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SUMMARY

Background: 5% to 8% of 70-year-olds and some 10% of
persons over age 80 have atrial fibrillation (AF).

Methods: Selective literature review.

Results: New scoring schemes (CHA,DS,-VASc score, HAS-
BLED score) have been introduced to enable more accurate
estimation of the risk of stroke and hemorrhage in patients
with AF. These scores are calculated on the basis of clinical
data (left ventricular dysfunction, hypertension, age, diabetes,
prior stroke, vascular diseases, sex, renal or hepatic dysfunc-
tion, bleeding, labile INR values, consumption of medications
and alcohol) and are used to determine the potential indi-
cation for, and appropriate type of, anticoagulation in the indi-
vidual AF patient. Hemodynamically unstable patients with
rapid AF should undergo DC cardioversion at once. Patients
with permanent AF should be given beta-blockers, calcium
antagonists, or digitalis for rate control, with a target rate
below 110/minute. A recently introduced drug, dronedarone,
is used for rhythm control and has relatively few side effects.
Patients with AF and impaired left ventricular function should
be given amiodarone. Rhythm control has not been found to
prolong life any more than rate control. Patients with a
CHA,DS,-VASc score of 2 or above should be orally antico-
agulated. Those with a score of 1 can be treated with aspirin
(75 to 325 mg daily); those with a score of 0 do not need anti-
thrombotic treatment. A HAS-BLED score of 3 or above is as-
sociated with a high risk of bleeding. Pulmonary vein isolation
is an established method of treating symptomatic AF, with a
success rate of 60% to 80%. Surgical procedures are pos-
sible in AF patients who need additional cardiac surgery.

Conclusion: The treatment strategy for AF must be individual-
ized on the basis of the patient’s clinical manifestations. The
mainstay of treatment is anticoagulation; the indication for
anticoagulation depends on the patient’s age, underlying
disease, and left ventricular function.
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he prevalence of atrial fibrillation (AF) rises with

advancing age, from 2% in persons over age 40 to
6% in persons over age 70 and about 15% in those over
age 90 (1). The number of people with this cardiac
arrhythmia has increased considerably during the past
30 years. In the United States, some 2.3 million people
are affected. The aging of the population is certainly
one reason, and improved detection of AF is another (2).

Methods

This review is based on the current guidelines of the
German, FEuropean, and American cardiological
societies (3, 4).

Acute treatment of atrial fibrillation

Electrical cardioversion to sinus rhythm

If the patient is hemodynamically unstable (i.e., has
clinical manifestations of presyncope or shock), or if
sinus rhythm has not returned after treatment with anti-
arrhythmic drugs, then electric direct-current (DC) car-
dioversion should be performed under sedation with a
short-acting anesthetic (class I recommendation) (3).
Biphasic cardioversion, with success rates over 90%,
seems to be clearly superior to the application of mono-
phasic current, although the available data from clinical
trials on this question are still sparse (5). DC cardiover-
sion, triggered by R spikes, should be carried out under
short-acting general anesthesia and with continuous
ECG monitoring, at an energy of 200 to 360 joules
(monophasic) or 150 to 200 joules (biphasic). Electric
cardioversion is now the preferred treatment for AF in
Germany (Figures 1 and 2).

Conversion to sinus rhythm by pharmacotherapy

Effective antiarrhythmic drugs for the pharmacological
conversion of AF to sinus rhythm include substances of
classes IA, IC, and Il (7able I). Flecainide and pro-
pafenone take effect relatively rapidly; the use of either
drug has been reported to yield cardioversion rates
ranging from 40% to 60%. Amiodarone is considered
less useful for cardioversion, partly but not only be-
cause of its slower effect. Ibutilide yields cardioversion
rates of 50% to 70% but is not available in Germany.

Rate control in tachycardic permanent atrial fibrillation

When cardioversion with either drugs or electricity is
not indicated, the goal of treatment is rate control.
Effective drugs for rate control in chronic AF include
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digitalis, calcium-channel blockers of the verapamil
class, diltiazem, and beta-blockers, either as monother-
apy or in combination.

Anticoagulation

Oral anticoagulation with coumarins is an effective
way to prevent stroke and thromboembolic events in
persons with AF. A meta-analysis revealed that oral
anticoagulation lowers the risk of stroke by 64% over-
all, or, stated another way, by 2.7% per year (6). In the
ACTIVE-A trial, patients who did not take coumarin
because of medical contraindications or personal objec-
tion, but instead took acetylsalicylic acid (ASA) and
clopidogrel, had a 6.8% rate of “major vascular events”
during a follow-up period of 3.6 years (mean), com-
pared to 7.6% in patients who took ASA and placebo
(p = 0.01). The annual stroke rates in these two groups
were 2.4% and 3.3%, respectively (p<0.001). ASA is
much less effective than clopidogrel for stroke preven-
tion in AF patients; it plays only a secondary role, com-
pared to coumarins, in the current guidelines of the
European Society of Cardiology (3).

Anticoagulation before and after electrical or

pharmacological cardioversion

Patients who have had AF for less than 48 hours have a
low risk of thromboembolic events. Thus, patients who
are currently in AF and who have had an ECG docu-
menting sinus thythm at some time in the past 48 hours,
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or whose AF-related symptoms clearly began less than
48 hours ago, would seem not to need either transesop-
hageal cardiac ultrasonography to rule out a thrombus
in the atrium or atrial appendage, or the periprocedural
anticoagulation that accompanies it. There is nonethe-
less a class I recommendation to manage these patients
in this way (3, 7). Low-molecular-weight heparin is at
least as effective as either unfractionated heparin or
oral anticoagulation and is considered an equally valid
alternative in view of its greater practicality and
controllability. Patients at increased risk of thrombo-
embolic events (i.e., those who are over age 65 or have
hypertension, diabetes mellitus, impaired left ventricu-
lar function, coronary heart disease, mitral valve
dysfunction, or a history of thromboembolic events)
should undergo three weeks of effective anticoagu-
lation, and then either pharmacological cardioversion
or electrical cardioversion with direct current (DC)
shock (class I recommendation). In general, anticoagu-
lation should be maintained for a further four weeks
after cardioversion, to allow time for renormalization
of atrial mechanical activity. The possible indication for
permanent anticoagulation depends on the patient’s
age, underlying cardiac disease, and left-ventricular
pump function; these factors, taken together, are
summarized in the CHADS, score. The indication does
not depend on whether AF is s paroxysmal, persistent,
or permanent, as patients with all of these types of AF
have a comparable risk of stroke.
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Rhythm control or rate control?

In the PIAF trial, 252 patients with AF were treated
with either diltiazem (125 patients) or amiodarone (127
patients) (8). There was no difference in mortality (two
deaths, or 1.6%, in each group), but the mean heart rate
was lower under treatment with diltiazem. On the other
hand, patients receiving amiodarone had better exercise
tolerance in a 6-minute walking test. The AFFIRM trial
included 4060 elderly persons (age 69.7 + 9.0 years,
mean follow-up 3.5 years) at high risk of stroke or
death who were randomly allotted to either “rate-
limiting” or “rhythm-controlling” treatment (2027 and
2033 patients, respectively) (9). The primary endpoint,
death of any cause, occurred at nearly the same fre-
quency in both groups (310 patients with rate control,
or 26%, vs. 356 patients with rhythm control, or 27%),
but the patients receiving antiarrhythmic drugs suffered
more frequent adverse events of various types: asystole
(0.6% vs. <0.1%), torsade de pointes tachycardia (0.8%
vs. 0.2%), central nervous system complications (8.9%
vs. 7.4%), of which 7.1% vs. 5.5% were strokes. In the
RACE trial, patients with persistent AF after electrical
cardioversion were randomly allotted to receive either
rate or rhythm control (256 and 266 patients, respect-
ively) (10). After a mean follow-up interval of 3.5
years, the two groups did not differ significantly in the
frequency of the composite primary endpoint, which
was defined as cardiovascular death, thromboembolic
complications, hemorrhage, and/or pacemaker
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treatment (18 patients in each group; 7.0% vs. 6.8%).
Nonetheless, in this trial as in the AFFIRM trial, the
rhythm-controlled patients had a markedly higher rate
of arrhythmic complications than the rate-controlled-
patients did (4.5% vs. 0.8%). The STAF and HOT
CAFE trials yielded similar findings (11). In 2008, Roy
et al. (12) reported on a trial of rhythm control versus
rate control in a study population of 1376 patients with
a left ventricular ejection fraction of 35% or less:
cardiovascular death occurred in 27% of rhythm-
controlled patients and in 25% of rate-controlled pa-
tients (hazard ratio 1.06) over a mean follow-up period
of 37 months. The secondary endpoints were reached at
comparable frequencies in the two groups: death of any
cause 32% vs. 33%, stroke 3% vs. 4%, worsening of
congestive heart failure 28% vs. 31%; combination of
cardiovascular death, stroke, and worsening of conges-
tive heart failure, 43% vs. 46%.

New developments

The classification of atrial fibrillation and its

clinical manifestations

Beyond the classification of AF that has been com-
monly used to date, there is a newly defined entity
called “persistent AF of long duration,” i.e., AF that has
been present for more than a year; in such cases, treat-
ment for the restoration of sinus rhythm should be at-
tempted. There is also a new scoring system for the
clinical manifestations of atrial fibrillation, which has
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Medications for pharmacological cardioversion in atrial fibrillation™ Definitions of the CHADS, and CHA,DS,-VASc scores,
with distribution of points™
Cscos | e | pams |
Amiodarone | 5 mglkg IV in 1 hour 50 mg/hourr Hypotension
o ) ) ) ) CHADS_ Score
Flecainide 2 mglkg IV in 10 min, - Not for patients with SHD 2
or 200-300 mg PO C Congestive heart failure 1 point
Ibutilide 1 mg IV in 10 min 1mg [Vin 10 min QT prolongation;
after a 10-minute TdP H Hypertension 1 point
iti iod .
wafing pero A Age 75 or above 1 point
Propafenone | 2 mg/kg IV in 10 min, - Not for patients with SHD; R . R
or 450-600 mg PO QT prolongation; Diabetes mellitus 1 point
proarrhythmic effect S, Prior stroke, TIA, or embolic event | 2 points
(atrial flutter)
Vernakalant 3 mg/kg IV in 10 min 2mg/kg IVin 10 min| Not for patients with CHA DS_-VASc Score
after a 15-minute severe AS; 272
waiting period SBP<100 mm Hg; C Congestive heart failure 1 point
NYHA IV,
T interval >440 ) .
QT interva ms H Hypertension 1 point
""Modified from the guidelines of the European Society of Cardiology (3); AS, aortic stenosis; Ay Age 75 or above 2 points
1V, intravenously; kg, kilograms; mg, milligrams; min, minutes; ms, milliseconds; PO, per os (by mouth); D Diabetes mellitus 1 point
SBP, systolic blood pressure; SHD, structural heart disease; TdP, torsade-de-pointes tachycardia
S, Prior stroke, TIA, or embolic event | 2 points
Vv Prior myocardial infarction and/or 1 point
peripheral arterial occlusive disease
Age 65-74 1 point
been introduced by the European Heart Rhythm Female sex 1 point

Association (EHRA).

® EHRA I: asymptomatic state;

® EHRA II: mild symptoms that do not affect every-
day life;

® EHRA III: marked symptoms that interfere with
everyday activities;

® EHRA IV: symptoms severe enough to make
normal everyday life impossible (3).

The CHA,DS,-VASc score
The CHA,DS,-VASc score has been introduced as a
means of estimating the risk of stroke in AF patients
more precisely. This score is intended to be useful in
identifying AF patients at low risk for stroke. It is based
on the same predictive factors as the CHADS, score,
with three additional ones (Table 2):

® Existing vascular disease

® Age 65to 74

® Female sex.

It remains to be seen whether this more complex
score will supplant the CHADS, score for general use.
It still needs to be validated.

The HAS-BLED score

This score is used to estimate the risk of hemorrhage. It
is based on seven variables, each of which is scored in a
point system, just as in the CHADS, and
CHA,DS,-VASc scores (Table 3). A total score of three
or more points indicates a high hemorrhagic risk. When
AF is to be treated with anticoagulant drugs, the HAS-
BLED score indicates the risk of bleeding associated
with the treatment.

. TIA, transient ischemic attack;
" Modified from the guidelines of the European Society of Cardiology (3)

Pharmacological cardioversion

The newly approved drug vernakalant delays atrial con-
duction and prolongs the refractory period (7able 1). Its
half-life is only two to three hours (13). In two trials,
called ACT-I and ACT-II, its efficacy was tested
against that of placebo in 390 hemodynamically stable
patients with AF of short duration (3 hours to 7 days).
In the ACT-I trial, vernakalant brought about conver-
sion to sinus rhythm in 74 (51%) of the patients treated
with this drug, compared to 3 (4%) of those who re-
ceived a placebo (p<0.0001). Comparable results were
obtained in the ACT-III trial, with cardioversion in 44
(51.2%) of the patients treated with vernakalant and 3
(3.6%) of those treated with placebo (p<0.0001).

The ACT-II trial, in contrast, dealt with the treatment
of AF of 3 to 72 hours’ duration that had arisen at some
time from 24 hours to 7 days after aortocoronary by-
pass grafting and/or an operation on the valves of the
heart. The rates of cardioversion in such patients were

47% with vernakalant and 14% with placebo
(p=0.0001).
A further trial (the AVRO trial) compared

vernakalant to amiodarone in the treatment of AF of 3
to 48 hours’ duration. There were 116 patients in each
arm of the trial; the rates of conversion to sinus rhythm
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Definition of the HAS-BLED score,
with point distribution™

T
H

Hypertension 1 point

A Abnormal renal 1-2 points
or hepatic function

S Prior stroke 1 point

B Bleeding 1 point

L Labile INR values 1 point

E Elderly, i.e., over age 65 1 point

D Concomitant use of other drugs 1-2 points
or alcohol

. INR, International Normalized Ratio.
" Modified from the guidelines of the European Society of Cardiology (3)

within 90 minutes were 51.7% with vernakalant and
5.2% with amiodarone, indicating significantly more
rapid cardioversion with vernakalant. At present, how-
ever, the use of vernakalant is limited by its high cost of
453.47 euros per package (personal communication
from the Drug Commission of the German Medical
Association [Arzneimittelkommission der deutschen
Arzteschaft, AkdA], 12 January 2011).

Rhythm-maintaining treatment

Dronedarone, a new antiarrhythmic drug, was tested for
the treatment of AF in the DAFNE trial: 800 mg of
dronedarone per day significantly prolonged the inter-
val to the first recurrence of AF compared to placebo
(60 days vs. 5.3 days, p<0.001). Six months after the
beginning of treatment, 35% of the patients taking
dronedarone were in sinus rhythm, compared to 10%
with placebo. Dronedarone in a dose of 800 mg per day
was compared against placebo in two further trials,
EURIDIS (612 patients) and ADONIS (625 patients).
In the combined analysis of these two studies, droneda-
rone was found to double the mean time to the recur-
rence of AF compared to placebo (116 days vs. 53 days,
p<0.01); at 12 months, 36% of the patients taking
dronedarone and 25% of those taking placebo were in
sinus rhythm (p<0.001). The rate-controlling effect of
dronedarone (800 mg daily) was studied in the ERATO
trial: in 174 patients, the mean heart rate dropped after
14 days of treatment by 11.7/min at rest, and by
24.5/min under stress (p<0.0001 for both findings).

In the ANDROMEDA trial, dronedarone (800 mg/
day) was tested for the treatment of patients with con-
gestive heart failure and ventricular dysfunction (ejec-
tion fraction < 35%). The trial was stopped at seven
months, because 25 deaths occurred in the dronedarone
group (most of them due to worsened congestive heart
failure), compared to 12 in the placebo group
(p = 0.12). Because of the premature termination of the
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TABLE 4

The risk of stroke as a function of

CHADS, and CHA,DS,-VASc scores

(in 1733 and 7329 patients, respectively)”

N

patients of stroke

CHADS, score
0 120 1.9%
1 463 2.8%
2 523 4.0%
3 337 5.9%
4 220 8.5%
5 65 12.5%
6 5 18.2%
CHA,DS -VASc score
0 1 0%
1 422 1.3%
2 1230 2.2%
3 1730 3.2%
4 1718 4.0%
5 1159 6.7%
6 679 9.8%
7 294 9.6%
8 82 6.7%
9 14 15.2%

"' Modified from the guidelines of the European Society for Cardiology (3)

trial, these findings do not permit the drawing of any
definitive conclusions. In the ATHENA trial, which
included 4628 patients, the main endpoint was mortal-
ity on dronedarone (800 mg/day) compared to placebo
(14). After 21 + 5 months of observation, mortality was
significantly lower in patients taking dronedarone
(31.9% vs. 39.4%) (p<0.001).

In the DIONYSOS trial (504 patients), a comparison
of dronedarone (800 mg/day) with amiodarone (200
mg/day) revealed that the combined endpoint “recur-
rent AF”/”premature discontinuation of drug because
of side effects” was reached by 75% of patients taking
dronedarone, and by 59% of those taking amiodarone
(p<0.00001). AF recurred more often under droneda-
rone than under amiodarone (64% vs. 42%), but prema-
ture discontinuation of the drug was less common with
dronedarone (39% vs. 45%, p =0.13).

In a study published in the New England Journal of
Medicine in December 2011, dromedarone was found
to increase the rates of congestive heart failure, stroke,
and cardiovascular death in comparison to placebo
when it was given to treat atrial fibrillation of more
than six months' duration in patients over age 65 with
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cardiovascular risk factors. Such patients should not be
treated with dromedarone.

In the author’s view, the current state of the evi-
dence, after a relatively short period of observation of
the effects of dronedarone, does not justify the promi-
nent position accorded to this drug in the published
guidelines.

Anticoagulation

Patients undergoing cardioversion need not be antico-
agulated if the presence of an atrial thrombus has been
excluded by transesophageal echocardiography, or if
AF has been present for less than 48 hours (class IB
recommendation) (3). In all other circumstances, the
patient should be effectively anticoagulated for three
weeks before and four weeks after cardioversion (Inter-
national Normalized Ratio [INR] 2.0-3.0) (class IB
recommendation).

According to the current ESC (European Society of
Cardiology) guidelines, patients without risk factors
(CHADS, and CHA,DS,-VASc scores of 0) need not
be anticoagulated for four weeks after cardioversion:
“Anticoagulation should normally be continued for 4
weeks after a cardioversion attempt, except when atrial
fibrillation is of recent onset and no risk factors are
present” (3).

The potential benefit of long-term anticoagulation
must be weighed against the risk of hemorrhage:
Patients with a CHA,DS,-VASc score of 2 or above
should be treated with oral anticoagulation to an INR of
2.0 to 3.0 (class IA recommendation). For patients with
a CHA,DS,-VASc score of 1, either oral anticoagu-
lation or ASA (75 to 325 mg daily) can be given,
although the former is favored. Patients with a
CHA,DS,-VASc score of 0 can be given either ASA
(75 to 325 mg daily) or no antithrombotic drug at all,
according to the guidelines of the European Society of
Cardiology (class IB recommendation). In patients with
a HAS-BLED score of 3 or above, who are at high risk
of hemorrhage, the risks of antithrombotic treatment
with ASA or oral anticoagulation must be carefully
weighed against its benefits (class Ila recommendation)
(Table 4).

New anticoagulant drugs

The search for new anticoagulant drugs that can be
given as an alternative to warfarin has been going on
for years. In the SPORTIF-III trial, the rates of acute
myocardial infarction with the oral thrombin inhibitor
ximelagatran and with warfarin were not significantly
different (1.1% vs. 0.6%); the same was found in the
SPORTIF-V trial (1.0% vs. 1.4%) (15, 16). Ximel-
agatran was withdrawn from the market, however,
because it induces abnormalities of liver function.

The RE-LY trial included 18 113 patients with atrial
fibrillation of non-valvular origin. In these patients, the
new direct thrombin inhibitor dabigatran (150 mg PO
b.i.d.) led to a significant reduction of the rate of stroke
and systemic embolic events (the combined primary
endpoint), compared to warfarin (1.11%/year vs.

1.69%/year, p<0.001), while the rates of hemorrhage
did not differ significantly in the two treatment groups
(3.36%/year vs. 3.11%/year, p=0.31) (17). The
relative risk of achieving the primary endpoint for this
dose of dabigatran, compared to warfarin, was 0.66. On
the other hand, when dabigatran was given at a lower
dose (110 mg PO b.i.d.), its therapeutic benefit over
warfarin disappeared (rate of achieving the primary
endpoint 1.53%, relative risk compared to warfarin
0.91), but severe hemorrhage became significantly less
common than under warfarin (2.71%/year vs.
3.36%/year, p=0.003). Dabigatran is now approved
for the prevention of venous thromboembolism after
operative joint replacement; on 1 September 2011, it
was also approved for the prevention of stroke in
patients with AF. In the first few weeks of clinical use
of dabigatran after its approval, however, a number of
fatal hemorrhages were observed that may have been
causally related to this drug. Renal function should
always be tested before dabigatran is given; if the crea-
tinine clearance is lower than 30 mL/min, dabigatran is
contraindicated.

The orally administered factor Xa inhibitor rivarox-
aban was tested in the ROCKET-AF trial (“rivaroxaban
once daily oral direct factor Xa inhibition compared
with vitamin K antagonism for prevention of stroke and
embolism trial in atrial fibrillation®), a randomized,
double-blind phase III trial that included 14 264
patients in 45 countries. The participating patients re-
ceived either rivaroxaban once daily or warfarin in an
adapted dose. With respect to the primary end-
point—stroke or systemic embolization outside the
central nervous system—rivaroxaban was found to be
at least as effective as warfarin in an intention-to-treat
analysis (2.1%/year vs. 2.4%/year; p<0.001 for non-
inferiority, p=0.12 for superiority). Rivaroxaban was
associated with significantly fewer intracranial
hemorrhages, but also with significantly more gastroin-
testinal hemorrhages, than warfarin (0.5% vs. 0.7%,
p =0.02; 3.2% vs. 2.2%, p<0.001). Overall, the rates of
major hemorrhage in the two groups were comparable
(3.6% for rivaroxaban and 3.4% for warfarin, p = 0.58).
Rivaroxaban was associated with statistically insignifi-
cant trends toward less frequent myocardial infarction
(0.9% vs. 1.1%, p = 0.12) and lower overall mortality
(1.9% vs. 2.2%, p=0.07). This medication is given at a
dose of 20 mg daily and has been approved for clinical
use in Germany since December 2011.
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