0.207 
 History of transient ischemic attack  9 (10) 7 (10) 0.912 
Contra indications for oral anticoagulation    
 History of bleeding  8 (9) 2 (3) 0.100 
 History of malignancy  4 (5) 9 (12) 0.072 
Medication    
 Oral anticoagulation  24 (38) 0 (0) <0.001 
 Acetyl salicylic acid  33 (37) 28 (38) 0.760 
 Bèta blocker  45 (51) 32 (43) 0.544 
 RAS§ inhibitor  38 (42) 21 (28) 0.060 

Values are expressed as mean ± SD, % of patients per group or absolute numbers of patients (n). Analysis 
was by t-test and χ2 as appropriate. *AF, atrial fibrillation; †CHADS2, congestive heart failure, hyperten-
sion, age>75, diabetes mellitus and previous stroke / transient ischemic attack (doubled); ‡This figure 
represents the virtual CHADS2 score: patients exhibiting associated diseases without the diagnosis AF; 
RAS§, renin angiotensin aldosteron system. 

 

 
Figure 2 - CHADS2 score distribution before index stroke of the known and newly detected AF patients;
All values are expressed as % of patients. *CHADS2, congestive heart failure, hypertension, age, diabetes 
mellitus and previous stroke / transient ischemic attack (doubled) 
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Potentially preventable ischaemic strokes 

Prior to admission, a total of 45 out of the 89 patients (51%) with known AF were 
insufficiently protected against ischaemic stroke (Figure 3). In 41 (58%) of the high-
risk patients, OAC was unrightfully withheld, although 4 (67%)of the low-risk pa-
tients did not receive aspirin. 

The remaining 44 (49%) patients did receive guideline adherent ATT (Figure 3). 
Taking into account the extra cases of ICH caused by the use of OAC, the total net 
number of potentially preventable strokes with guideline adherent ATT in the 
known AF patients was 20 out of 89 (22%). 
 

 
Figure 3 - Admission antithrombotic medication in the known AF patients; Values are expressed as num-
ber of patients (n) or % of patients. OAC, oral anticoagulation. 
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Secondary stroke prevention 

Of all patients, survival status at discharge was missing in one case. We found no 
significant difference in the number of patients alive at discharge between the 
known AF patients and the newly detected AF group (83 vs. 87%, P = 0.664), nor 
between the undertreated and guideline adherently treated known AF patients (82 
vs. 84%, P = 0.852). 

At discharge OAC was prescribed to 84 (61%) patients. Of all 53 (39%) patients 
not receiving OAC, 10 had a (relative) contraindication for OAC: being a history of 
bleeding (n = 3) or malignancy (n = 5), one case of alcohol abuse and one patient 
with severe dementia. In the 43 patients who did not have any OAC contra- indica-
tion, the decision was motivated in 28 (65%) of the 43 patients. Poor neurological 
outcome was the main reason (n = 12), followed by excessive fall risk (n = 5), tem-
porary aspirin use to prevent hemorrhagic transformation (n = 3), recent bleeding (n 
= 3; haematuria, rectal blood loss, unspecified bleeding condition), and high age (n = 
2). High blood pressure, presence of retinopathy, and type A aortic dissection were 
reasons to withhold OAC in the remaining three patients. Taking all this into ac-
count, at discharge at least 15 (10%) patients were insufficiently protected against 
recurrent stroke. 

DISCUSSION 

We found more than 50% of the known AF patients admitted because of ischaemic 
stroke to have insufficient antithrombotic protection, with only 30 (42%) of the 
eligible high-risk AF patients receiving OAC. Theoretically, one-fifth of these strokes 
could have been prevented just by prescribing guideline adherent antithrombotic 
medication. Secondary stroke prevention is also suboptimal since at least 10% of 
the AF patients admitted with an ischaemic stroke leave the hospital insufficiently 
protected against recurrent stroke. 

The use of OAC as primary stroke prevention in our population of high-risk AF 
patients is in line with the recent report by Gladstone et al.10 Both are rather disap-
pointingly low compared with the 68% of AF patients receiving OAC in clinical prac-
tice reported by Nieuwlaat et al.7 and considering the trend of increased OAC pre-
scription.15,16 The high undertreatment is likely attributable to the advanced age of 
our population, which tends to discourage physicians to prescribe OAC. 

Potentially preventable strokes 

Antithrombotic undertreatment resulted in the highest absolute number of poten-
tially preventable ischaemic strokes in the CHADS2 score 1 group (data not shown). 
This represents the prevention paradox: despite the lowest relative ischaemic 
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stroke risk the majority of patients fall into the lower CHADS2 categories resulting in 
the highest absolute ischaemic stroke numbers. The latest, 2006, guidelines on the 
antithrombotic management of AF patients let patient and physician preference 
determine the use of either OAC or aspirin in the CHADS2 score 1 group3 whereas 
the 2001 version recommend OAC in these patients.13 Our findings question the 
switch to a less vigorous OAC regimen because seemingly low-risk patients actually 
appear to have such a high ischaemic stroke risk that aspirin does not provide suffi-
cient protection. This could in part be explained by the presence of other, currently 
infrequently used stroke risk increasing characteristics. The recent fine-tuning of the 
CHADS2 score by Lip et al.17 embodies this hypothesis. Beside re-evaluating age as a 
risk factor Lip et al.17 added female gender (Sc) and vascular disease (V) to the score, 
producing the acronym CHA2DS2- VASc. Compared with conventional stroke risk 
schema the CHA2DS2-VASc score proved to be superior in correctly identifying AF 
patients with a truly low stroke risk.17 Together with recent evidence that treatment 
of patients with a CHADS2 score of 1 with OAC relates to a significantly better prog-
nosis (combined end- point of stroke and all-cause mortality) compared with pa-
tients treated with only an antiplatelet agent18 and that the significant benefit of 
OAC in these individuals is offset by a limited increase in risk of bleeding19, advo-
cates use of OAC in this ‘grey area’. Finally, another opportunity to increase the 
potentially preventable strokes is hinted by the large number of stroke patients with 
heretofore undetected: AF screening programs. Particularly in individuals with a 
high ‘virtual’ CHA2DS2-VASc score, i.e. patients in whom the presence of AF necessi-
tates use of OAC, this might proof to be cost-effective on the long run. 

Antithrombotic guideline adherence at discharge Considering ischaemic stroke 
is a strong independent risk factor for recurrent ischaemic stroke20 it is disappoint-
ing to find at least 10% of patients insufficiently protected against recurrent stroke 
at discharge. This percentage might even be higher because of the 90% guideline-
treated patients only 59% actually received OAC (data not shown). In the remaining 
cases written documentation was provided why OAC was withheld. The validity of 
these reasons—as reported by the neurologists—could not be checked because of 
the retrospective nature of the study. However, based on evidence regarding risk of 
(intracerebral) bleeding in elderly AF patients on OAC21 and in patients with an ex-
cessive fall risk22,23 at least 6 (21%) of the motivations not to prescribe OAC can be 
considered invalid. 

Limitations 

First, we did not dispose of admission international normalized ratio (INR) values of 
the patients on OAC. This is a missed opportunity to study the importance of quali-
tative guideline deviance. In a similar setting Gladstone et al.10 recently revealed 
that 75% of the AF patients using OAC as primary stroke prevention had subthera-
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peutic INR values at the time of the stroke, making (widespread) qualitative under-
treatment among our population very likely. Another indication of subtherapeutic 
INR values on admission lies in the observed lack in survival difference of the index 
stroke between guideline adherent and undertreated patients, despite the known 
detrimental outcome of low INR values in this matter.24 However, our goal was to 
assess quantitative underuse of OAC. The probable presence of qualitative under-
treatment only increases the percentage of undertreated patients and the number 
of potentially preventable strokes, underlining the message that still a lot of gain in 
stroke prevention lies in correct use of available drugs. 

Secondly, the single, AF specialized university center nature makes extrapola-
tion of our results both within and beyond the Netherlands difficult. However, our 
findings are in line with the multi-center study of Gladstone et al.10 and the EXAM-
INE-AF study found similar antithrombotic prescription in AF patients among Dutch 
general practitioners, internists, and cardiologists.6 

Use of history of malignancy as risk factor of bleeding instead of active malig-
nancy potentially overestimates rightful withholding OAC and thus underestimates 
the number of potentially preventable strokes. 

CONCLUSIONS 

Inadequate antithrombotic guideline adherence in AF patients leads to an unac-
ceptably high annual number of potentially preventable strokes. Furthermore, even 
secondary prevention of AF related stroke at discharge is suboptimal. 
Conflict of interest: none declared. 
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Guidelines for antithrombotic therapy in atrial fibrillation: understanding 
the reasons for non- adherence and moving forwards with simplifying risk 
stratification for stroke and bleeding 
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This editorial refers to ‘The likelihood of decreasing strokes in atrial fibrillation pa-
tients by strict application of guidelines’ by R. Pisters et al., doi:10.1093/europace/ 
euq080 

Randomized trials in patients with atrial fibrillation (AF) have con- sistently 
demonstrated that compared with placebo, adjusted-dose vitamin K antagonists 
(VKAs) reduce the incidence of stroke by �65%, whereas antiplatelet agents reduce 
stroke by ~20%.1 Despite existing evidence and guidelines, several observational 
studies have demonstrated suboptimal use of oral anticoagulation in clinical prac-
tice. For example, the Euro Heart Survey in AF reported that although the applica-
tion rate of VKAs had generally improved, antithrombotic drug therapy was only 
modestly tailored to guidelines.2 Appreciation that adherence to guidelines is 
subop- timal is one thing; understanding the reasons for this situation and its con-
sequences and finally attempting at better adherence to guidelines are a different 
issue. 

In this issue of the Journal, Pisters et al.3 report that many patients with known 
AF admitted for ischaemic stroke to a university medical center did not receive 
adequate antithrombotic treatment on admission and 51% patients with known AF 
who were eligible for VKA did not actually receive it. Indeed, an improved anti-
thrombotic guideline adherence could have potentially pre- vented 22% of the is-
chaemic strokes. Moreover, at least 10% of patients at discharge were still insuffi-
ciently protected against recurrent stroke. 

These observations are even more alarming than those from the Euro Heart 
Survey on AF in whom participating centers chose to include or not their patients on 
an individual basis,2 thus resulting in a possible bias. Nevertheless, these findings 
represent a systematic analysis of a ‘real world’ cohort of patients. Additional analy-
ses of the factors leading to undertreatment would have been of interest, because 
the parameters associated with under- treatment may be broadly classified in two 
categories: those related to the patient and those (unfortunately) related to the 
physician. 
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Older age and renal failure are recognized risk factors for bleeding and are com-
monly associated with undertreatment.4,5 Patients whose only risk factor is their 
greater age are less often treated with anticoagulants and this reflects the contin-
ued reluctance to treat elderly patients with VKAs. The pattern of AF (permanent or 
non-permanent) and/or time spent in AF (or ‘AF burden’) should not influence the 
decision to prescribe an anticoagulant, in the presence of risk factors. However, it is 
not an uncommon finding that the prescription rates of VKAs are lower rate in par-
oxysmal compared with permanent AF, or in persistent AF once sinus rhythm has 
been achieved. Indeed, patients with permanent AF are more often treated with 
VKAs than those with paroxysmal AF,4,5 perhaps as a result of the erroneous belief 
that paroxysmal AF would lead to fewer embolic events. 

A take-home message from the paper by Pisters et al.3 is that almost 25% of 
strokes might have been prevented by guideline adherence. This finding is not the 
result of a direct comparison of two medical managements as in usual clinical re-
search, but an evaluation, based on what is known from medical literature, of what 
would have been the benefit with an appropriate management of the AF patients in 
whom the guidelines were not applied, while there was no reason not to apply 
them. Such a method remains somewhat speculative but should probably be used 
more often. The calculation of the benefit—a 65% reduction in risk of stroke if VKA 
was used instead of no antithrombotic agent and a 40% reduction in risk if VKA was 
used instead of an antiplatelet agent—might not be accurate for all subgroups of 
patients or on an individual basis. However, there is no reason to think it is an inap-
propriate viewpoint since the benefit of VKAs in terms of relative risk reduction is 
similar in the different groups of patients at low, medium, and high risk of throm-
boembolic events.6 It is possible that the benefit obtained with a better guideline 
adherence was rather underestimated in the work by Pisters et al.,3 since at least 
20% of the reasons not to prescribe VKA could be considered invalid. 

Interestingly, the AF patients who were classified as low risk of thromboem-
bolism accounted for a substantial part of the whole population with stroke. This 
observation does not support a less vigorous antithrombotic regimen in these seem-
ingly ‘low risk’ patients because their risk of ischaemic stroke is, in fact, high and 
aspirin does not provide a sufficient protection on a population basis. In patients 
with AF and a CHADS2 score of 1, a lower incidence of stroke and/or death from all 
causes has been found among patients treated with VKAs when compared with 
other patients.5,6 In contrast, prescription of an antiplatelet agent was not associ-
ated with a lower risk of events compared with no antithrombotic therapy.5 In most 
cases, an antiplatelet strategy runs a similar risk of major bleeding as oral anticoagu-
lant therapy, and it is also associated with a much lower benefit in reducing death 
and stroke. Such ‘not so low risk’ patients should be treated with oral anticoagulant 
whenever possible unless there is a high risk of haemorrhagic event. 



 93 

In patients with the CHADS2 score ≥2, anticoagulant should then systematically be 
prescribed. Even so, most published stroke risk stratification systems are of modest 
value in predicting patients at high risk of thromboembolism. A paradigm shift is 
needed in the primary prevention of stroke in AF, whereby identification of the ‘low 
risk’ category is improved so these patients should be truly low risk. This has been 
achieved with the CHA2DS2-VASc, [cardiac failure, hypertension, age ≥ 75 (doubled), 
diabetes, stroke (doubled)—vascular disease, age 65 – 74, and sex category (fe-
male)] schema, which is based on a point system in which two points are assigned 
for a history of stroke or TIA, or age ≥75 and one point each is assigned for age 65–
74 years, a history of hyper- tension, diabetes, recent cardiac failure, vascular dis-
ease [myocardial infarction, complex aortic plaque, and peripheral arterial disease 
(PAD), including prior revascularization, amputation due to PAD or angiographic 
evidence of PAD, etc], and female gender7 (Table 1). This schema improves on the 
CHADS2 schema, classifies a low proportion of subjects into the ‘moderate risk’ 
category, and helps better determine the truly ’low risk’ patients who have very low 
event rates and no need for anticoagulation. 

Nonetheless, most physicians seem more concerned with a greater risk of 
bleeding, whereas the patients’ major concern is thromboembolic stroke.8 Patients 
who are at high risk of stroke due to AF (i.e. those with a previous thromboembolic 
event) accept anticoagulation, despite its increased risk of bleeding, to avoid stroke. 
What is more concerning, is that higher thrombotic stroke risk, defined by CHADS2 
score, is also coupled with significant bleeding risk. 

Until recently, bleeding risk has been less well stratified due to the lack of avail-
able validated and user-friendly bleeding risk stratification systems. Indeed, a simple 
bleeding risk predictor schema would assist physicians in making decisions about 
commencing anticoagulation therapy. There are currently four published bleeding 
risk score systems (only two of which have been validated in AF populations) but 
their major drawback is that they have dissimilar characteristics and (sometimes) 
complex scoring systems, which hamper their usage in daily clinical practice.9 

Recently, a new simple bleeding risk score (acronym HAS-BLED: Hypertension, 
Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile INR, 
Elderly (>65), Drugs/ alcohol concomitantly) has been derived and validated in a 
European cohort10 (Table 1). Application of this new simple bleeding risk score (HAS-
BLED) gave similar c-statistics to other published schema in the overall cohort for 
major bleeding (0.72) but in some patient subgroups, who received antiplatelet 
agents alone or no antithrombotic therapy, there was even superior predictive abil-
ity for major bleeding (with c-statistics of 0.91 and 0.85, respectively). A HAS-BLED 
score of ≥3 indicates ‘high risk’ of bleeding and some caution (rather than contrain-
dication) is needed, following initiation of oral anticoagulation therapy or aspirin, 
given the same rates of major bleeding with the latter, especially in the elderly. 
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Table 1 - Stroke and bleeding risk assessment 

Letter Clinical characteristic Points awarded 
The CHA2DS2-VASc schema for 
stroke risk assessment 

  

C Congestive heart failure/LV dysfunction 1 
H Hypertension 1 
A Age ≥ 75 2 
D Diabetes mellitus 1 
S Stroke/TIA/TE 2 
V Vascular disease (prior myocardial infarction, 

peripheral artery disease, aortic 
plaque) 

1 

A Age 65–74 1 
Sc Sex category (i.e. Female gender) 1 
The HAS-BLED bleeding risk scorea   
H Hypertension 1 
A Abnormal renal and liver function (one point each) 1 or 2 
S Stroke 1 
B Bleeding 1 
L Labile INRs 1 
E Elderly (age .65) 1 
D Drugs or alcohol (one point each) 1 0r 2 
  Maximum nine 

points 

In patients with thyrotoxicosis, antithrombotic therapy should be chosen based on the presence of other 
stroke risk factors, as listed above. ‘Vascular disease’ refers to myocardial infarction, complex aortic 
plaque, and PAD, including prior revascularization, amputation due to PAD or angiographic evidence of 
PAD, etc. LV, left ventricular; TE, thromboembolic event; TIA, transient ischaemic attack. 
aHypertension is defined as systolic blood pressure >160 mmHg. Abnormal kidney function is defined as 
the presence of chronic dialysis or renal transplantation or serum creatinine ≥200 mmol/L. Abnormal 
liver function is defined as chronic hepatic disease (e.g. cirrhosis) or biochemical evidence of significant 
hepatic derangement (e.g. bilirubin >2X upper limit of normal, in association with AST/ALT/ALP >3X 
upper limit normal, etc). Bleeding refers to previous bleeding history and/or predisposition to bleeding, 
e.g. bleeding diathesis, anaemia, etc. Labile INRs refers to unstable/high INRs or poor time in therapeutic 
range (e.g. <60%). Drugs/alcohol use also refers to concomitant use of drugs, such as antiplatelet agents, 
non-steroidal anti-inflammatory drugs, etc. 

 
Clearly, the relationship between stroke and bleeding risks factors and thromboem-
bolic events and major bleeding now have to be examined prospectively in AF co-
hort. This will help to establish the best bleeding risk index and finally a unifying 
consensus on how to treat AF patients, particularly those with a relatively low risk of 
thromboembolic event. 

Given the availability of innovative oral anticoagulant drugs which may have a 
better stroke prevention effect than VKAs and a lower risk of bleeding,11 simplifica-
tion of the approach to stroke prevention is overdue. With the CHA2DS2-VASc score, 
those ≥2 are clearly high risk and should receive oral anticoagulation (whether with 
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a VKA or new agents, such as dabigatran), whereas those with a CHA2DS2-VASc 
score of 1 are at moderate risk and while ‘oral anticoagulation or aspirin’ is recom-
mended, oral anticoagulation is probably preferred.5 Finally, those with a CHA2DS2-
VASc score of 0 are so low risk that no antithrombotic therapy is a possible ap-
proach, given the lack of evidence for the effectiveness (and possible harm, from 
bleeding) with aspirin in these patients.12 This paradigm shift leads to a ‘yes/no’ 
approach for anticoagulation based on the CHA2DS2-VASc score, whereby a 
CHA2DS2-VASc score ≥1 means ‘prescribe oral anticoagulation’, whereas those at 
low risk (score = 0) may not need antithrombo- tic therapy. Such a simplification 
would improve guideline adherence and our approach to thromboprophylaxis in AF 
patients. 
 
Conflict of interest: none declared. 
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ABSTRACT 

Atrial fibrillation (AF) is the most common sustained arrhythmia of the Western 
world. The increased ischemic stroke risk of the AF patient is one of the most impor-
tant clinical issues to manage. Despite the well-known benefit of oral anticoagula-
tion in high- risk AF patients, these drugs are widely underused in daily practice all 
over the world. We describe old and new paradigms of the use of oral anticoagula-
tion. In the future, increased comprehensibility of stroke risk scores, development 
of a validated clinical bleed risk score, and new patient and physician user-friendly 
antithrombotic medication may contribute to improved adequate use of oral anti-
coagulation in AF patients. 
 
Keywords: Atrial fibrillation, oral anticoagulation, stroke prevention 
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INTRODUCTION 

Atrial fibrillation (AF) is independently associ- ated with an increased risk of stroke 
and systemic arterial occlusion.1 The stroke risk is also independent of the clinical AF 
type2–4 and believed to be mainly caused by thrombogenic remodeling of the atrial 
wall and stasis of blood in the atrium, in particular in the atrial appendage.5 In addi-
tion, large population studies demonstrate that concomitant cardiovascular disease 
make patients with AF more vulnerable for stroke.6 As a result, many of these high-
risk AF patients should receive oral anticoagulation, which reduces the risk of stroke 
with 60%.7 

Despite the overwhelming evidence on its superior stroke risk reduction, in clin-
ical practice, oral anti- coagulation is underused in high-risk patients.8–10 In this arti-
cle we report on clinical paradigms determining underuse of oral anticoagulation in 
AF and their potential clinical consequences. 

Use of oral anticoagulation 

Until the beginning of the 1990s, prescription of antithrombotic medication among 
AF patients was virtually restricted to those with a prosthetic heart valve, rheumatic 
heart disease, or a previous stroke.1 Then, the so-called big five clinical trials dem-
onstrated superiority of oral anticoagulation over aspirin and placebo as primary 
stroke prevention in high-risk AF patients.11–15 A few years later, the European Atrial 
Fibrillation Trial (EAFT) showed similar benefit of oral anticoagulation (OAC) in sec-
ondary stroke prevention.16 

The evidence just cited contributed to the emergence of many stroke risk classi-
fication schemes. Because risk classification depends on the scheme used,17 the 
proportion of patients classified as high, intermediate, or low risk varies per study. 
Focusing on reported percentages therefore harbors the inherent risk of overesti-
mating the accurate use of oral anticoagulation. With this in mind, we should con-
sider the reported use of OAC. The use of OAC ranged from 20 to 40% in the early 
1990s to 65% about 2005, increasing to 80% in some of the most recent surveys.18 
Nevertheless, recent studies report that even now significant numbers of high-risk 
AF patients are insufficiently protected against (recurrent) stroke.8,9 

Once AF is detected, physicians should consider antithrombotic treatment. Ra-
tional use of oral antico- agulation is enhanced by application of one or another 
stroke risk classification schemes. Over time, several risk schemes have been devel-
oped and validated in different settings, incorporating various known thromboem-
bolism (TE) risk factors.6,19–21 Recent reports underline that the plethora of schemes 
with all their inherent differences cause confusion and conflicting stroke risk classi-
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fication, and that this generates over- and under- use.17,22 In addition, old clinical 
paradigms preclude proper application of OAC in many cases.18 

Clinical Type of Atrial Fibrillation 

When assessing the need for antithrombotic treatment in AF patients, wrong as-
sumptions based on misconceptions play a role. For instance, the fact that AF pa-
tients have a fourfold increased stroke risk compared with patients in chronic sinus 
rhythm renders the presence of AF itself a risk factor for many clinicians. As a con-
sequence, the continuous presence of AF in permanent AF patients or, conversely, 
its predominant absence in infrequent paroxysmal AF is taken as a reason to install 
or avoid OAC, respectively. However, type of AF, actual presence or absence of AF, 
or burden of AF do not play a role in any of the risk schemes. The old clinical para-
digm is that paroxysmal AF because of the brevity of the attacks is not throm-
bogenic, whereas persistent and permanent are. This probably is the basis for in-
creased stroke rate, especially in paroxysmal AF patients under- going cardiover-
sion.3 Thus clinical AF type unfortunately has remained—up and until these days—a 
significant determinant for OAC prescription in clinical practice8,9 despite long avail-
able, convincing evidence,2 which was recently reinforced.3,4,23 

(Electrical) Cardioversion 

Another acting old paradigm, and a very appealing one, is that anticoagulation is 
indicated around electrical cardioversion because recovery of atrial contraction 
after electrical cardioversion of persistent AF may drive thrombus from the left 
atrial appendage to the systemic circulation. However, Virchow’s triad indicates that 
high flow—as seen with a well-contracting atrium—reduces risk of thrombus forma-
tion. Therefore, thrombogenic atrial wall remodeling and increased intravascular 
coagulation factors are most important in causing strokes after cardioversion rather 
than atrial contraction propelling thrombi from the appendage. In how far clinicians 
believe that the electrical countershock itself plays a role here because it might 
induce atrial stunning is uncertain. From the Euro Heart Survey on AF it appeared 
that OAC was considered less urgent around pharmacological cardioversion than 
around electrical cardioversion, certainly a concept that is not based on solid data. 
The stunning seen after electrical cardioversion (and which indeed may cause 
thrombi for lack of atrial contraction and intra-atrial flow) is due to AF-related 
thrombogenic remodeling of the atrial wall rather than the instantaneous action of 
the electrical energy itself. These new concepts need further substantiation before 
they will be accepted by the clinical community. 

Another strong but false paradigm is that cardioversion or catheter ablation 
may obviate the need for OAC. Indeed, the perspective of being able to stop OAC is 
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frequently used to convince patients to undergo these interventions. How incorrect 
this paradigm is was demonstrated by the large rhythm versus rate control studies 
showing that strokes—if anything—were more prevalent under rhythm control.24,25 
At this time it is uncertain whether effective means of rhythm control that main-
tains patients permanently in sinus rhythm would keep the stroke risk away. 
 

 
Figure 1 - Hypothetical relation between stroke risk and success rhythm (SR) control. The figure illus-
trates the hypothetical relationship between stroke risk represented by the CHADS2 stroke risk score and 
the success rhythm control (i.e., long-term sinus rhythm after intervention). The CHADS2 risk score is 
used to guide antithrombotic treatment. The score runs from 0 (no risk factor) to 6 (cumulative score 
with each CHADS condition including previous Congestive heart failure, Hypertension, Age >75 years, and 
diabetes mellitus receiving 1 point and previous Stroke receiving 2 points). In fact, the CHADS2 stroke risk 
scoring system may be used to guide rhythm control strategy. A score of _2 should trigger avoiding 
intensive rhythm control. In addition, the figure illustrates that atrial fibrillation (AF) associated with
heart failure but without significant other associated disease as indicated by a low CHADS2 score of 1 
presumably is associated with a good arrhythmia outcome because underlying atrial remodeling will be
limited. These patients probably suffer from tachycardiomyopathy (TCMP) rather than AF as a complica-
tion of heart failure. The latter is the case for AF plus heart failure in patients with a high CHADS2 score. 
In those patients rhythm control will not be successful at all, and these patients should continue oral
anticoagulation lifelong. 

 
For now, we cannot sell cardioversion or catheter ablation to the patient with the 
argument that OAC can be stopped. This relates to the fact that the risk factors for 
stroke are almost the same as those predicting recurrence of AF after intervention. 
In other words, stroke risk and recurrence risk, like stroke risk and bleeding risk, go 
hand in hand. Fig. 1 illustrates this graphically. In recent years it has been shown 
that heart failure patients with AF may be successfully ablated. Up until now it is 
unsettled whether these patients may stop OAC. We suggest that this is the case 
only in patients in whom (focal) AF is complicated by heart failure and in whom the 
heart failure may subside completely after effective AF elimination. However, pa-
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tients with heart failure complicated by AF should continue OAC life- long even if 
the ablationist suggests the patient is cured from the arrhythmia. This relates to the 
fact that heart failure complicated by AF is associated with thrombogenic atrial 
remodeling that may not be abolished by ablation and represents persistence of 
both AF recurrence risk as well as stroke risk. 

Bleed Risk and Oral Anticoagulation Use 

If stroke risk indicates use of oral anticoagulation, individual bleeding risk needs to 
be addressed because use of vitamin K antagonists leaves the hemostatic system 
severely compromised due to functional elimination of key proteins. In daily prac-
tice, this means that patients have a realistic chance of bleeding on OAC. This in-
creased risk is explained by the generally not well-appreciated fact that stroke and 
bleeding risk go hand in hand.26 This is further exemplified by mutual incorporation 
of the same risk factors into stroke (CHADS2 index [Cardiac failure, Hypertension, 
Age, Diabetes, and stroke, doubled])20 and bleeding (HEMOR2RHAGES [Hepatic or 
renal disease, Ethanol abuse, Malignancy, Older (age ≥75 years), Reduced platelet 
count or function, Hypertension (uncontrolled), Anemia, Genetic factors, Excessive 
fall risk, and Stroke)27 risk schemes. 

Considering the high prevalence of bleeds among AF patients using oral antico-
agulation, it is important to concentrate on the major bleedings with the highest 
mortality: intracerebral hemorrhage (ICH).28 Although contemporary reports dem-
onstrate an increased risk of ICH among AF patients using oral anticoagulation com-
pared with those not taking vitamin K antagonists, the bleeding risk still is low be-
cause the incidence is as low as 0.4%.29,30 Known risk factors for ICH are an exces-
sively high international normalized ratio (INR) (>4.0),31 very old age (>85 years),32 
uncontrolled hypertension,33 the initiation period,34 and previous stroke.35 

Excessive INR values result from the narrow therapeutic window of vitamin K 
antagonists and war- rant intensive monitoring to prevent harm. In some countries 
physicians have specialized anticoagulation clinics at their disposal. In these clinics, 
specially trained and dedicated staff use software algorithms to monitor (AF) pa-
tients treated with oral anticoagulation to facilitate time spent in target range. Phy-
sicians not supported by an anticoagulation monitoring clinic are less likely to pre-
scribe OAC to high-risk AF patients, compared with those who do have such a clinic 
at their disposal.9 Certainly, the self-check of INR is an excellent tool to enhance INR 
stability obviating the need for monitoring in anticoagulation clinics. 

Patients living in an area without an anticoagulation clinic more often receive 
both antiplatelet therapy and oral anticoagulation,9 probably associated with insti-
tution of OAC at subtherapeutic levels. Fear of excessive INR values (>4.0), being 
one of the major risk factors of ICH,31 is hypothetically the most likely explanation 
for low OAC dosing. However, inadequate INR values are known to provide insuffi-
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cient protection against stroke36 and result in a higher stroke-related mortality31 and 
are associated with an ICH risk similar to seen with INR values in the therapeutic 
range.32 Furthermore, the combination of antiplatelet therapy with OAC has proven 
to be related with an even higher ICH risk, especially in the elderly.37,38 

In contrast to stroke risk stratification, none of the bleeding risk schemes27,39–41 

have been incorporated into the latest guidelines.5 This may relate to the fact that 
the bleeding risk schemes focus on all major bleeds instead of ICH alone and to 
compromised user friendliness by inclusion of genetic factors and laboratory tests.27 
Also, contemporary bleed risk schema incorporate rather less important and risk 
and old age. Especially the latter risk factor should trigger installing rather than 
circumventing OAC. 

Fall risk is used as a reason to avoid oral anti- coagulation in large numbers of 
AF patients. The risks of falling are vastly overestimated because traumatic subdural 
hematoma in patients using oral anticoagulation has a far lower impact than stroke 
and is much less frequent.42,43 Above all, it is important to search for a potentially 
reversible cause of falling. Cessation of benzodiazepines, referral to the ophthal-
mologist, or advice to use walking aids may free the way to oral anti- coagulation by 
reducing the fall risk. These new paradigms still have a long way to go. 

Old age, despite the increased intracranial bleeding risk compared with lower 
age categories, can no longer be seen as a contraindication for OAC use considering 
the results of the Birmingham Atrial Fibrillation Treatment of the Aged (BAFTA) 
study. This randomized controlled trial demonstrated that AF patients age 75 years 
treated with warfarin suffered significantly fewer strokes (both ischemic and hem-
orrhagic) and had a similar number of major bleeds compared with those who re-
ceived aspirin.44 Furthermore, a recent study demonstrated that with aging the 
protective effect of antiplatelet therapy decreases, whereas the benefit of oral anti-
coagulation remains constant.45 These are all strong arguments favoring use of oral 
anticoagulation in the elderly instead of considering old age a bleeding risk factor or 
considering it a reason to exchange OAC for aspirin. 

Lacking consensus and clinical tools for bleeding risk stratification makes it diffi-
cult for the average physician to correctly assess the individual AF patients’ indica-
tion for OAC. This is reflected by the EXAMINE- AF study, a survey among Nether-
lands general practitioners (GPs), general internists, and cardiologists on antithrom-
botic management of AF patients in daily practice. The survey demonstrated that 
cardiologists did best on guideline adherence (78%), with no difference between 
internists (55%) and GPs (58%).10 In the Euro Heart Survey on AF, OAC use was high-
est in enrolled participants where the arrhythmia was the sole reason for seeking 
medical attention; if AF was a secondary diagnosis, the rate was lower.9 This possi-
bly indicates that even general cardiologists have difficulty correctly choosing anti-
thrombotic management in AF patients. 
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Consequences of antithrombotic undertreatment  

Beside reducing overall mortality with 26%, OAC de- creases relative stroke risk, 
both ischemic and hemorrhagic, with 60% of patients.7 This is especially important 
because AF-related strokes are associated with both higher mortality and morbid-
ity.46 The first study to point out true clinical consequences of antithrombotic un-
dertreatment of AF patients was a subanalysis from the Euro Heart Survey on AF. 
Nieuwlaat et al. demonstrated that antithrombotic undertreatment in AF patients 
was associated with a worse cardiovascular prognosis compared with their guide-
line-adherent treated counterparts, already after 1 year of follow- up.47 Perhaps 
even more striking was that overtreatment was not significantly associated with 
increased bleeding risk.47 In a hospital-based cross-sectional study, we estimated 
the number of preventable strokes if OAC was administered according to the guide-
lines.48 We calculated that in the Netherlands alone, one stroke per day could have 
been prevented by simply following current guidelines. Of note, additional cases of 
OAC- associated ICH were already taken into account in the just mentioned number 
of preventable strokes.48 Recently, Gladstone et al. demonstrated a similar disap-
pointing percentage of appropriate use of OAC in AF patients admitted with 
stroke.49 On top of that, they showed that only 10% of the AF patients who received 
OAC had an INR value within the therapeutic range.49 This underlines the impor-
tance of the qualitative aspect of antithrombotic undertreatment and highly antici-
pated release of new antithrombotic drugs with properties that will redress this 
issue. Strokes could also be prevented if patients were not managed with rhythm 
control without effective anticoagulation. Especially paroxysmal AF patients under-
going cardioversion suffer avoidable strokes because of insufficient OAC.3 

CONCLUSION 

Suboptimal use of OAC is still a major clinical issue. Complexity of guidelines, medi-
cation-inherent hurdles, and lack of consensus among physicians seem to be key 
barriers. The issues mentioned here call for guidelines whose role and power need 
to lie in increasing both comprehensiveness as well as discriminative power regard-
ing quality and general applicability of research articles. New patient- and physician 
user-friendly antithrombotic medication associated with a low bleeding risk will 
strengthen physician confidence to institute OAC. A practical and validated bleed 
risk schema will facilitate guideline adherence, subsequently increase OAC use, and 
thereby maximize stroke prevention. 
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ABSTRACT 

Despite overwhelming evidence of the benefits of risk-adjusted oral anticoaguation 
on stroke reduction in patients with atrial fibrillation (AF), there is still considerable 
undertreatment. A multidisciplinary expert group was formed to discuss issues sur-
rounding anticoagulant treatment of patients with AF to try and achieve consensus 
on various aspects of the implementation of guidelines on oral anticoagulation 
therapy in AF. Panel members were cardiologists, hematologists, and laboratory and 
primary care physicians with specific expertise from Europe and the United States. 
One of the most important conclusions of the meeting was to enhance guideline 
adherence by better communication of the data showing that the benefits of stroke 
reduction outweigh the risk of bleeding associated with treatment with vitamin K 
antagonists. Management of oral anticoagulation therapy by dedicated centers, 
such as anticoagulation clinics, or by patient self-management may improve the 
quality of anticoagulation and facilitate the management of these patients and 
thereby further facilitate optimal antithrombotic management in patients with AF. 
 
Keywords: Atrial fibrillation, anticoagulation, warfarin, Coumadin, cerebrovascular 
thrombosis, thromboembolism, bleeding 
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INTRODUCTION 

Most patients with atrial fibrillation (AF) at a stage of their disease need to be treat-
ed with vitamin K antagonists (VKAs). Although current guidelines clearly define the 
indications for treatment, there are barriers among physicians and patients to the 
implementation of oral anticoagulation. The consensus meeting intended to deline-
ate current international standards and to discuss strategies of how to implement 
and manage adequate VKA treatment. 

The main reason for implementing anticoagulation is the higher risk of stroke 
and the associated higher mortality in AF patients who are not treated. Adjusted- 
dose oral anticoagulation therapy reduces the risk for stroke efficiently, and this 
effect outweighs the risk for bleeding, particularly intracranial hemorrhage (ICH).1,2 
AF prevalence is on the rise worldwide due to the increased elderly population. 
Therefore the number of elderly patients with AF who need VKA treatment will 
increase. When applying international guidelines such as the joint guidelines of the 
American College of Cardiology (ACC), the American Heart Association (AHA), and 
the European Society of Cardiology (ESC), ~60 to 70% of AF patients should receive 
VKAs.1 However, most studies show underutilization of this effective treatment, 
irrespective of how patients are cared for. 

Epidemiology of atrial fibrillation 

AF represents the most common arrhythmia in clinical practice. An estimated 2.5 
million people in the United States and >6 million European Union citizens have 
paroxysmal or persistent AF.1,3–5 Incidence and prevalence of AF is age dependent. 
Due to the demographic change and an increasing proportion of the aged popula-
tion with and without underlying heart disease, prevalence of AF is increasing 
worldwide with a growth rate of ~2% per year. In the United States, the number of 
patients with AF has been projected to be ~3.0 million by 2020, increasing to 5.6 
million by 2050.3,4 Following an analysis from the Mayo Clinic in the Midwest, an 
increase of the number of adults with AF to 12.1 million has been projected and to 
as many as 15.9 million assuming a continued increase in the incidence of AF.6 

The prevalence of AF correlates with age, affecting 0.4 to 1% of the entire popu-
lation and increasing to 8% of the population >80 years of age.1 AF prevalence varies 
considerably between countries, although this may partly be a function of the 
methods of collecting the data and the demographics of the population investi-
gated. In some countries, no specific epidemiological data have been reported. 
Prevalence of AF is ~1% in Denmark, increasing with age up to ~6% in those patients 
≥80 years of age. In Germany, the estimated number of patients with AF is 900,000 
(diagnosed in 680,000).7,8 Based on the Echocardiographic Heart of England Screen-
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ing study cohort, point prevalence in the UK general population is 1.7% in persons 
>45 years of age, with a maximum of 12% in subjects >84 years of age.9 In the Unit-
ed States, overall prevalence of diagnosed AF was estimated as 1.0% in the Antico-
agulation and Risk Factors in Atrial Fibrillation study.3 It increases with older age, 
ranging from 0.1% among persons <55 years to 3.8% among persons ≥60 years and 
9.0% among persons ≥80 years. In the Netherlands, overall prevalence of AF is 5.5%, 
increasing from 0.7% at 55 to 59 years of age up to 17.8% at ≥85 years of age.10 
According to unpublished data from the Italian Longitudinal Study of Aging study, 
the prevalence ranges from 2.2% (65 to 69 years of age) to 5.4% (80 to 84 years of 
age).11 In a survey of 51 general practitioners in Northern Italy, a prevalence of 
1.75% in 41,050 subjects >40 years of age has been found.12 According to an Italian 
survey on 9712 subjects 34 to 74 years of age, AF prevalence in men is 0.8% and 
0.7% in women.13 

Like prevalence, incidences of AF increase continually with age at the rate of 
0.1% per year for those <40 years of age and >1.5% per year for those >80 years of 
age.1 Overall incidence in Germany is reported ~0.2%, and overall incidence in the 
Netherlands is 1%, increasing with age up to 2.1% in patients ≥85 years of age.10 

 
Consensus statement: 
AF is a highly prevalent rhythm disturbance of the heart mainly affecting older peo-
ple. Due to an aging population, the personal and economic burden of the disease is 
expected to increase in Europe and the United States. 

Efficacy and safety of oral anticoagulation therapy in atrial fibrillation  

AF is a major contributor to stroke risk in the elderly. Ischemic stroke rate in pa-
tients with nonvalvular AF is up to 7 times that of people without AF, and the risk 
increases with age.14,15 AF increases risk of stroke approximately fivefold, 15 to 
20.3% of all acute stroke patients have AF, and 36% of acute stroke patients >80 
years of age have AF.16 In many stroke patients, AF is first diagnosed at the time of 
the event. Although 18 to 21% of patients with AF are asymptomatic,17,18 they have 
an increased risk of stroke. Stroke is a leading cause of serious long-term disability in 
the United States with 15 to 30% being permanently disabled and 20% requiring 
institutional care at 3 months after onset.19 Furthermore, AF increases mortality of 
stroke by 70%, it doubles severity of stroke and increases stroke morbidity as evi-
denced by more stroke patients with AF in a bedridden state than stroke patients 
without AF, and it is associated with a higher recurrence rate and with an increase 
of silent cerebral infarcts.16,20,21 Taken together, untreated AF is associated with an 
increased mortality.21–23 
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Rates of stroke and hemorrhagic events are of primary interest in patients receiving 
oral anticoagulation therapy. Once the targeted intensity of oral anticoagulation is 
achieved, it must be maintained be- cause this protocol is directly related to its 
derived benefit.1,24 The most recognized way to measure the therapeutic effective-
ness of oral anticoagulation therapy is to measure international normalized ratio 
(INR) values. Time in therapeutic range, that is, the percentage of values in the tar-
geted therapeutic range once a therapeutic INR has been established, correlates 
with the main clinical outcomes of bleeding or thrombosis but also represents a 
research tool for the evaluation of quality of overall care in these patients.24,25 

Maintaining the intensity of anticoagulation is crucial to achieve effective stroke 
prevention as well as to avoid bleeding complications, particularly in elderly pa-
tients2 (Fig. 1). For optimal outcomes it is essential to treat underlying heart disease 
such as coronary artery disease in addition to anticoagulation control in AF pa-
tients.1 

 

 
Figure 1 - Significant increase in stroke risk with international normalized ratio (INR) values <2.0 and in 
intracranial bleeding risk with INR values over the range of 3.5 to 4.0.2 

Reduction of stroke risk 

The superiority of a risk-adjusted oral anticoagulation with VKAs compared with 
placebo or an aspirin-based therapy on stroke reduction has been clearly demon-
strated by many prospective trials (Fig. 2). Oral anti- coagulation reduces stroke 
events of any cause, not only embolic stroke, and it is also associated with a de-
crease of peripheral embolism.26 Most trials of anticoagulation in AF were termi-
nated earlier due to overwhelming results in favor of anticoagulation. A meta-
analysis of six major trials has demonstrated a risk reduction of stroke (both 
ischemic and hemorrhagic) by 62% and of all-cause mortality by 26%.27 Benefits of 
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oral anti- coagulation therapy may even have been underestimated because be-
tween 25% and 93% of patients were excluded in landmark trials on oral anticoagu-
lation therapy in AF patients (e.g., patients with previous stroke). 
 

 
Figure 2 - Reduction of stroke risk by oral anticoagulation therapy in prospective atrial fibrillation trials. 
Adapted from Hart et al.27 AFASAK, Atrial Fibrillation, Aspirin, and Anticoagulation study; BAATAF, The
Boston Area Anticoagulation Trial for Atrial Fibrillation; CAFA, Canadian Atrial Fibrillation Anticoagulation 
study; EAFT, European Atrial Fibrillation Trial; RRR, relative risk reduction; SPAF, Stroke Prevention in
Atrial Fibrillation study; SPINAF, Stroke Prevention in Nonrheumatic Atrial Fibrillation study. 

 
In a pooled analysis of five large randomized controlled trials, oral anticoagulation 
with warfarin de- creased the risk of stroke by 68% in patients with AF, from 4.5% in 
the control group (placebo) to 1.4% in the warfarin group.28 Stroke reduction was 
more pronounced in women compared with men. In a more recent meta-analysis by 
Hart et al.29 that included 29 randomized, controlled studies with a total of ~28,000 
patients, oral anticoagulation with a coumarin derivative was shown to reduce the 
risk of a stroke by 64% compared with the control group in patients with non-
valvular AF.29 Warfarin efficacy is consistent across AF trials with 32 patients needed 
to treat for 1 year to prevent one stroke in primary prevention and 12 patients in 
secondary prevention. Oral anticoagulation may be most beneficial for AF patients 
at higher intrinsic thromboembolic risk.1 

In addition to superiority over placebo, there is clear evidence of the efficacy of 
adjusted-dose oral anti- coagulants to reduce stroke, disabling stroke, and other 
major vascular events for those with nonvalvular AF when compared with antiplate-
let therapy.2,27,30–41 Finally, we now also have data on the superiority of warfarin in 
the elderly in a primary care setting. In the Birmingham Atrial Fibrillation in the 
Aged (BAFTA) trial, patients ≥75 (n = 973) were either treated with 75 mg/day aspi-
rin or warfarin targeting an INR of 2.5 (range, 2.0 to 3.0).42 There was a significant 
benefit of warfarin over aspirin treatment in terms of stroke prevention (1.8% ver-
sus 3.8% annually). This benefit was maintained in all subgroups of AF patients. 
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Adherence to warfarin was less than adherence to aspirin in the BAFTA trial. War-
farin’s relative superiority over aspirin for prevention of ischemic stroke is main-
tained in paroxysmal AF, prior stroke or transient ischemic attack (TIA), hyperten-
sion, heart failure, and diabetes. It possibly is more effective in women and people 
<75 years of age.31 

Safety of oral anticoagulation 

Overall bleeding risk is increased with warfarin when compared with placebo, and 
hemorrhage is the major complication of VKA treatment. The rates of major bleed-
ing, however, defined as bleeding severe enough to require hospitalization, blood 
transfusion, or surgery, were not significantly worsened in AF trials when comparing 
adjusted-dose warfarin with placebo.27,28,43 ICH, the most feared and devastating 
bleeding complication,44 is uncommon. In a meta-analysis of six trials conducted by 
Hart et al,27 the rate of ICH in adjusted- dose warfarin was moderately higher among 
those taking warfarin (0.3% per year) versus those not taking warfarin (0.1% per 
year) without reaching statistical difference (Fig. 3). The relative risk for major ex-
tracranial hemorrhage was 2.4 (95% confidence interval [CI], 1.2 to 4.6), an absolute 
increase of 0.3%/year for warfarin patients.27 

 

 
Figure 3 - Bleeding rates in atrial fibrillation trials.28,43 

 
However, there were concerns that the bleeding risk with warfarin was understated 
because many of the main trials excluded large numbers of patients from randomi-
zation, including those perceived to have higher bleed risk.45 Exclusion from studies 
would therefore result in a different risk-benefit ratio for these patients than in a 
real-world setting.45 Furthermore, observational data from the major warfarin ver-
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sus aspirin trials suggested that the bleeding risks with warfarin were higher in the 
elderly, eliciting cautionary notes for warfarin use in those >75 years of age in clini-
cal guide- lines.31 Importantly, the BAFTA trial was designed to test these concerns 
by randomizing patients >75 years of age with minimal ineligibility criteria and dem-
onstrated the bleeding risk with warfarin was the same as for aspirin.42 These 
analogous bleeding findings are con- firmed in the meta-analysis update.46 

The risk of major hemorrhage and ICH in AF patients is mainly related to inade-
quate oral anticoagulation therapy. Overtreatment with persistent INR values ≥4 is 
associated with an increased risk of major hemorrhage, especially among older 
patients.2,47 There- fore, dedicated monitoring of INR values helps to prevent ICH 
among patients with AF receiving oral anticoagulation therapy. 
 
Consensus position: 
• Risk-adjusted oral anticoagulation therapy in AF significantly reduces stroke 

rates, whereas major bleeding rates are not increased compared with placebo or 
aspirin within the therapeutic range of INR 2.0 to 3.0. 

• In high-risk patients the benefit of stroke reduction outweighs the risk of bleed-
ing associated with treatment with VKAs. 

• Avoiding excessive INR values >4 by way of dedicated monitoring helps to pre-
vent ICH among AF patients.   

Guidelines on the implementation of antithrombotic therapy in atrial 
fibrillation  

Practice guidelines such as the 2006 ACC/AHA/ESC Guidelines for the Management 
of Patients with Atrial Fibrillation1 or the Seventh American College of Chest Physi-
cians (ACCP) 2004 guidelines24 provide detailed recommendations relating to anti-
thrombotic therapy in patients with AF. National guidelines such as those from the 
United Kingdom,48 Italy,49 or Switzerland50 are mainly based on the ACC/AHA/ESC or 
ACCP guidelines.  Despite substantial differences among published schemes,51 scor-
ing systems for stratifying stroke risk in patients with nonvalvular AF provide some 
guidance for implementation of oral anticoagulation therapy. The 2006 
ACC/AHA/ESC guidelines apply a risk-based approach using the clinical CHADS2 (car-
diac failure, hypertension, age, diabetes, and stroke [doubled]) scoring system.52 In 
CHADS2, prior stroke or TIA is the strongest independent predictor of stroke fol-
lowed by diabetes mellitus, history of hypertension, current or history of heart fail-
ure, and advanced age.1,28,53 Studies have identified INR >4,54 age >80 years,55 ele-
vated blood pressure,56 prior ischemic stroke,54 and short-term tolerability of oral 
anticoagulants47 as major risk factors for intracranial bleeding (Table 1). Especially 
the latter two risk factors underline the need for adequate initiation of oral antico-
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agulation in high-risk AF patients. Anticoagulation of elderly patients with AF should 
be accompanied by tight control of hypertension because modest reductions in 
blood pressure considerably reduce the risk of ICH.57 

 
Table 1 - Clinical Risk Factors for Major Hemorrhage during Oral Anticoagulation Therapy* 

Firmly linked 
Advanced age ≥80 yr 
Intensity of oral anticoagulation (INR ≥4) 
Prior ischemic cerebrovascular disease 
Hypertension (especially systolic) 
Occasionally reported 
Atrial fibrillation 
Diabetes mellitus 
Proximity to initiation of anticoagulation (<90 d) 
Concomitant use of antiplatelet agents 
Prior hemorrhage 
Dementia 
Liver disease 
History of falling 
Renal dysfunction (creatinine concentration 
>130 mmol/L or 1.5 mg/dL) 
Active malignancy 
Potential precipitating events 
Minor head trauma 
Acute alcohol intoxication 
Acutely elevated blood pressure 
Severe migraine attack 

*Adapted from 47,54–56,58,59 INR, international normalized ratio. 

Current recommendations 

According to the ACC/AHA/ESC guidelines, patients with prior stroke, TIA, other 
thromboembolism, or with rheumatic heart disease are at highest risk for stroke 
and clearly need oral anticoagulation. The guidelines specify when risk factors indi-
cate that aspirin is sufficient for antithrombotic treatment and when risk factors 
suggest a patient is a candidate for oral anticoagulation therapy (Table 2). VKAs are 
indicated if a patient has one high- risk factor or more than one moderate risk fac-
tor. Aspirin is sufficient in a patient with no other risk factors for stroke. If there is 
one moderate stroke risk factor, either aspirin or VKAs can be used, according to 
patient and physician preference. 
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Table 2 - Summary of Recommendations for Antithrombotic Therapy in Patients with Atrial Fibrillation 
Dependent on Risk Group and Definition of the Risk Groups 

Risk Groups Recommended Therapy  
No risk factors Aspirin 81–325 mg/d  
One moderate risk factor Aspirin 81–325 mg/d or 

Oral anticoagulation  
(INR 2.0–3.0; target value: 2.5) 

 

A high-risk factor or >1 moderate risk factor Oral anticoagulation  
(INR 2.0–3.0; target value: 2.5) 

 

Less Validated or Less Important Risk Factors Moderate Risk Factors High Risk Factors 
Female gender Age ≥75 yr Previous stroke 
Age 65–74 yr Hypertension TIA or thromboembolism 
Thyroid hyperfunction (thyreotoxicosis) Heart failure Mitral stenosis 
 Left ventricular function ≤35% Mechanical valve  

replacement* 
 Diabetes mellitus  

*For mechanical valve replacement, target INR >2.5. INR, international normalized ratio; TIA, transient 
ischemia attack. Adapted from 60. 

 
Oral anticoagulation is considered monotherapy for AF patients. The concomitant 
use of an antiplatelet agent and oral anticoagulation has proven not to be beneficial 
over oral anticoagulation monotherapy but rather seems to increase ICH risk in the 
elderly.61 Awaiting the results of the Atrial Fibrillation Clopidogrel Trial With Irbesar-
tan for Prevention of Vascular Events-A trial, recent data from a post hoc subgroup 
analysis of the Clopidogrel for High Atherothrombotic Risk and Ischemic Stabiliza-
tion, Management, and Avoidance trial indicate the same holds true for dual anti-
platelet therapy in low-risk patients.62 In anticoagulated patients with concomitant 
stents, antiplatelet therapy is managed according to stent guidelines and intensity 
of oral anticoagulation remains unchanged (INR, 2.0 to 3.0; target value, 2.5). In 
these patients, anticoagulation monitoring needs to be performed at an increased 
frequency. 

Little data are available on the thromboembolic risk of the patient with atrial 
flutter. However, based on evidence that the thromboembolic risk is elevated com-
pared with sinus rhythm patients but slightly lower than that of AF patients,63 the 
antithrombotic regimen is the same for both arrhythmias, atrial flutter and AF. 

Except in AF patients with mechanical valves, the target INR should be 2.5 
(range, 2.0 to 3.0). This is based on data demonstrating an INR <2 is not associated 
with a lower ICH risk in elderly AF patients compared with INR values between 2.0 
and 3.0,64 but both the risk for65 and mortality of ischemic stroke2 do increase when 
the INR drops below 2.0. In the Euro- Heart Survey on AF, guideline-adherent anti-
thrombotic treatment of high-risk patients was associated with improved outcomes 
compared with a higher chance of thromboembolism in undertreated patients.66 In 
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this survey, overtreatment was not associated with a higher chance of major bleed-
ing (Fig. 4). 
 

 
Figure 4 - Multivariable effect of antithrombotic guideline deviance on 1-year outcome. Results are 
reported as odds ratio (OR) with 95% confidence interval compared with the reference group ‘‘guideline
adherence’’ (OR, 1).66 

 
Referral of AF patients to a specialist one time is strongly recommended when initi-
ating antithrombotic therapy. For implementation and management of oral antico-
agulation, therapy determination of INR is preferable over expressing the results as 
prothrombin time (PT) or Quick %. 
 
Consensus position: 
• International practice guidelines such as the 2006 ACC/AHA/ESC guidelines pro-

vide helpful guidance on how to manage oral anticoagulation therapy in patients 
with AF. 

• The antithrombotic treatment of patients with atrial flutter is the same as that 
for AF patients. 

• Physicians should first evaluate stroke risk and bleeding risk in a given patient. 
Then risks and benefits of oral anticoagulation therapy should be discussed. 

• If appropriate, oral anticoagulation should be initiated when one high-risk factor 
or more than one moderate risk factor are present. 

• Oral anticoagulation therapy should be used as mono- therapy in AF patients. 
The only exceptions are AF patients requiring concomitant clopidogrel treatment 
during the first 9 to 12 months after coronary stenting. 

• Determination of INR is preferable over expressing the results as prothrombin 
time (PT) or Quick %. The target INR value should be 2.5 (range, 2.0 to 3.0). 
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Implementation of anticoagulation guidelines in clinical practice 

Although AF is highly prevalent in general practice and guidelines are in place, many 
patients are still under- treated or not treated at all. It has been estimated that 
worldwide an average of only 30% of patients with AF are treated with oral antico-
agulation,67 whereas an estimated 60 to 70% should be.1  In Germany and the 
Netherlands, ~60% of patients are treated according to guidelines; in Denmark, 
~75%.7,14,60 Guideline adherence in Italy is not clearly known but may be 10% in a 
series of AF patients admitted to hospital with a first-ever stroke68 to <50%.69 In a 
single-center study from Italy among 255 patients with nonvalvular AF admitted to 
an internal medicine ward from 2001 to 2005, 85% of them high-risk patients, 62% 
received VKAs, but a fourth of these patients were undercoagulated. Among the 
high- risk patients, only 47.2% were adequately anticoagulated, 17.9% were under-
coagulated, 23.4% received aspirin, and 11.5%, no antithrombotic treatment.69 But 
patients not only are undertreated: In the Netherlands, overtreatment has been 
reported in as many as 18% of anti- coagulated AF patients,14,66 exposing them to an 
increased risk of bleeding.  Whereas many high-risk AF patients are not anticoagu-
lated adequately, it has been clearly demonstrated that guideline-adherent treat-
ment is associated with improved outcomes.66,70 Several barriers to implementation 
of oral anticoagulation therapy exist. 

Awareness and estimate of true risk 

Strong evidence indicates that physicians underestimate the risk of stroke in their 
patients with AF and over- estimate the risk of severe bleeding, particularly in the 
elderly.70–73 Unfortunately, stroke prevention as a positive result of oral anticoagula-
tion cannot be perceived by physicians directly. In contrast, major bleeding as a side 
effect of anticoagulation therapy can be experienced by physicians. Positive rein-
forcement pointing out the effectiveness of oral anticoagulation therapy is absent. 
As a consequence, physicians tend to ascribe stroke events to the disease itself and 
bleeding to treatment, and they fear iatrogenic complications but not stroke as the 
more frequent complication of AF. Accordingly, it has been shown that a physician’s 
experience with bleeding events associated with oral anticoagulation therapy re-
duced warfarin prescribing, whereas the experience of stroke in a patient while not 
on warfarin did not affect subsequent prescribing.74 

In another study, 15.8% of 596 general practitioners reported having a patient 
with AF experience an ICH with anticoagulation, and 45.8% had a patient with 
known AF experience a stroke without anticoagulation.75 However, only 45.6% of 
the physicians selected an anticoagulant in the presence of a minor falls risk when 
presented with a patient at ‘‘very high risk’’ of stroke, and 17.1% would anticoagu-
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late if the patient had a treated peptic ulcer.75 Family physicians with less decisional 
conflict and those who were more experienced were more likely to endorse antico-
agulation. 

Among very elderly AF patients, the decision to prescribe oral anticoagulants is 
strongly influenced by contraindications. Hemorrhage, falls, and patient refusal or 
history of nonadherence to treatment constituted nearly 80% of the physician-cited 
reasons for not pre- scribing warfarin in AF patients who had been considered for 
anticoagulation therapy in one study.59 

For many patients with AF, physicians’ fears of the risk of bleeding related to 
anticoagulant therapy are often exaggerated and unfounded. Physicians should be 
aware of the impact of AF and the devastating consequences of not treating it ade-
quately. They should also be able to discern absolute from relative contraindica-
tions. Strategies to optimize the management of AF should address psychological 
barriers to using anticoagulation as well. The key issue in selecting patients with AF 
for oral anticoagulation therapy is accurately estimating their stroke risk, with risk of 
hemorrhage during anticoagulation a lesser issue, relevant to only a few patients. 

Access to guidelines 

Better access to the evidence base should enable clinicians to advise their patients 
appropriately. Often guidelines are too large and complex and, as a result, even 
specialists may not have consensus on treatment decisions (e.g., in patients pre-
senting with high INR levels). Moreover, international guidelines are available only 
in English and not in local languages. What is more, few guidelines on oral antico-
agulation therapy aim at the needs of general practitioners, which may include 
topics such as bleeding risk stratification, bridging therapy, or dual treatment with 
anticoagulants and antiplatelets. Because AF only represents a small part of a gen-
eral practitioner’s job, these physicians need simple guidance and suggestions for 
clear-cut decisions. This is critical to counter the concerns over treatment risk and 
perceived complications of oral anticoagulation therapy for some physicians. In 
some countries, the average general physician may not be well trained in treating 
AF but should be confident, as a minimum, about screening patients for AF and 
identifying those patients who need treatment. Special referral guidelines would 
also be of particular interest for general practitioners. They should help the physi-
cian to decide on when to refer the patient to specialist evaluation and treatment 
and to identify the ‘‘red flags’’ of oral anti- coagulation therapy monitoring. Factors 
to consider include prevalence and costs; definition and symptoms; impact on pa-
tients, such as the risk of death and disability in stroke; diagnosis and assessment; 
and treatment options. 
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International and national guidelines should be harmonized and also be published 
and diffused in local languages and adapted to local practice patterns. Short and 
simple guideline versions should be prepared for use in primary care medicine. In 
addition to the complete paper version, an updated backup guideline Web site 
could be implemented. Guideline versions in electronic formats such as for personal 
digital assistants and personal computers as well as easy-to-use calculator tools 
should assist in balancing the benefits and risks of oral anticoagulation therapy for 
the individual patient. 

Educational issues 

Physician specialty is an important determinant for VKA use. In a Dutch study, cardi-
ologists showed best guideline adherence, whereas general practitioners were less 
adherent to guidelines.76 Similarly, in the Stroke and Atrial Fibrillation Ensemble II 
study, factors independently associated with prescription of oral anticoagulation 
were mainly related to the characteristics of the practitioner.77 Being followed up by 
a cardiologist or a younger general practitioner were the strongest predictors of 
VKA treatment. Underutilization of oral anticoagulation therapy as well as differ-
ences between treatment by general practitioners and specialists may therefore not 
only result from inappropriate perceptions of stroke and bleeding risks and conse-
quences. Other reasons may be insufficient education, resulting in a lack of knowl-
edge about oral anticoagulation therapy, and avoidance of responsibility for the 
patient. 

Living with anticoagulants has become more demanding for patients than just 
taking the medication prescribed by the doctor. Patients therefore need to take 
responsibility by getting involved. The reward is control of the therapy in contrast to 
letting the therapy control the patients’ lives.78 According to studies such as the 
West Birmingham Atrial Fibrillation Project,79 how- ever, many patients with AF 
possess limited knowledge of AF, its consequences, and therapies. Most patients 
(61%) believed AF was ‘‘not serious,’’ and many patients were not aware that AF 
predisposed to stroke. Only 52% were aware of the reason for anticoagulation 
treatment, whereas the rest of the patients started therapy just because their ‘‘doc-
tor told them to.’’ A minority felt that their physician provided adequate informa-
tion regarding warfarin therapy.79 Poor patient adherence to treatment is poten-
tially a major source for poor anti- coagulation control even among patients being 
treated in dedicated management systems where the importance of adherence is 
continually emphasized.80 The key to success is to communicate with patients to 
meet their requirements and improve their quality of life. Care of anticoagulated 
patients means to diagnose, educate, and treat them. Adherence rates are also 
related to access to INR testing and the burden of monitoring.81,82 In this regard 
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point-of-care testing may offer advantages to physicians because rapidly available 
results enable them to communicate their treatment decision immediately to the 
patient. 

Educational intervention programs improve knowledge about and/or control of 
oral anticoagulation therapy for AF.83–85 Such programs may include regular teach-
ing sessions, information booklets, workbooks, or slide presentations and can be 
addressed to individuals or groups of patients. However, education of the antico-
agulated patient is time consuming for physicians and stuffed with learning content 
for patients, and therefore often neglected. Thus educational programs should 
attempt to maximize office efficiency by delegating this task to physician extenders, 
nurses, pharmacists, or perhaps an office-based computer.84 When written in- for-
mation is applied, the patient’s reading skills have to be considered because the 
patient’s reading abilities may be lower than the readability of the written informa-
tion. It is important to have information that is understand- able and culturally rele-
vant to prevent the outcome of internal bleeding.86 Despite the practical value of 
making the patient as knowledgeable as possible, the best strategy for educating 
patients about anticoagulation is yet to be determined.84 
 
Consensus position: 
• International and national guidelines should be harmonized and be published 

and diffused in local languages and adapted to local practice patterns. Short and 
simple guideline versions should be prepared for use in primary care medicine. 

• In addition to the complete paper version of guidelines, an updated backup Web 
site may be prepared. It would be helpful to provide an easy-to-use calculator 
for balancing and checking benefits and risks of oral anticoagulation therapy in 
the individual patient in electronic formats. 

• General physicians need better education on the management of oral anticoagu-
lation and to be aware of the importance of AF and the consequences of not 
treating it adequately. Special referral guidelines may help them decide when to 
refer the patient to specialist evaluation and treatment and to identify the ‘‘red 
flags’’ of oral anticoagulation therapy monitoring.   

Impact of underutilization of anticoagulation in patients with atrial 
fibrillation  

When patients with AF do not receive any or no adequate oral anticoagulation ther-
apy, the risk of stroke and death is increased.2 In a Swiss study, ~16% of stroke pa-
tients who had a history of AF were not on oral anticoagulation, providing evidence 
that for many of the stroke patients AF is diagnosed first at the time of stroke. In 
another study, 31% of unselected AF patients without contraindications were not 
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treated with oral anticoagulants.70 If these patients had been treated according to 
guidelines, an estimated event rate of 4.9% per year could have been prevented. A 
meta- analysis of nine studies using a target conventional INR of 2.0 to 3.0, the 
overall odds ratio for ischemic stroke for patients with INR <2 as compared with INR 
≥2 was 5.07 (95% CI, 2.92 to 8.80).87 This means that undercoagulated patients with 
AF are significantly more likely to have stroke than those maintained within the 
recommended INR range (Fig. 5). 
 

 
Figure 5 - Intensity of anticoagulation when stroke occurred in patients assigned to warfarin in atrial
fibrillation trials.32,88–92 
Undercoagulated patients are more prone to have stroke (black balls). ACCP, American College of Chest
Physicians; AFASAK, Atrial Fibrillation, Aspirin, and Anticoagulation Study; BAATAF, The Boston Area 
Anticoagulation Trial for Atrial Fibrillation; CAFA,Canadian Atrial Fibrillation Anticoagulation study; INR,
international normalized ratio; ISI, international sensitivity index; PT, prothrombin time; SPAF, Stroke 
Prevention in Atrial Fibrillation study; SPINAF, Stroke Prevention in Nonrheumatic Atrial Fibrillation. 

Economic aspects 

AF represents a considerable cost burden on health-care systems due to therapeutic 
interventions associated with increased AF morbidity and mortality.93 In the United 
States, the number of hospitalizations related to AF almost increased threefold in 
2000 compared with 20 years ago.94 Fig. 6 shows the annual estimated costs of care 
and health resource utilization for the management of AF according to data from 
the United King- dom,95 France,96 and the United States.97 In the UK- based survey, 
an increase of the National Health Service budget, from 0.6 to 1.2% in 1995 to 0.9 to 
2.4% by 2000, has been observed.95 
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Figure 6 - Estimated annual costs of atrial fibrillation in the United States,97 United Kingdom,95 and 
France.96 GP, general practitioner. 

 
Costs attributable to AF have to be considered in the context of different manage-
ment strategies. In a pharmacoeconomic review, Szucs and Bramkamp showed that 
treatment with warfarin is highly cost effective both compared with aspirin or no 
therapy in patients with AF at moderate-to-high risk of stroke.98 The cost effective-
ness of anticoagulation therapy is driven by the achieved risk reduction rather than 
the potential benefits estimated from clinical trials. Failure to maintain optimal 
anticoagulation places patients at risk of complications such as stroke, the man-
agement of which is a significant cost driver.98 Undertreatment with INR values 
outside the target range increases hospitalization rates.19,99 A Canadian and a U.S. 
study showed that INR monitoring led to fewer complications as well as to lower 
costs for health-care professionals.100,101 However, only a small amount of the po-
tential anticoagulation cost-saving benefit is currently attained due to undertreat-
ment with VKAs. The U.S. study presented that if half of the AF patients in routine 
medical care currently receiving oral anticoagulation were optimally anticoagulated, 
$1.3 billion would have been saved in 2004. Oral anticoagulation for stroke preven-
tion, in addition to an optimized anticoagulation care, could even have saved up to 
$2.4 billion. 

Anticoagulation management 

Anticoagulation management should consider various aspects of anticoagulation 
therapy that are addressed differently by different methods of anticoagulation 
management (Table 3). Not all management strategies work the same for all pa-
tients, and the physician should evaluate what works best for the individual patient 
for major convenience. A major problem for oral anticoagulation control independ-
ent from the strategy used is the instability of lifestyle of a patient as well as the loss 
of patients or lack of adherence80 during treatment. Anti- coagulation management 
may also be complicated (e.g., by interacting drugs, diet, or traveling). Another ma-
jor influence on INR variation results from the time point of testing, particularly 

Direct inpatient 44% Hospitalizations 50% Hospitalizations 52%

Indirect
inpatient 29%

Outpatient 23% Drugs 4%
GP visits 12%

Drugs 20%
Drugs 23%

Outpatient
referrals and
visits 18%

Loss of
work 6%

France: US$2,605 millionUK: US$803 millionUS: US$6,650 million

Consultations 19%
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when treating a patient with a sub- stance having a short half-life such as aceno-
coumarol.102 

 
Table 3 - Elements of Anticoagulation Management 

Elements Options 
Management style Formal, structured anticoagulation management 

Informal, unstructured anticoagulation management 
Method of INR testing Venipuncture, laboratory 

Professional point-of-care testing 
Point-of-care testing by patient or surrogate 

Supervision of adjustments and decision making Health-care professional patient or surrogate 
Frequency of testing Historically once a month (4–6 wk) 

More frequent in selected situations 
Individually determined for each patient 

INR, international normalized ratio 

Elements of anticoagulation management  

Basically there are two styles of anticoagulation management: In the informal style, 
oral anticoagulation is managed by the individual practitioner who cares for the 
patient. In this essentially unstructured ‘‘usual care’’ option, patients may show up 
once per month. In contrast, a formal approach to anticoagulation management 
promotes systematic, structured care of the patients. The persons involved in struc-
tured care adopt an active attitude. The formal approach meets the requirements of 
‘‘high quality anticoagulation monitoring’’ and is the preferred management style 
where available.103 

INR testing can be performed in different ways. Blood may be sampled by veni-
puncture or by simple fingerstick, and INR values can be measured in a central labo-
ratory or by point-of-care coagulometers. INR testing may be performed either by 
health-care professionals or by the patient or a surrogate at home (e.g., a nurse 
visiting older patients who are not able to manage self-testing on their own). All 
methods of INR testing are accurate and capable of providing reliable results. Anti-
coagulant dose may be adjusted by health-care professionals, as in the usual care or 
patient self-testing (PST) options, or by the patient or a surrogate, as in patient self-
management (PSM). In any of these options, competency is needed to ensure cor-
rect dose adjustments. 

Because factors such as medications, diet, and concurrent diseases can alter the 
pharmacokinetics of VKAs, frequent INR monitoring is necessary to ensure that a 
patient remains within therapeutic range.104 Health-care providers should assess 
their performance by monitoring INR regularly using a consistent method- ology. 
Historically, oral anticoagulation therapy has been monitored once a month. Testing 
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not only allows for dose adjustments but is also important for reassurance of the 
patients in terms of avoidance of bleeding. INR testing should be performed at least 
every 4 to 6 weeks, and more frequent testing of no longer than 2 weeks is required 
in selected situations such as unstable patients.24 Special considerations that may 
warrant more frequent testing are a huge bleeding risk or periods of instability. The 
International Self-Monitoring Association for Oral Anticoagulation 2005 guidelines 
recommend a testing interval of no longer than 4 weeks for stable patients and 
weekly testing for PST and PSM.105 Computerized decision support algorithms, 
which calculate monitoring intervals based on prior results, provide the optimum 
method for achieving good anti- coagulation control,106–109 but they are not avail-
able everywhere. 

Anticoagulation management modalities  

Traditionally four strategies of oral anticoagulation therapy management have been 
established: ‘‘usual’’ care by general practitioners or specialists, anticoagulation 
clinics, PST, and PSM. In the usual care option, patients are cared for, along with all 
other patients, by their personal physician. Table 4 presents an overview of the 
advantages and disadvantages of different anticoa- gulation management modali-
ties. 

When compared with usual care, coagulation monitoring in dedicated antico-
agulation clinics shows a 59% reduction in major hemorrhagic events and 68% re-
duction in thrombotic events when compared with usual care110 due to improve-
ments in INR time in a range111 leading to reduced bleeding events.112 Several stud-
ies have shown that PSM of oral anticoagulation using point-of-care coagulometers 
improves the quality of anticoagulation, thus reducing complication rates and mor-
tality compared with usual care and that it is at least as good as or even slightly 
better than management in anticoagulation clinics.113–115 Accordingly, the current 
ACCP guidelines advocate PSM and PST for the management of patients with AF.1 
Better INR control by PSM than by usual care translates into better out- comes of 
the patients.116 
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Table 4 - Synopsis of Advantages and Disadvantages of Anticoagulation Management Modalities 

Management Modality Advantages Disadvantages 
Usual medical care (venipuncture and 
laboratory testing) 

Reliable INR results; external 
quality control system 

Time consuming 

 Results part of an integrated 
medical record 

Delayed results and decision 
making 

 Dose adjustments and decision 
making by a health-care profes-
sional 

Allows management of all 
anticoagulated patients 

PST/PSM (fingerstick and point-of-care 
testing 

Reliable INR results; internal 
quality control system 

Lacks external quality control 
system 

 Convenient to patients and 
physicians; easy to use 

Testing needs education and 
training 

 Results within minutes allow for 
rapid decision making 

Some patients may not be able 
to carry out self-testing or self-
management 

 Use of small specimen volumes; 
venipuncture and needlestick 
injuries can be avoided 
Allows patients to take on more 
responsibility 
for their own health 

 

Dedicated management systems 
(venipuncture and laboratory testing or 
fingerstick and point-of-care testing 

Reliable INR results; external 
and/or internal quality systems 

Disadvantages depend on the 
testing method used (see 
above 

 Advantages depend on the 
testing method used (see above)
Management by trained antico-
agulation specialists 
Efficient use of resources 

 

INR, international normalized ratio; PST, patient self-testing; PSM, patient self-management. 

 
Currently, the Department of Veterans Affairs Cooperative Study 481, ‘‘The Home 
INR Study’’ (THINRS), is underway to compare anticoagulation management with 
frequent PST using a point-of-care device to high-quality anticoagulation manage-
ment implemented by an anticoagulation service with conventional monitoring of 
prothrombin time by INR on major health outcomes.117 To assess the effect of PST 
frequency on oral anticoagulation outcomes, patients randomized to PST are as-
signed in a substudy of THINRS to weekly, twice-weekly, or once-every- 4-weeks 
testing. The results will help to determine the exact place of self-testing versus ded-
icated care in oral anticoagulation monitoring. 

There are regional differences in oral anticoagulation management strategies. 
In the Netherlands, formal anticoagulation management predominates. Blood is in 
general drawn by venipuncture, and anticoagulation is managed by anticoagulation 
clinics. Moreover, pharmacists are integrated in the management of the patients. In 
Italy, 75% of the patients are formally managed by their general practitioners but 
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often are self-managed without any formal education. In the United States, health-
care environments are extremely diverse, so PSM currently is not applicable. Usually 
patients are referred to venipuncture, but caring of the patients is informal. In Ger-
many, a sophisticated PSM training system exists. Furthermore, there are important 
regional differences concerning re- imbursement by health insurances: In Germany, 
where self-management is reimbursed for patients with mechanical heart valves 
and on a single-case basis also for patients with atrial fibrillation, <100,000 patients 
per- form PSM, whereas point-of-care testing by physicians is not adequately reim-
bursed. In the United Kingdom, test strips needed for point-of-care testing are re-
imbursed, but not the devices; in Switzerland, a sophisticated PSM training system 
exists comparable to Germany and ~50 to 90% of PSM costs are reimbursed by 
health insurance companies; in Denmark, ~4% of patients perform PSM with full 
reimbursement and 50 to 60% of INR measurements at general practitioners are 
performed with point-of-care devices and reimbursed. 
 
Consensus position: 
• Reliable access to accurate INR monitoring is important for optimal management 

of oral anticoagulation therapy. A formal, structured management style is pref-
erable when available. The frequency of testing has to be determined for each 
individual patient. 

• All methods of INR testing are capable of providing reliable results. 
• Dose adjustments of anticoagulants require competency (i.e., trained profes-

sionals or educated patients/ surrogates). 
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ABSTRACT 

Aims: In atrial fibrillation (AF) cardioversion is the cornerstone of the rhythm man-
agement strategy despite the lack of contemporary data on acute and long-term 
success. We aim to describe present-day cardioversion of AF and identify character-
istics associated with immediate and long-term outcome. 
Methods and Results: Based on the 5,333 AF patients enrolled in the multi-centre 
prospective Euro Heart Survey on AF we selected the 1,801 patients undergoing 
cardioversion at enrollment. Sinus rhythm (SR) was restored in 630/712 (88%), 
458/643 (71%) and 333/446 (75%) (p<.001) of the electrical (ECV), intravenous 
(ivCCV) and oral (oCCV) chemical cardioversions, respectively at the cost of few 
(4.2%) major complications. In multivariate analysis, absence of chronic obstructive 
pulmonary disease (COPD) (p<0.001), presence of paroxysmal AF (PAF) (p=0.013) 
and use of biphasic waveform (p=0.018) were predictors of successful ECV. For 
ivCCV PAF (p<0.001), absence of valvular heart disease (p=0.004) and heart failure 
(p=0.009), the presence of hypertension (p=0.018) and coronary artery disease 
(p=0.007) were predictive. Success of oCCV was driven by PAF (p<0.001) and a 
smaller left atrial dimension (p=0.001). At one year follow-up 893/1,271 (70%) pa-
tients were in SR. Multivariate analysis revealed PAF (p<0.001), shorter total AF 
history (p<.001), continuous use of class Ic drugs or amiodarone during follow-up 
(p<0.001), absence of COPD (p=0.003), younger age (p=0.004) and smaller left atrial 
dimension (p=0.005) as independent predictors of SR at one year follow-up. 
Conclusions: Contemporary cardioversion of AF is routinely successfully and safely 
performed with a high proportion of patients in sinus rhythm at one year follow-up. 
 
Keywords: Atrial fibrillation – cardioversion – rhythm control 
 
 



 139 

INTRODUCTION 

Atrial fibrillation (AF) is responsible for a significant health care burden in the West-
ern world due to its high and growing prevalence1,2, incidence3,4, chronic nature and 
potentially life-threatening complications.5,6 

In AF management, rate control is not inferior to rhythm control regarding mor-
tality or cardiovascular morbidity.7–9 Therefore, the rate control is the recom-
mended initial treatment strategy for symptomatic individuals.10 Nevertheless, 
many AF patients are symptomatic or experience symptoms in daily practice despite 
rate control and they therefore receive rhythm control.11 This makes it an important 
and widely applied strategy. 

Since their introduction several decades ago, electrical12 and pharmacological 
cardioversion13 have become important components of the rhythm control strategy 
for AF management. More recently, catheter ablation of AF has emerged as an at-
tractive approach14, possibly becoming a first line rhythm control treatment in sub-
groups of patients.15 

However, despite these developments and their common application, contem-
porary direct and long-term success rates of cardioversion of AF outside a random-
ized controlled setting are lacking. We therefore aim to provide insight into present-
day cardioversion of AF in ‘real-life’ patients, and identify predictors for both imme-
diate and long-term success. 

METHODS 

The study protocol was submitted to the institutional review board or ethical com-
mittee of all participating centers and approved or waived for the requirement of 
formal approval being an observational survey. The Euro Heart Survey on Atrial 
Fibrillation was a registry that only evaluated daily clinical practice, meaning pa-
tients were not required to undergo additional tests. As such the regulatory authori-
ties waived the necessity of informed consent. 

The design, data collection and validation, main11 and general follow-up16 re-
sults and used definitions of the survey have been described previously. Briefly, 
between September 2003 and July 2004 182 cardiology practices across 35 member 
countries of the European Society of Cardiology consecutively enrolled 5,333 ambu-
latory and hospitalized AF patients. Patients needed to be above 18 years of age and 
have a qualifying electrocardiogram or Holter recording of AF within the preceding 
12 months. Patient characteristics and treatment were collected both at baseline 
and at clinical follow-up one year after the qualifying visit / admission. Absence or 
presence of AF at follow-up was electrocardiographically confirmed. 
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For the present analysis we selected only patients undergoing a cardioversion at the 
time of enrollment. This amounted to 1,801 study subjects: 712 AF patients under-
went an electrical cardioversion (ECV), 643 patients had an intravenous pharmacol-
ogical cardioversion (ivCCV) and in 446 patients an attempt to restore sinus rhythm 
by oral pharmacological cardioversion (oCCV) was made. 

Definitions 

Success of pharmacological cardioversion (CCV) was defined as restoration of sinus 
rhythm within 24 hours after the onset of pharmacological treatment. Successful 
ECV was defined as achieving and maintaining sinus rhythm for at least 10 minutes 
after shock. Failed electrical cardioversion was classified either as (a) no sinus 
rhythm obtained, (b) immediate recurrence of AF (IRAF) defined as a recurrence 
within two minutes after the last shock, or (c) an acute AF recurrence, defined as a 
recurrence later than two minutes but within ten minutes after the last shock. 
Pharmacological agents used to restore sinus rhythm were grouped according to 
the Vaughan-Williams classification17 and appropriateness of use was checked(10). 
From a clinical perspective, all used CCV drugs without cardioversion properties – 
digitalis, magnesium, class II (betablockers, not including sotalol) and class IV (dilti-
azem, verapamil) agents were defined as non-antiarrhythmic drugs. This allowed 
evaluation of differences in short and long-term success between an approach using 
true antiarrhythmic drugs compared to use of non-antiarrhythmic drugs. Further-
more, beside the standard clinical classification of AF type, the present AF episode 
was termed ‘breakthrough’ when antiarrhythmic drugs were in use during the onset 
of this episode. Rhythm control during follow-up was defined as the use of a 
Vaughan-Williams Class I or III antiarrhythmic drug or an attempt at cardioversion at 
any time during the follow-up period. Major complications following cardioversion 
consisted of the previously defined major adverse events16 as well as sick sinus syn-
drome, asystole, syncope, torsade des pointes, ventricular tachycardia or ventricular 
fibrillation occurring within 14 days after enrollment, leading to hospitalization 
following the outpatient consultation or prolonged hospital admission. The above 
mentioned events occurring beyond 14 days were considered to be follow-up 
events. 

Statistical analysis 

SPSS statistical software version 17.0 (SPSS Inc., Chicago, Illinois) was used to per-
form data analysis. Continuous variables are reported as mean (SD) or median (25th 
– 75th percentiles) and categorical variables as number of observed patients (per-
centage). When comparing categorical variables between groups Fisher’s exact test 
was used. Student’s t test and ANOVA were utilized for comparison of normally 
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distributed continuous variables between, respectively, two and three groups. 
When the continuous variable did not follow a normal distribution the Mann-
Whitney or Kruskal-Wallis test was employed when comparing between two and 
three groups, respectively. 

Identifying predictors of success of cardioversion and long-term maintenance of 
sinus rhythm was done by incorporating all biologically plausible variables with a 
significant univariate relationship (p value <0.10) after non-parametric testing for 
correlation, into a logistic regression model with stepwise reduction of the model. 
For these analyses, paroxysmal AF was compared with persistent/permanent AF. All 
variables in the final model with a p value <0.05 were considered significant inde-
pendent predictors and were tested for interactions. In order to maximize patients 
included in the multivariate analysis we used the average values of total AF history 
and the duration of the current AF episode within the respective cardioversion 
groups and the average values of the echocardiographic measures from the entire 
cohort (5,333 patients) to replace missing values. 

RESULTS 

Between September 2003 and July 2004 a total of 1,801 patients underwent a car-
dioversion at the time of enrollment into the survey. 1,271/1,801 (71%) of these 
had a known rhythm status at follow-up. The last follow-up took place on December 
18, 2005. Overall, the majority of patients were male (59%) and had a mean age of 
64.1 (SD, 12.6) years. Patients were mainly enrolled from the cardiology ward (70%), 
outpatient clinic (19%) or emergency department (6%).Table 1 depicts patient base-
line characteristics according to cardioversion strategy and Table 2 procedural char-
acteristics. In general, patients of the oCCV strategy more often suffered from car-
diovascular disease and patients undergoing ECV had a longer current AF episode. 

Patients lost to follow-up had similar rates of successful cardioversion and dif-
fered in that they were more often female (46 vs. 39%, p=0.009) and diabetic (20 vs. 
16%, p=0.02), had a shorter AF history (median [interquartile range] 0.09 [0.0–1.2] 
vs. 0.28 [0.01–0.28] years, p=0.002) and less often suffered from a prior stroke or 
transient ischemic attack (6 vs. 10%, p=0.02) and hypertension (60 vs. 65%, p=0.04). 
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Table 1 - Patient baseline characteristics* 

 ECV 
(n=712) 

Intravenous PCV 
(n=643) 

Oral PCV 
(n=446) 

P 
Value† 

P 
Value‡ 

P 
Value§ 

Demographics       
Age, mean (SD), y 64.5 (12.0) 64.5 (13.2) 63.0 (12.6) .96 .055 .035 
Women 249/712 (35) 286/643 (45) 211/446 (47) <.001 .39 <.001 
Body Mass Index, mean (SD) 28.0 (7.0) (n=673) 28.0 (7.1) (n=609) 27.3 (14.3) (n=437) .37 .11 .13 
Type of AF (n=697) (n=637) (n=443)    
 First detected AF 130 (19) 240 (38) 123 (28) <.001 .001 <.001 
 Paroxysmal AF  156 (22) 271 (45) 204 (46) <.001 .26 <.001 
 Persistent AF  411 (59) 126 (20) 116 (26) <.001 .014 <.001 
Breakthrough episode 282/683 (42) 156/608 (26) 133/427 (31) <.001 .057 .001 
Total AF history,  
median (IQR), days||  

331 (59–1568) (n=381) 4 (0–257) 
(n=438) 

87 (1–1499) 
(n=296) 

<.001|| <.001|| <.001||

Duration present episode,  
median (IQR), days||  

30 (3–90) (n=378) 0.5 (0.2–2) (n=508) 2 (0.4–14) (n=320) <.001|| <.001|| <.001||

Admission duration,  
median (IQR), days|| 

1 (0–5) (n=704) 2 (0–6) (n=632) 4 (1–9) (n=442) <.001|| <.001|| <.001||

Previous PCV 169/710 (24) 290/643 (45) 296/446 (66) <.001 <.001 <.001 
Previous ECV 313/711 (44) 70/641 (11) 18/445 (18) <.001 .001 <.001 
CHADS2 score (n=700) (n=634) (n=443)    
 0–1 434 (62) 374 (59) 257 (58) .26 .75 .19 
 2 161 (23) 151 (24) 100 (23) .75 .66 .89 
 >2 105 (15) 109 (17) 86 (19) .30 .38 .061 
AF symptoms¶ 526/711 (74) 595/643 (93) 408 (92) <.001 .57 <.001 
Patient history        
Hypertension  432/711 (61) 422/643 (66) 295/446 (66) .071 .90 .070 
Coronary artery disease  167/708 (24) 235/639 (37) 154/440 (35) <.001 .56 <.001 
Diabetes mellitus  106/711 (15) 127/641 (20) 71/446 (16) .017 .11 .68 
Valvular heart disease  178/710 (25) 134/631 (21) 95/444 (21) .11 1.0 .16 
Cerebrovascular accident/TIA 51/707 (7) 43/638 (7) 65/445 (15) .75 <.001 <.001 
Heart Failure  188/708 (27) 169/640 (26) 122/444 (28) 1.00 .73 .73 
COPD 74/711 (10) 89/641 (14) 88/440 (20) .054 .009 <.001 
Pacemaker 42/712 (6) 12/640 (2) 6/445 (1) <.001 .63 <.001 
Major bleeding 10/709 (1) 6/641 (1) 12/444 (3) .46 .030 .13 
LVEF, mean (SD)  51.1 (14.7) (n=457) 51.6 (14.7) (n=447) 48.7 (14.6) (n=354) .62 .006 .023 
LA dimension, mean (SD), mm 46.5 (8.0) (n=555) 43.5 (7.2) (n=496) 42.3 (7.2) (n=378) <.001 .015 <.001 
Medication in use        
Vitamin K antagonist 569/693 (82) 143/579 (25) 167/419 (40) <.001 <.001 <.001 
Aspirin 11/694 (21) 245/583 (47) 166/422 (32) <.001 .40 <.001 
Antiarrhythmic drug 327/694 (47) 192/583 (33) 177/422 (42) <.001 .004 .094 
 Amiodarone 209 (30) 107 (18) 103 (24) <.001 .023 .039 
 Sotalol 58 (8) 34 (6) 32 (8) .083 .30 .73 
 Flecainide 22 (3) 8 (1) 7 (2) .041 .79 .17 
 Propafenone 41 (6) 38 (7) 31 (7) .73 .62 .38 
 Disopyramide 3 (0.4) 2 (0.3) 3 (0.7) 1.0 .66 .69 
 Quinidine 0 (0) 4 (1) 8 (2) .043 .14 <.001 
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 ECV 
(n=712) 

Intravenous PCV 
(n=643) 

Oral PCV 
(n=446) 

P 
Value† 

P 
Value‡ 

P 
Value§ 

Rate control drug# 266/694 (38) 185/583 (32) 144/422 (34) .016 .45 .16 
ARB or ACE inhibitor 415/693 (60) 324/583 (56) 251/422 (60) .13 .22 .90 
Statin** 170/694 (25) 148/583 (25) 80/422 (19) .75 .018 .032 

Abbreviations: ACE, angiotensin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin II receptor 
blocker; COPD, chronic obstructive pulmonary disease; ECV, electrical cardioversion; LA, left atrial; LVEF, 
left ventricular ejection fraction; IQR, interquartile range; PCV, pharmacological cardioversion; TIA, 
transient ischemic attack. The CHADS2 score is a measure of the risk of stroke in patients with atrial 
fibrillation, with scores ranging from 0 to 6 and higher scores indicating a greater risk.(54) Congestive 
heart failure, hypertension, an age of 75 years or older, and diabetes are each assigned 1 point, and 
previous stroke or transient ischemic attack is assigned 2 points; the score is calculated by summing all 
the points for a given patient. 
*Data are presented as No. (%) unless otherwise specified. Fisher exact test for comparison of categorical 
outcomes. Unless otherwise specified Students t-test and ANOVA one-way variance analysis for continu-
ous outcomes, respectively between two and three groups. 
†P value between electrical and intravenous pharmacological cardioversion. 
‡P-value between intravenous and oral pharmacological cardioversion. 
§P-value between electrical and oral pharmacological cardioversion. 
||Mann-Whitney and Kruskal-Wallis one-way variance analysis for continuous outcomes, respectively 
between two and three groups. 
¶The following were considered AF symptoms: palpitations, shortness of breath, fatigue, dizziness, syn-
cope and chest pain. 
#Combined or single use of a betablocker (no sotalol), digitalis, diltiazem or verpamil. 
**Statin are defined here as 3-hydroxy-3-methylglutaryl–coenzyme A reductase inhibitors. 

Success of cardioversion 

In 630 (88%) of the ECV patients the procedure was successful. Procedural success 
was similar when using handheld paddles 469/527 (89%) compared to adhesive 
pads 143/166 (86%) (p=0.33) and in an antero-posterior compared to an antero-
lateral paddle position, respectively, 158/176 (90%) vs. 431/493 (87%), p=0.29. 
Biphasic wave form was more successful than monophasic waveform, respectively, 
387/424 (91%) vs. 218/260 (84%), p=0.003. 

Restoration of sinus rhythm within 24 hours after administration of the CCV 
drug was accomplished in 458/643 (71%) of the ivCCV patients vs. 333/446 (75%) of 
the oCCV, p=0.21. No antiarrhythmic drug-specific differences in success rate were 
observed. CCV using non-antiarrhythmic drugs was successful in 98/113 (87%) 
oCCVs compared to 30/52 (58%) ivCCVs, p<0.001. 

Success of cardioversion was equal in the breakthrough compared to the antiar-
rhythmic drug free patients for ECVs, ivCCVs and oCCVs: 253/282(90%) vs. 377/430 
(88%) p=0.47, 106/156 (68%) vs. 352/487 (72%) p=0.31 and 99/133 (74%) vs. 
234/313 (75%) p=1.0, respectively. 

In all strategies, patients with a current AF episode of unknown duration or ≥48 
hours were less likely to convert compared to patients with a current episode of <48 
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hours: 537/616 (87%) vs. 93/96 (97%), p=0.003, 118/217 (54%) vs. 340/426 (80%), 
p<0.001 and 181/272 (67%) vs. 152/174 (87%), p <0.001, for ECVs, ivCCVs and 
oCCVs, respectively. 

41/630 (7%) ECVs, 15/458 (3%) ivCCVs and 17/333 (5%) oCCVs that were suc-
cessful were associated with a relapse to AF or atrial flutter prior to discharge. Tak-
ing this into account, the ‘net success rate’ for ECV, ivCCV and oCCV was 81%, 67% 
and 70%, respectively. 

Table 3, shows the univariately associated and independent determinants of 
successful cardioversion. After multivariate analysis absence of chronic obstructive 
pulmonary disease (COPD) (p <0.001), paroxysmal AF (p=0.01) and the use of a bi-
phasic waveform device (p=0.02) remained associated with success of ECV. For 
ivCCVs significant factors were paroxysmal AF (p<0.001), absence of valvular heart 
disease (p=0.004), absence of heart failure (p=0.009) and the presence of hyperten-
sion (p=0.02) and coronary artery disease (CAD) (p=0.007). Sinus rhythm in oCCVs 
was driven by paroxysmal AF (p< 0.001) and a smaller left atrial dimension 
(p=0.001). 

Complications 

Except for four patients who died following a non-sudden cardiovascular cause, all 
were discharged alive. Overall, 76/1,801 (4.2%) of the patients undergoing cardio-
version suffered a major complication with a similar event rate in breakthrough 
compared to antiarrhythmic drug free patients, respectively, 29/571 (5.1%) vs. 
47/1,230 (3.8%), p=0.26. A complete overview of all major complications is dis-
played in Table 2. Patients with a current AF episode of <48 hours had a equal num-
ber of major complications compared to those with an episode of unknown dura-
tion or ≥48 hours, 24/657 (3.7%) vs. 52 /1086 (4.8%) p=0.28, respectively. 
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Table 2 - (Peri)procedural characteristics* 

Pharmacological cardioversion Electrical cardioversion   
Drug Intravenous 

(n=643) 
Oral (n=446) (n=712)  

VW class III 426 (66) 156 (35) Anesthesiologist present 474/711 (67) 
VW class Ic 143 (22) 134 (30) Pre ECV pacemaker check 94/161 (61) 
Other AAD  22 (3) 43 (10) Serum potassium check 634/706 (89) 
Amiodarone 402 (63) 136 (31) Number of shocks (n=687) 
 Dose, mg (n=401) (n=135)  Median 1  
  Median 900 1000  IQR 1–2 
  IQR 450–1200 400–2000 Energy first shock, Joule (n=688) 
Sotalol 3 (1) 20 (5)  Median 200 
 Dose, mg (n=3) (n=19)  IQR 100–200 
  Median 40 160 Energy final shock, Joule (n=621) 
  IQR 40- 80–240  Median 200 
Ibutilide 21 (3) Not applicable  IQR 125–300 
 Dose, mg (n=11) Not applicable External cardioversion 698/709 (98) 
  Median 1 Not applicable Biphasic waveform 424/686 (60) 
  IQR 1–2  Handheld paddles 527/693 (74) 
Propafenone, mg 86 (13) 113 (25) Antero-lateral paddle position 493/682 (69) 
 Dose (n=83) (n=113) Post ECV pacemaker check 90/161 (56) 
  Median 140 600 Failure to achieve sinus rhythm 54/82 (66) 
  IQR 140–225 450–600 IRAF 8/82 (10) 
Flecainide, mg 57 (9) 21 (5) Acute recurrence 20/82 (24) 
 Dose (n=54) (n=21)   
  Median 150 200   
  IQR 137.5–150 200–300   
Non-AAD 52 (8) 113 (25)   
 Digitalis 28/52 (54) 22/113 (20)   
 Beta blocker† 10/52 (19) 51/113 (45)   
 Verapamil 8/52 (15) 21/113 (19)   
 Diltiazem 3/52 (6) 17/113 (15)   
 Magnesium 3/52 (6) Not applicable   
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 PCV ECV  
Management following failed cardioversion 
AF accepted 51/290 (18) 40/77 (52)  
PCV 81/290 (28) 6/77 (8)  
ECV  146/290 (50) 22/77 (29)  
Other procedure to treat AF 12/290 (4) 9/77 (12)  
Major complications    
Non-sudden cardiac death 1 (0.1) 2 (0.3)  
Sick sinus syndrome 5 (0.5) 5 (0.7)  
Ventricular tachycardia 2 (0.2) 6 (0.8)  
Torsades de Pointes 3 (0.3) 1 (0.1)  
Ventricular fibrillation 0 3 (0.4)  
Asystole 7 (0.7) 2 (0.3)  
Cardiac syncope 8 (0.8) 1 (0.1)  
Pulmonary embolism 1 (0.1) 0  
Myocardial infarction‡ 4 (0.4) 0  
Transient ischemic attack 13 (1.3) 2 (0.3)  
Non-hemorrhagic stroke 1 (0.1) 2 (0.3)  
Heart failure§ 9 (1.0) 7 (1.1)  
Major bleeding 10 (1.0) 9 (1.3)  

Abbreviations: AF, atrial fibrillation; AAD, antiarrhythmic drug; ECV, electrical cardioversion; IRAF, imme-
diate recurrence of atrial fibrillation; IQR, interquartile range; PCV, pharmacological cardioversion; VW, 
Vaughan-Williams. 
*Data are presented as No. (%) of events within the cardioversion group unless otherwise specified. 
†Not including sotalol. 
‡The n=58 patients presenting with acute myocardial infarction on admission were excluded from this 
specific analysis. 
§The n=271 patients presenting with heart failure on admission were excluded from this specific analysis. 

Appropriate procedural anticoagulation and antiarrhythmic drug use 

Figure 1 provides details on the antithrombotic treatment. Anticoagulant use at the 
time of cardioversion because of an AF episode of unknown duration or ≥48 hours 
was 90%, 42% and 52% in ECVs, ivCCVs and oCCVs, respectively. Discharge antico-
agulation use increased to 93% for ECV and 61% for both ivCCV and oCCV patients. 
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Figure 1 - Antithrombotic regimen by cardioversion strategy in patients with AF of unknown duration or 
≥48 hours. ADM, admission; AF, atrial fibrillation; ATT, antithrombotic treatment; DC, discharge; ECV,
electrical cardioversion; oCCV, oral pharmacological cardioversion; ivCCV, intravenous pharmacological 
cardioversion. 

 
In total, 399/712 (56%) ECV and 684/1,089 (63%) CCV patients either had coronary 
artery disease, heart failure or echo- or electrocardiographic evidence of left ven-
tricular hypertrophy, i.e. a contra-indication to the use of class Ic drugs or sotalol. 
However, despite the presence of such a contra-indication these drugs were used 
prior to admission in 48/399 (12.0%) ECV and 81/684 (11.8%) CCV patients. Fur-
thermore, in 126/1.089 (11.6%) of the CCV patients with a contra-indication a class 
Ic drug was used to attempt cardioversion and in 73/1,089 (6.7%) CCV patients digi-
talis or sotalol were used. This brings the total number of CCVs using a non-
recommended antiarrhythmic drug to 199/1,089 (18.2%). CCVs using non-
recommended antiarrhythmic drugs had success and complications rates similar to 
the other CCVs, 138/199 (69%) vs. 653/890 (73%), p=0.25 and 9/199 (4.5%) vs. 
67/1,602 (4.2%), p=0.84, respectively. 

Outcome and rhythm status at one year follow-up 

During the median follow-up period of 374 (range, 363 - 410) days a total of 
28/1,271 (2%) patients died. No statistically significant difference in follow-up dura-
tion or death was observed between cardioversion strategies, p=0.1 and p=1.0, 
respectively. However, non-recommended antiarrhythmic drugs use at discharge 
was associated with more cardiovascular deaths compared to appropriate use, 
respectively, 5/133(3.8%) vs. 6/619 (1.0%), p=0.03. Major cardiac or cerebrovascular 
events occurred in 5.7%, 9.4% and 13.6% of the ECV, ivCCV and oCCV patients, re-
spectively (for all comparisons p<.001, except when comparing ivCCV and oCCV, 
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p=0.01). For the ECV, intravenous and oral CCV patients the events consisted of an 
acute coronary syndrome in 2.4%, 6.3% and 8.1% (p=0.001) of patients respectively; 
thromboembolism in, respectively, 1.7%, 2.7% and 4.2% (p=0.08) and major bleed-
ing in, respectively, 1.8%, 0.7% and 1.6% (p=0.33). 

At follow-up, 157/529 (30%) ECV, 115/409 (28%) ivCCV and 106/295 (36%) 
oCCV patients had AF symptoms. 

Predictors of sinus rhythm at follow-up 

In total, 893/1,271 (70%) of the patients were in sinus rhythm at follow-up consist-
ing of 331 (61%) ECV and 562 (77%) CCV patients, p<0.001, without a difference 
between patients in the intravenous and oral CCV groups, respectively 330 (79%) vs. 
232 (75%), p=0.29. Overall, a rhythm control strategy during follow-up was applied 
in 804/1,052 (63%) of the patients of which 600/804 (47%) used an antiarrhythmic 
drug at some point in time during follow-up. The rhythm control strategy had a 
tendency to increase maintenance of sinus rhythm when compared to no rhythm 
control: 572/804 (71%) vs. 165/248 (67%), p=0.18. Patients discharged with non-
recommended antiarrhythmic drugs had a similar rate of sinus rhythm at follow-up 
compared to those receiving recommended antiarrhythmic drugs, respectively, 
102/144 (71%) vs. 429/612 (70%), p=0.92. 

Univariate and independent predictors of sinus rhythm at follow-up after multi-
variate logistic analysis are shown in Table 3. Logistic regression revealed paroxys-
mal AF (p <0.001), shorter total AF history (p<0.001), continuous use of class Ic or 
amiodarone during follow-up (p<0.001), absence of COPD (p=0.003), younger age 
(p=0.004) and smaller left atrial dimension (p=0.005) as independent predictors of 
sinus rhythm at follow-up. 

Discussion 

The multicenter, prospective Euro Heart Survey on AF demonstrated that contem-
porary cardioversion of AF in real-life patients was widely applied in both sympto-
matic and asymptomatic individuals, had a high success rate and achieved mainte-
nance of sinus rhythm at one year follow-up in a moderate proportion, at the cost 
of few major complications, for all strategies. 
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Table 3 - Determinants of sinus rhythm 

 Univariate 
P value 

Multivariate 
P value 

Odds ratio 
(95 % CI) 

Following ECV (672/712)*    
Chronic obstructive pulmonary disease <.001 <.001 0.23 (0.13–0.41) 
Paroxysmal atrial fibrillation .014 .014 2.04 (1.15–3.61) 
Biphasic waveform .003 .020 1.79 (1.10–2.91) 
Total AF history, per year  .039 .078 0.96 (0.92–1.01) 
Current duration of AF episode, per month .001 .62 1.01 (0.99–1.03) 
Following intravenous PCV (620/643)*    
Paroxysmal atrial fibrillation <.001 <.001 3.01 (2.00–4.51) 
Valvular heart disease .002 .004 0.52 (0.34–0.81) 
Coronary artery disease .029 .007 1.76 (1.16–2.67) 
Heart failure .001 .009 0.56 (0.37–0.87) 
Hypertension .002 .018 1.60 (1.09–2.37) 
Left atrial dimension, per millimeter  .002 .13 0.98 (0.95–1.01) 
Current duration AF episode, per month <.001 .26 0.96 (0.89–1.03) 
Total AF history, per year  .002 .73 1.01 (0.94–1.09) 
Following oral PCV (402/446)*    
Paroxysmal atrial fibrillation <.001 <.001 5.11 (3.07–8.49) 
Left atrial dimension, per millimeter  <.001 .001 0.94 (0.90–0.97) 
Amiodarone as PCV drug .009 .069 0.61 (0.36–1.04) 
Thyroid disease .021 .073 0.50 (0.23–1.07) 
Renal failure .061 .25 0.51 (0.17–1.59) 
Current duration of AF episode, per month <.001 .25 0.97 (0.93–1.02) 
Valvular heart disease .024 .27 0.71 (0.38–1.31) 
Left ventricular ejection fraction, per percent .028 .50 1.01 (0.99–1.03) 
Amiodarone at baseline .038 .76 1.13 (0.55–2.53) 
Total AF history, per year <.001 .84 0.99 (0.92–1.07) 
Age, per year .071 .84 1.00 (0.98–1.02) 
At one-year follow-up (1,210/1,271)*    
Age, per year <.001 .004 0.98 (0.97–0.99) 
Paroxysmal atrial fibrillation <.001 <.001 6.32 (4.71–8.48) 
Total AF history, per year <.001 <.001 0.92 (0.89–0.97) 
Left atrial dimension, per millimeter <.001 .005 0.92 (0.95–0.99) 
Continuous use of AAD† during follow-up <.001 <.001 2.11 (1.56–2.86) 
Heart failure <.001 .090 0.76 (0.55–1.04) 
Chronic obstructive pulmonary disease <.001 .003 0.54 (0.36–0.81) 
Left ventricular ejection fraction, per percent .047 .61 1.00 (0.99–1.01) 
Diabetes mellitus .091 .83 0.96 (0.66–1.40) 
Valvular heart disease .068 .99 1.00 (0.71–1.41) 
Renal failure .002 .32 0.71 (0.37–1.38) 

Abbreviations: AAD, antiarrhythmic drugs; AF, atrial fibrillation; CI, confidence interval; ECV, electrical 
cardioversion; PCV, pharmacological cardioversion. 
*Number of patients in multivariate analysis. 
†Vaughan-Williams class Ic drug or amiodarone. 
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Electrical cardioversion 

The high success of ECV is within the range reported previously18–21, taking into 
account differences in patient characteristics22, duration of AF and technical as-
pects. Although the study was not designed to address optimum technical aspects 
of ECV a biphasic was clearly better than a monophasic waveform23. The benefit of 
an antero-posterior position24 was likely cancelled out by predominant use of self-
adhesive pads in this position25 (data not shown). After multivariate analysis, bi-
phasic waveform remained an independent predictor of success together with par-
oxysmal AF and COPD. The importance of trans thoracic resistance – largely driven 
by chest size – in success of cardioversion26 together with the pathophysiological 
changes, the observed influence of COPD is biologically plausible. Finally, the strong 
association between paroxysmal AF and successful ECV is not surprising since, by 
definition, this arrhythmia tends to convert spontaneously. 

Pharmacological cardioversion 

For both oral and intravenous administration, the observed success rates of phar-
macological cardioversion with amiodarone and class Ic drugs are in line with the 
reports of randomized clinical trials (RCTs)27–33, keeping in mind that our study could 
not identify differences in the time to conversion. 

Interestingly, oCCV was frequently attempted and underlying heart disease ap-
peared to have a less dramatic negative effect on success than expected in patients 
with the ‘pill-in-the-pocket’33 (or here, the perhaps more appropriate34 ‘pill-in-the-
hospital’) approach. . 
Remarkable is the number and success of CCV using non-antiarrhythmic drugs, likely 
reflecting the known occurrence of spontaneous conversion of recent onset AF. 
However, even more concerning is the observation that a considerable number of 
patients received contra-indicated antiarrhythmic therapy prior to admission, at 
discharge and even as cardioversion drug.10,35 

Data on predictors of pharmacologic cardioversion is scarce and conflicting. 
However, shorter duration of AF and smaller left atrial dimension are probably most 
consistently identified as predictors of successful CCV29,36–42. Multivariate analysis 
revealed paroxysmal AF to be the strongest independent predictor of success in 
CCV, followed by shorter AF duration and smaller left atrial size in oral CCVs. Strik-
ingly, we observed both hypertension and coronary artery disease to be positively 
associated with ivCCV success as opposed to heart failure and valvular heart dis-
ease. Possibly, the former two conditions are markers of a more early disease state 
and prompt presentation. 



 151 

Complications 

Although cardioversion is potentially life-threatening, no patients died from sudden 
cardiac or thrombo-embolic causes. Despite the antithrombotic under-treatment 
the thrombo-embolic rate observed in this study is in line with the study by Galla-
gher et al43 However, considering the time-dependent occurrence of thrombo-
embolic complications post-cardioversion, the true rate may have been underesti-
mated.44 Based on a similar rate of major complications, cardioversion of recent 
onset compared to more persistent AF does not appear to be safer. 

Long term outcome 

Although substantial, the number of deaths and major cardiac or cerebrovascular 
events during follow-up were not surprising. The difference in events between ECV 
and CCV patients was largely driven by an increased number of acute coronary syn-
dromes in the CCV group. However, inadequate anticoagulation and use of contra-
indicated antiarrhythmic drugs were strikingly high. It is unclear to what extend this 
contributed to the long term outcome and (peri)procedural complications. Alto-
gether, these observations re-emphasize the importance of comprehensive treat-
ment of AF patients rather than simply treating the electrocardiogram. 

In all three groups, sinus rhythm at follow-up was promising at least, but per-
haps most striking in the ECV group in light of previous studies.19,45–47 Beside rhythm 
control during follow-up and improved treatment of underlying heart disease, pa-
tient selection might be part of the explanation. The observed independent predic-
tors of sinus rhythm at one year follow-up confirm what is known.19,46 
 
As this is a subgroup analysis of the Euro Heart Survey on AF, consecutive inclusion 
of cardioversions cannot be guaranteed and careful data interpretation is war-
ranted. Important to note, however, is that all reported peri-procedural details were 
pre-specified in the case record form and prospectively collected. Although missing 
rhythm status on follow-up excluded 32% of the cardioversions performed at base-
line from the current analyses, significant differences from most of the presented 
data are unlikely considering that patient characteristics of those lost to follow-up 
were quite similar to those who were successfully followed. Inherent to the used 
definition of success, spontaneous conversion needs to be taken into consideration 
especially in recent onset and paroxysmal AF patients.30 Finally, as we used a single 
ECG at the follow-up visit to check for AF we underestimate the number of patients 
who still suffer from (paroxysmal) AF at one year follow-up. . 
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Clinical implications 

Potential clinical implications include emphasis on avoidance of non-guideline rec-
ommended drugs for CCV and long term rhythm control and on the importance of 
appropriate peri-procedural anticoagulation. Also, an initial (i.e. in the first 24 hours 
following the onset of AF) pursuit of adequate rate control before attempting car-
dioversion might prove to be (cost-effectively) worthwhile. Finally, a biphasic wave-
form is always preferred, but especially in COPD patients. 

Overall, our data provide a comprehensive, up-to-date overview of cardiover-
sion of real-life AF patients, confirming its extensive successful implementation at 
the cost of few major complications. 
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ABSTRACT 

Objective: This study assessed safety and cardiovascular outcomes of dronedarone 
in patients with paroxysmal or persistent atrial fibrillation (AF) with coronary heart 
disease (CHD) 
Background: CHD is prevalent among AF patients and limits antiarrhythmic druguse 
because of their potentially life-threatening ventricular proarrhythmic effects. 
Methods: This post hoc analysis evaluated 1,405 patients with paroxysmal or persis-
tent AF and CHD from the ATHENA trial. Follow-up lasted 2.5 years, during which 
patients received either dronedarone (400 mg twice daily) or a double-blind match-
ing placebo. Primary outcome was time to first cardiovascular hospitalization or 
death. Secondary end points included first hospitalization due to cardiovascular 
events. 
Results: The primary outcome occurred in 350/737 (47%) placebo patients versus 
252/668 (38%) dronedarone patients (hazard ratio [HR] = 0.73; 95% confidence 
interval [CI] = 0.62 to 0.86; p = 0.0002) without a significant increase in number of 
adverse events. In addition, 42/668 patients receiving dronedarone suffered from a 
first acute coronary syndrome compared with 67/737 patients from the placebo 
group (HR = 0.67; 95% CI = 0.46 to 0.99; p = 0.04). 
Conclusions: In this post hoc analysis, dronedarone on top of standard care in AF 
patients with CHD reduced cardiovascular hospitalization or death similar to that in 
the overall ATHENA population, and reduced a first acute coronary syndrome. Im-
portantly, the safety profile in this subpopulation was also similar to that of the 
overall ATHENA population, with no excess in proarrhythmias. The mechanism of 
the cardiovascular protective effects is unclear and warrants further investigation. 
 
Keywords: dronedarone; atrial fibrillation; coronary heart disease 

Abbreviations 

AF = atrial fibrillation; ATHENA = A placebo controlled, double-blind, parallel arm 
Trial to assess the efficacy of dronedarone 400 mg BID for the prevention of cardio-
vascular Hospitalization or death from any cause in patiENts with Atrial fibrilla-
tion/atrial flutter; CHD = coronary heart disease; CI = confidence interval; ERATO = 
Efficacy and safety of dRonedArone for The cOntrol; HR = hazard ratio; PRP = pres-
sure rate product; RACE = Rate Control Efficacy in Permanent Atrial Fibrillation: a 
Comparison between Lenient versus Strict Rate Control; SD = standard deviation; 
TEAE = treatment-emergent adverse event. 
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INTRODUCTION 

Coronary heart disease (CHD) is common among patients with atrial fibrillation (AF 
(1). AF symptoms that do not respond to rate control frequently require rhythm 
control. Besides increasing the risk of cardiovascular events, CHD facilitates ven-
tricular proarrhythmia of most antiarrhythmic drugs. Subsequently, the therapeutic 
options for rhythm control in patients with AF and CHD are limited. Although the 
use of amiodarone is recommended in patients with AF and CHD(2,3), the well-
known extracardiac side effects associated with this drug create an important 
tradeoff. 

Recently, dronedarone, a multichannel-blocking antiarrhythmic drug pharmaco-
logically related to amiodarone, proved to be effective in preventing recurrencein 
patients with persistent or paroxysmal AF (4). More recently, the ATHENA (A pla-
cebo controlled, double-blind, parallel arm Trial to assess the efficacy of dronedar-
one 400 mg BID for the prevention of cardiovascular Hospitalization or death from 
any cause in patiENts with Atrial fibrillation/atrial flutter) study demonstrated that, 
in patients with persistent or paroxysmal AF and at least 1 risk factor for vascular 
events, dronedarone reduced the composite outcome of cardiovascular hospitaliza-
tion or death. The observed benefit of dronedarone was not offset by an increased 
number of serious adverse events (5). 

The current post hoc analysis from ATHENA therefore focuses on the safety and 
cardiovascular outcomes of dronedarone use in patients with AF and CHD. 

METHODS 

ATHENA’s design, definitions, and main findings have been published previously 
(4,5). In summary, patients with paroxysmal or persistent AF or atrial flutter who 
had both sinus rhythm and an arrhythmia documented in the previous 6 months 
and at least 1 additional risk factor for cardiovascular events, including age ≥75 
years or 70 years with 1 or more risk factors (hypertension, diabetes mellitus, prior 
stroke or transient ischemic attack, left atrial enlargement [≥50 mm], or depressed 
left ventricular ejection fraction [≤0.40]), were recruited. Prior to a study protocol 
amendment in the first year of the trial, patients younger than 70 years were also 
eligible, if they also did not meet any exclusion criterion, of which unstable hemo-
dynamic situation, New York Heart Association class IV heart failure, and permanent 
AF were key. Patients were randomly allocated to a regimen of dronedarone 400 
mg twice daily or double-blind matching placebo, and followed up every 3 months 
until a common termination point assuring a minimum follow-up of at least 1 year 
for the patient enrolled last (maximum of 2.5 and mean of 1.7 years). 
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The primary study outcome was the first occurrence of cardiovascular hospitaliza-
tion or death due to any cause. The secondary outcomes were death, cardiovascular 
death, and cardiovascular hospitalization. Deaths were categorized by a blinded 
adjudication committee into 4 categories: cardiac, arrhythmic; cardiac, nonar-
rhythmic; vascular, noncardiac; and nonvascular. Information on occurrence of 
acute coronary syndrome was collected from hospitalization and death report 
forms. 

CHD is defined as a documented history of either ischemic dilated cardiomyopa-
thy, evidenced by clinically significant left ventricular dilatation secondary to coro-
nary artery disease, or coronary artery disease, which was defined as acute myocar-
dial infarction and/or the following: significant (≥70%) coronary artery stenosis, 
history of revascularization procedure (percutaneous transluminal coronary angio-
plasty, stent implantation in a coronary artery, coronary artery bypass grafting, etc), 
positive exercise test, and positive nuclear scan of cardiac perfusion. 

A treatment-emergent adverse event (TEAE) was defined as an adverse event 
occurring between first dose of the study drug and 10 days after the last dose. A 
serious TEAE was one that resulted in death, was life-threatening, required or pro-
longed hospitalization, was a medically important event, resulted in persistent, 
clinically significant disability or incapacity, or was a congenital anomaly or birth 
defect. 

Statistics 

Analyses were performed in the intention-to-treat population and the time to event 
was estimated according to the Kaplan-Meier method and compared using the log-
rank test. Hazard ratio was calculated using Cox’s proportional hazard model with 
treatment group as covariate. The p value for interaction between treatment and 
CHD status was tested based on Cox regression model. The annual event rates (% 
per year) were calculated by dividing the actual number of events by the total fol-
low-up years. All p values were 2-tailed. 

The trial was sponsored by Sanofi and designed by the steering committee in 
collaboration with the sponsor. Data management and statistical analysis were 
performed by the sponsor. The first draft of the report was written by the principal 
author, and subsequent drafts were revised and edited by all authors, who vouch 
for the accuracy and completeness of the data. 

RESULTS 

Of the 1,405/4,628 (30%) patients in the entire ATHENA cohort with AF and CHD, 
668 were randomized to receive dronedarone, and the remaining 737 to receive 
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placebo. Apart from a similar prevalence of hypertension at baseline, in AF patients 
with CHD, cardiovascular diseases and associated medications were significantly 
more common compared with their non-CHD counterparts (Table 1). 
 
Table 1 - Baseline Characteristics of Patients With and Without Coronary Heart Disease (CHD)* 

 CHD No CHD 
 Placebo  

(n = 737) 
Dronedarone (n = 
668) 

Placebo  
(n = 1590) 

Dronedarone (n 
= 1633) 

Mean age, y (SD)  73.5 (8.2) 73.1 (7.7) 70.8 (9.3) 70.9 (9.3) 
Male gender 485 (65.8%) 419 (62.7%) 804 (50.6%) 751 (46%) 
Hypertension 639 (86.7%) 593 (88.8%) 1357 (85.3%) 1406 (86.1%) 
Hypercholesterolemia 436 (59.2%) 416 (62.3%) 566 (35.6%) 618 (37.8%) 
Diabetes mellitus 199 (27.0%) 166 (24.9%) 264 (16.6%) 316 (19.4%) 
Chronic renal failure 38 (5.2%) 40 (6.0%) 45 (2.8%) 45 (2.8%) 
Congestive heart failure 287 (38.9%) 261 (39.1%) 406 (25.5%) 411 (25.2%) 
 NYHA class III 67 (9.1%) 58 (8.7%) 42 (2.6%) 33 (2.0%) 
LVEF <35% 58/723 (8.0%) 52/658 (7.9%) 29/1558 (1.9%) 40/1605 (2.5%) 
Oral anticoagulant 436 (59.2%) 414 (62.0%) 948 (59.6%) 989 (60.6%) 
Low dose of aspirin (≤365 mg) 413 (56.0%) 390 (58.4%) 606 (38.1%) 628 (38.5%) 
Beta-blocking agents‡ 559 (75.8%) 534 (79.9%) 1082 (68.1%) 1094 (67.0%) 
ARB or ACE inhibitor 551 (74.8%) 495 (74.1%) 1051 (66.1%) 1119 (68.5%) 
Statins‡ 453 (1.5%) 429 (64.2%) 461 (29.0%) 449 (27.5%) 

*Data are numbers (%) unless otherwise specified. 
‡Not including sotalol. 
‡Statins are defined as 3-hydroxy-3-methylglutaryl–coenzyme A reductase inhibitors. 
ACE = angiotensin-converting enzyme; ARB = angiotensin II receptor blocker; LVEF = left ventricular 
ejection fraction; NYHA = New York Heart Association. 

 
Figure 1 shows that the composite primary outcome (first cardiovascular hospitali-
zation or all-cause death) is similar in the cohort of AF patients with CHD (hazard 
ratio [HR] = 0.73; 95% confidence interval [CI] = 0.62 to 0.86; p = 0.0002) and those 
without CHD (HR = 0.78; 95% CI = 0.69 to 0.88; p < 0.0001). Figure 2 shows that 
dronedarone significantly prevents the occurrence of a first acute coronary syn-
drome in AF patients with CHD (HR = 0.67; 95% CI = 0.46 to 0.99; p = 0.04). Table 2 
presents the comparison of the effect of dronedarone across the 2 subgroups, those 
with CHD and those without CHD. For both the primary and secondary outcomes, 
dronedarone is as effective in AF patients with CHD as in those without (p value for 
interaction = NS for all). 



 162 

 

 

 
Figure 1 – Cumulative Risk of the Composite Outcome of First Cardiovascular Hospitalization or Death
From Any Cause in Patients With (On top) and Without (Below) Coronary Heart Disease. BID = twice 
daily. 
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Figure 2 – Cumulative Risk of the Occurrence of First Acute Coronary Syndrome in Patients With Coro-
nary Heart Disease. BID = twice daily. 

 
Table 2 - Comparison of the Effect of Dronedarone Among Patients With and Without Coronary Heart 
Disease 

Outcome CHD Placebo 
n/N (%) 

Dronedarone 
n/N (%) 

HR for Dronedarone 
[95% CI] 

p Value* 

First cardiovascular 
hospitalization or death 
from any cause 

Yes 350/737 (47.49) 252/668 (37.72) 0.733 [0.62 to 0.86] 

 No 567/1,590 (35.66) 482/1,663 (29.52) 0.782 [0.69 to 0.88] 

0.535 

Cardiovascular death Yes 47/737 (6.38) 26/668 (3.89) 0.602 [0.37 to 0.97] 
 No 47/1,590 (2.96) 39/1,663 (2.39) 0.814 [0.53 to 1.24] 

0.350 

First ACS Yes 67/737 (9.09) 42/668 (6.29) 0.671 [0.46 to 0.99] 
 No 29/1,590 (1.82) 26/1,633 (1.59) 0.876 [0.52 to 1.49] 

0.429 

First stroke, ACS or 
cardiovascular death  

Yes 116/737 (15.74) 67/668 (10.03) 0.615 [0.46 to 0.83] 

 No 101/1,590 (6.35) 81/1,633 (4.96) 0.778 [0.58 to 1.04] 

0.272 

*p Value of interaction between CHD status and treatment based on Cox regression model. 
ACS = acute coronary syndrome; CHD = coronary heart disease; CI = confidence interval. 

 
The effect of dronedarone on heart rate and systolic blood pressure is combined in 
Figure 3, which shows the pressure rate product (PRP): (heart rate × systolic blood 
pressure)/1000. Although the mean (standard deviation [SD]) baseline PRP was 
similar in patients randomized to receive dronedarone (9.3 [2.4]) or placebo (9.2 
[2.4]), during follow-up a mean decrease in PRP compared with baseline was ob-
served only in the dronedarone patients (-0.65 vs. +0.15 for dronedarone and pla-
cebo groups, respectively; difference of -0.8; 95% CI = -0.98 to -0.61). The effect was 
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more pronounced in the dronedarone patients who were in AF during the on-
treatment period, where their mean (SD) baseline PRP of 11.2 (3.0) dropped on 
average 1.5 points during follow-up, compared with those in sinus rhythm during 
the on-treatment period where the mean (SD) baseline PRP of 8.6 (1.7) was reduced 
on average 0.5 points (p < 0.0001). 
 

 
Figure 3 - Pressure Rate Product Over Time in Patients With Coronary Heart Disease. B = baseline; EOT = 
end of treatment; M1 = Month 1; PRP = pressure rate product = (heart rate × systolic blood pres-
sure)/1000. 

 
A subgroup analysis was done to identify characteristics predictive of a reduced 
incidence of acute coronary syndromes in response to dronedarone treatment (Fig-
ure 4). The only significant interaction occurred in patients with a reduced left ven-
tricular ejection fraction (<35%), meaning they had a significantly greater effect with 
dronedarone compared with those patients with a preserved ejection fraction (p = 
0.008 for interaction). 

In total, 510 (76.6%) of the patients with CHD randomized to receive dronedar-
one and 538 (73.4%) of the placebo patients experienced a TEAE; TEAEs resulted in 
premature discontinuation of study drug in 108 (16.2%) and 70 (9.5%) patients, 
respectively. In dronedarone patients the withdrawal was largely driven by gastroin-
testinal disorders (5.0%), such as diarrhea and nausea, and QT interval prolongation 
(2.7%). Serious TEAEs were reported in 22.7% of the dronedarone and 25.9% of the 
placebo patients. The occurrence and distribution of type of TEAEs are displayed in 
Table 3. Importantly, the expected increased occurrence of QTc interval prolonga-
tion >500 ms in patients randomized to receive dronedarone compared with pla-
cebo did not lead to an increased number of serious (cardiac) TEAEs as shown in 
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Table 4. Also, hepatic injury reported during treatment was similar between pa-
tients randomized to receive dronedarone (1.7%) and placebo (1.9%). 
 

 
Figure 4 - Specific Subgroup Analysis for Acute Coronary Syndrome (ACS) in Patients With Coronary Heart 
Disease. The CHADS2 score is a measure of the risk of stroke in patients with atrial fibrillation, with scores
ranging from 0 to 6 and higher scores indicating a greater risk (13). Congestive heart failure (CHF), hyper-
tension, an age of 75 years or older, and diabetes are each assigned 1 point, and previous stroke or 
transient ischemic attack is assigned 2 points; the score is calculated by summing all the points for a
given patient. CI = confidence interval; LVEF = left ventricular ejection fraction; TIA = transient ischemic 
attack; RR = relative risk. 
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Table 3 - Occurrence and Distribution of Treatment-Emergent Adverse Events According to History of 
Coronary Heart Disease* 

    Relative Risk*  
   Placebo† Dronedarone 400 mg 

BID† 
Dronedarone/Placebo  

Prognostic Factor Category n N % n N % Relative 
Risk 

95% CI p Val-
ue‡ 

TEAE Overall 1,603 2,313 69.30 1,649 2,291 71.98 1.138 [1.06 to 1.22]  
  CHD§ 538 733 73.40 510 666 76.58 1.197 [1.06 to 1.35]  
  No CHD 1,065 1,580 67.41 1,139 1,625 70.09 1.123 [1.03 to 1.22] 0.38 
Serious TEAE Overall 489 2,313 21.14 456 2,291 19.90 0.937 [0.82 to 1.06]  
  CHD§ 190 733 25.92 151 666 22.67 0.900 [0.73 to 1.11]  
  No CHD 299 1,580 18.92 305 1,625 18.77 0.977 [0.83 to 1.15] 0.54 
AE leading to drug 
discontinuation 

Overall 187 2,313 8.08 290 2,291 12.66 1.590 [1.32 to 1.91]  

  CHD§ 70 733 9.55 108 666 16.22 1.772 [1.31 to 2.39]  
  No CHD 117 1,580 7.41 182 1,625 11.20 1.519 [1.20 to 1.92] 0.43 

*Determined from Cox regression model 
†n = Number of patients with endpoint, N = Number of patients, %= (n/N)*100 
‡p Value of interaction between CHD at baseline and treatment based on Cox regression model. 
§Patients with CHD are defined as patients with history of coronary heart disease or ischemic dilated 
cardiomyopathy. 
AE = adverse event; CHD = coronary heart disease; CI = confidence interval; TEAE = treatment-emergent 
AE. 

 
Table 4 - Treatment-Emergent Adverse Events in AF Patients With CHD Treated With Dronedarone or 
Placebo 

 Dronedarone (n = 666) Placebo (n = 733) p Value 
Any TEAE 510 (76.6%) 538 (73.4%)  
Any cardiac events 83 (12.5%) 92 (12.6%) NS 
 Bradycardia 29 (4.4%) 13 (1.8%) 0.007 
 QT interval prolongation 21 (3.2%) 5 (0.7%) < 0.001 
Any respiratory events 117 (17.6%) 129 (17.6%) NS 
Any gastrointestinal events 203 (30.5%) 183 (25.0%) 0.023 
 Diarrhea 78 (11.7%) 52 (7.1%) 0.003 
Any serious TEAE 151 (22.7%) 190 (25.9%)  
 Cardiac events 6 (0.9%) 6 (0.8%) NS 
Other events of interest    
 Hepatic events 11 (1.7%) 14 (1.9%) NS 
 Serum creatinine increase 34 (5.1%) 10 (1.4%) < 0.001 
 INR increase 18 (2.7%) 15 (2.0%) NS 

TEAE = treatment emergent adverse event; INR = international normalized ratio. 
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DISCUSSION 

In this post hoc analysis of the ATHENA study, the use of the multichannel-blocking 
antiarrhythmic drug dronedarone in patients with AF and CHD reduced mortality or 
cardiovascular hospitalization, an observation that is in line with the results of the 
overall population in the ATHENA trial (5). Furthermore, in this subgroup, fewer 
patients randomized to receive dronedarone were admitted to the hospital because 
of an acute coronary syndrome during follow-up compared with the placebo arm. 
Of note, the reduced mortality and cardiovascular hospitalization associated with 
the use of dronedarone occurs in a subgroup of patients with more extensive car-
diovascular disease and who already receive established (secondary) cardiovascular 
preventive drugs, i.e., β-blockers, statins, angiotensin-converting enzyme inhibitors, 
and antithrombotic therapy. 

The observed benefit:risk ratio of dronedarone in AF patients with CHD is of key 
importance for clinical practice. Ischemic heart disease creates a hazardous (electri-
cal) milieu in which administration of most antiarrhythmic drugs is prohibited or not 
recommended due to their potential life-threatening ventricular proarrhythmic 
effects (7). As a result, the number of antiarrhythmic drugs that can be safely used 
to treat symptomatic AF patients with CHD is limited (2,3). Because the use of do-
fetilide, a pure class III antiarrhythmic with a high proarrhythmic profile, is restricted 
to the United States, and sotalol is commonly contraindicated in AF patients with 
CHD (due to left ventricular hypertrophy), amiodarone is often the only option 
based on its multichannel properties, leading to a very low proarrhythmic profile 
(2,3). However, because of its very long half-life, in conjunction with the well-known 
extracardiac side effects associated with its use and important interactions, it is not 
the ideal drug to prescribe to such a large group of patients. From this perspective, 
dronedarone could be an ideal alternative because its use minimizes the excess risk 
of the abovementioned serious side effects compared with placebo. In addition, in 
light of the recently raised concerns of hepatic toxicity associated with dronedarone 
use (8), it is important to note that the occurrence of hepatic events was similar in 
patients randomized to receive dronedarone and those who received placebo in this 
subgroup of patients with CHD as well as in the entire ATHENA cohort. However, 
this does not negate the recommendation to perform careful, systematic follow-up 
of the liver enzymes. A meta-analysis on the benefits and risks of amiodarone 
showed that the pooled reduction in all-cause death with the use of amiodarone 
was limited to an estimated 13% (odds ratio = 0.87; [95% CI = 0.78 to 0.99]; p = 
0.030) based on classic fixed-effects meta-analysis, and to a nonsignificant 15% 
reduction (0.85 [0.71 to 1.02], p = 0.081) using the more conservative random-
effects approach (9). Furthermore, a recent mixed treatment comparison analysis 
by Freemantle et al. (10) even suggests potential increased mortality associated 
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with amiodarone use in contrast to a potential reduction of serious adverse events 
and proarrhythmia by dronedarone (10). 

The reduced number of acute coronary syndromes in patients with AF and CHD 
who were randomized to dronedarone is probably not unexpected based on the 
observed decrease in the number of strokes reported by Connolly et al. (11). The 
precise mechanism(s) of the cardiovascular protective effects associated with the 
use of dronedarone in these patients are unclear. Hypothetically, in the setting of 
fixed coronary artery stenosis, a partial explanation could be the observed reduced 
rate pressure product in dronedarone patients, which relates to a decreased myo-
cardial oxygen demand. This potential mechanism would mainly be driven by a 
decrease in heart rate, given the modest reduction in systolic blood pressure by 
dronedarone (5), but the clear prevention of AF (5) and reduction of ventricular rate 
seen in patients with permanent AF on top of other rate-controlling drugs in the 
Efficacy and safety of dRonedArone for The cOntrol (ERATO) trial (11). The available 
data from the recent Rate Control Efficacy in Permanent Atrial Fibrillation: a Com-
parison between Lenient versus Strict Rate Control (RACE) II study, however, do not 
support this. RACE II showed that after a 2-year follow-up period, the occurrence of 
the primary outcome (a composite of cardiovascular death and hospitalization for 
heart failure, and stroke systemic embolism, bleeding, and life-threatening ar-
rhythmic events) was similar in permanent AF patients randomized to a strict rate-
control target (resting heart rate <80 beats per minute and a heart rate <110 beats 
per minute during moderate exercise) compared with a more lenient one (resting 
heart rate <110 beats per minute) (13). Also considering amiodarone does not re-
duce stroke risk (14,15,-16), it would be interesting to investigate any potential 
cardiovascular protective effect that antiarrhythmic drugs could harbor in future 
research. 

LIMITATIONS 

Potential limitations of this study are that it was retrospective, exploratory, and 
based on a small number of patients. The results of this post hoc analysis were not 
fully protected by randomization, but at the same time the double-blind study de-
sign minimizes bias and therefore strengthens the current analysis. Information on 
acute coronary syndromes was carefully collected as it was part of the primary end 
point (death and cardiovascular hospitalization), but these were not prespecified or 
centrally adjudicated, or reported as adverse events using a prespecified and sys-
tematic approach. 
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CONCLUSIONS 

The reduced mortality and cardiovascular hospitalization associated with dronedar-
one use, and the safety profile of dronedarone, are consistent with the results of 
the main ATHENA trial. Altogether, this makes dronedarone a welcome addition to 
the antiarrhythmic drug arsenal for patients with paroxysmal or persistent AF and 
CHD and a possible alternative to amiodarone therapy in this subgroup. The ob-
served reduced number of acute coronary syndromes is interesting, and should 
therefore spark our thoughts on the underlying (preventive) mechanisms (i.e., hy-
pothesis-generating), rather than to guide prescription of dronedarone. 
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1 Antithrombotic management of atrial fibrillation 

Atrial fibrillation (AF) is an extremely prevalent1 dynamic, chronic disease2 often 
associated with underlying heart disease3 making the management of AF challeng-
ing per se.4 Because of the significantly increased risk of thrombo-embolic events 
associated with the arrhythmia5, one of its most feared complications is the occur-
rence of an ischemic stroke. Despite existing knowledge on risk factors of stroke and 
bleeding as well as the availability of (very) effective agents6, 7, the antithrombotic 
management is particularly challenging as it depends on the (adequate) assessment 
and understanding of both the risk of stroke and major bleeding. 

Therefore, this thesis focuses on (the caveats of) the current use of antithrom-
botic medication in AF patients, provides (novel) user friendly tools for every day 
clinical practice in the antithrombotic management of AF patients. Furthermore, 
gained insights are shared and future avenues are portrayed regarding the potential 
of (unusual) suspects in the prevention of cardiovascular adverse events in general 
and thrombo-embolic complications in particular in patients with AF. 

2 Thrombo-embolism in atrial fibrillation 

2.1 Stroke risk in Virchow’s triad 

The mechanism responsible for the increased stroke risk associated with atrial fibril-
lation is unknown and perhaps does not even exist. Virchow’s triad however plays 
an essential role in explaining and understanding the increased risk of thrombo-
embolism which the AF patients carry. His hypothesis is that thrombus formation 
results from the (im)balance of blood constituents, (vascular) wall and hemodynam-
ics. In the setting of valvular AF this is easy to imagine. The (severe) obstruction due 
to the mitral valve stenosis is responsible for a considerable left atrial hemodynamic 
overload which leads to – often prothrombotic – atrial remodeling and conse-
quently consumption and/or release of (local) blood constituents; all together pro-
viding a thriving milieu for thrombus formation and subsequent embolization. This 
is reflected by the astounding thrombo-embolic risk of patients with valvular AF: 
being almost fivefold as high compared to their non-valvular counterparts.5 Consid-
ering rheumatic heart disease and (subsequent) valvular AF are, fortunately, ex-
tremely uncommon in the Western world I only focus on non-valvular AF in this 
thesis. 

An altered, prothrombotic blood composition is confirmed by several studies 
which demonstrate increased (markers of) thrombosis in blood of AF patients com-
pared to patients without the arrhythmia.8–11 The importance of, in this case the 
atrial, structural component of Virchow’s triad is underscored by histological stud-
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ies.12–16 Considering atrial fibrillation can involve both atria in the electrical and 
structural remodeling, it seems logical to wonder whether right sided thrombus 
formation is of clinical importance? The answer comes in part from (transesophag-
eal) echocardiographic studies which show a clear preference of atrial thrombi on 
the left side, in particular the left atrial appendage.17, 18 

The latter is probably a reflection of the third aspect of the triad: altered hemo-
dynamics, considering the anatomy of the left atrial appendage and lower blood 
flow velocities in or nearby its opening (during AF).19–21 Echocardiography also ex-
poses another (related) hemodynamic factor: spontaneous (dense) echo contrast 
(SEC).22 In the literature SEC is sometimes referred to as ‘smoke’ because of its 
characteristic appearance. It is believed to represent slurry rolling of the erythro-
cytes (due to lower blood flow velocities) and is associated with the presence of left 
atrial thrombus.23 Regarding the echocardiographic features it is important to real-
ize that it represents a snap shot in which the image quality is also of importance. 
Apart from the timing aspect it is also crucial to note that the absence of echocar-
diographic thrombus does not equal the absence of cardiac thrombi. Given the 
trabecularization, the left atrium can easily harbor small thrombi which go unno-
ticed by (echocardiographic) imaging but which can have a profound clinical im-
pact.24 

The importance of Virchow’s hemodynamic component as a prothrombotic fac-
tor is also exemplified by the probably most important clinical temporary increase in 
thrombo-embolic risk associated with cardioversion. Predominantly based on case 
control studies this risk is believed to lie anywhere between 1–5%.25–27 The accepted 
theory behind it has everything to do with so-called ‘atrial stunning’.28 Stunning 
relates to transient mechanical dysfunction of the left atrium and atrial appendage 
which occurs when AF converts to sinus rhythm. The stunning renders the atrium 
mechanically silent, which facilitates lowering of the blood flow velocity and subse-
quently causes stasis and thrombi formation. Next, after regaining (normal) atrial 
contraction, these thombi can be expelled into the circulation and potentially cause 
a clinically significant embolism. The theory is supported by the observed clustering 
of virtually all thrombo-embolic events within 10 days following the cardioversion.29 
Is this stunning influenced by the way of conversion? No, not likely. The time of 
atrial stunning is in part dependent on the duration of the terminated AF episode 
and the use of action potential prolonging drugs or digitalis which ‘poison’ the atrial 
cells.30 Furthermore, pre-existing – structural – atrial contractile dysfunction should 
also be considered to play a role in stunning. As the mode of conversion does not 
influence the time to restore ‘normal’ mechanical function. Therefore, it is impor-
tant to note is that the mode of conversion, i.e. spontaneous, pharmacological or 
electrical, does not influence the thrombo-embolic risk.31, 32 
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2.2 Identifying risk factors of stroke 

In the nineties, recognition of the significantly increased stroke risk in patients with 
AF started the search for the optimal antithrombotic therapy. Several landmark 
trials were carried out comparing oral anticoagulation (OAC) – being vitamin K an-
tagonists (VKAs) – with aspirin, the most used antiplatelet agent at that time.33–38 
Consistently and convincingly, the so-called ‘big six’ demonstrated superiority in 
(secondary) stroke risk prevention of VKAs over aspirin in high risk AF patients: an 
estimated additional 40% relative risk reduction.39 Importantly, the control arms of 
these trials also provided data on risk factors for stroke, subsequently facilitating 
derivation of stroke risk assessment scores.40 

The pooled data from the control arms receiving no antithrombotic therapy of 
the five large randomized trials on primary stroke prevention revealed the following 
risk factors for stroke: previous stroke or transient ischemic attack (relative risk (RR) 
2.5), diabetes mellitus (RR 1.7), history of hypertension (RR 1.6), heart failure (RR 
1.4) and advanced age (continuous, per decade RR 1.4).40 Apart from heart failure, 
these risk factors proved to be consistent, independent predictors of stroke in AF 
patients. A prior stroke or TIA is the undisputed ‘champion’ of risk factors of ischem-
ic stroke in AF considering its independent predictive value in all trials in which it 
was studied. Of note, to this date, there is no such thing as a low risk AF patient 
with a previous TIA or stroke.41, 42 Therefore it is of the utmost importance to diag-
nose the arrhythmia in patients with a prior stroke or TIA. 

Another important and consistent stroke risk factor is age. Although nearly half 
of all AF related strokes occur in patients ≥75 years of age, several studies recognize 
it as a non-static stroke risk factor with an average hazard ratio of approximately 1.5 
per decade increase.5, 43, 44 Its predictive value is independent of the age-related 
increase of AF. Diabetes mellitus has also consistently proven to be an independent 
risk factor for stroke in AF patients.45 However, it is the weakest one. Given that in 
these trials limited to no attention was paid to discriminating factors, e.g. type I vs. 
II, it is very much conceivable that further (stronger) validation of this extremely 
prevalent cardiovascular disease as a risk factor for stroke in AF is possible. 

Elevated blood pressure also proved to be of importance in predicting the oc-
currence of ischemic stroke in AF patients in most trials.34, 40 A history of hyperten-
sion, to be more precise, is a predominant independent risk factor. A systolic blood 
pressure above 160 mmHg, however, belongs to the category of less well validated 
risk factors of stroke in AF patients. A partial explanation could lie in the fact that 
nearly always single office blood pressure measurements are used for such cut-offs. 
Presumably, most patients enrolled in these studies who have an increased (sys-
tolic) blood pressure suffer from so-called ‘white coat hypertension’ or demonstrate 
a physiologic stress response. Also, the presence of AF influences the result of the 
measurement. Considering this has not been systematically taken into account it 
blurs the predictive power of a blood pressure cut-off. 
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Clinical heart failure might translate into a plausible pathophysiological mechanism 
of stasis of blood and subsequent thrombus formation, solid clinical evidence as a 
risk factor for stroke in AF patients is lacking. Some evidence exists which shows 
that a depressed left ventricular function and recent heart failure are independent 
predictors of stroke or surrogate markers of thromboembolism.41, 46–48 Factors likely 
to contribute to the lesser validation of heart failure as a stroke risk factor in AF are 
the challenge to decipher the clinical presentation of the syndrome and the ar-
rhythmia; the heterogeneity of causes of heart failure; and the even more divers 
phenotypic manifestation of each cause of heart failure. 

Although the arrhythmia is slightly more common in men, not male but female 
gender proved to be a lesser validated stroke risk factor in AF patients based on a 
few cohort studies.40, 47, 49 Recently, we strengthened the supportive evidence of 
female gender as a risk factor for stroke in AF patients (Chapter 1).50 In a contempo-
rary, ‘real-life’ cohort of some 1,000 non anticoagulated, non-valvular AF patients, 
female gender along with a history of stroke/TIA, hypertension, diabetes mellitus 
and vascular disease were found to be univariate predictors of stroke. Female gen-
der was the only statistically significant independent predictor of stroke following 
multivariate analysis.50 We also found evidence pointing towards the additive value 
of vascular disease as a risk factor for stroke in AF patients (Chapter 1). Prior studies 
have linked coronary artery disease to stroke univariately40, 51 and shown that com-
plex aortic plaques on itself is highly thrombogenic.52 In our ‘real-life’ cohort vascu-
lar disease – defined as either prior myocardial infarction, peripheral artery disease 
or aortic plaque – was just short of being a statistically significant independent pre-
dictor of stroke (p=0.064). The reason why the above mentioned variables proved to 
be (independent) predictors of stroke in AF patients in our cohort, likely relates to 
the setting. The majority of stroke risk factors in AF are derived from control arms of 
large randomized trials.40 This introduces a certain selection bias due to, for in-
stance, the likelihood of men and women participating. But also because the in- and 
exclusion criteria translate into incomplete gathering of potential risk factors. When 
studying the real-life, uncontrolled world – although limitations are also present – 
this kind of bias is somehow restricted. Furthermore, a time dependent factor re-
flecting (qualitative) improvement of care has to be considered responsible for such 
an effect. 

2.3 Stroke risk stratification schema’s 

Along with the numerical growth of the various (established) risk factors of stroke in 
AF as studies appeared, the notion grew of the importance to provide overview. 
This led to the development of many stroke risk stratification attempts prior to the 
start of this thesis.6, 40, 41, 51, 53–59 Although all schema’s aimed to provide optimal 
stroke risk assessment their roads (and thereby their ‘success’) differed. Use of 
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different (trial) cohorts as blue print for the development, together with a (partial) 
consensus versus evidence based approach cause the used risk factors to not be 
identical. Most striking is the apparent lacking incorporation of prior stroke/TIA into 
the 2001 ACC/AHA/ESC practice guidelines.6 However, a closer look reveals that the 
writing committee did acknowledge the importance of previous thromboembolism 
and consequent indication for anticoagulation. This is illustrative of the importance 
of conveying not only the correct and complete message, but also to take the prac-
tical side into account. A positive effect of adding this dimension to the stroke risk 
schema setting is exemplified by the so-called CHADS2 index.59 Whereas all other 
stroke risk schema’s chose a ‘traditional’ 2–3 strata risk categorization based on an 
impractical overview of risk factors, the CHADS2 index was the first scheme to take a 
more clinically oriented approach. The original format provided a stroke risk factor 
based scoring system resulting in 7 strata (scores). The acronym represents Conges-
tive heart failure, Hypertension, Age ≥75, Diabetes mellitus and previous Stroke/TIA. 
Apart from the latter, worth 2 points, the presence of each of the other risk factors 
is awarded one point. Simple addition of these points results in the CHADS2 score, 
ranging from 0–6, which correlates with a specific estimated annual stroke risk. Due 
to its user-friendliness it is probably the most known and widespread used stroke 
risk stratification schema for AF patients at present. However, despite these attrac-
tive improvements, CHADS2 has its shortcomings. This becomes apparent when 
considering the occurrence of thromboembolic events in nearly 2% (!) of the ‘low 
risk’ (score 0) patients and the vast number of patients classified as intermediate 
risk of stroke (score 1).59, 60 Both shortcomings result from ‘disregarding’ the previ-
ously discussed lesser validated risk factors of stroke in AF patients and choosing a 
single, dichotomous cut-off for age (≥75 years). 

We therefore investigated whether ‘fine-tuning’ of the CHADS2 score would im-
prove stroke risk stratification without substantial loss of user-friendliness (Chapter 
1).50 Using the 2006 Birmingham/NICE stroke risk schema61 our first step was to re-
evaluate all established risk factors in the large, contemporary European cohort of 
the EHS-AF. This led to maintenance of the incorporated risk factors of CHADS, but – 
in respect of age being a continuum – with a rearrangement of points awarded for 
age as a risk factor (age 64–75= 1 point, age ≥75=2 points). Furthermore, as previ-
ously mentioned, female gender (Sc) and vascular disease (V) were found to be of 
importance and were added to the score, producing the acronym CHA2DS2-VASc. 
Similar to the CHADS2 index addition of these points results in a CHA2DS2-VASc 
score, ranging from 0–9. However, opposed to the CHADS2 score, CHA2DS2-VASc 
proved to be superior in correctly identifying AF patients with a truly low stroke risk 
given the absence of thromboembolic complications during follow-up with CHA2DS2-
VASc score 0.50 This superiority also holds true when CHA2DS2-VASc was compared 
to the other available stroke risk schema’s. Recently, the predictive value of 
CHA2DS2-VASc was strengthened in a nationwide Danish cohort of nearly 80,000 AF 
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patients with an extended follow-up period.62 Again, CHA2DS2-VASc proved to be 
superior compared to CHADS2 in identifying AF patients at truly low risk of stroke. 
Although this time the risk of thromboembolism was 0.78% with a CHA2DS2-VASc 
score of 0 compared to 1.67% for a similar CHADS2 score. Furthermore, the 
CHA2DS2-VASc score is superior in pinpointing which patients are at high risk of 
stroke compared to the CHADS2 score.62 

3 Major bleeding in atrial fibrillation 

Opposed to thromboembolism, the occurrence of major bleeding in AF patients is 
perceived to be iatrogenic by nature. Use of antithrombotic agents in general and 
oral anticoagulation in particular, leaves the hemostatic system severely compro-
mised due to functional elimination of key proteins. In daily practice, this means 
that patients have a realistic chance of bleeding on VKAs and that individual bleed-
ing risk needs to be addressed. 

3.1 Identifying risk factors of major bleeding 

Considering the high prevalence of bleeds among AF patients using oral anticoagula-
tion it is important to focus on ‘the right ones’. An initial reflex would be to disre-
gard minor bleedings and concentrate on all major bleedings. However, the first 
pitfall is the fact that defining bleedings is not as ‘easy’ as defining an ischemic 
stroke. Even despite the availability of internationally accepted definitions of minor 
and major bleeding, it is important to realize that many are not so homogenous and 
straightforward as they appear at first glance.63 Even if the perfect definitions would 
exist and discrimination between minor and major bleeding would be perfect, it 
would not be the end of the clinical dilemma. This relates to a second pitfall: grading 
the (clinical) impact of a (major) bleeding. Here, AF related ischemic strokes have a 
head start because they are extremely disabling and deadly64 whereas most major 
bleedings are non-fatal.65 With risk stratification of major bleeding in AF patients at 
least two important aspects come into mind. First, are the risk factors for all differ-
ent types of major bleedings the same? Perhaps a more valid question would be 
whether the answer is needed at present? Second, what is the ideal bleeding coun-
terpart to compare to the risk of ischemic stroke to make a well-balanced decision 
regarding the clinical antithrombotic regimen? Unfortunately, we do not have clear 
cut answers to these questions because of both scarce and inconsistent data. Focus 
has (justifiably) been on the most lethal of all major bleedings: intracerebral hemor-
rhage (ICH).65 Known risk factors for ICH are an excessively high international nor-
malized ratio (INR) (>4.0), very old age (>85 years), uncontrolled hypertension, the 
initiation period, and previous stroke.66–68 



 178 

3.2 Bleeding risk stratification schema’s 

Still, attempts have been made to develop a schema which estimates the risk of 
major bleeding associated with use of VKA.69–72 However, this did not lead to an 
implementation success similar to that of the CHADS2 index exemplified by their 
lacking incorporation into the guidelines.7 This may relate to the fact that these 
schema’s either do not focus on AF patients in particular or address a (very) specific 
subgroup among AF patients. Furthermore, all published schema are based on ‘his-
toric’ cohorts of patients and consequently may not reflect advancements in medi-
cal care over time (for example, VKA monitoring) and treatment of underlying heart 
disease. The HEMORR2HAGES score, from the same group as the CHADS2 index, is 
probably the best alternative.70 HEMORR2HAGES is also an acronym based scoring 
system and represents Hepatic or renal disease, Ethanol abuse, Malignancy, Older 
(age >75 years) , Reduced platelet count or function, Re-bleeding risk (2 points), 
Hypertension (uncontrolled), Anemia, Genetic factors, Excessive fall and Stroke. 
Apart from a previous major bleeding (re-bleeding) presence of the other risk fac-
tors adds one point. The resulting maximum score is 12 and an increasing score 
relates to an increasing risk of major bleeding. However, the user-friendliness of 
HEMORR2HAGES is far to seek given the incorporation of many routinely unavailable 
risk factors, which also overlap significantly with stroke risk factors.70 

Therefore, we recently developed a novel scoring system called HASBLED 
(Chapter 3).73 The HASBLED scoring system is derived from a large, contemporary 
European cohort of nearly 3,500 non-valvular AF patients. During the 1 year follow-
up period a total of 53 major bleedings occurred. We identified prior major bleed-
ing, age >65, clopidogrel use and kidney failure as independent risk factors of major 
bleeding in this cohort. After incorporation of other recognized risk factors of major 
bleeding this led to the HASBLED score. One point is awarded for the presence of 
each incorporated risk factor, producing a score between 0 and 9. The acronym 
stands for: Hypertension [uncontrolled, >160 mmHg systolic], Abnormal renal/liver 
function (1 point each), Stroke, Bleeding history or predisposition, Labile INR [i.e. 
therapeutic time in range <60%], Elderly (>65), Drugs/alcohol (1 point each) con-
comitantly. In the study population, HASBLED proved to be as good in predicting the 
occurrence of major bleeding within one year as its best competitor, the HEM-
OR2RHAGES scheme. Its predictive accuracy was the highest in patients receiving 
only antiplatelet agents or no antithrombotic therapy at all. Keeping in mind the 
lessons learned from the stroke risk classification it is also important to emphasize 
the superior user-friendliness of HASBLED over the HEMOR2RHAGES scheme. The 
HASBLED risk factors are easier to memorize, more readily available and have less 
overlap with stroke risk factors. Furthermore, the potential of HASBLED as a clini-
cally useful tool to assess the risk of major bleeding in AF patients has been recently 
strengthened.75, 76 From the SPORTIF (Stroke Prevention Using an ORal Thrombin 
Inhibitor in Atrial Fibrillation) trials III and V a cohort of >7,000 non-valvular AF pa-
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tients receiving either warfarin or the direct thrombin inhibitor ximelagatran was 
selected. HASBLED was better in predicting the occurrence of major bleeding com-
pared to the other available schema’s with, again, its user-friendly potential.75 A 
large, nationwide, Danish study among >118,000 hospitalized non-valvular AF pa-
tients demonstrated the predictive power of HASBLED to be similar to that of HEM-
OR2RHAGES.76 However, HASBLED has important advantages regarding its clinical 
user-friendliness. Although additional validation and fine-tuning is required, the 
HASBLED score provides an essential first step to improved assessment of the risk of 
major bleeding in AF patients. 

4 Antithrombotic management in clinical practice 

4.1 Evolution of international guidelines on the antithrombotic management of 
AF 

In 2001 the first joined ACC/AHA/ESC guidelines on the management of AF were 
released.6 The recommendations on the antithrombotic regimen were a virtual copy 
of the knowledge derived from the big five. A few years later, in 2006, a second 
version of the international guidelines appeared.7 Most noteworthy was the emer-
gence of reports on large scale antithrombotic undertreatment and the availability 
of more (fine tuned) stroke risk stratification schema’s, in particular the CHADS2 
index.59 Although data-wise not much had changed, the recommendations on the 
antithrombotic management did and perhaps more than expected. Opposed to the 
first version, the 2006 guidelines no longer recommended combined use of aspirin 
and oral anticoagulation in patients with coronary artery disease or diabetes melli-
tus. This is largely due to recognition that subtherapeutic (INR <1.5) VKA dosing in 
combination with aspirin adds little to nothing in stroke prevention compared to 
aspirin alone in AF patients.77, 78 However, when higher INR values are targeted the 
combined regimen fails to proof superiority over VKA monotherapy, but it is associ-
ated with more bleedings, especially ICH in elderly patients.79 Another important 
change was the somehow contradictive support for a ‘less liberal’ oral anticoagula-
tion policy, given the translation of the CHADS2 index into clinical practice.7 This 
created an opportunity for physicians and patients alike to ‘bail-out’ on the use of 
vitamin K antagonists in the majority of the cases. In hindsight it seems questionable 
whether this change in common practice was for the better. Especially, considering 
our observations of such a regimen in a retrospective analysis in all patients admit-
ted because of an AF related ischemic stroke to our university teaching hospital 
between 2003–2006. (Chapter 4).80 It turned out that 163/1120 ischemic strokes 
were AF related. In 89 (55%) patients the arrhythmia was already known prior to 
admission and in 74 (45%) AF was newly diagnosed during the index admission. In 
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the known AF patients we studied the antithrombotic management on admission 
according to the patient’s risk profile. We found that at least 51% of the patients 
was undertreated. Taking into account the additional cases of ICH associated with 
increased vitamin K antagonist use, optimal guideline adherence could have poten-
tially prevented a net of 20/89 (22%) strokes. Extrapolation of these data to the 
entire Netherlands would result in the net prevention of more than one stroke per 
day.80 

Thus, it is questionable whether full adherence to the recommendations of the 
2006 ACC/AHA/ESC guidelines on the management of AF would prevent as much 
strokes as possible. In other words, how can we defend the seemingly fundamental 
changes in the overall approach and recommendations of the antithrombotic man-
agement in the ESC 2010 guidelines compared to the 2006 guidelines?81 These lat-
est guidelines recommend no antithrombotic therapy at all in patients without risk 
factors (or 1 minor) and use of oral anticoagulation in all others, unless contra-
indicated. The latter refers to the premier recommendation to use a major bleeding 
risk assessment tool (HASBLED) in the antithrombotic management of AF patients. 

4.1.1 ‘Low’ risk 
First of all, the overall stroke risk reduction by aspirin in AF patients is quite poor 
(20%).39 This is likely due to the fact that aspirin primarily prevents non-
cardioembolic stroke, whereas AF patients predominantly suffer from cardioembolic 
stroke.82 In low (CHADS2 score 0) risk patients, the guidelines allow the choice be-
tween aspirin or nothing at all.7 Assuming this recommendation is based on a similar 
efficacy/safety assessment it leaves the physician in confusion, since it implies that 
for this particular group of patients, doing nothing is as good as prescribing aspirin 
in preventing stroke. Why give aspirin when its protective effect is close to nothing, 
but the risk of major (gastro-intestinal) bleeding is significant and that of ICH dou-
bled compared to placebo?39 

4.1.2 ‘Intermediate’ risk 
For moderate (CHADS2 score 1) risk AF patients the message that comes across is 
even more surprising. Here, the recommendation is to prescribe either aspirin or 
VKAs, suggesting comparable efficacy while the evidence for the superiority of VKAs 
over aspirin is overwhelming. At the same time, (identification of) a single additional 
stroke risk factor (i.e. CHADS2 score 2) renders choosing no longer an option.7 For-
tunately, since the release of the 2006 guidelines, new evidence emerged. Among 
others, particularly helpful lessons can be learned from the Atrial Fibrillation Clopi-
dogrel Trial with Irbesartan for Prevention of Vascular Events (ACTIVE) trials (W and 
A).83, 84 The large randomized clinical trial ACTIVE W, was designed to address the 
question whether a combination of aspirin and clopidogrel could achieve stroke risk 
reduction equal to VKAs, at the cost of fewer complications.83 The study was prema-
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turely terminated as warfarin was clearly superior in preventing stroke and other 
cardiovascular events compared to the combination of aspirin and clopidogrel. 
Apart from this main lesson, regarding the inferiority of antiplatelet therapy for 
stroke prevention, ACTIVE W brought another important message forward via a 
post-hoc analysis. Healey et al. studied whether the superiority of warfarin was 
maintained in patients with a CHADS2 score of 1 vs. >1, in comparison with the 
combined treatment of clopidogrel and aspirin. Although the absolute event rates 
were low, the CHADS2 score 1 patients had significantly less strokes when using 
warfarin compared to dual antiplatelet therapy without an increased risk of major 
bleeding.85 Recently, another study reinforced the finding that CHADS2 score 1 pa-
tients are better off treated with VKAs, considering they had a better prognosis 
(combined end-point of stroke and all-cause mortality) compared to those treated 
only with antiplatelet agents.86 

4.1.3 Balancing the risk of stroke and bleeding 
Absence of recommendations or guidance on what to do in case of a (perceived) 
high risk of major bleeding characterizes the 2001 and 2006 guidelines and distin-
guishes them from the 2010 ESC guidelines.6, 7, 81 Two things are important in this 
matter. First, are there reasonable alternatives to oral anticoagulation? Considering 
aspirin alone provides a modest protective effect, but on the other hand also has a 
lower risk of major bleeding one would therefore like to evaluate the effect of com-
bined antiplatelet regimens to achieve this goal. This was exactly the study aim of 
the ACTIVE A trial, where AF patients with a least one risk factor of stroke who were 
deemed unsuitable to use VKA were randomized to either receive aspirin alone or 
combined with clopidogrel.84 The main results are that clopidogrel on top of aspirin 
provides superior stroke protection over aspirin alone, but at an increased risk of 
major bleeding, almost as high as with the use of VKA.84 Thus, from the ACTIVE W it 
appears that clopidogrel on top of aspirin is inferior to VKA, while both ACTIVE W 
and A show that the associated risk of major bleeding is similar to that of VKA use. 
83, 84 

Because a suitable alternative is lacking at present, the second question be-
comes even more important: how to identify and deal with patients at high risk of 
bleeding in general and in the ACTIVE A study in particular? An important concern 
with the selection of patients (Chapter 2)87 is the fact that only 25% of the enrolled 
patients of the ACTIVE A trial actually had an established risk factor of major bleed-
ing.84 The remaining 75% of the patients were included because of physician or 
patient preference not to use VKA, remarkably in the absence of specific, estab-
lished risk factors of major bleeding. True, use of VKA is troublesome. However, 
experience drives skills. True, patients could have a tendency to be unwilling to use 
VKA. However, they can just as easy be persuaded in the opposite direction. True, 
the ruling 2006 guidelines at that time, mainly due to the lack of tools, did not pro-
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vide (sufficient) guidance on assessing the risk of major bleeding or outweighing the 
risk/benefit of VKA use for the individual AF patient. However, these enrolled sub-
jects were free of all ‘accepted’ major risk factors of bleeding, leaving only less vali-
dated reasons and clinical paradigms.87 True, stroke and bleeding risk go hand in 
hand. Should this result in not prescribing VKA to patients who would substantially 
benefit from it? Likely not. Even if risk factors of major bleeding are present. This is 
exactly the idea behind the – first time ever – recommendation of the use of a clini-
cal tool (HASBLED) to assess the risk of major bleeding in AF patients with an indica-
tion for oral anticoagulation by the 2010 ESC guidelines.81 It illustrates that the 
HASBLED score in its current form is not intended to be used in a simple mathemati-
cal equation (CHA2DS2-VASc – HASBLED > 0 = oral anticoagulation; CHA2DS2-VASc – 
HASBLED < 0 = antiplatelet therapy). Instead it should trigger physicians to carefully 
evaluate whether the incorporated potential risk factors of major bleeding are pre-
sent. Even more important, if this is the case, physician and patient need to com-
bine their efforts in order to reverse and optimize each of the risk factors through-
out time (ideally preventing their occurrence!). For example, more strict INR control 
(in the initiation phase); strict (systolic) blood pressure control; improved medical 
guidance regarding pain relief (avoidance of non-steroidal anti-inflammatory drugs). 
Also, the presence of previous ischemic stroke on the list of risk factors of major 
bleeding – and especially ICH – should be an eye-opener for clinicians to, again, 
emphasize the importance of primary stroke prevention. 

Altogether, the changes which resulted in the latest guidelines seem very much 
defendable. The focus of the antithrombotic management of AF patients shifted 
from deciding which drug to use, to identifying those at truly low risk of ischemic 
stroke and relatively low risk of major bleeding. Whether these ‘simple’ adjustments 
also improve stroke prevention needs to be awaited, in part because of established 
clinical paradigms. 

4.3 Clinical paradigms 

When assessing the need for antithrombotic treatment in AF patients, wrong as-
sumptions based on misconceptions play a role (Chapters 5 and 6). For instance, the 
risk of falling. Fall risk is used as a reason to avoid oral anticoagulation in large num-
bers of AF patients.84, 88, 89 The risks of falling are vastly overestimated because 
traumatic subdural hematoma in patients using oral anticoagulation has a far lower 
impact than stroke and is much less frequent. Furthermore, it has been estimated 
that a patient almost has to fall on a daily basis for the potential harm of warfarin to 
outweigh its benefit.90, 91 Above all, it is important to search for a potentially re-
versible cause of falling (similar to ‘true’ risk factors of major bleeding). Cessation of 
benzodiazepines, referral to the ophthalmologist, or advice to use walking aids may 
free the way to oral anticoagulation by reducing the fall risk. 
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Another important paradigm is old age92 which, despite the increased intracranial 
bleeding risk compared with lower age categories, can no longer be seen as a con-
traindication for VKA use.93, 94 First of all because many studies have shown the 
importance of considering age as continuous risk factor starting age 65. Second, 
considering the results of the Birmingham Atrial Fibrillation Treatment of the Aged 
(BAFTA) study.95 This randomized controlled trial demonstrated that AF patients age 
≥75 years treated with warfarin suffered significantly fewer strokes (both ischemic 
and hemorrhagic) and had a similar number of major bleeds compared with those 
who received aspirin.95 Furthermore, a recent study demonstrated that with aging 
the protective effect of antiplatelet therapy decreases, whereas the benefit of oral 
anticoagulation remains constant.96 These are all strong arguments favoring use of 
oral anticoagulation in the elderly instead of considering old age a bleeding risk 
factor or considering it a reason to exchange VKA for aspirin. 

Finally, the fact that AF patients have a fourfold increased stroke risk compared 
with patients in chronic sinus rhythm renders the presence of AF itself a risk factor 
for many clinicians. As a consequence, the continuous presence of AF in permanent 
AF patients or, conversely, its predominant absence in infrequent paroxysmal AF is 
taken as a reason to install or avoid VKA, respectively.97, 98 However, type of AF, 
actual presence or absence of AF, or burden of AF do not play a role in any of the 
risk schemes. The clinical paradigm is that paroxysmal AF because of the brevity of 
the attacks is not thrombogenic, whereas persistent and permanent are. This prob-
ably is the basis for increased stroke rates, especially in paroxysmal AF patients 
undergoing cardioversion. Not primarily because of lacking VKA prior to cardiover-
sion, but more so because of omission at discharge. Thus clinical AF type unfortu-
nately has remained—up and until these days—a significant determinant for VKA 
prescription in clinical practice despite long available, convincing evidence, which 
was recently reinforced.53, 99, 100 

4.2 Specific situations 

4.2.1 Cardioversion 
The temporary increased stroke risk peri-cardioversion has led to one of the consis-
tent and most straight forward recommendations in the AF guidelines.6, 7, 81 In pa-
tients with an episode of AF ≥48 hours or of unknown duration adequate oral anti-
coagulation is recommended 3 and 4 consecutive weeks, respectively, prior and 
following elective cardioversion. However, that ‘sense and simplicity’ does not equal 
successful implementation in every day clinical practice is demonstrated in Chapter 
7. Here we described all primary cardioversions performed during enrolment in the 
Euro Heart Survey on AF. In total 1,801 cardioversions were performed. Although 
the immediate ‘success’ was reassuring at least, with sinus rhythm restoration in 
630/712 (88%) of the electrical, 458/643 (71%) of the intravenous and 333/446 
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(75%) of the oral pharmacological cardioversions, the same could not be said for the 
antithrombotic management. In patients with AF ≥48 hours or of unknown duration 
adequate anticoagulation in use at time of cardioversion was 90%, 42% and 52%, 
respectively, in electrical, intravenous and oral pharmacological cardioversion. Im-
portant to note that this already disappointingly low rate would actually drop even 
more considering we could not account for the 3 preceding weeks. Furthermore, 
this only covers the quantitative aspect of anticoagulation. Qualitative undertreat-
ment, i.e. INR value<2.0), is another important issue which was beyond our scope 
but likely to contribute additional cases of antithrombotic undertreatment in this 
setting. However, considering the thrombo-embolic safety of cardioversion with 
dabigatran26, the qualitative undertreatment is probably a non-issue in the nearby 
future. More alarming is the observation that at discharge of the aforementioned 
patients adequate anticoagulation only rose to 93% in the electrical and 61% in both 
pharmacological cardioversion groups. This relates to the clinical focus on terminat-
ing the arrhythmia and forgetting about the stroke risk. Unfortunately, patients 
undergoing cardioversion for acute atrial fibrillation or flutter are also not consid-
ered for chronic anticoagulation following the procedure even if they have signifi-
cant stroke risk factors. Despite the fact that our study was not designed to draw 
solid conclusions on the outcome of antithrombotic undertreatment, we did ob-
serve a trend towards more thrombo-embolic events in the patients who under-
went pharmacological vs. electrical cardioversion. Nevertheless, key is that in a time 
where awareness of the importance of patient education and empowerment is 
growing it shows there is still a lot to be gained on the side of the health care pro-
fessionals, even in seemingly straight forward scenarios. To avoid a ‘wild west prac-
tice’ such recommendations should either be critically reviewed or properly com-
municated and endorsed. 

4.2.2 Preventing (secondary) coronary thrombo-embolism 
An interesting and challenging aspect of the antithrombotic treatment of AF pa-
tients is the use of antithrombotic agents in the setting of a percutaneous coronary 
intervention with stent implantation (PCI-S). Underlying heart disease, such as coro-
nary artery disease, is extremely prevalent among AF patients and not uncommonly 
results in acute coronary syndromes (ACS).3, 4 Current guidelines on PCI recommend 
a combination of clopidogrel and aspirin following PCI.101 However, as previously 
addressed, this regimen is inferior to VKAs in moderate to high risk AF (CHADS2 
score ≥2) patients regarding stroke prevention. Therefore the challenging question 
rises whether, and if so how, addition of this antiplatelet regimen can be justified in 
these AF patients. 

An important (first) step to justify the use of clopidogrel plus aspirin on top of 
warfarin, i.e. triple therapy, in CHADS2 score ≥2 patients, is to assess its antithrom-
botic effect against the concurrent bleeding risks. The limited available evidence 
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indicates that triple therapy, compared to the combination of warfarin and aspirin, 
results in less thromboembolism in general, and stroke and myocardial infarction in 
particular, occurring in, respectively, 0.8% vs. 15.2%, 2.8% vs. 8.8%, and 8.5% vs. 
18.2% of the patients.102 Data on the efficacy of the combination warfarin and 
clopidogrel instead of aspirin is even more scarce, but studies by Karjalainen et al. 
and Nguyen et al. suggest that a combination with clopidogrel is more beneficial.102, 

103 
Intuitively and partly based on trial results, one expects triple therapy to further 

increase the risk of major bleeding and one should therefore consider this before 
justifying its use. Indeed, a recent systematic review reveals an increased – but with 
a highly variable incidence – risk of, predominantly gastro-intestinal, major bleed-
ing. Risk factors for bleeding were excessive INR values, periprocedural heparin and 
intravenous platelet inhibitor administration.104, 105 Duration also appears to be of 
importance as short term triple therapy (limited to 30 days) relates to less major 
bleedings compared to longer term application (6–12 months), with a pooled inci-
dence of, respectively, 4.6 vs. 10.3 %. All three available studies comparing safety of 
triple therapy to the guideline recommended combination of aspirin and clopidogrel 
demonstrate a significant, almost fivefold increased risk of major bleeding up to 9 
months of treatment in the triple therapy group.104, 105 However, the limited number 
of patients receiving warfarin in combination with either clopidogrel or aspirin in 
these trials, does not allow reliable interpretation of the results and therefore, at 
present, no reliable conclusions on their respective safety profile can be made. 

Expert consensus justifies the use of triple therapy using VKA with INR target 2–
3, clopidogrel 75 mg/day and aspirin in AF patients with a moderate to high throm-
boembolic risk (CHADS2 score ≥2), during the initial critical period of 
(re)endothelization post PCI(-S).104, 105 Because the increased risk of major bleeding 
associated with triple therapy rises even further during long term therapy, one 
should indeed confine triple therapy for the shortest possible duration. Moreover, 
one must consider the patient’s bleeding risk beforehand also taking into considera-
tion the preferred type of PCI for this individual. The latter has to do with the fact 
that differences in the recommended period of dual antiplatelet use – and thus in 
these cases triple therapy – are considerable and also depend on the type of drug 
eluting stent (DES) (at least 3 vs. 6 months, respectively, for a sirolimus compared to 
a paclitaxel coated stent).101 This is also the reason why expert consensus advices 
restrictive use of DES in this specific population and, in case a patient has a high risk 
of major bleeding, exclusive use of a bare metal stent combined with reducing the 
period of triple therapy to 2 weeks. Furthermore, in all cases where triple therapy is 
instituted one should maximize opportunities to prevent major bleeding. As exces-
sive INR values are associated with major bleeding during triple therapy, strategies 
to reduce variation in INR’s are important, involving lifestyle adjustment if necessary 
(diet and drinking habits, co-medication), more frequent INR monitoring or change 
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of VKA preparation – if possible – , e.g. from a short to a longer acting preparation. 
Obviously, new drugs may appear more appropriate than VKA in this respect. Since 
the majority of major bleeding involves the gastro-intestinal tract, measures to 
protect the gastric surface could be recommended such as use of a proton pomp 
inhibitor and restriction, or even prohibition, of concomitant (chronic) use of non-
steroidal anti-inflammatory drugs. Finally, peri-procedural bleeding could be mini-
mized by choosing a radial access site, considering to perform the procedure while 
the patient is effectively anticoagulated (INR 2–3), opposed to heparin bridging, and 
restrictive use of additional intravenous platelet inhibitors. 

Protection against late complications after this initial period is also of impor-
tance. The PCI guidelines recommend all ACS patients to use clopidogrel and aspirin 
up to one year following the event.101 However, considering the long term risk of 
major bleeding associated with triple therapy, this regimen is no option for the 
moderate to high thromboembolic risk AF patients. Instead, the current best alter-
native is to choose between adding aspirin or clopidogrel to warfarin. Evidence 
arguing against the use of a combination of VKA with aspirin is the observed in-
creased risk of major bleeding opposed to no improved stroke protection over VKA 
monotherapy.79 Also, the maximum beneficial effect of aspirin appears to be re-
stricted to the early period after myocardial infarction.106 On the other hand, the 
above mentioned trials are outdated in that PCI-S was not routine care at that time 
and thus extrapolation of the results to the current population is probably not cor-
rect. 

Evidence favoring clopidogrel on top of warfarin does exist, but is limited due to 
the low number of evaluated patients as well as the marginal reported benefit. In 
spite of that, a combination of VKA with a thienopyridine derivative received pref-
erential recommendation over aspirin.7, 104, 105 However, it is expert consensus that – 
in light of the lack of evidence from randomized clinical trials – warfarin combined 
with aspirin in combination with gastro-intestinal protection, i.e. a proton pump 
inhibitor can be considered. Safeguarding the occurrence of thromboembolic events 
in AF patients with a moderate to high thromboembolic risk (CHADS2 score ≥2) be-
yond one year following the event, is restricted to VKA (INR 2–3) monotherapy.104, 

105 
To answer the initially raised question: yes, triple therapy is required – and 

therefore justified – to be used in the above discussed setting. Unfortunately, a 
similar clear cut answer to the how cannot be given due to the complexity of (indi-
vidual) bleeding risk assessment and lacking, convincing evidence. 

Recently, the novel multichannel blocking antiarrhythmic drug dronedarone 
was tested in the randomized clinical trial ATHENA (A placebo-controlled, double-
blind, parallel-arm Trial to assess the efficacy of dronedarone 400 mg BID for the 
prevention of cardiovascular Hospitalization or death from any cause in patiENts 
with Atrial fibrillation/atrial flutter).107 ATHENA demonstrated in patients with per-
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sistent or paroxysmal AF and at least 1 risk factor for vascular events, that drone-
darone reduced the composite outcome of cardiovascular hospitalization or 
death.107 Although the main result was already unique, being the first antiarrhyth-
mic drug associated with less death and cardiovascular hospitalization – the obser-
vations of the subsequent post-hoc analyses on thromboembolic events were, if 
possible, even more surprising. First, Connolly et al. demonstrated that treatment 
with dronedarone on top of usual care resulted in less strokes compared to pla-
cebo.108 Second, in Chapter 8 we performed a post-hoc analysis on the safety and 
efficacy of dronedarone among patients with both AF and coronary heart disease. 
Here, next to similar main results in this subgroup compared to the ATHENA popula-
tion, we observed less first acute coronary syndromes in patients with both AF and 
coronary heart disease receiving dronedarone compared to placebo. Full compre-
hension of these effects is difficult and lacking at present . Still, it is extremely inter-
esting to explain and exploit any potential cardiovascular protective effect which 
antiarrhythmic drugs could harbor in future research. 

5 Future directions 

What will the future of antithrombotic management of AF (seemingly) bring and 
what is needed? New oral anticoagulants? Undoubtedly and soon. Dabigatran, ri-
varoxaban and apixaban are coming.109–112 They collectively, to my opinion, revolu-
tionize the antithrombotic treatment of (AF) patients in particular and fuel debate 
on treatment (changes) in general, such as cost, (patient) empowerment, compli-
ance and personalized medicine. Are these new drugs needed? Absolutely. Strokes, 
and particularly AF related ones, are a numerical and socio-economical threat on 
both a micro- and macro level. All the available evidence up to now shows an unac-
ceptably high rate of antithrombotic undertreatment among AF patients.80, 97, 113, 114 
This is largely believed to be due to the (inherent) inconveniences of VKAs, resulting 
in reluctance from patient and physicians alike to use the drug. Also, the almost 
mystical – unfounded112 – trust in aspirin (especially in its ‘benign’ bleeding profile) 
should not be forgotten as an important determinant of antithrombotic under-
treatment. The new breed of oral anticoagulants, which lack most of the inconven-
iences of VKAs and considerably contribute to the downfall of aspirin’s heroic sta-
tus, should therefore rid the AF world of the term ‘antithrombotic undertreatment’ 
(both quantitative and qualitative). However, at the same time it is questionable 
whether this will be the case, as all (new) things come at a cost. Personally, I believe 
that true success in the treatment of (AF) patients depends on integrated approach, 
accepted preconditions, outside expertise and willingness to challenge all current 
aspects of the health care system, i.e. redefining (AF related) health care.115 
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Unusual suspects? Likely. However, given the recently raised safety issues associ-
ated with the use of dronedarone in patients with permanent AF (numerical in-
creased number of deaths and cardiovascular hospitalizations) the initial excitement 
for a quick win here is damped. Still, (animal) studies which increase our mechanis-
tic understanding should continue as it may lead the way to the holy grail of con-
ventional antithrombotic drug therapy: restoring normal hemostasis, i.e. no excess 
risk of (major) bleeding. Is it needed? Yes, most of the usual suspects (i.e. coagula-
tion factors) have been detained or are in the process of being arrested. Yet, the 
stroke cartel and the significant collateral damage remain to exist. Perhaps a steady 
state antithrombotic poly pill might have potential. 

Improved risk stratification? You have my word. It is important to realize that 
the increased stroke rate in AF is not fully attributable to cardio-embolism116 and 
that risk of stroke and bleeding go hand-in-hand.117, 118 Hence, AF should really be 
considered a ‘vascular’ disease and this approach also helps us to understand why 
stroke risk refinement with CHA2DS2-VASc is successful, considering more well-
known cardiovascular risk factors are taken into account compared to CHADS2.119 
Although these clinical risk factors improve the overall stroke risk stratification of AF 
patients, many of them do not (fully) relate to true cardio-embolic stroke. There-
fore, we need to learn more about the presence of local – cardiac/left atrial – ab-
normalities (or its surrogates) of what is going on in the left atrium.120 The observa-
tion of a beneficial effect of adding echocardiographic parameters to clinical schema 
is therefore plausible and less surprising.48 In fact, it exemplifies the power of echo-
cardiography – or any imaging modality for that matter – which is to visualize the 
scene of calamity: in this case, the left atrium. This raises the question: “What and 
how to visualize best?” Increased atrial dimensions, or more specifically atrial 
growth over time, is bad news in general121 and associated with increased risk of 
stroke in particular.122 However, it is important to realize that most of the available 
evidence concerns ‘simple’ quantification of the left atrium. Such measurements are 
outdated and there is a lot to be gained if they are at least expanded with left atrial 
area measurement using the apical four chamber view and, preferably, volumes. 
Perhaps cardiac MRI will become the way to go once atrial inflammation and fibro-
sis can be reliably quantified.123 Going even one step further, we could even con-
sider performing a cerebral MRI in patients with ‘score 0 or 1’ to reveal clinically 
silent cerebral infarctions124–126 or small vessel disease, and thereby re-classifying 
them from low to high stroke risk patients. This also creates the possibility to poten-
tially fine-tune existing bleeding risk schema73 by concomitant screening of, for 
instance, cerebral micro-bleeds. Finally, given the vascular nature of AF, it is also 
important to note that a lot can be gained by continued efforts to further break-
down already incorporated clinical risk factors such as diabetes mellitus and to in-
vestigate other potentially relevant ones, such as renal impairment. The need seems 
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obvious: low risk patients still suffer from stroke and the answer is unknown as to 
which patients benefit from more rigorous secondary stroke prevention? 

Improving identification of AF? You can take it to the bank. Not in the least be-
cause of the new oral anticoagulants. The most apparent hurdles are the asympto-
matic and paroxysmal nature of the arrhythmia in a substantial number of pa-
tients.127 The most likely subgroup to start with – who are currently subject of nu-
merous studies – are TIA/stroke patients.128 Apart from the technical aspect, it also 
touches upon the (atrial) characterization of patients, i.e. determining those who 
are at risk of developing AF.129 Similar to other risk stratification systems, a combi-
nation of clinical and ((semi-)invasive) imaging modalities will provide significant 
insights. Increasing the detection of AF is very much necessary as the undetected 
become the ‘new antithrombotic undertreated’. Even more so, failure to increase 
our efforts of improved AF detection raises more ethical concerns than ever before. 

6 Conclusions 

The antithrombotic management of patients with AF is and remains a challenge 
despite, or perhaps in part due, significant (future) changes in both risk stratification 
and therapeutic armamentarium. However, if we recognize AF as a (marker of) 
cardiovascular disease and dare to defy current cardiovascular care we should con-
sider (this) challenge as an indicator of (significant) room for improvement. 
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Summary / Samenvatting 

Summary 

The introduction portrays the profile of one of the most wanted cardiovascular 
serial killers: atrial fibrillation (AF). The arrhythmia has all it takes to maintain this 
position: several ten millions of victims worldwide, deadly sequelae – in particular 
stroke – and the act of a wolf in sheep’s clothing. 
 
Fortunately, we have a trump card backing up our pursuit to drastically minimize 
casualties by this international fugitive: oral anticoagulation. Still, up to now we 
failed to play this card right, leaving the arrhytmia to have the upper hand.  
 
This thesis reflects the problem (Chapters 2, 4, 5 and 7), proposes guerrilla tactics 
(Chapters 1 and 3) and future avenues (Chapters 6 and 8) in order to regain control 
and make the (citizen’s) arrest. 

Samenvatting 

De introductie schildert het profiel van een van de meest gezochte cardiovasculaire 
serie moordenaars: atrium fibrilleren. De ritmestoornis heeft alles in huis om deze 
positie te behouden: wereldwijd tientallen miljoenen slachtoffers, dodelijke gevol-
gen – met name beroertes – en het gedrag van een wolf in schaapskleren. 
 
Gelukkig hebben we een troef achter de hand om het aantal slachtoffers van deze 
internationale voortvluchtige drastisch te beperken: orale antistolling. Helaas heb-
ben we tot op heden onze kaarten niet juist gespeeld waardoor de ritmestoornis de 
bovenhand heeft. 
 
Dit proefschrift schetst het probleem (Hoofdstukken 2, 4, 5, en 7), stelt guerrilla 
tactieken voor (Hoofdstuk 1 en 2) en toont toekomstige mogelijkheden om de con-
trole terug te krijgen en tot (burger)arrest over te gaan. 
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Dankwoord 

Het schrijven van dit laatste, het dankwoord, doet me denken aan het begin 
van mijn onderzoekstraject: ik weet niet waar ik moet beginnen.  
 
Misschien niet eens zo gek gezien de optelsom van de afgelopen 5 jaar: sa-
menwerking met en steun van honderden collega’s/vrienden + duizenden 
gekregen en gecreëerde mogelijkheden = oneindig daaruit voortgevloeide 
avonturen.  
 
Daarnaast is in mijn ogen (eenmalig) bedanken in schrift significant inferieur 
aan dankbetuiging middels (dagelijkse) daden.  
 
Hoe meer ik je help, hoe meer ik je waardeer en dankbaar ben.  
 
You do the math ;D  





 203 

 
Curriculum Vitae 

Ronny Pisters was born on Friday 27th of August 1982 in Heerlen, the Netherlands. 
After completing his secondary school at the Sintermeertencollege (gymnasium) in 
Heerlen 2000, he started his medical training at the University of Maastricht. For his 
scientific work ‘Apoptosis As Apocalyptic Adversary of Atherosclerosis’, supervised 
by dr. Leonard Hofstra, during the final year of his training he received the Scientific 
Student of the Year (2006) award of the University of Maastricht, Faculty of Medi-
cine.  

Upon obtaining his medical degree in 2006 he started his work as a research fel-
low, under supervision of prof. dr. Harry J.G.M. Crijns, at the department of Cardiol-
ogy at the University of Maastricht focussing on the antithrombotic management of 
patients with atrial fibrillation. He was allowed to present his work on many occa-
sions at large international congresses and received the award for best clinical pres-
entation at the Dutch Society of Cardiology in 2009. The scientific results obtained 
during that time form the basis of this thesis. Recently, he was awarded a grant by 
the Hein Wellens Foundation for a post-doc position, supervised by prof. dr. Greg-
ory Y.H. Lip, at the Centre for Cardiovascular Sciences at the University of Birming-
ham, United Kingdom. Following his adventure abroad he looks forward to start his 
‘official’ training in clinical cardiology, guided by prof.dr. Harry J.G.M. Crijns and dr. 
Emiel C. Cheriex, at the end of 2012.  





 205 

 
List of Publications 

Original research 

Pisters R, Nieuwlaat R, Prins MH, Le Heuzey JY, Maggioni AP, Camm AJ, Crijns HJ; for 
the Euro Heart Survey Investigators. Clinical correlates of immediate success and 
outcome at 1-year follow-up of real-world cardioversion of atrial fibrillation: the 
Euro Heart Survey. Europace 2012 Jan 5 {Epub ahead of print] PMID: 22222085. 
 
Weijs B, Pisters R, Nieuwlaat R, Breithardt G, Le Heuzey JY, Vardas PE, Limantoro I, 
Schotten U, Lip GY, Crijns HJ. Idiopathic atrial fibrillation revisited in a large longitu-
dinal clinical cohort. Europace. 2012 Feb;14(2):184-90. 
 
Weijs B, de Vos CB, Tieleman RG, Pisters R, Cheriex EC, Prins MH, Crijns HJ. Clinical 
and echocardiographic correlates of intra-atrial conduction delay. Europace. 2011 
Aug 15. 
 
Dinh T, Baur LH, Pisters R, Kamp O, Verheugt FW, Smeets JL, Cheriex EC, Tieleman 
RG, Prins MH, Crijns HJ; for the TIARA pilot study group. Feasibility of TEE-guided 
stroke risk assessment in atrial fibrillation-background, aims, design and baseline 
data of the TIARA pilot study. Neth Heart J. 2011 May;19(5):214-222. 
 
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 fibril-
lation: the Euro Heart Survey. Chest. 2010 Nov;138(5):1093-100. 
 
R Pisters, RJ van Oostenbrugge, ILH Knottnerus, CB de Vos, A Boreas, J Lodder, MH 
Prins, HJGM Crijns, RG Tieleman. The likelihood of decreasing strokes in atrial fibril-
lation patients by strict application of guidelines, Europace. 2010 Jun;12(6):779-84, 
DOI:10.1093/europace/euq080 
 
CB de Vos, R Pisters, R Nieuwlaat, MH Prins, RG Tieleman, MA Allessie, HJGM Crijns. 
Progression from paroxysmal to persistent atrial fibrillation: clinical correlates and 
prognosis, JACC 2010, Feb 23;55(8):725-31, DOI: 10.1016/j.jacc.2009.11.040 
 
De Vos CB, Pison L, Pisters R, Schotten U, Cheriex EC, Prins MH, Delhaas T, Crijns HJ, 
Tieleman RG. Atrial fibrillatory wall motion and degree of atrial remodeling in pa-



 206 

tients with atrial fibrillation: a tissue velocity imaging study. J Cardiovasc Electro-
physiol. 2009 Dec ;20(12):1374-81. 
 
GYH Lip, R Nieuwlaat, R Pisters, DA Lane, HJ Crijns. Refining clinical risk stratification 
for predicting stroke and thromboembolism in atrial fibrillation using a novel risk 
factor based approach: The Euro Heart Survey on Atrial Fibrillation, Chest 2010, 
Feb;137(2):263-72, DOI 10.1378/chest.09-1584. 
 
De Vos CB, Nieuwlaat R, Crijns HJ, Camm AJ, LeHeuzey JY, Kirchhof C, Capucci A, 
Breithardt G, Vardas P, Pisters R, Tieleman RG. Autonomic Trigger Patterns And 
Anti-Arrhythmic Treatment Of Paroxysmal Atrial Fibrillation: Data From The Euro 
Heart Survey. European Heart Journal. 2008 Mar;29(5):632-9 

Editorials/review 

R Pisters, JB Olesen, GYH Lip. The role of echocardiography in stroke risk assessment 
in patients with atrial fibrillation: it is it additive or does it simply echo clinical risk 
factors? Europace 2011.  
 
R Pisters, R Nieuwlaat, CB de Vos, HJGM Crijns. Comprehensive upstream treatment 
for atrial fibrillation, when and how? Europace. 2009 Apr;11(4):397-9. 
 
R Pisters, HJ Crijns. A risk score for AF – burning the haystack to find the needle. Nat 
Rev Cardiol. 2009 Jun;6(6):394-5 
 
R Pisters, CB de Vos, R Dennert, HJ Crijns. Undetected atrial fibrillation in chronic 
heart failure patients: is it clinically relevant to catch the atrial phantom? Europace 
2009, Oct;11(10):1257-9. 
 
R Pisters, CB de Vos, R Nieuwlaat, HJ Crijns. Use and underuse of oral anticoagula-
tion for stroke prevention in atrial fibrillation: old and new paradigms, Semin 
Thromb Hemost. 2009 Sep;35(6):554-9 
 
Levi M, Hobbs FD, Jacobson AK, Pisters R, Prisco D, Bernardo A, Haas M, Heidrich J, 
Rosenberg M, Nielsen JD, Wuillemin WA. Improving antithrombotic management in 
patients with atrial fibrillation: current status and perspectives, Semin Thromb He-
most. 2009 Sep;35(6):527-42 



 207 

Contribution to books 

R Pisters, H ten Cate, HJ Crijns. Particular challenges in atrial fibrillation; Karger, in 
press 

Editor of books 

HJGM Crijns, R Pisters, Stroke prevention in atrial fibrillation, Future Science Group, 
in preparation 

Correspondence 

Olesen JB, Pisters R, Roldans V, Marin F, Lane DA. Correspondence J Am Coll Cardiol 
2012 Jan 10;59(20):194-5. 
 
R Pisters, R Nieuwlaat, DA Lane, HJGM Crijns, GYH Lip. Chest. 2011 
May;139(5):1248-9; author reply 1249-50.  
 
R Pisters, R Nieuwlaat, DA Lane, HJGM Crijns, GYH Lip. Chest. 2011 
May;139(5):1247-8; author reply 1248. 
 
GYH Lip, R Nieuwlaat, R Pisters, DA Lane, HJGM Crijns. Chest. 2010 Oct;138(4):1020; 
author reply 1020-1.  
 
R Pisters, R Nieuwlaat, DA Lane, HJGM Crijns, GYH Lip. Chest. 2010 Jul;138(1):239; 
author reply 239-40.  
 
R Pisters, TD Dinh, HJ Crijns, correspondence. N Engl J Med. 2009 Sep 
24;361(13):1312; author reply 1314-5. 

National publications 

R Pisters. Antithrombotische behandeling van atriumfibrilleren. FTO Online sep-
tember 2011. 
 
Willemsen RTA, Pisters R, Crijns HJGM, De Wit AAM. Implementatie van antitrom-
botische behandeling bij atriumfibrilleren. Huisarts Wet 2011;54(4):192-6 
 



 208 

R Pisters. Waarom moet ik naar de trombosedienst? Wetenswaardig; december 
2010. 
 
R Pisters, HJGM Crijns; Kan wat langer bestaand boezemfibrilleren zonder antistol-
ling zonder risico medicamenteus geconverteerd worden? Cardiologen Vademecum. 
Jaargang 10, nr 1, februari 2007. 


	Content
	Introduction
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Discussion and future directions
	Summary / Samenvatting
	Dankwoord
	Curriculum vitae
	List of publications


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50083
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




