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Abstract: Atrial fibrillation (AF) continues to impose a significant burden upon healthcare resources. A sustained in-
crease in the ageing population and better survival from conditions such as ischaemic heart disease have ensured that both 
the incidence and prevalence of AF continue to increase significantly. AF can lead to complications such as embolism and 
heart failure and these acting in concert with its associated co-morbidities portend increased mortality risk. Whilst some 
studies suggest that the mortality risk from AF is due to the “bad company it keeps” i.e. the associated co-morbidities 
rather than AF itself; undoubtedly some of the mortality is also due to the side-effects of various therapeutic strategies 
(anti-arrhythmic drugs, bleeding side-effects due to anti-coagulants or invasive procedures). Despite several treatment ad-
vances including newer anti-arrhythmic drugs and developments in catheter ablation, anti-coagulation remains the only ef-
fective means to reduce the mortality due to AF. Warfarin has been used as the oral anticoagulant in the treatment of AF 
for many years but suffers from disadvantages such as unpredictable INR levels, bleeding risks and need for haematologi-
cal monitoring. This has therefore spurred a renewed interest in research and clinical studies directed towards developing 
safer and more efficacious anti-coagulants. We shall review in this article the epidemiological features of AF-related mor-
tality from several studies as well as the cardiovascular and non-cardiac mortality mechanisms. We shall also elucidate 
why a rhythm control strategy has appeared to be counter-productive and attempt to predict the likely future impact of 
novel anti-coagulants upon mortality reduction in AF. 
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INTRODUCTION 

 Atrial fibrillation (AF) is the most common sustained 
cardiac arrhythmia encountered in clinical practice. 2.2 mil-
lion people in America and 4.5 million people in Europe are 
affected by either paroxysmal or persistent AF [1]. It is usu-
ally associated with cardiovascular co-morbidities such as 
hypertension, coronary artery disease, valvular heart disease 
and heart failure [2]. The presence of AF has been shown to 
independently increase the risk of death [3-7] and the mortal-
ity risk is highest during the first year after AF manifests [5-
8]. The incidence of death due to AF has been shown to vary 
from 1.6-4.2% per annum in various controlled trials [9, 10]. 
Whilst some studies suggest that the mortality risk from AF 
is due to the “bad company it keeps” i.e. the associated co-
morbidities rather than AF itself; undoubtedly some of the 
mortality is also due to the side-effects of the various thera-
peutic strategies for AF (anti-arrhythmic drugs, bleeding 
side-effects due to anti-coagulants or invasive procedures).  

EPIDEMIOLOGY 

 Large population studies both in North America and 
Europe have demonstrated incontrovertibly the impact of AF  
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upon mortality. The landmark Framingham Heart Study 
analysed a cohort of 621 individuals who developed AF 
(out of a study population of over 5000) during 40 years of 
follow-up; the excess in all-cause mortality rates attribut-
able to AF was 50% for men, and 90% for women, even 
when controlled for the presence of a wide range of cardio-
vascular co-morbidities [5]. This effect on mortality be-
came apparent early, with 15% of deaths occurring within 
30 days of diagnosis. Amongst the group of patients aged 
between 55-74 years, the 10 year mortality was 61.5% in 
men with AF compared to 30% in men without AF. 
Amongst women in a similar age group, the 10 year mortal-
ity was 57.6% in the AF group versus 20.9% in women 
without AF. Similar findings have been found from many 
other cohorts. The Renfrew-Paisley study followed-up 100 
patients with AF for 20 years out of a cohort of over 15,000 
men and women aged between 45-64 years in two Scottish 
towns and showed that AF increased all-cause mortality by 
50% amongst men and 120% amongst women [3]. Ruigo-
mez et al. followed a cohort of 1035 chronic AF patients in 
the UK for a mean duration of 2 years and reported a treb-
ling of all cause mortality after matching for confounding 
factors [7]. The Olmsted County study was a community 
based study of 4618 patients with AF, followed-up for 
5.3±5 years and demonstrated that relative to the general 
age and sex-matched population, AF significantly increased 
the mortality risk especially during the first four months 
following diagnosis (HR 9.62; 95% CI 8.93 to 10.32) and 
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also thereafter (HR 1.66; 95% CI 1.59 to 1.73) [8]. The 
Manitoba study followed-up nearly 4000 young Canadian 
male air crew for 44 years and demonstrated that AF in-
creased total mortality by 31% [11].  

 As might be expected, the annual mortality rates associ-
ated with AF vary substantially depending on the population 
demographics. Based on medical insurance claim data, val-
ues range from 2.6% in asymptomatic untreated individuals, 
to 24.2% amongst an elderly population with high rates of 
co-morbidities [12, 13]. There do not appear to have been 
significant reductions in AF-associated mortality between 
the years 1993 – 2007; this population-based data is sup-
ported by recent trials of novel anticoagulants and anti-
arrhythmic therapies, which report annual mortality rates 
between 1.9 and 6.6% even with optimal contemporary 
treatment [14-16].  

 It is unambiguous from the epidemiological data that, 
although the presence of AF has a significant and dramatic 
effect to increase the mortality rate within a population, the 
effect on an individual is less clear-cut and is highly depend-
ent on demographic risk factors and the presence of co-
morbidities as discussed below.  

AGE 

 Age is a major risk factor for developing AF, and 
older patients are more likely to have co-morbidities that 
might impact on survival. Nevertheless, patient age is the 
most powerful and consistent independent factor in de-
termining the AF-associated mortality risk. Although the 
Framingham study found that all age groups demonstrated 
an excess mortality attributable to AF, the absolute risk 
increase seen in those aged over 75 years was approxi-
mately 3 times that seen in those under 65 years [5]. This 
was confirmed in the Paisley/Renfrew study, where the 
excess mortality was increased 3.5 times in the age group 
60–64 years compared to 45–49 years [3]. Essentially, 
amongst all age groups, individuals with AF are more 
likely to die early than those without, and older patients 
with AF are substantially more at risk than younger pa-
tients. The annual mortality in 2007 amongst a large co-
hort of AF patients who were also Medicare beneficiaries 
aged >65 years was as high as 25% [13]. 

SEX 

 In developed societies, healthy females possess a survival 
advantage over males [17]. The mortality associated with AF 
is slightly but significantly higher in females than in males, 
such that this survival advantage is lost and the life expec-
tancy of a woman with AF is similar to that of an age-
matched man [5]. The Renfrew-Paisley study showed AF 
portends a higher all-cause and cardiovascular mortality 
amongst women [3]. There is also evidence that stroke-
related mortality in AF is higher in women [18]. 

RACE /ETHNIC DIFFERENCES 

 During AF-related hospitalisations, in-hospital mortality 
has been shown to be highest amongst African-Americans in 
comparison to other ethnic groups [19]. 

LONE AF VS. CO-MORBIDITIES 

 ‘Lone AF’ is defined as AF in the absence of structural 
heart disease or additional cardiovascular co-morbidities 
such as diabetes or hypertension. In reality, lone AF is an 
uncommon entity; 70% of patients with AF have additional 
risk factors at the time of diagnosis and of the remaining 
30% many will have unrecognised co-morbidities such as 
sleep apnoea or obesity [20]. With a 15 year mortality of 
only 8%, survival amongst patients with lone AF has been 
shown to be not significantly different to that of age and sex-
matched population control data [21-23]; this is in keeping 
with subgroup analysis from the Paisley/ Renfrew study 
which also did not identify a significant mortality excess 
attributable to lone AF [3].  

 In contrast, multivariate analysis from the afore-
mentioned population studies indicates that cardiovascular 
and non-cardiovascular co-morbidities impact dramatically 
upon survival. Factors such as smoking, lung disease, hyper-
tension, diabetes and obesity act to increase mortality by 
around 20 – 60% each, and the effects are additive with addi-
tional risk factors. These findings have led to the develop-
ment of clinical scoring systems to aid therapeutic decisions.  

TEMPORAL PROFILE OF AF 

 There is convincing evidence that AF burden may impact 
upon stroke rates [24], however the stroke risk due to parox-
ysmal AF is comparable to that of chronic AF [25]. In con-
trast, permanent AF is associated with higher mortality risk 
whereas paroxysmal AF has been shown to portend similar 
mortality risk as that of age and gender-matched general 
population [26, 27]. However, analysis of the mortality ef-
fect due to persistent AF in comparison to paroxysmal AF, 
has shown contrasting results [26, 28]. 

ISCHAEMIC HEART DISEASE (IHD) AND HEART 
FAILURE 

 AF and coronary artery disease share risk factors, but 
there is no clear evidence linking AF with increased risk of 
acute coronary syndromes [29]. Co-existing IHD has been 
shown to increase all-cause mortality due to AF three fold 
with up to 21% of deaths shown to be related to IHD [7]. 
Nevertheless, there is a clear association between AF and 
poor prognosis in myocardial infarction; multiple studies 
have shown that the development of AF following myocar-
dial infarction is associated with a substantial increase in in-
hospital as well as post-discharge mortality (reviewed in 
[30]). Many studies (including large-scale RCTs such as the 
OPTIMAAL trial, GUSTO-3 trial and TRACE study) have 
shown that chronic AF independently increases post-MI 
mortality (reviewed in [30]). A study by one of the authors 
of this paper (Sankaranarayanan et al. [31]) showed that 
chronic AF could increase post-MI mortality risk by increas-
ing the risk of ventricular fibrillation in this setting [31]. The 
OPTIMAAL trial noted a significant increase in 30 day mor-
tality only where new AF complicated acute MI, but that 
both acute and pre-existing AF were associated with reduced 
survival over the subsequent 3 years [32]. 

 AF in congestive heart failure (CHF) has recently at-
tracted substantial interest; AF can either exacerbate or com-
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plicate CHF [33], and in the modern era of device therapy it 
is becoming apparent that AF in CHF is under-recognised 
[34]. 24% out of 3288 individuals with AF in the Olmsted 
County study developed CHF over a mean follow-up of 
6.1±5.2 years, leading to a significant increase in mortality 
(HR 3.4) [35]. The Framingham study illustrated the close 
relationship between these two pathologies showing that 
amongst 1470 participants who developed either or both 
these conditions, 382 individuals had both (36% of these 
developed AF first, 41% CHF first and 21% were diagnosed 
with both on the same day) [36]. The incidence of CHF 
amongst AF patients was 33 per 1000 person years, with 4 
out of 10 AF subjects developing heart failure at some point 
during their lifetime and also significantly increasing mortal-
ity (men HR 1.6, women HR 2.7). Further analysis also 
demonstrated a significant mortality impact where AF com-
plicated CHF, (incidence 54 per 1000 person years) with 
relative increases of 60% and 170% in men and women re-
spectively compared to individuals with CHF in sinus 
rhythm. The Manitoba follow-up study showed that AF in-
creases the risk of development of CHF by three-fold and 
increased cardiac mortality by 37% [11]. 

 However, therapeutic CHF studies demonstrated conflict-
ing results as to whether the presence of AF conferred an 
independent impact on mortality, or simply reflected disease 
state at baseline [37-40]. A recent meta-analysis of 16 stud-
ies including 53,969 patients appears to confirm that AF in-
creases total mortality in CHF patients by around 40%, with 
an independent effect remaining after controlling for demo-
graphics and disease severity irrespective of impaired or pre-
served LV function [41]. Nevertheless, it remains controver-
sial whether it is the arrhythmia or the co-morbidities that 
impacts upon mortality, with a recent analysis [42] suggest-
ing that this effect is only seen where heart failure results 
from ischaemic heart disease. A post hoc analysis of the AF-
FIRM trial sub-set of patients with CHF and preserved ejec-
tion fraction showed a lower all-cause and cardiovascular 
mortality in comparison to patients with impaired systolic 
function [43]. 

 In view of the strong association of AF with co-
morbidities, several studies have attempted to analyse if the 
effects of AF upon mortality are truly independent or simply 
a risk marker for the cumulative pre-terminal effects of co-
morbidities. The Olmsted County study for instance illus-
trated the very high 4 month and 1 year mortality following 
AF diagnosis, however there were no changes in early (<4 
months) versus late mortality (after 4 months) in the whole 
cohort or within the sub-group of patients without pre-
morbid cardiovascular disease [8]. These results and others 
showing that lone AF does not increase mortality, suggest 
that AF could simply represent a risk marker for mortality in 
a very sick population with multiple co-morbidities [3, 6, 8]. 

MECHANISMS OF AF-RELATED MORTALITY 

1. Cardiac 

 Several large population-based studies have shown 
that AF independently increases cardiac mortality [3, 5, 
11]. Increased cardiovascular mortality risk due to AF 
varies between 2 to 12 times [44]. The cardiac causes in-

clude heart failure, arrhythmia and possibly coronary 
heart disease. 

 AF has an intricate relationship with CHF whereby 
one can precipitate the other [45]. AF leads to a loss of 
atrial systole (which usually contributes up to 30% of 
pre-load in sinus rhythm). In addition to this, the loss of 
atrio-ventricular synchrony and irregular, uncontrolled 
ventricular rates contribute to development of CHF 
(“tachycardia-induced cardiomyopathy”) [46-48]. Un-
controlled ventricular rates during AF can also worsen 
mitral regurgitation and cause rate-related left bundle 
branch block, thereby reducing cardiac output [49].  

 AF can lead to arrhythmic sudden death by poten-
tiating VT or VF in patients with ICDs [50], pre-
excitation syndromes [49] and in the acute MI setting 
[31]. 

 AF can also impair coronary perfusion and increase 
myocardial oxygen demand especially due to uncon-
trolled ventricular rates and this could worsen coronary 
ischaemia and thus increase mortality especially in the 
subset of patients with pre-existing ischaemic heart dis-
ease [48-50].  

2. Vascular 

 AF contributes to 15-25% of all strokes and these 
contribute to a significant proportion of AF-related mor-
tality [51, 52]. AF-related strokes tend to be associated 
with higher mortality, and more severe disability [52, 
53]. The Olmsted County study followed up 4117 indi-
viduals with AF and reported a 11% incidence of stroke 
over a mean follow-up period of 5.5±5 years, with AF–
related stroke significantly increasing the mortality haz-
ard ratio to 3.03 for men and 3.8 for women in compari-
son to the general population [18]. The Manitoba follow-
up study showed that AF increased cardiovascular mor-
tality including fatal stroke by 41% [11]. Even amongst 
anti-coagulated patients with therapeutic INR, stroke 
risk due to AF can be up to 3% in high-risk individuals 
such as those with prior stroke [54, 55]. Un-coordinated 
atrial contraction leads to stasis of blood in the left 
atrium [56]. In addition to this, thrombogenesis is also 
perpetuated by haematological abnormalities such as 
platelet activation, inflammation and structural factors 
such as atrial dilatation, loss of endothelium and pro-
gressive fibrosis [56]. The left atrial appendage is the 
site responsible for the majority of thrombi in non-
valvular AF [56]. However, it has been demonstrated 
that not all thrombo-embolic events necessarily predict 
mortality risk. For instance, the ACTIVE-W trial 
showed that only disabling strokes (both ischaemic and 
haemorrhagic with Rankin score �3) increase mortality 
risk whereas transient ischaemic attacks do not [57]. Ma-
jor bleeding secondary to anti-coagulation can also con-
tribute to mortality [57]. 

3. Non-cardiovascular Deaths 

 Most therapeutic strategies for AF such as anti-
arrhythmic drugs, anti-thrombotics and catheter ablation 
can increase mortality risk in AF as a side-effect or seri-
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ous adverse event. Anti-arrhythmic drugs can lead to po-
tentially lethal pro-arrhythmic effects (such as torsade de 
pointes) but also cause multi-systemic side-effects and 
thus contribute to non-cardiovascular deaths [10, 58, 
59]. A rhythm control strategy has also been shown to 
unmask non-cardiovascular co-morbidities such as ma-
lignancies or lung pathology, thus contributing to mor-
tality burden (covered in greater detail in section on 
AADs) [10, 48]. Bleeding risk is inextricably linked to 
use of anti-thrombotics and can be fatal. Severe bleeding 
events (such as fatal events, drop in haemoglobin of at 
least 5 g/decilitre), need for inotropic agents, loss of vi-
sion due to intra-ocular bleeding, surgical intervention 
due to bleeding, symptomatic intra-cranial haemorrhage, 
need for transfusion of at least 4 units of blood) treble 
the mortality risk (HR. 3.35; 95% CI, 2.12-5.27) whilst 
non-severe major bleeding or minor bleeding events do 
not increase mortality. 

RISK PREDICTION FOR AF-RELATED MORTAL-
ITY 

 In view of the significant mortality risk due to AF and the 
associated co-morbidities, several useful risk-predictors have 
been identified. The CHADS2 Score (1 point each for Con-
gestive Heart Failure, Hypertension, Age�75 years, Diabetes 
Mellitus and 2 points for Stroke/TIA) was introduced over a 
decade back as a scoring system to assess thrombo-embolic 
risk due to AF [60] but can also predict mortality risk. 
Khumri et al. showed in a study that patients with CHADS2 
score of �5 have a 50 fold higher mortality risk in compari-
son to patients with a score of 0 [61]. Similarly, while the 
HAS-BLED score has been mainly used in clinical practice 
to predict risk of major haemorrhagic episodes due to anti-
coagulation [62], this risk score has also been shown to pre-
dict adverse cardiovascular events as well as all-cause mor-
tality, thus illustrating that thrombogenesis and haemorrhage 
are inextricably linked by sharing many common risk predic-
tors [63]. Whilst the CHA2DS2Vasc score has been recom-
mended in the latest guidelines to supersede CHADS2 as a 
better risk predictor for thrombo-embolic risk, its role as a 
risk predictor for mortality remains to be established. 

 Abnormal ankle brachial index (ratio of ankle and bra-
chial systolic blood pressure) has been shown to independ-
ently predict all-cause mortality after adjusting for CHADS2 
score and also predict major haemorrhagic episodes irrespec-
tive of the HAS-BLED score [64]. Cardiovascular related 
hospitalisation in AF patients also significantly predicts risk 
of death (HR 2.69; 95% CI 1.96-3.68) and it has been sug-
gested that this end-point could be used as a surrogate for 
mortality in trials [65]. 

 Clinical investigations also help to identify patients at 
increased risk of AF-related averse events. Serum bio-
markers such as interleukin-6, high sensitivity troponin T 
and von Willebrand factor have been shown to predict all-
cause mortality independent of CHADS2 score in anti-
coagulated AF patients, possibly reflecting coronary micro-
vascular dysfunction, global endothelial dysfunction or 
athero-thrombosis [66-68]. High sensitivity CRP has also 
been shown to predict all-cause and cardiovascular mortality 
amongst AF patients [69]. Patients with renal failure (eGFR 

<45 ml/min and proteinuria) have been shown to have in-
creased risk of AF-related thrombo-embolism, bleeding and 
mortality [70]. Echocardiographic markers such as mitral 
annular calcification, presence of spontaneous left atrial con-
trast, severe LV impairment and greater than moderate mitral 
regurgitation also help to predict increased mortality risk 
amongst chronic AF patients [61, 71].  

TREATMENTS 

Anti-arrhythmic Drugs (AADs) 

 Several AADs have been shown to cause pro-arrhythmic 
side-effects and thus increased mortality in patients [58]. The 
class I agent flecainide gained particular attention following 
the CAST trial [72] where increased mortality was observed 
in patients with history of myocardial infarction. These re-
sults have been extrapolated to extend its contraindication to 
patients with coronary artery disease, heart failure or left 
ventricular hypertrophy. Coplen, in a meta-analysis pub-
lished in 1990, showed that treatment with quinidine was 
more effective than no anti-arrhythmic therapy in suppress-
ing recurrences of atrial fibrillation but appeared to be asso-
ciated with increased total mortality [73]. Class III medica-
tions such as amiodarone and sotalol, have also received 
similar attention, and are also well known for their risk of 
QT prolongation and Torsades de Pointes.  

 Indeed all AADs have the potential to have serious, pro-
arrhythmic side effects [58]. This has implications when 
determining the optimal treatment strategy for atrial fibrilla-
tion (AF): the restoration and maintenance of sinus rhythm 
(rhythm control strategy) or control of heart rate alone (rate 
control strategy). Several studies have sought to answer this 
question, including the Strategies of Treatment of Atrial Fib-
rillation (STAF) [74], Pharmacological Intervention in Atrial 
Fibrillation (PIAF) [75], Atrial Fibrillation Follow-up Inves-
tigation of Rhythm Management (AFFIRM) [10], Rate Con-
trol vs. Electrical Cardioversion (RACE) [76], the HOT 
CAFÉ [77] and J-RHYTHM Study [78]. None of these stud-
ies has shown any significant difference in all-cause or car-
diovascular mortality and stroke outcome between rate and 
rhythm control and in fact a meta-analysis of five major tri-
als showed a trend towards reduced risk of death (rate vs. 
rhythm control; OR 0.87, 0.74-1.02- P=0.09) [79]. This has 
generally led to the adoption of rate control strategy as the 
pragmatic approach especially in the elderly or in presence 
of significant co-morbidities. 

 AFFIRM (Atrial Fibrillation Follow-up Investigation of 
Rhythm Management) in particular showed a non-significant 
trend toward increased all-cause mortality in the rhythm con-
trol group (hazard ratio 1.14; 95% CI, 1-1.32) [10]. A retro-
spective analysis of the cause-specific mortality in the AF-
FIRM trial showed that the incidence of cardiac (including 
arrhythmic, heart failure and MI deaths) and vascular (in-
cluding ischaemic and haemorrhagic strokes) deaths was not 
significantly different between the rhythm control and rate-
control groups [48]. Thus the increased all-cause mortality in 
the rhythm-control group could be entirely accounted for by 
the significant difference between the incidences of non-
cardiovascular deaths (47.5% in rhythm control group versus 
36.5% in rate-control group; p=0.0008). These non-
cardiovascular deaths were mainly due to malignancies and 
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pneumonia. This was attributed to earlier discontinuation of 
warfarin and higher incidence of stroke rather than risk of 
the anti-arrhythmic itself which highlights the importance of 
anticoagulation in atrial fibrillation. Even in patients with 
heart failure (LVF<35%) complicated by AF, the AF-CHF 
trial did not demonstrate that rhythm control could lead to 
mortality benefit [33]. However, there has been some evi-
dence demonstrating the benefits of rhythm control particu-
larly in the longer term. For instance, a retrospective, “on-
treatment analysis” of the AFFIRM study that analysed pres-
ence of sinus rhythm and use of anti-arrhythmic drugs as 
separate variables, showed a significant reduction in death 
due to presence of sinus rhythm [80]. Thus the mortality 
increase of 49% due to anti-arrhythmic drugs could have 
overshadowed the 53% mortality reduction due to mainte-
nance of sinus rhythm [48]. The survival benefits of sinus 
rhythm were similar to that seen in the DIAMOND AF 
(dofetilide versus placebo in AF patients with LV dysfunc-
tion) study which did not show an all-cause mortality bene-
fit; however, restoration and maintenance of sinus rhythm 
significantly reduced mortality (risk ratio 0.44; 95% CI 0.30-
0.64) and risk of hospitalisation [81]. In a population-based 
study of rate versus rhythm control strategies among 26, 130 
AF patients, showed that the rhythm control group demon-
strated a small increase in mortality within six months of 
treatment initiation which then became similar to mortality 
in the rate-control group until year 4. In the longer term 
however (after year 5), the mortality was lower in the rhythm 
control group in comparison to that in the rate-control group 
(HR 0.89; 95% CI 0.81-0.96 after 5 years and HR 0.77; 95% 
CI 0.62-0.95 after 8 years) [82]. From the above studies, it is 
likely that the pro-arrhythmic effects and multi-systemic 
side-effects of existing AADs dilute and even offset the sur-
vival advantage provided by maintenance of sinus rhythm. 

 The most commonly used AAD for rhythm control in all 
these trials was amiodarone, which was shown in the studies 
to have a low pro-arrhythmic potential, with its adverse side 
effects being mainly extra-cardiac [59]. Amiodarone has 
been demonstrated to be the most efficacious drug in main-
taining sinus rhythm [59, 79]. Some studies have found it to 
be associated with an increased risk of non-cardiac mortality 
(particularly cancer-related and pulmonary) [83-85] whilst 
this was not observed in other studies [86, 87]. Recently 
Freemantle et al. included thirty nine randomised controlled 
trials in a mixed treatment comparison of dronedarone, 
amiodarone, sotalol, flecainide and propafenone used for the 
management of AF and reported (from eighteen trials includ-
ing about 10,000 patients) that sotalol in particular was asso-
ciated with increased mortality whereas amiodarone (but not 
dronedarone) showed a trend towards increased all-cause 
mortality [59]. A meta-analysis by Piccini et al. also demon-
strated an insignificant trend towards increased mortality due 
to amiodarone [88]. 

 More recently, there has been the arrival of dronedarone, 
an AAD developed to have fewer side effects and improved 
safety profile compared to amiodarone [88]. The EURIDIS 
and ADONIS trials showed dronedarone was significantly 
more effective than placebo in maintaining sinus rhythm, 
and in reducing ventricular rate during recurrence of ar-
rhythmia, with post hoc analysis also suggesting a 44% re-
duction in cardiovascular hospitalisation or death at 12 

months [89]. Although dronedarone is less efficacious than 
amiodarone [88], a subsequent trial (ATHENA) showed that 
dronedarone reduces the composite endpoint of cardiovascu-
lar hospitalisation or death by 24% [14]. However, subse-
quent studies have shown that dronedarone can lead to in-
creased early mortality in certain sub-sets of patients. For 
instance, in the ANDROMEDA trial (Anti-arrhythmic trial 
with Dronedarone in Moderate to Severe CHF Evaluating 
Morbidity Decrease), dronedarone (in comparison with pla-
cebo) led to a doubling of mortality (95%CI, 1.07-4.25) due 
to worsening heart failure after a median follow-up of only 2 
months [90] Dronedarone also led to increased cardiovascu-
lar deaths (hazard ratio 2.11; 95% CI, 1-4.49), arrhythmic 
deaths (hazard ratio 3.26; 95% CI, 1.06-10) in addition to 
increased incidence of stroke and heart failure hospitalisa-
tions when used in patients with high-risk permanent AF 
(PALLAS) [91]. 

ANTI-COAGULATION 

 Effective anticoagulation is the most effective method of 
reducing mortality in AF patients [92]. In the absence of 
anti-coagulation, AF patients who develop a stroke have a 1 
month mortality of nearly 25% [92]. In a meta-analysis of 29 
trials of anti-thrombotic therapy for AF, compared to control, 
adjusted-dose warfarin reduced significantly stroke risk by 
64% and all-cause mortality by 26%. Aspirin in contrast 
showed a non-significant 19% reduction in stroke risk and 
did not reduce mortality significantly [93]. In addition to 
anti-coagulation with warfarin, it is also important to closely 
monitor the therapeutic range of INR closely to both prevent 
thrombo-embolic complications as well as avoid major 
bleeding complications. Patients who spend at least 70% of 
the time with INR within therapeutic range demonstrate sig-
nificantly lower mortality compared to patients whose INR is 
therapeutic <70% of the time [94]. Analysis of 30-day mor-
tality due to ischaemic stoke whilst on warfarin, has shown 
that warfarin significantly reduces 30 day mortality if INR is 
between 2-3 (OR 0.38; 955 CI, 0.2-0.7) but patients with 
INR>3 demonstrate increased odds of mortality due to intra-
cranial haemorrhage 2.66 fold (95% CI, 1.21-5.86) [95].  

 Despite the obvious benefits of warfarin, the ATRIA 
study showed that it was being under-prescribed, particularly 
in those AF patients below 55 years and above 85 years, pre-
sumably due to physicians’ concerns regarding bleeding risk 
[96]. Interestingly, in contrast to this predominant view held 
by most physicians, patients are willing to accept the higher 
risk of bleeding associated with anti-coagulants in order to 
avoid disabling strokes which some even view as worse than 
death [97]. The search for more efficacious and potentially 
safer anti-thrombotics has heralded the era of novel anti-
coagulants, as detailed below. 

 In the RELY study [98], dabigatran, a novel oral direct 
thrombin inhibitor, given at a dose of 110 mg to AF patients, 
was associated with rates of stroke and systemic embolism 
similar to warfarin, but with lower rates of major haemor-
rhage, whilst at doses of 150 mg, it was associated with 
lower rates of stroke and systemic embolism compared to 
warfarin, and similar rates of major haemorrhage. There was 
a trend towards reduction in all-cause mortality with the 150 
mg dose (p=0.051) and a significant reduction in vascular 
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mortality (p=0.04). The rates of death from any cause were 
4.13% per year with warfarin, compared with 3.75% per year 
with 110 mg dabigatran (P=0.13), and 3.64% with 150 mg 
dabigatran (P=0.051). A meta-analysis of seven dabigatran 
studies (including 30514 patients) also showed a 11% reduc-
tion in all-cause mortality in comparison to warfarin [99]. 

 Following this there has been the addition of the oral 
factor Xa inhibitors: rivaroxaban, assessed by the ROCKET-
AF trial [100]; and apixaban, analysed by the AVERROES 
[16] and ARISTOTLE [101] trials. In the ROCKET-AF trial, 
in comparison with warfarin for non-valvular AF, rivaroxa-
ban was shown to be non-inferior for prevention of stroke or 
systemic embolism. There was no significant difference in 
risk of major bleeding, though intracranial and fatal bleeding 
occurred less frequently in the rivaroxaban group. There was 
no significant difference in mortality between the two 
groups. In the ARISTOTLE trial, apixaban was shown to be 
superior to warfarin by reducing the risk of stroke or sys-
temic embolism by 21%, major bleeding by 31% and all-
cause mortality by 11% [101]. 

 The future for these novel anticoagulants is very prom-
ising, with significant progress being made in morbidity 
and mortality reduction compared to warfarin, mainly by 
way of further reduction in ischaemic strokes and less 
bleeding risks. However there are also several concerns 
regarding the use of the newer anticoagulants as detailed 
below. These include the lack of robust safety data in pa-
tients with creatinine clearance <30 ml/min, elderly pa-
tients and those with extremes of body weight. Whilst the 
lack of need to closely monitor anticoagulation whilst on 
newer anticoagulants can be viewed as an advantage by 
reducing patient inconvenience as well as the burden on 
healthcare resources, this feature can also be a disadvantage 
if patients miss one or more doses (due to the short offset 
time of these drugs leading to a rebound stroke risk). Addi-
tionally the lack of a specific antidote to these drugs is also 
of concern during major bleeding episodes. Thus there is a 
need for further studies in order to clarify the above con-
cerns about these drugs before they can be incorporated 
into widespread clinical practice. 

INTERVENTIONAL TREATMENTS 

 Catheter ablation is recommended in the management of 
symptomatic paroxysmal AF after failed AAD therapy and 
has not yet been demonstrated to confer mortality benefits 
possibly due to lack of long-term follow-up data. Being an 
invasive procedure, the procedure itself carries a mortality 
risk of up to 0.7% [2]. However, newer technological devel-
opments are consistently improving the safety and efficacy 
of catheter-based techniques. Left atrial appendage closure 
using occlusion devices has been suggested as an alternative 
for patients deemed unsuitable for oral anti-coagulation and 
again data on mortality benefits from this procedure is lack-
ing currently. 

CONCLUSIONS 

 AF and its associated co-morbidities continue to impose 
a significant mortality risk despite several new therapeutic 
advances. Indeed a proportion of the AF-related mortality is 
caused by side-effects due to attempts at restoring and main-

taining sinus rhythm or major bleeding due to anti-
coagulation. However effective anti-coagulation is the only 
therapeutic strategy that has been shown to reduce AF-
related mortality and newer anticoagulants with improved 
efficacy and lesser bleeding side-effects, are only likely to 
improve the risk-benefit profile. Currently available AADs 
have limited efficacy and possess significant side-effects 
which seem to offset benefits of rhythm control; hence there 
is a pressing need to develop improved AADs in order to 
unmask the survival benefit that could accrue from mainte-
nance of sinus rhythm. The impact of catheter ablation in the 
management of AF has currently been increasing and with 
improvements in safety and efficacy, is likely to reduce the 
use of AADs in the future. 
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