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Atrial fibrillation (AF) increases the risk of stroke. 
New anticoagulation agents have recently provided 
alternative and promising approaches. This paper 
reviews the current state of anticoagulation therapy 
in AF patients, focusing on various clinical scenar-
ios and on comparisons, where possible, between 
western and eastern populations. 
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1  Introduction 

 
The fact that atrial fibrillation (AF) increases the 

risk of stroke has long been known (Wolf et al., 1991). 
Although effective (Hart et al., 2007), anticoagulation 
with warfarin has its intrinsic limitations, which 
hinder its clinical application. Recently, new antico-
agulation agents have provided alternative and 
promising approaches (Connolly et al., 2009; Granger 
et al., 2011; Patel et al., 2011). However, the debate 
on how to deal with anticoagulation therapy 
peri-surgery or during interventional procedures con-
tinues. This article reviews the current state of anti-

coagulation therapy in AF patients, focusing on 
various clinical scenarios and on comparisons, where 
possible, between western and eastern populations. 

 
 

2  Population of AF patients 
 
AF is a very common form of arrhythmia and the 

incidence is increasing in this ageing world. In the 
USA, the prevalence of AF is 0.95% in adults aged  
20 years or older, and increases from 0.1% among 
adults younger than 55 years, to 3.8% among people 
aged 60 years or older, and to 9.0% in people aged  
80 years or older. The number of AF patients is pro-
jected to reach more than 5.6 million by the year 2050 
(Go et al., 2001). Another study estimates that there 
was an AF incidence of 0.368% and a prevalence of 
2.5% in the general population in the USA in 2000, 
and projects AF patients to reach 12.1 million by the 
year 2050 in the USA (Miyasaka et al., 2006).  

China has a somewhat lower prevalence of AF 
(Zhang, 2009). A survey of Chinese adults aged  
≥35 years showed that the age-adjusted prevalence of 
AF was 0.74% in men and 0.72% in women. The 
prevalence among people aged ≥60 years was 1.83% 
in men and 1.92% in women. Another large epide-
miological survey of AF among people aged 30 to  
85 years revealed a crude rate of prevalence of AF of 
0.77%, falling to 0.61% after being standardized. 

 
 

3  Necessity of anticoagulation therapy 
 
Beside causing symptoms and affecting cardiac 

function, AF is a strong independent risk factor for 
stroke (Wolf et al., 1991). The age-adjusted incidence 
of stroke showed a near five-fold excess in the pres-
ence of non-rheumatic AF. AF is not as benign a form 
of arrhythmia as once assumed. The poor outcome of 
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AF has been proved in studies: AF increases death 
rates by 31% to 140%, especially in women (Krahn et 
al., 1995; Benjamin et al., 1998; Stewart et al., 2002; 
Vidaillet et al., 2002), and has already become a 
heavy burden on the social economy. 

 
 

4  Who needs anticoagulation therapy? 
 
AF is a strong risk factor for stroke but not all AF 

patients have the same risk of stroke. Several grading 
systems have been put forward to stratify the risk. The 
well-known CHADS2 scoring system involves as-
signing 1 point each for the presence of congestive 
heart failure, hypertension, age of 75 years or older, 
and diabetes mellitus, and assigning 2 points each for 
a history of stroke or transient ischemic attack (TIA) 
(Table 1). Based on this scheme, the stroke rate in-
creases from 1.9% for a score of 0 to 2.8% for 1, 4.0% 
for 2, 5.9% for 3, 8.5% for 4, 12.5% for 5, and up to 
18.2% for 6 (Gage et al., 2001). The focused updated 
2011 American College of Cardiology Foundation 
(ACCF)/American Heart Association (AHA)/Heart 
Rhythm Society (HRS) guidelines for the manage-
ment of patients with AF (Fuster et al., 2011) did not 
include changes to its risk stratification. Moderate- 
risk factors include age greater than or equal to  
75 years, hypertension, heart failure, left ventricular 
(LV) ejection fraction 35% or less, and diabetes mel-
litus. High risk factors include a previous stroke, TIA 
or embolism, mitral stenosis, and a prosthetic heart 
valve. Patients with any high risk factor or more than 
one moderate risk factor should accept anticoagula-
tion therapy, and it might be considered for those with 
one moderate risk factor. 

 
 
 
 
 
 
 
 
 
 
 
A novel risk stratification model, CHA2DS2- 

VASc, has been proposed recently, which challenges 

the CHADS2 stratification and puts the largest pro-
portion (61.9%) of subjects into the intermediate-risk 
stratum (Lip et al., 2010). This system has new addi-
tional risk factors such as age 65–74 years, presence 
of vascular disease, female sex, and an increased 
allotment of 2 points for age 75 years or older (Table 2). 
Lip et al. (2010) claimed that this system provided 
some improvement in predictive value for throm-
boembolism over the CHADS2 schema, with low 
event rates in low-risk subjects and the classification 
of only a small proportion (15.1%) of subjects into the 
intermediate-risk category. This claim has already 
been supported by some other studies (Boriani et al., 
2011). CHA2DS2-VASc has been adopted by the 
2010 European Society of Cardiology (ESC) guide-
lines for the management of AF (Camm et al., 2010), 
recommending anticoagulation therapy for a 
CHA2DS2-VASc score ≥2, and consideration of 
therapy for those whose CHA2DS2-VASc score is 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The bleeding risk accompanying anticoagulation 

therapy, especially with warfarin, has been a long 
time concern. A new bleeding risk score termed 
HAS-BLED has been proposed recently (Table 3) 
(Pisters et al., 2010) and has been incorporated into 
ESC guidelines for management of patients with AF. 
It states that a score of ≥3 indicates ‘high risk’, and 
that some caution and regular review of the patient are 
needed following the initiation of antithrombotic 
therapy, whether with warfarin or aspirin (Camm et 
al., 2010). Self-monitoring of oral anticoagulation has 
been proposed to address the inconvenience of out-
patient visits and has shown some promise (Heneghan 
et al., 2012). 

Table 1  CHADS2 score for risk of stroke in non- 
valvular AF* 

Letter Risk factor Score

C Congestive heart failure 1 

H Hypertension 1 

A Age ≥75 years 1 

D Diabetes mellitus 1 

S Stroke or transient ischemic attack 2 
* Low risk (CHADS2 0 or 1), moderate risk (CHADS2 2 or 3) and 
high risk (CHADS2 4, 5, or 6). Adapted from Gage et al. (2001) 

 

Table 2  CHA2DS2-VASc score for risk of stroke in non-
valvular AF* 

Letter Risk factor Score
C Congestive heart failure/LV dysfunction 1 
H Hypertension 1 
A Age ≥75 years 2 
D Diabetes mellitus 1 
S Stroke/TIA/TE 2 
V 
 

Vascular disease (prior myocardial infarction, 
peripheral artery disease, or aortic plaque)

1 
 

A Age 65–74 years 1 
Sc Sex category (i.e., female gender) 1 

* A score of 0 indicates low risk; 1 indicates moderate risk; ≥2 indi-
cates high risk. LV: left ventricular; TIA: transient ischemic attack; 
TE: thromboembolism. Adapted from Lip et al. (2010)  
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5  Which anticoagulation agent to use? 
 
Traditionally, vitamin K antagonists (VKAs) 

(e.g., warfarin) were the only available therapeutic 
option for oral anticoagulation. A series of clinical 
studies have established warfarin’s role in antico-
agulation therapy for patients with AF. Earlier 
meta-analysis, including First Atrial Fibrillation As-
pirin and Anticoagulation (AFASAK1), European 
Atrial Fibrillation Trial (EAFT), Prevention of Arte-
rial Thromboembolism in Atrial Fibrillation 
(PATAF), Second Stroke Prevention in Atrial Fib-
rillation Study (SPAF2), AFASAK2, and SPAF3, 
showed that patients receiving warfarin were sig-
nificantly less likely to experience a stroke (2.4 vs. 4.5 
events per 100 patient-years; hazard ratio 0.55). Thus 
treating 1 000 patients with AF for one year with oral 
anticoagulant rather than aspirin would prevent 23 
ischemic strokes while causing 9 additional major 
bleeds. All-cause survival did not differ but it ap-
peared to improve for warfarin patients three years 
after therapy was started (van Walraven et al., 2002). 

A recent meta-analysis pooled 29 randomized trials 
and included 28 044 participants with non-valvular 
AF (mean age, 71 years; mean follow-up,  
1.5 years) (Hart et al., 2007). Compared with the 
control, adjusted-dose warfarin (6 trials, 2 900 par-
ticipants) and antiplatelet agents (8 trials, 4 876 par-
ticipants) reduced stroke by 64% and 22%, respec-
tively. Adjusted-dose warfarin was substantially more 
efficacious than antiplatelet therapy (relative risk 
reduction, 39%; 12 trials, 12 963 participants). Ab-
solute increases in major extracranial hemorrhage 
were small (≤0.3% year). 

New oral anticoagulation agents have been 
shining in clinical trials recently. Dabigatran is a new 
oral direct thrombin inhibitor. In Connolly et al. 
(2009)’s study including 18 113 patients who had AF 
and a risk of stroke, dabigatran, given at a dose of 110 mg, 
was associated with rates of stroke and systemic 
embolism that were similar to those associated with 
warfarin (1.53% vs. 1.69%), as well as lower rates of 
major hemorrhage (2.71% vs. 3.36%, P=0.003). 
Dabigatran administered at a dose of 150 mg, com-
pared with warfarin, was associated with lower rates 
of stroke and systemic embolism (1.11% vs. 1.69%, 
P<0.001) but similar rates of major hemorrhage 
(3.11% vs. 3.36%, P=0.31). The mortality rate was 
4.13% per year in the warfarin group, compared with 
3.75% per year with 110 mg of dabigatran (P=0.13) 
and 3.64% per year with 150 mg of dabigatran 
(P=0.051). Interestingly, the Food and Drug Ad-
ministration (FDA) approved a higher but not a lower 
dose of dabigatran (Beasley et al., 2011). 

Rivaroxaban, an oral factor Xa inhibitor, was 
tested in a clinical trial (Patel et al., 2011) consisting 
of 14 264 patients with non-valvular AF who were at 
increased risk of stroke. The primary end point of 
stroke or systemic embolism in the rivaroxaban (at a 
daily dose of 20 mg) group was 2.1% per year, similar 
to that of the warfarin group of 2.4% (P=0.12) in the 
intention-to-treat analysis. Major and non-major 
clinically relevant bleedings were not different in the 
rivaroxaban group and the warfarin group (14.9% per 
year vs. 14.5%, P=0.44), although intracranial and 
fatal bleeding occurred less frequently in the ri-
varoxaban group.  

In a study of 18 201 patients with AF and at least 
one additional risk factor for stroke, apixaban (at a 
dose of 5 mg twice daily) showed a better outcome 

Table 3  Clinical characteristics of the HAS-BLED 
bleeding risk score 

Letter Risk factor Score

H Hypertension 1 
A 
 

Abnormal renal and liver function 
(1 point each) 

1 or 2
 

S Stroke 1 

B Bleeding 1 

L Labile INRs 1 

E Elderly (>65 years) 1 

D Drugs or alcohol (1 point each) 1 or 2
INR: international normalized ratio. ‘Hypertension’ is 
defined as systolic blood pressure >160 mmHg. ‘Abnor-
mal 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 >2)×(upper limit of normal, in association with 
aspartate aminotransferase/alanine aminotransferase/ 
alkaline phosphatase>3)×(upper limit of normal)). 
‘Bleeding’ refers to previous bleeding history and/or pre-
disposition to bleeding, e.g., bleeding diathesis and anae-
mia. ‘Labile INRs’ refers to unstable/high INRs or poor 
time in therapeutic range (e.g., <60%). ‘Drugs/alcohol use’ 
refers to concomitant use of drugs, such as antiplatelet 
agents, non-steroidal anti-inflammatory drugs, or alcohol 
abuse. Adapted from Pisters et al. (2010) and Camm et al., 
2010) 
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with respect to the primary endpoint of ischemic or 
hemorrhagic stroke or systemic embolism than did a 
warfarin group (1.27% vs. 1.60%, P=0.01). The rate 
of major bleeding was lower in the apixaban group 
than in the warfarin group (2.13% per year vs. 3.09%, 
P<0.001), and the rates of death from any cause were 
3.52% and 3.94%, respectively (P=0.047). The rate of 
hemorrhagic stroke was also lower in the apixaban 
group (Granger et al., 2011).  

Compared with previous meta-analyses, there 
has been a significant improvement in the proportion 
of time spent in therapeutic anticoagulation, with a 
resultant decline in observed stroke rates (Agarwal et 
al., 2012). 

Most of the clinical trials of new oral antico-
agulation agents were carried out in western countries, 
where they are expected to replace warfarin in the 
future. A new era of anticoagulation appears to be 
emerging for patients with AF (Mega, 2011). How-
ever, warfarin will continue to be the major antico-
agulation agent in developing countries for some time. 

 
 

6  Specific populations 
 
Elderly patients with AF, constituting almost 

half of all AF patients, are at increased risk of stroke. 
Among patients diagnosed with AF, 45% are older 
than 75 years, and it is estimated that more than half 
of patients with AF will be older than 80 years by the 
year 2050 (Wolf et al., 1991). In the Framingham 
cohort, the proportion of AF-associated strokes in-
creased progressively with age: from 6.7% for ages 
50–59 years to 36.2% for ages 80–89 years (Wolf et 
al., 1987). Anticoagulant therapy with warfarin re-
duces the risk of stroke in all patients, including  
the elderly. Unfortunately, bleeding complications 
caused by warfarin are particularly frequent in elderly 
patients, and might be the major reason for antico-
agulation under-use in such patients. The cumulative 
incidence of major haemorrhage is 13.1 per 100  
patient-years for patients older than 80 years, vs. only 
4.7 per 100 patient-years for those below 80 years. 
Nevertheless, the risk of major bleeding appears only 
to increase modestly with increasing thromboembolic 
risk, resulting in a greater absolute net clinical benefit 
from anticoagulation for older patients (Sinnaeve et 
al., 2012). In Canada and in the EU, regulatory 

agencies recommend the use of dabigatran at 150 mg 
twice a day (BID) for patients below 80 years of age, 
and at 110 mg BID for patients aged 80 years or more 
(Sinnaeve et al., 2012).  

Although neither European nor American AF 
guidelines recommend special INR values for elder 
patients, one exploratory study showed a low rate of 
stroke and major bleeding in elderly patients (>75 
years) being managed in an anticoagulation clinic for 
primary stroke prevention with low-intensity antico-
agulation (INR 1.5–2.0, median achieved value 1.86) 
(Pengo et al., 2010). The 2010 Japanese AF guide-
lines recommend to ‘control patients with nonvalvu-
lar AF ≥70 years of age who are indicated for warfarin 
therapy with a target INR of 1.6 to 2.6’ (JCS Joint 
Working Group, 2010). It is not clear whether a lower 
INR would be more appropriate for Asian patients. 
Warfarin therapy was associated with a comparable 
risk of intracerebral haemorrhaging in non-Caucasians, 
especially Asians (Shen et al., 2007). A study carried 
out in Chinese patients with nonvavular AF found no 
difference between the low-intensity anticoagulation 
treatment (INR 1.6–2.0) and the standard intensity 
anticoagulation treatment (INR 2.0–2.5) (Zhang, 
2009). 

Novel oral anticoagulant agents that are easier to 
use and which might offer similar or better levels of 
stroke prevention with a similar or reduced risk of 
bleeding should promote increased use of anti-
thrombotic therapy in the management of elderly AF 
patients. 

 
 

7  Specific situations 
 
Whether to and how to interrupt oral anticoagu-

lation therapy during peri-operation and peri-  
interventional procedures have been the subjects of an 
ongoing debate. Relevant recommendations from the 
2012 American College of Chest Physicians (ACCP) 
guidelines for perioperative management of anti-
thrombotic therapy (Douketis et al., 2012) include: 
‘In patients with a mechanical heart valve, AF, or 
venous thromboembolism (VTE) at high risk for 
thromboembolism, we suggest bridging anticoagulation 
instead of no bridging during interruption of VKA 
therapy; in patients with a mechanical heart valve, AF, 
or VTE at low risk for thromboembolism, we suggest 
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no bridging instead of bridging anticoagulation dur-
ing interruption of VKA therapy; in patients with a 
mechanical heart valve, AF, or VTE at moderate risk 
for thromboembolism, the bridging or no-bridging 
approach chosen is, as in the higher- and lower-risk 
patients, based on an assessment of individual patient- 
and surgery-related factors’. The risk stratum is: high, 
a CHADS2 score of 5 or 6, a recent (within three 
months) stroke or TIA, and rheumatic valvular heart 
disease; moderate, a CHADS2 score of 3 or 4; and low, 
a CHADS2 score of 0 to 2 (assuming no prior stroke 
or TIA). 

For pacemaker implantation, oral anticoagula-
tion can be safely interrupted before implantation 
under overlapping therapy with low molecular weight 
heparin. Reducing heparin doses in patients with low 
thromboembolic risk and renal insufficiency led to a 
low incidence of major bleeding without increasing 
thromboembolic events (Hammerstingl and Omran, 
2011). Other studies have suggested that patients with 
moderate to high thromboembolism risk should un-
dergo device implantation without stopping oral an-
ticoagulation (Cano et al., 2012). The perioperative 
anticoagulation for pacemaker implantation is yet to 
be established. Temporarily interrupting anticoagula-
tion is associated with increased thromboembolic 
events, whereas cessation of warfarin with bridging 
anticoagulation is associated with a higher rate of 
pocket hematoma and a longer hospital stay. Con-
tinuing warfarin with a therapeutic INR appears to be 
a safe and cost-effective approach when implanting a 
pacemaker or defibrillator in patients with moderate 
to high thromboembolic risk (Ahmed et al., 2010). 
Recent trials suggest that warfarin can be continued 
when patients are undergoing cardiac device proce-
dures (Brinker, 2012). 

Trans-septal puncture and AF ablation can be 
performed safely in patients with ongoing oral anti-
coagulation therapy (Hakalahti et al., 2011). The 
2012 HRS/European Heart Rhythm Association 
(EHRA)/European Cardiac Arrhythmia Society 
(ECAS) Expert Consensus Statement on Catheter and 
Surgical Ablation of Atrial Fibrillation states that 
‘Performance of catheter ablation of AF on a patient 
who is therapeutically anticoagulated with warfarin 
should be considered.’ and ‘Discontinuation of sys-
temic anticoagulation therapy post ablation is not 
recommended in patients who are at high risk of 

stroke as estimated by currently recommended 
schemes (CHADS2 or CHA2DS2-VASc)’ (Calkins et 
al., 2012). There is highly consistent evidence from 
observational studies that a continued warfarin strat-
egy during radio frequency catheter ablation of AF 
reduces the risk of thromboembolic complications 
without increasing the risk of bleeding (Santangeli et 
al., 2012; Verma and Tsang, 2012), which appears at 
present to be a problem. It is assumed that patients 
taking dabigatran are unlikely to require bridge 
therapy because of a predictable anticoagulant effect 
and a rapid onset of action. However, there is evi-
dence that in patients undergoing AF ablation, pe-
riprocedural dabigatran use significantly increases the 
risk of bleeding or thromboembolic complications 
compared with uninterrupted warfarin therapy 
(Quintela et al., 2012). 

Cost effective analyses of anticoagulation ther-
apy for AF and alternative approaches for the pre-
vention of strokes in AF patients, such as left atrial 
appendage occlusion, are also interesting current 
topics, but they are beyond the scope of this review. 
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