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Summary: For most patients with structural heart disease, the goals of treating atrial 
fibrillation are the same: prevention of systemic emboli and stroke, and optimization of 
hemodynamics. Two strategies to achieve these goals are available: cardioversion and 
maintenance of sinus rhythm with antiarrhythmic agents, or rate control plus warfarin anti­
coagulation. Properly handled, the risk of cardioversion to sinus rhythm is low. Unfor­
tunately, antiarrhythmic drugs are neither highly effective nor well-tolerated, and their safe­
ty is an open question. On the other hand, drugs for rate control are reasonably effective, 
well-tolerated, and safe. Anticoagulation with warfarin is effective for both primary and 
secondary prevention of stroke and systemic emboli. Because of uncertainties about the 
long term eficacy and safety of antiarrhythmic therapy, it is possible that the routine 
approach - cardioversion followed by antiarrhythmic drugs - should be reserved only for 
those patients in whom rate control plus warfarin anticoagulation is unacceptable. 



By itself, atrial fibrillation Is seldom life-threatening and it may be asymptomatic. Associated problems may 
range from relatively trivial complaints (occasional palpitations) to significant symptoms (dyspnea, limitation of 
exercise capacity and progression of heart failure) to catastrophic events (stroke and other systemic emboli). In 
spite of this spectrum of possible complications, most management decisions reduce to two therapeutic goals 
which must be considered In every patient with atrial fibrillation (AF). One objective Is prevention of systemic 
emboli or Ischemic events. Although cerebral emboli and stroke are properly emphasized, mesenteric, renal, 
cardiac and limb embolization also have a disastrous impact. The second objective is optimization of 
hemodynamics by controlling the ventricular response. Specifically, rate control is needed for comfort at rest, 
maintenance of exercise tolerance, and prevention of angina or heart failure in the setting of other heart disease. 
If both goals are achieved, mortality and morbidity will be reduced. 

Cardloverslon plus maintenance of sinus rhythm with drug therapy might be one means to achieve these 
universally-accepted goals. In this review, maintenance of sinus rhythm is compared to rate control plus 
anticoagulation for the management of atrial fibrillation In ambulatory patients with structural heart disease. The 
management of patients with known underlying noncardiac disease such as atrial fibrillation associated with 
thyrotoxicosis, drug or alcohol use, acute pulmonary emboli, etc., will not be considered. The details of 
cardloverslon and the management of patients with bypass tracts (accessory pathways, Wolf-Parkinson-White 
syndrome) Is excluded. 

1. Etiology and epl~emiology 

Etiology 

Atrial fibrillation Is not a single problem, and it can occur In association with virtually any structural heart 
disease. It Is useful to divide the associated conditions Into diseases with normal or abnormal cardiac anatomy 
(Table 1 ). Included In the latter category are conditions which cause mechanical stress on the atria or ventricles. 
It is very Important to recognize AF In the absence of significant structural heart disease because once the 
underlying condition Is removed, AF Is unlikely to recur (with the exception of Idiopathic AF). Most of the remarks 
In this review are devoted to patients with structural heart disease. 

Prevalence 

Although AF usually is not considered a particularly 
Interesting arrhythmia, it Is the most common sustained 
arrhythmia. Its prevalence Is about 0.4% of the adult 
population, much less than hypertension or coronary artery 
disease, and roughly equivalent to congestive heart failure. 
AF will occur at some point in 2-6% of Individuals over 60 
years old. Uke hypertension, strokes, coronary artery disease 
and heart failure, atrial fibrillation Is much more prevalent In 
the elderly population (Figure 1 ). However, the true Incidence 
and prevalence of atrial fibrillation across age groups Is 
difficult to determine. Although the ECG diagnosis Is usually 
straightforward, most studies record a standard 12 lead ECG 
at selected Intervals (months apart) or during a suspicious 
symptomatic event. Intermittent AF which Is minimally symp­
tomatic may be underestimated. On the other hand, AF asso­
ciated with a rapid ventricular response may be represented 
accurately because it may present as palpitations; a slower 
ventricular response may go unnoticed. Thus, there are gaps 
in our knowledge of the natural history of AF. For example, 
we assume that chronic AF Is generally preceded by earlier 
intermittent episodes, but this is unknown. 
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Figure 1. Age, gender and the prevalence of 
atrial fibrillation. Data from reference 3. 
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A minor problem In AF epidemiology Is the 
absence of agreed definitions for subsets of AF which 
has been termed chronic, fixed, permanent, esta­
blished, Intermittent, Isolated, paroxysmal, transient, 
brief, periodic, and recurrent. The lack of definitions Is 
Illustrated by the •tone tlbrillator- which has come to 
mean a patient with atrial fibrillation and no known 
associated cardiovascular condition. As we shall see, 
AF generally Is associated with an Increased risk of 
stroke. However, the Mayo study of lone fibrillators 
{1) found no Increase, while the Framingham study 
{2) found a fourfold Increase In risk. The difference 
In these two studies likely Is the definition of patient 
populations. In the Mayo Clinic study, patients over 60 
and with any history of cardiovascular disease includ­
Ing hypertension were excluded. In the Framingham 
study, patients over 65 were Included, and a history of 
hypertension (but not hypertensive heart disease) was 
also allowed. The Framingham patients had more risk 
factors for stroke than the Mayo Clinic patients, even 
though both populations were called ·1one flbrlllators: 

Atrial fibrillation and mortality 

In the Framingham study, AF conferred a two­
fold increase In cardiovascular deaths and deaths from 
all causes {3). The mechanism of this excess mortal­
ity Is not known, but it has been attributed to two 
factors. First, AF may directly cause fatal events due 
to emboli, progression of heart failure, or conceivably 
development of ventricular arrhythmias due to chronic 
effects of AF on ventricular repolarlzatlon {4). 
Second, AF may be the result of underlying cardio­
vascular disease and it may serve as a marker of a 
disease which causes excess mortality. 

Atrial fibrillation and morbidity 

Table 1. CondHions associated wHh atrial 
fibrillation. Data from the Framingham Trial. 

Structural heart disease 

acute or chronic right or left atrial pressure load 
valvular heart disease 
intracardiac tumors or thrombi 
cardiomyopathies 
systemic hypertension 
pulmonary hypertension 

abnormalities of the mitral valve (Ca + +, MVP) 

coronary artery disease and its complications, 
including acute Ml 

inflammatory or Infiltrative diseases 

pericarditis 

congenital heart disease ± surgical repair 

bypass tracts CI'JPW) 

No obvious cardiac abnormaiHies 

alcohol, other drugs 

pheochromocytoma 

thyrotoxicosis 

digitalis Intoxication 

stress- surgery, pneumonia, pain, hypoxia, etc. 

AF Is undoubtedly a major risk factor for idiopathic \lone fibrillator-) 
strokes and systemic emboli in many patient sub-
groups {5, 6); overall, it Increases stroke risk five-
fold. Although the cause of strokes Is usually not de-
termined, these Ischemic events are assumed to result 
from thrombus formation In the nearly mechanically quiescent left atrium, followed by embolization. Available Infor­
mation {7, 8) suggests that 60-70% of strokes in patients with atrial fibrillation are embolic, although the embolic 
source was not Identified. Therefore, adequate anticoagulation should eliminate about 2/3 of strokes. 

AF also causes diverse hemodynamic complications. The effects of AF on mechanics of the left ventricle 
are difficult to predict, but cardiac output may be reduced. With a rapid ventricular response, diastolic filling times 
may be Inadequate and left atrial pressures may rise, resulting in dyspnea. This may be particularly troublesome 
for patients with left ventricular hypertrophy and reduced left ventricular compliance. A poorly controlled ventricular 
response Is clearly associated with progression of heart failure. In patients with coronary disease, AF may reduce 
the exercise threshold for angina by increasing myocardial oxygen demand and reducing diastolic coronary flow. 
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2. Pathophysiology: What Is atrial fibrillation? 

The diagnosis of atrial fibrillation Is made based on two ECG findings: absent P waves, and an Irregularly 
Irregular ventricular rhythm (In the absence of digitalis intoxication). Atrial activity Is seen as fibrillatory waves, also 
called f waves, which appear to be fine Irregularities or oscillations In the baseline of the ECG. Rarely, It may be 
difficult to distinguish atrial fibrillation from atrial standstill. Less frequently, the atrial fibrillatory waves can be 
coarse with amplitudes up to 2-4 mm In the standard ECG. 

Possible mechanisms of sustained atrial fibrillation 

The electrophyslologlcal mechanlsm(s) responsible for clinical atrial fibrillation are unknown. One goal of 
current research Is to understand both the Initiation and maintenance of AF at a level similar to, for example, certain 
ventricular tachycardias. The clinical benefit could be Identification of patients at high risk for complications of 
antiarrhythmic therapy and the development of devices or procedures which maintain sinus rhythm and eliminate 
the need for the drug therapies described below. All clinical arrhythmias are generally attributed to of one of three 
basic mechanisms (Table 2), although reentry Is 
thought to be by far the most Important cause of 
both supraventricular and ventricular tachycardias. 
A basic question Is the role of ectopic foci (ab­
normal Impulse generation) vs. reentry In the 
maintenance of atrial fibrillation. In experimental 
preparations atrial fibrillation can originate In a 
local Injured region of tissue. If this portion of the 
atrium Is excluded, the remainder of the atrium 
recovers normal function. Thus, an Isolated 
abnormal region of atrium can be responsible for 
AF (consistent with abnormal impulse generation). 
On the other . hand, anatomically normal atria 
(either In humans or In experimental animals) can 
be converted to atrial fibrillation with suitable 
stimulation protocols. Since many of the recent 
developments In the electrophysiology of AF 
center on the role of reentry, the three 
subdivisions will be reviewed briefly. 

Anatomical reentry Is the classical pheno­
menon observed by Mayer and by Mines early this 
century. There are two essential features of the 
reentrant circuit: 1 ) a fixed structure with a central 

Table 2. Mechanisms of arrhythmias: three classes, 
subdivisions and clinical examples. EADS, early 
afterdepolarlzatlons; DADS, delayed 
afterdepolarizations. 

1. Spontaneous impulse generation 

normal 
abnormal 

2. Afterdepolarlzations 

early (EADS) 
delayed (DADS) 

3. Reentry 

Anatomic 
Functional 
Anisotropic 

automatic atrial tach 
ldioventricular rhythms 

torsade de pointes 
digitalis intoxication 

many forms of VT, AVRT, etc. 
? atrial fibrillation 
? 

region of inexcltlbility (i.e., there Is a core of dead tissue or scar, or an anatomical structure such as an atrioventri­
cular valve ring), and 2) differences In refractory period in the limbs of the circuit. If these conditions apply, then 
a single premature beat Is sufficient to Induce the tachycardia (Figure 2). 

Clinically, there are several characteristics of classical reentry. First, the reentrant circuit is well-defined. 
The wavefront progresses through the same pathway, returns to the point of origin, and repeats the process contin­
uously. Thus, the observed arrhythmia is reproducible and morphology on the surface ECG Is constant. Second, 
anatomical reentry exhibits an excitable gap (Figure 3) which refers to tissue in the circuit which has fully recovered 
electrical excitibility. Another way of describing the excitable gap is the concept of arrhythmia wavelength 
(wavelength = conduction velocity x refractory J)eriod). According to this view, the pathlength of the anatomic 
circuit must be longer than the wavelength of the tachycardia. The availability of an excitable gap (which can be 
demonstrated In h'umans In the EP lab) means that property timed premature beats can reset the phase of the tach­
ycardia, and that the tachycardia can be terminated by a single beat or pacing. A third feature Is permanent 
termination of the tachycardia by destruction (cutting, freezing, burning, infarcting) of one segment of the circuit. 
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Functional reentry (also known as leading 
circle reentry) was predicted in computer models re­
ported by Moe In 1964 {9), and demonstrated In 
experimental preparations in 19n by Allessie {10). 
In this type of reentry there Is no central area of 
fibrosis, and there Is no well-defined anatomical 
pathway. Rather, the existance of the arrhythmia 
depends on dispersion In the refractory periods of a 
sufficient volume of tissue. The premature Impulse 
propagates Into the tissue with short refractory 
periods and circulates around, without penetrating, 
tissue with longer refractory periods (Figure 4). 
According to this formulation, the arrhythmia assumes 
the smallest possible circuit, and If the electrical 
properties of the tissue are changed (for example, by 
drug therapy), the size of the circuit will change. 

normal 

premature 

Therefore, In contrast to anatomical reentry, tachycardia 
functional reentry 1) has no fully excitable gap, and 
stimulation from outside the circuit cannot reset the 
arrhythmia; and 2) does not lend Itself to cure by Figure 2. Anatomical reentry. 
destruction of a small volume of tissue. Recently, the 
distinction between functional and anatomic reentry 
has been blurred somewhat by studies in which both mechanisms were studied in comparable prepariltions. For 
example (11), In an animal model of anatomic reentry, an excitable gap could be measured and premature 
stimuli always reset the tachycardia, as anticipated. In a similar model of functional reentry, a short excitable gap 
could be detected, but premature stimuli could reset the tachycardia only In a minority of hearts, and the 
magnitude of resetting was small. 

Reentry due to tissue anisotropy was sug­
gested In 1981. This type of electrical nonunlformlty 
In tissue Is an Important concept and probably rel­
evant to atrial fibrillation because functional reentry 
(I.e., nonunlformltles of repolarizatlon In isotropic 
tissue) requires a rather large volume of tissue In 
which It can be established. Spach (12) reported 
that electrical discontinuities In small volumes of 
tissue may also be responsible for reentry. The 
distinctive feature of this type of reentry (compared to 
anatomical and functional) is that the electrical 
properties of the myocardium are assumed to be ani­
sotropic at a microscopic level. The theoretical 
foundation for both anatomical and functional reentry 
assume that cardiac muscle Is continuous and that Its 
electrical properties are homogeneous over cellular 
distances, although dramatic Inhomogeneities may 
exist over larger volumes. The microscopic 
inhomogeneities In electrical properties arise · from 
differences In cell to cell resistance along the long 
axis of myocytes compared to resistance to propa­
gation across the short axis. Consequently, every cell 
experiences nonunlformities of electrical loading. In 

REFRACTORY .Y ~RELATIVELY 
REFRACTORY 

Figure 3. The excitable gap during reentry. 
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Isolated tissue studies, human atrial muscle bundles 
show two- to threefold differences In conduction 
volocity depending on whether the velocity is 
measured across the long axis or short axis of a 
bundle. The difference may be age-dependent, and 
more prominent in elderly atria. It has also been ob­
served that collagenous tissue causes fragmentation of 
the electrogram and conduction delays In atria of ex­
perimental animals. Thus, one might speculate that 
both aging and diseases causing collagen deposition 
might increase the potential for reentry at the 
microscopic level. 

Clinical atrial fibrillation 

The relevance of these concepts in atrial 
fibrillation and in humans is unknown. Functional 
reentry causing atrial arrhythmias has been shown in 
animal preparations (13). Recently, It has been 
shown that atrial fibrillation in animals may have a Figure 4. Functional reentry. 
short and variable excitable gap. This critical obser-
vation suggests that AF can be entrained by local stimulation and perhaps terminated by programmed stimulation. 
For example Allessie eta/. (14) studied AF induced by burst pacing in dogs. Rapid pacing at rates slightly 
slower or faster than the median AF cycle length resulted In regional capture covering an area about 4 em in 
diameter. The area of entrainment (electrical capture), however, was limited by conduction block due to flbrillatory 
waves arriving from other parts of the atria. 

Since intracellular electrograms and other 
tools are for the most part impractical in humans, the 
best method for evaluating mechanisms of atrial 
fibrillation is high density epicardial mapping of the 
arrhythmia. These studies use two dimensional array 
of electrodes to monitor a wave of depolarization as 
It propagates across the atrium. These methods have 
been extended in a limited way to humans {15). In 
25 patients with accessory pathways (WPW), the 
patterns of right atrial activation during induced AF 
were studied during open heart surgery. In contrast 
to the relatively homogeneous results from dogs, the 
activation pattern of the RA varied widely among pa­
tients. In some patients a single broad wave of de­
polarization propagated across the right atrium. In 
others, a small (2 or 3) number of wavelets could be 
detected propagating across the RA at variable rates. 
In a third group the pattern of atrial depolarization 
was highly fragmented and disorganized. Various 
parameters of atrial conduction were also vartable: 
average conduction velocity, Incidence of electrical 
silence, and apparent reenty varied among all three 
groups. This important study showed that even In a 

refractory ,period 

•lnu• 6 
rhythm hour. 

conduction velocity\ 

24 
hours 

48-96 
hour. 

Figure 5. Effect of Induced AF on atrial conduction 
velocity (open bars) or atrial effective refractory period 
(shaded bars). Data from reference 16. 
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relatively homogeneous human population with transient AF, diverse patterns of activation and various dimensions 
of Intra-atrial reentrant circuits are apparent. 

Electrical remodeling: Does AF beget AF? 

Some patients, particularly Individuals less than 50 years old, may have lntermlttant or paroxysmal AF. 
It Is assumed, but without solid evidence, that AF normally follows a course of rare paroxysms followed by more 
sustained but lntermlttant episodes, culminating In chronic AF. Prolonged AF Is also more difficult to cardlovert 
than brief AF. The progressively resistant behavior of AF may be due to alteration of atrial electrical properties, 
particular the ion channels which control repolarlzatlon, which Is Induced by AF Itself and makes Its recurrence 
more likely. Evidence for this concept comes from studies of AF repeatedly Induced In experimental animals with 
chronically-Implanted atrial electrodes (16). The atrial effective refractory period was quickly and significantly 
shortened by several hours to days of atrial fibrillation, whereas the atrial conduction velocity was not altered over 
the period of study (Figure 5). After AF had been maintained for several days, It could be Induced more easily and 
a single Induced episode was more prolonged. In these animals with no underlying cardiovascular disease, the 
process was reversible. 

3. Cardloverslon and maintenance of sinus rhythm: The Intuitive choice 

As already discussed, atrial fibrillation is strongly associated with stroke, and It causes palpitations, exertion 
Intolerance, and variable effects on left ventricular function. Conversion from AF to sinus rhythm clearly has bene­
ficial effects on hemodynamics and exercise tolerance In some patients (17, 18). A poorly controlled ventricular 
response Is clearly associated with progression of heart failure or resistance to therapy in some patients, and It 
may precipitate angina. Since AF Is a self-sustaining arrhythmia, It Is very attractive to attempt cardioversion in 
every patient. Presumably, elimination of AF will both reduce the risk of AF later in life and eliminate the associated 
adverse events. Since cardioversion and drugs to suppress AF are effective (Table 4, but read on), a decision to 
accept AF, control the ventricular response and reduce embolic events with warfarin seems rather pathetic. 

Once the decision is made to attempt cardioversion, anticoagulation is usually essential during the pre and 
post cardloversion period to reduce the risk of embolic events. Sinus rhythm can be restored using transthoracic 
DC shocks (19), antiarrhythmic drugs, or a combination of the two. Typical success rates combining both 
methods are 60-95%. However, comparison of studies Is difficult since inclusion criteria are often not explicitly 
stated. Although many clinical features have been proposed to predict successful cardioverslon (Table 3), only 
short duration of AF and low age have been consistently found to predict success (20, 21, 22). Any report 
with a preponderance of young patients with brief duration of AF will report outstanding success rates. The favored 
drugs for cardioversion are In Vaughn-Williams classes lA and IC (quinidine, procaineamide, propafenone, and 
flecainide), and amiodarone is also very effective and possibly superior to these agents. Although the •best• agent 
is not known, all appear to be effective In cardiover-
sion of atrial fibrillation. 

Generally, standard procedures for cardio­
version are so reliable that significant risks of attemp­
ting cardioversion should be less than 1 %, once 
appropriate workup and treatment of associated dis­
eases is complete. Although short term anticoag­
ulation (weeks before and after) reduces the risk of 
embolic events, other risks are Inherent such as 
exposure to antiarrhythmic agents, cardioversion Itself, 
anesthesia, sedation and electrical complications such 
as ventricular fibrillation or unexpected bradycardias. 
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Table 3. Factors which may influence or predict 
the success of cardioverslon. 

patient age 
duration of atrial fibrillation 
size of f waves 
size of left atrium 
associated mitral valve disease 
associated left ventricular disease 
associated other diseases 
success of prior cardioversion 
current drug/electrolyte status 



Table 4. Selected studies of drug therapy for maintenance of sinus rhythm after conversion to sinus rhythm. 

untreated study efficacy: 
first author drug control duration % of patients In 
(reference) (#patients) group? randomized? (months) sinus rhythm* 

Hillestad quinidine yes yes 12 T: 31% 
(23) (100) C: 15% 

Bryne-Qulnn quinidine yes yes 12 T: 45-54% 
(24) (92) C: 16% 

Hartel quinidine yes yes 3 T: 59% 
(25) (175) C:34% 

Hartel disopyramide yes yes 3 T: 72% 
(26) (52) C:30% 

Uoyd quinidine vs. yes yes 6 T(quinidine): 42% 
(27) dlsopyramide vs. T(disopyramide): 44% 

placebo (82) C:32% 

Sodermark quinidine yes yes 12 T: 51% 

v 
(28) (176) C:28% 

Juul Meller sotalol vs. no yes 6 T(sotalol): 49% 
(29) quinidine T(quinidine): 42% 

(183) 

Antman propafenone no no 6 T:40% 
(30) (60) 

Porterfield propafenone no no 12 T:60% 
"•. (31) (26) 
":" 

Karlson disopyramide yes yes 12 T:54% 
(32) (90) C: 30% 

Suttorp assorted no no 12 T: 50% 
(33) (124) 

Rei mold propafenone vs. no yes 12 T(propafenone): 30% 
(34) sotalol (1 00) T(sotalol): 37% 

Gosselink amiodarone no no 12 T: 60% 
(35) (89) 

Vitolo amiodarone vs. no yes 6 T(amiodarone): 78% 
(36) quinidine (54) T(quinidine): 46% 

Hammill propafenone no no 19 T: 53% 
(37) (47) 

* In some studies, results are reported as ,ree of atrial fibrillation• which was assumed to mean in sinus rhythm 
In this table. T refers to the treatement group(s), and C Indicates control or placebo group. 
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The critical problem Is maintenance of sinus 
rhythm In these patients with underlying cardiovascular 
disease. Without therapy, It will recur within 1 year In 
50-75% of patients (20, 22, and see table 4). There­
fore, antiarrhythmic therapy (Vaughn-Williams class I 
and class Ill agents) frequently Is used to suppress 
recurrence of AF. Unfortunately, It Is clear that all 
antiarrhythmic drugs have the potential for worsening 
the arrhythmias a patient experiences or Inducing new 
and possibly fatal arrhytymlas, /.e., proarrhythmia 
(Table 5). Thus, we are faced with the problem of 
selecting both an effective agent as well as a safe 
agent. 

Table 5. Types of proarrhythmlc responses to 
antiarrhythmic drugs used for atrial fibrillation. 

Polymorphous ventricular tachycardia 
(quinidine, sotalol) 

Incessant ventricular tachycardia 
(classIC agents) 

Atrial proarrhythmla 
(conversion to flutter with 1:1 conduction) 

Sinoatrial node suppression 

The efficacy of antiarrhythmic drugs for main- Atrioventricular node suppression 
tenance of sinus rhythm after cardloverslon has been 
studied In prospective randomized trials since the 
1960s. Some of these trials are summarized In Table 
4. Quinidine has been studied In several placebo-controlled trials and has been shown to be effective. Due to this 
early emphasis, quinidine has become the standard against which other, newer, agents are often compared. 
Examination of Table 4 suggests three other conclusions. First, the untreated relapse rate Is about 75% at one 
year. Second, the available agents have not been systematically compared for efficacy. Third, none of these 
agents are very good, with the possible exception of amlodarone. Typically, only 50% of patients were In sinus 
rhythm after 1 year of therapy with a class I agent, and many trials only report results to 6 months or less . . Even 
In very good candidates for maintenance of sinus rhythm, patients with normal LV function and atrial fibrillation of 
very short duration, the recurrence rate was 50% at one year (33). Nevertheless, perhaps this efficacy of 50..00% 
or so should be accepted If the risks of therapy are negligible. 

The safety of long-term (2-4 years) antiarrhythmic therapy with class I or class Ill agents In chronic AF Is 
uncertain. The most Important study to date regarding proarrhythmia Is the Cardiac Arrhythmia Suppression Trial 
(CAST). Although this study Is not directly relevant to patients with atrial fibrillation (since It was a study of 
suppression of ventricular ectopy), It found a surprising and highly significant excess mortality among patients 
randomized to either of two class IC agents, flecalnlde or encalnlde. 

In light of this result and the longstanding concerns about sudden death associated with quinidine, Coplen 
et a/. performed a meta-analysis of 6 studies Involving 808 patients randomized to placebo or quinidine. The 
efficacy analysis found that quinidine therapy was more effective in maintaining sinus rhythm at 1 year: 50% in 
treated patients compared with only 25% of control, as described above. These reviewers defined a "full exposure 
group• as any patient who was randomized and received study medications even If sinus rhythm or long term 
follow up was not available. In the full-exposure groups 12 patients died (2.9%) compared to 3 In the control group 
(0.8%). These results Indicated and excess mortality rate attributable to quinidine of 2.1 %. Although only 3 of the 
12 deaths In the quinidine groups were known to be sudden cardiac death, the circumstances surrounding 5 of 
the deaths were unknown and may have been sudden. Of the 3 deaths In the control groups, 1 was due to Ml, 
1 was due to CVA, and 1 was unknown. 

This study can be criticized In many respects. Little patient Information Is available from the original trials 
and most of the patients were enrolled more than 30 years ago. At that time, drug level monitoring was not widely 
available, and relevant drug Interactions (particularly the digoxin-quinidine interaction) were not known. It is 
possible that the physicians were not attuned to clues to proarrhythmia. The conclusions are based on a relatively 
small number of deaths and the details surrounding those fatalities are sketchy or absent. 
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Table 6. Selected studies suggesting excess mortality of class I antiarrhythmic agents. 

drug 

flecalnide or 
encalnide vs. 
placebo 

quinidine vs. 
placebo 

flecalnide vs. 
quinidine 

flecalnlde vs. 
placebo 

sotalol vs. 
quinidine 

diverse, 
mainly 
type I agents 

sotalol vs. 
propafenone 

trial 

CAST (38) 

Coplen, et al. (39) 

Touboul, et al. (40) 

Henthorn, et al. 
(41) 

Juui-Moller, et al. (29) 

Flaker, et al. (42) 

Relmold, et al. (34) 

type of study 

prospective 
randomized 

meta-analysis 

prospective 
randomized 

prospective 
randomized 

prospective 
randomized 

retrospective 

prospective 
randomized 

patients 

minimally 
symptomatic with 
PVCs after Ml 

AF 

AF 

SVTs 

AF 

SPAF patients 

AF resistant to 
type I agents 

observation 

substantial Increase In 
death associated with drug 
therapy 

2% annual excess mortality 
on quinidine 

1 death of 60 patients on 
flecalnide 

2 significant proarrhythmlc 
events out of 51 patients 

approximately 1% risk of 
severe proarrhythmlc events 
In 1 year 

2.8% excess mortality 
associated with drug 
therapy, Increased risk 
confined to patients with 
heart failure 

2 sudden deaths out of 50 
patients on sotalol; both 
patients had normal 
ejection fractions. 

A subsequent analysis of a single trial by Flaker et al. (42) examined 1330 patients enrolled In the SPAF 
trial which Is described In more detail later. In this study patients were randomly allocated to anticoagulation 
therapy, and the use of antiarrhythmic agents was not randomized. Of the 189 patients on antiarrhythmic therapy, 
most (127) were on quinidine. Procalneamide was the second most widely used drug, and disopyramide, 
flecalnlde, encalnlde and amlodarone were also used. Cardiac mortality was 2.2% annually for patients not on 
antiarrhythmic therapy, and 5% for patients on these agents. This excess mortality was confined to patients with 
heart failure; those patients without heart failure had an excellent prognosis regardless of the coadministration of 
antiarrhythmic agents. 

Antiarrhythmic agents are not as well tolerated as many other drugs used for chronic conditions. Gastro­
Intestinal complaints are common, particularly with quinidine, and the significant prevalence of other complaints 
are well-documented. Amlodarone In low doses (100-200 mgjday) Is often said to be a very well-tolerated drug. 
However, Gossellnk (35) reported a 4% Incidence of "severe" adverse reactions to low dose amlodarone, and a 
13% Incidence of minor or moderate adverse effects. 

In sum, antiarrhythmic drug therapy for chronic AF Is not highly effective, and evidence for long-term 
tolerance and safety of these drugs for suppression of AF Is conspicuously absent. Table 6 summarizes other 
studies which provide anecdotal evidence of excess mortality with antiarrhythmic drugs. Very little Information Is 
available to assist stratification for risk of proarrhythmia, other than the suggestion that patients with heart failure 
are at high risk. If these agents were known to be safe, then there would be little to loose by a trial of 
cardloverslon followed by chronic suppression of AF ("every patient deserves a chance at sinus"). 
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4. Warfarin and aspirin In chronic atrial fibrillation 

By 1980 It was apparent that atrial fibrillation was associated with systemic emboli and ischemic stroke. 
For example, the Framingham trial Indicated that the risk of stroke was about 6 fold higher than comparable 
patients without AF. However, other trials did not support these high risk estimates in certain subpopulations. For 
example, the Mayo Clinic retrospective study examined patients with no risk factors for stroke (1); 97 patients were 
identified. These patients were 60 years old or younger at the time of diagnosis of AF and had no evident 
cardiovascular disease, although detailed evaluations were not performed In all patients. About half of these 
patients (56%) had recurrent AF, and the remainder were evenly split between a single episode of AF and chronic 
AF. The average age at the time of diagnosis was 44 years and the average followup was 14.8 years. 4 patients 
had strokes thought to be due to emboli from AF, leading to an estimate of a stroke rate ot 1.3% per 15 years. 
There was no difference In the stroke rate among these three types of atrial fibrillation (Isolated, recurrent, and 
chronic). In this study, low risk patients less than 60 years old had a low risk of Ischemic stroke. Other studies 
have also identified populations with atrial fibrillation but very low risk of stroke. Flegel et a/. (43) analyzed two 
cohort studies of men with AF not associated wtlh rheumatic heart disease. They found that the absolute rate of 
stroke was lower than those reported In the Framingham study, and In one study (the British Regional Heart Study) 
only 1 man with AF had a stroke. 

Thus, AF can be associated with systemic emboli, but there are subgroups which appear to be at low risk. 
Therefore, by the mid 1980s the benefit of aspirin or warfarin as preventive therapy was not clear, and It appeared 
that certain subgroups may be at very low risk of complications. Five trials (see Tables 7 and 8) were organized 
to compare warfarin to control for the prevention of systemic emboli, and a sixth trial (EAFT) was designed as a 
secondary prevention trial in patients with prior CVAs or TIAs plus atrial fibrillation. All 6 trials had been reported 
by 1993, and a cooperative meta-analysis of the 5 primary prevention trials using the original patient data was 
published last year (44). In these 5 studies, 26% of patients were female and most were white. Coexisting 
conditions such as diabetes (14%), peripheral vascular disease (11%), congenstive heart failure (20%), angina 
(23%), and prior Ml (13%) were relatively common. Both In the separate trial reports as well as the combined 
analysis, these trials have confirmed the efficacy of warfarin In chronic atrial fibrillation to prevent stroke and 
embolic events (Table 8). The value of aspirin remains less certain, although it Is likely also beneficial. 

Warfarin vs. control 

Warfarin has been studied In randomized prospective trials In 2461 patients with chronic atrial fibrillation. 
With one exception, the efficacy of warfarin was consistent across all patient groups; the single exception was 
patients less than 65 years old with no risk factors for stroke (defined as a history of diabetes, hypertension or prior 
TIA or stroke). The risk reduction due to warfarin is at least 60%, since the data in these trials were reported on 
an Intention-to-treat basis. In other words, patients who were assigned to warfarin but did not take It were Included 
In the "treated• category. In BAATAF and SPINAF, there were no strokes among patients assigned to warfarin who 
actually were taking warfarin. The Incidence of stroke in subsets stratified by underiylng cardiovascular disease 
(Table 9) was reduced In every group. The risk of various adverse outcomes (stroke, stroke with residual deficit, 
systemic embolism, death) was significantly reduced by warfarin (Table 1 0). Thus, except for the youngest patients 
with no risk factors, the clear message Is that oral anticoagulation with warfarin substantially reduces the risk of 
limited outcome events (stroke) as well as combined outcome events (stroke, systemic embolism, death). 

Table 7. Recent trials of anticoagulation In patients wHh atrial fibrillation. 

AFASAK- Atrial Fibrillation Aspirin Anticoagulation Study 
BAATAF- Boston Area Anticoagulation Trial for Atrial Fibrillation 
CAFA- Canadian Atrial Flbrilatlon Anticoagulation study 
EAFT - European Atrial Fibrillation Trial 
SPAF- Stroke Prevention In Atrial Fibrillation (trials 1 and 2) 
SPINAF- VA Stroke Prevention in Nonrheumatic Atrial Fibrillation 
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Table 8. Randomized, controlled studies of anticoagulation with warfarin In patients with atrial fibrillation. • 

AFASAK SPINAF BAATAF SPAF-1 CAFA EAFT** 
(45) (46) (47) (48) (49) (50) 

publication date 1989 1992 1990 1991 1991 1993 

double blind? no yes no no yes no 

double blind and no yes no no no no 
completed? 

follow up, years 2.0 1.7-1.8 2.2 1.3 1.2 2.3 

%male 54 100 70 71 74 59 

average age, years 75 67 68 67 67 71 

hypertension (%) 31 59 51 55 39 44 

diabetes(%) 10 18 15 19 12 13 

prior Ml (%) 8 19 13 6 13 . 8 

CHF (%) 51 30 26 19 22 10 

a. fib. > 1 year (%) n.r. 86 68 72 82 55 

-· # patients (placebo) 336 290 208 211 191 214 

# patients (warfarin) 335 281 212 210 187 225 

INR target (or esti- 2.8-4.2 1.4-2.8 1.5-2.7 2.0-4.5 2.0 - 3.0 2.5-4.0 
mate from PT target) 

actual INA nr nr nr nr 2.4 2.9 

primary endpoint stroke, cerebral ischemic ischemic Ischemic vascular 
TIA, Infarction, stroke, stroke stroke, death, 
emboli emboli emboli ICB stroke, 

nonfatal 
Ml 

secondary endpoint death bleeding, ICB, death, Ml death, TIA, all cause 
death unstable lacunar death, all 

angina, Infarct strokes, all 
TIA emboli 

monitored bleeding TIA, Ml, bleeding 
intercurrent venous 
events thrombosis 

events (placebo) 21 19 13 18 11 67 

events (warfarin) 5 4 2 6 6 43 

risk reduction 69% 79% 85% 67% 45% 36% 

* Events refer to primary endpoint Ischemic events which Include strokes but Inclusion of other systemic 
emboli varied among studies. Risk reduction was calculated as [ events(placebo-
warfarin)]/[events(placebo)]. 

** secondary prevention trial 
abbreviations: nr, not reported, ICB, intracranial bleeding. 
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Optimal warfarin anticoagulation 

The target INR or prothrombin time ratio In 
these studies varied somewhat (Table 8). Slhce the 
risk of major bleeding complications Increases with 
marked prolongation of prothrombin time, the minimal 
effective warfarin dose should be used. That level of 
anticoagulation has not been determined In dose­
ranging studies. 

This question can be addressed In two ways. 
First, the 6 trials In Table 9 reported INR goals (or PT 
ratios which allowed estimates by the authors of INR) 
which differed somewhat among trials. For example, 
the actuaiiNR In EAFT would not have been accepted 
In patients from the SPINAF and BAA TAF (the warfarin 
dose would have been adjusted down). If there was 
a strong relation between INR In warfarin-treated pa-

Table 9. Incidence of stroke In subsets of 
patients wHh atrial fibrillation. *Prior TIA/CVA, 
hypertension or diabetes were the most powerful 
predictors of stroke In a muHivarlate analysis. 

VARIABLE 

CVA/TIA* 
diabetes* 
myocardial Infarct 
heart failure 
angina 
PVD 
hypertension * 

Annual Stroke Rate (o/ofy) 

Control 

11.7 
8.6 
8.2 
6.8 
6.7 
6.0 
5.6 

Warfarin 

5.1 
2.8 
3.3 
1.6 
0.9 
1.8 
1.9 

tients and prevention of systemic emboli, one might expect a better outcome (lower adverse event rates) In trials 
targeting higher INRs. This was not the case: there was no clear relation between event rates and target INRs 
among the 6 studies (Figur~ 6). There was no obvious lower limit to warfarin efficacy In the sense that trials with 
lower target INR (or PT ratio) had the same efficacy as higher target INR. However, this analysis Is limited by the 
absence of INR reports In all studies. 

Instead of comparing target anticoagulation and event rates among trials, the actual relation between 
events In every patient and the simultaneous INR could be determined. This has been reported In one trial (51), 
the EAFT. The INR-speclfic Incidence rates were determined In 214 patients who experienced both strokes as well 
as major bleeding complications. The major bleeding complications were more likely In patients with an INR > 
5, whereas the rate of thromboembolic events was lowest at INRs above 2. It appears that a suitable INR target 
to optimize the anti-embolic effects of warfarin and to minimize bleeding complications lies between 2 and 3. 

Safety of warfarin 

A remarkable feature of these studies, when pooled, 
Is the safety of warfarin (Table 10). The rate of major bleeding 
was 1 %/year In patients on placebo, 1.3%/year In warfarin­
treated patients, and 1.0%/year In patients on aspirin. Of the 
1225 patients on warfarin, 6 suffered and Intracranial bleed. In 
the 1236 patients on placebo, 2 sustained Intracranial bleeds. 
The risk of major hemorrhage (defined in table 10) was 18 
patients In the placebo group and 24 In the warfarin group. 
Although patients enrolled In these studies were selected for 
low risk of bleeding, and the degree of anticoagulation weas 
carefully monitored, .these patients were not young and not 
free of comorbicl diseases (Table 8). 
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Table 10. Outcome events among 5 pooled trials (44). 

control warfarin reduction 

Outcome Event %/ year %/year (%) p 

stroke 4.5 1.4 68 <0.001 

stroke with residual deficit* 2.0 0.6 68 <0.001 

systemic embolism 0.5 0.3 

stroke or systemic embolism 5.0 1.7 65 <0.001 

death 5.4 3.6 33 0.01 

stroke, systemic embolism, death 9.8 5.0 48 <0.001 

transient ischemic attack 1.3 0.7 

major hemorrhage ** 1.0 1.3 

intracranial bleeding 0.1 0.3 

Intracerebral bleeding 0.0 0.2 

* left a functional deficit 1-3 months after the event 
** intracranial bleeding, bleeding requiring > 2 U of blood, or bleeding requiring hospital admission 

Table 11. Effect of warfarin therapy on Ischemic 
stroke In subgroups. Incidence Is shown In bold 
(conflcence Interval). 

Risk Catagories placebo warfarin 

<65y 
no RF 1.0 (0.3-3.1) 1.0 (0.3-3.0) 
1 or more RF 4.9 (3.0-8.1) 1. 7 (0.8-3.9) 

65-75 y 
no RF 4.3 (2.7-7.1) 1.1 (0.4-2.8) 
1 or more RF 5.7 (3.9-8.3) 1.7 (0.9-3.4) 

>75 y 
no RF 4.3 (1.6-7.7) 1. 7 (0.5-5.2) 
1 or more RF 5.7 (4.7-13.9) 1.2 (0.3-5.0) 

RF: risk factors, a history of hypertensloln, a history of 
diabetes and a history of prior stroke or transient 
Ischemic attack. 
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Aspirin vs. control: Is ASA a useful hedge? 

Three trials Included an aspirin-only arm: 
AFASAK, SPAF-1 and EAFT (Table 12). Perhaps it 
could be noted that the rationale for use of aspirin 
is not clear If the goal Is to prevent thrombus 
formation In a fibrillating atrium. Warfarin is required 
to achieve this goal In either the atria or ventricles. 
On the other hand, If AF Is assumed to be a marker 
of vascular disease which might benefit from aspirin 
(such as coronary artery or cerebrovascular dis­
ease), then the Inclusion of the aspirin arms of these 
studies Is Important. 

In any case, when the 2 primary prevention 
trials were analyzed together (AFASAK and SPAF-1 ), 
aspirin decreased the risk of stroke by 36%; this 
effect was most prominent among patients with 
hypertension (44, 52). 



Table 12. Randomized, placebo-controlled studies of aspirin in patients with atrial fibrillation. 

AFASAK SPAF-1 EAFT* 

publication date 1989 1991 1993 

actual follow up 2.0 1.3 2.3 
(years) 

%male 54 72 56 

age 75 66 73 

II patients (placebo) 336 568 378 

II patients (ASA) 336 552 404 

ASA dose (mg/d) 75 325 300 

events placebQ 21 46 136 

events ASA 20 26 130 

risk reduction ** 42% 
* secondary prevention trial 
** later (44), an 18% decrease was reported In the aspirin group. 

5. Does conversion to sinus rhythm improve symptoms any better than rate control? 

Certainly for some patients with left ventricular dysfunction or modest mitral valve disease, conversion to 
sinus rhythm with preservation of AV synchrony and atrial transport has real symptomatic benefit. In principle, 
restoration of sinus rhythm should optimize hemodynamics at rest and with exercise. A well-established but poorty 
understood model for Inducing reversible left ventricular dysfunction In animals is rapid ventricular pacing 
("tachycardlomyopathy"). In dogs, chronic pacing reduces ejection fraction which normalizes within 2 weeks after 
pacing Is terminated, although end diastolic volumes may remain elevated for up to 3 months (53). Patients with 
chronic supraventricular tachycardias and poorty controlled ventricular rates may develop left heart failure; reversal 
of cardiac dysfunction after rate control suggests that rapid ventricular rates alone may cause a cardiomyopathy 
In humans. SpecHically, It has been suggested that rapid ventricular rates which occur as a consequence of poorty 
controlled atrial fibrillation may Initiate or cause progression of left ventricular dysfunction. Thus, rate control may 
be Important for Immediate symptoms and as well as long-term prevention of heart failure. There may also be a 
role for aggressive rate control (Including cardioverslon, possibly wlthouth antiarrhythmic therapy) In patients with 
heart failure who do not respond well to conventional (diuretics, ACE Inhibitor) therapy. 

However, although It Is widely stated that the "atrial kick" accounts for about 25% of cardiac output, many 
patients with atrial fibrillation can function quite well H the ventricular response is controlled. In other words, the 
Importance of sinus rhythm as opposed to rate control In the typical outpatient with AF Is somewhat less evident. 
Three classes of drugs are available for chronic rate control: digitalis glycosldes, calcium channel blockers, and 
B adrenergic blockers. The target heart rate should be 65-90 beats per minute at rest and the heart rate response 
during exercise should be proportionate. · 
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Digoxin has both direct and Indirect effects on the heart, whereas the calcium channel blockers (dlltiazem 
or verapamll) or B blockers have direct effects on the av node. An Important effect of digoxin In atrial fibrillation 
Is the reflex Increase In vagal tone. When sympathetic tone Is dominant, digoxin is less likely to be beneficial, for 
example during extreme stress and a hyperadrenerglc state. B adrenergic blockers or calcium channel blockers 
are likely to be more effective. Digoxin, as monotherapy, Is also limited by Its poor efficacy In rate control during 
exercise. A reasonable approach Is to select agents for rate control based on both efficacy and associated 
diseases. For example, a patient with diabetes and peripheral vascular disease may be a good candidate for rate 
control with dlltlazem, whereas a patient with a prior Ml and coronary artery disease Is likely to require a B 
adrenergic blocker. If a patient has heart failure and atrial fibrillation, digoxin could be effective monotherapy, 
although levels must be monitored, partlcular1y In patients with renal disease. 

For some patients, pharmacologic therapy Is simply Inadequate because of side-effects, complications due 
to bradycardias, or Inadequate rate control at rest or during exercise with maximal tolerated doses. Therefore, 
several invasive approaches have been suggested to modify AV nodal conduction. Since 1982 It has been possible 
to ablate the AV node (using electrical or chemical injury) and thereby control the ventricular response, although 
permanent ventricular pacing Is required. Importantly, these tools allow us to examine whether rate control alone 
(In the absence of drug therapy which complicates assessment of ventricular function) may have a beneficial effect 
on left ventricular function. 

Heinz (54) reported 10 patients predominantly (9/10) with atrial fibrillation referred for drug refractory 
rapid ventrlcluar response. Patients with regional wall motion abnormalities, bundle branch block and valvular heart 
disease were not Included. The ventricular response was usually > 120 bpm. After ablation, echocardiograms 
were obtained In the absence of drug therapy, and again 49 days after ablation. Results of all 10 patients are 
shown In Figure 7. Support for this conclusion was reported by Rodriguez, et a/. (55). 

Although the most direct solution Is to ablate the AV node and Implant a rate responsive ventricular 
pacemaker. Others (56) have suggested modHicatlon of AVN conduction. In this approach rf energy Is applied 
near the ostium of the coronary sinus at the posterior septal or mldseptal right atrium. Persistent third degree av 
block Is a slgnfficant risk using this approach, as Is the unmasking of bradycardia dependent ventricular 
arrhythmias. Although other groups have reported 
similar promising results (57), this technology Is still 
evolving and the long-term relevance to most patients 
Is uncertain. Nevertheless, It offers the posslbllty of 
rate control In previously refractory patients and 70 -----------., 
perhaps drug therapy solely for rate control may be post 
eliminated. 60 

Surgical reorganization of the atria to eliminate 
reentrant pathways may prove helpful in some patients 
(58, 59). A fascinating procedure, the corridor op­
eration, was Introduced by Gulraudon and colleagues 
(60). In this operation, a corridor or conduit of atrial 
tissue Is created which connects the area of the sino­
atrial node with the atrioventricular node. The bulk of 
right and left atrial tissue Is excluded from the circuit 
and Is therefore free to fibrillate without influencing the 
physiological Impulses arriving at the AV node from 
the SA node. Between 1987 and 1993, 36 patients 
underwent surgery. At a mean followup of 41 months, 
69% were free of arrhythmias and were not taking any 
drugs. If this procedure were to become refined such 
that a high success rate could be assured, It raises the 
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Figure 7. Effect of rate control with AVN ablation on 
left ventricular function. Data from reference 56. 
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question of whether anticoagulation should still be used since the atria remain In fibrillation even when Impulses 
from the SA node proceed normally through the atrioventricular node to stimulate the ventricles. 

6. Does conversion to sinus rhythm reduce the rate of systemic emboli compared to anticoagulation? 

There are no reports comparing the following strategies: treat atrial fibrillation with rate control and warfarin 
anticoagulation compared to cardloverslon followed by antiarrhythmic therapy. There Is at least some suspicion 
that the balance of risks of antiarrhythmic agents compared to warfarin may favor warfarin, for two reasons. 

First, although there Is no doubt that systemic emboli can originate In the fibrillating left atrium, the modest 
efficacy and tolerability of antiarrhythmic drugs plus concerns about their safety reduces enthusiasm for cardlover­
slon followed by drug therapy. If these agents were completely safe, there probably would be little to lose by a 
trial of cardloverslon plus drug therapy. However, the balance between proarrhythmla and stroke risk Is simply 
unknown. 

Second, It Is possible that a portion of emboli In patients In AF do not originate In the left atrium. If 
embolic events In AF originate solely In the left atrium, then It Is not clear why associated risk factors should be 
such powerful predictors of embolic complications. However, patients with AF plus hypertension, diabetes, older 
age groups, etc., are at higher risk for strokes. AF may be one outcome of a disease (such as coronary disease 
with Infarction and left ventricular thrombus formation) which also causes emboli but the risk of emboli will not 
benefit from cardloverslon. Perhaps the reason for the striking success of warfarin therapy in all 6 trials In relatively 
high risk populations Is simply that AF Is a very good marker for patients with vascular disease who will benefit 
from warfarin. 

The alternative Is simply to accept AF and rely on warfarin to prevent emboli. Both primary and secondary 
prevention efficacy have been shown, and the risk of major bleeding complications appears low In these selected 
patients, an excess rate of 0.3% per year. Unfortunately, warfarin is a very unappealing drug to take for a lifetime. 
The risk of bleeding complications Is real although seldom catastrophic, and the continuous monitoring of INR Is 
tiresome. 

7. Risk stratification and management of chronic atrial fibrillation 

Prevention of systemic emboli by anticoagulation 

Uke all therapeutic decisions, management of atrial fibrillation requires value judgements as well as 
estimates of risk and benefit. Unlike many therapeutic decisions, we have reasonable quantitative estimates of 
many relevant factors such as the risk of stroke with and without therapy. Let: 

Su = stroke/emboli risk If not treated 
St = stroke/emboli risk If treated (anticoagulated or converted to sinus rhythm) 
R = reduction In the risk due to treatment = (Su - St) /Su 
C = risk of major complication If treated (serious bleeding complication or proarrhythmlc event) 

The number of patients which must be treated to prevent a stroke Is 1 /(Su-St>· Thus, If the risk of stroke 
Is 0.06 without treatment and the risk of stroke Is 0.02 with treatment, then 1 /0.04 or 25 patients must be treated 
to prevent 1 stroke. Similarly, If the risk of major complications due to treatment is 0.01, then 1 /C or 1 oo patients 
must be treated to cause 1 major complications. These relationships may be summarized: 

(strokes prevented)/(major complication) = RSu/C 
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This formulation does not ldentHy patients for whom we should recommend chronic warfarin therapy, and It be­
comes meaningless If the risk of complications due to therapy Is near o, since It Indicates benefit for every patient. 
However, It does highlight four critical judgments: 

R: What is the risk reduction due to treatment? A reasonable estimate Is 60% (R=0.6) based on the 
pooled data shown In Tables B. There Is one subset for which this does not appear to apply, patients less 
than 65 years old with no risk factors for CVA. In these patients warfarin does not confer any benefit 
compared to untreated patients. 

Su: What is the risk of stroke or embolic event ff not treated? This ranges from 1.0% per year In patients 
less than 65 years old with no risk factors up to B.1% per year In patients over 75 years old with one or 
more risk factors (Table 9). 

C: What is the risk of major bleeding complications due to warfarin? In the pooled results of 5 trials which 
Included only patients at low risk of bleeding, the excess bleeding due to warfarin was 0.3% per year 
(control, 1.0%; warfarin 1.3%). It should be noted that these patients were randomized because they were 
thought to be at low risk for bleeding complications and that associated comorbldities were minimal. In 
community-based studies the risk of major bleeding complications was not significantly higher than In 
these 5 trials, but minor or modest bleeding complications were more frequent (61). All-ln-all, an 
estimate of 0.5% excess major bleeding events per year Is probably reasonable In patients who are at a 
low risk of bleeding and are well monitored. 

What is the value of preventing a stroke compared to the risk of a major bleeding complication? 

For example, If the reduction In stroke risk due to warfarin Is 60% (from Table B), the risk of stroke in a patient Is 
5% (from Table 9) and the risk of major bleeding complications Is 0.5%, then (0.60)(0.05)/(0.005) = 6.0. Thus, 6 
strokes will be prevented In exchange for 1 episode of major bleeding due to warfarin. These relations are 
Illustrated In Figure 6 for patients at very low (0.5%), Intermediate (2%), and moderately Increased risk of embolic 
events (5%). In this figure the ratio of the number of strokes prevented compared to major bleeding events Is 
shown on the y axis. For patients at high risk of stroke, there will be more benefit of anticoagulation compared 
to patients at lower risk. For all groups, the risk/benefit ratio diminishes as the risk of bleeding Increases. 

Prevention of systemic emboli by card/aversion followed by antiarrhythmic therapy 

The same analysis could be applied to the same patient If cardioverslon followed by antiarrhythmic therapy 
Is considered. For the moment, we shall make the Incorrect assumption that antiarrhythmic drugs are 100% 
effective In maintaining sinus rhythm. The stroke risk If untreated (Su) can be estimated, but there are two 
remaining variables: R, the risk reduction due to treatment, and C, the risk of major proarrhythmic events due to 
antiarrhythmic therapy. In the absence of any prospctlve data, R will be assumed to be 0.67, that Is, 2/3 of strokes 
will be prevented by maintenance of sinus rhythm. This assumption Is based on the small number of retrosepctlve 
studies which have attempted to ldentHy the source of embolic events In AF (7, 8). C, the risk of major arrhythmic 
events due to antiarrhythmic therapy, might be roughly estimated as 2% (C = 0.02). With these assumptions, 
RSufC = (0.67)(0.05)/(0.02) = 1.7. Thus, about 1.7 strokes will be prevented in exchange for 1 major 
proarrhythmlc event. If these assumptions are correct, then warfarin is superior to maintenance of sinus rhythm 
for the goal of preventing strokes or systemic emboli, if we "value• major bleeding complications the same as a 
major proarrhythmic event. However, to repeat, we have little solid Information regarding two crucial variables: 
the risk reduction If a patient Is converted to sinus rhythm, and stratification for risk of major proarrhythmic 
complications If antiarrhythmic therapy Is used. It also must be emphasized agai!1 in the context of this comparison 
that warfarin is a difficult drug for patients to tolerate because of the close monitoring required as well as the 
bleeding risks. 
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Risk stratification 

In a nutshell, for most patients In AF, almost 
everything we do Is to some degree unsatisfactory. 
The physician must choose from among the unattrac­
tive alternatives described here. Perhaps the best 
aP.proach Is to stratify patients according to the risk of 
stroke and the need for optimizing hemodynamics 
without automatically aiming for sinus rhythm as an 
end In Itself. 

If hemodynamics are difficult to optimize, then 
cardloverslon plus drug therapy should be strongly 
considered, keeping In mind that recurrence Is almost 
Inevitable over the next 4 - 5 years. If heart failure Is 
significant, then the option of cardloverslon without 
subsequent antiarrhythmic therapy could be consi­
dered, although long-term success Is even less likely. 
A cautious Interpretation of the SPAF data Is to avoid 
antiarrhythmic drugs In patients with CHF. If hemo­
dynamic symptoms are well controlled with B adre­
nergic blockers or other relatively safe and well 
tolerated medications, then the hemodynamic Indica­
tion for cardloverslon should be reconsidered. 

For a patient In AF who Is over 65 years old, 

5% .....___ risk of significant 
embolic event 

Figure a. Stroke reduction compared to major 
complications due to therapy. Curves are shown for 
a stroke risk (untreated) of 0.5%, 2% and 5%. See text 
for details. 

or less than 65 with one or more risk factors, warfarin anticoagulation Is appropriate to an INR of 2-3 In the 
absence of significant risks of major bleeding. If anticoagulation Is unacceptable, then aspirin can be considered 
a marginal but probably effective second choice. The decision to attempt cardioversion to prevent stroke should 
be considered In view of 1) the absence of trials about Its efficacy In reducing stroke risk In patients who have 
other risk factors for stroke, 2) uncertain risk of antiarrhythmic therapy, and 3) the small (but well documented) risk 
and nuisance of warfarin therapy. 

REFERENCES 

1. Kopecky SL, Gersh BJ, McGoon MD eta/. The natural history of lone atrial fibrillation - a population 
-based study over three decades. New Engl J Med 317: 669-674, 1987. 

2. Brand FN, Abbott RD, Kannel WB, Wolf PA. Characteristics and prognosis of lone atrial fibrillation -
30-year followup In the Framingham study. JAMA 254: 3449-3453, 1985. 

3. Kannel WB, Abbott RD, Savage DO, et a/. Coronary heart disease and atrial fibrillation: the 
Framingham Study. Am Heart J 106: 389-396, 1983. 

4. Pal RG, Rawles JM. The QT lnterevalln atrial fibrillation. Br Heart J: 61, 510-513, 1989. 

5. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation: a major contributor to stroke In the elderly. Arch 
Intern Med 147: 1561 -1564, 1987. 

6. Wolf PA, Daeber TR, Thomas HE. Epidemiologic assessment of chronic atrial fibrillation and risk 
of stroke: the Framingham Study. Neurology 28: 973-977, 1978. 

19 



• !"· 

7. Bogousslavsky J, Van Melle G, Regll, F, Kappenberger L. Pathogenesis of anterior circulation stroke 
In patient with nonvalvular atrial fibrillation . The Lausanne Stroke Registry. Neurology 40: 1046-
1050, 1990. 

8. Hart, T. Coull B, Hart P. Early recurrent embolism associate with nonvalvular atrial fibrillation. A 
retrospective study. Stroke 14: 688-694, 1983. 

9. Moe GK, Relnholdt WC, Ablldskov JA. A computer model of atrial fibrillation American Heart J 67: 
200-220, 1964. 

10. Allessle MA, Bonke FIM, Schopman FJG. Circus movement In rabbit atrial muscle as a mechanism 
of tachycardia, Ill: the •Jeadlng circle• concept: a new model of circus movement In cardiac tissue 
without the Involvement of an anatomical obstacle. Clrc Res 41: 9-18, 19n. 

11 . Boersma L Brugada J. Klrchhof C. Allessle M. Mapping of reset of anatomic and functional reentry 
In anisotropic rabbit ventricular myocardium. Circulation 89: 852-62, 1994. 

12. Spach MS, Miller WT, Geselowitz DB. The discontinuous nature of propagation In normal canine 
cardiac muscle: evidence for recurrent discontinuities of intracellular resistance that affect the 
membrane currents. Clrc Res 48: 39-45, 1981. 

13. Lammers WJ. Klrchhof C. Bonke Fl. Allessle MA. Vulnerability of rabbit atrium to reentry by hypoxia. 
Role of Inhomogeneity In conduction and wavelength. Am J Physlol 262: H47-55, 1992. 

14. Kirchhof C, Chorro F, Scheffer GJ, Brugada J, Konlngs K, Zetelakl Z, Allessle M. Regional 
entrainment of atrial fibrillation studied by high-resolution mapping In open-chest dogs. Circulation 
88: 736-749, 1993. 

15 . Konlngs KT, Kirchhof CJ, Smeets JR, Wellens HJ, Penn OC, Allessle MA. High-density mapping of 
electrically Induced atrial fibrillation In humans. Circulation 89: 1665-1680. 1994. 

16. Wljffels MC. Kirchhof CJ. Dortand R. Allessie MA. Atrial fibrillation begets atrial fibrillation. A study 
In awake chronically Instrumented goats. Circulation. 92: 1954-68, 1995. 

17. Atwood JE, Myers JN, Sullivan MJ, Forbes SM, Sandhu S, Callaham P, Froelicher VF. The effect 
of cardloverslon on maximal exercise capacity In patients with chronic atrial fibrillation. Am Heart 
J 118: 913-918, 1989. 

18. Lipkin DP, Frenneaus M, Stewart R, Joshi J, Lowe T, McKenna WJ. Delayed improvement in exer­
cise capacity after cardloverslon of atrial fibrillation to sinus rhythm. Br Heart J 59: 572-Sn, 1988. 

19. Lown R, Arnaraslngham R, Neuman J. New method for terminating cardiac arrhythmias: use of 
synchronized capacitor discharge. JAMA 182: 548-555, 1962. 

20. Van Gelder IC, Crijns HJ, Van Gilst WH, Verwer R, Lie Kl. Prediction of uneventful cardioversion and 
maintenance of sinus rhythm from direct current electrical cardioversion of chronic atrial fibrillation 
and flutter. Am J Cardlol68: 41-46, 1991. 

21 . Dalzell GW, Anderson J, Adgey AA. Factors determining success and energy requirements for 
cardloverslon .of atrial fibrillation. Q J Med 76: 903-913, 1990. 

20 



22. Dittrich HC, Erickson JS, Schneiderman T, Blacky AR Savides T, Nicod PH. Echocardiographic and 
clinical predictors for outcome of elective cardloverslon of atrial fibrillation. Am J Cardiel 63: 193-
197, 1989. 

23. Hillestad L, Bjerkelund C, Dale J, Maltau J, Storstein 0. Quinidine In maintenance of sinus rhythm 
after electroconverslon of chronic atrial fibrillation: a controlled clinical study. British Heart J 33: 518-
521, 1971. 

24. Bryne-Quinn E, Wing AJ. Maintenance of sinus rhythm after DC reversion of atrial fibrillation: A 
double blind controlled trial of quinidine bisulphate. British Heart J 32: 370-376, 1970. 

25. Hartel G, Vouhija A, Konttlnen A, Halonen Pl. Value of quinidine in maintenance of sinus rhythm after 
electric conversion of atrUa fibrillation. British Heart J 32: 57-60, 1970. 

26. Hartel G, Louhlja A, Konttlnen A. Dlsopyramk:le in the prevention of recurrence of atrial fibrillation 
after electroconverslon. Clinical Pharmacology and Therapeutics 15: 551-555, 1974. 

27. Uoyd L, Gersh BJ, Forman R. The effect of quinidine and dlsopyramlde in the maintenance of sinus 
rhythm after electroconversion from atrial fibrillation. South Africa Medical Journal 55: 367-369, 1984. 

28. Sodermark T, Jonsson B, Olsson A, Oro L, Walln H, Edhag 0, Sjorgren A, Danlellson M, 
Rosenhamer G. Effect of quinidine on maintaining sinus rhythm after conversion of atrial fibrillation 
or flutter: A multicenter study from Stockholm. British Heart J 37: 486-492, 1975. 

29. Juui-Moller S, Edvardsson N, Rehnqulst-Ahlbert N. Sotalol versus quinidine for the maintenance of 
sinus rhythm after direct current conversion of atrial fibrillation Circulation 82: 1932-1939, 1990. 

30. Antman EM, Beamer AD, Cantlllon C, McGowan N, Goldman L, Friedman PL Long-term oral 
propafenone therapy for suppression of refractory symptomatic atrial fibrillation and atrial flutter 
JACC 12: 1005-1011, 1988. 

31. Porterfield JG, Porterfield LM. Therapeutic efficacy and safety of oral propafenone for atrial 
fibrillation. Am J Cardiel 63: 114-116, 1989. 

32. Kartson BW, Torstensson I, Abjorn C, Jansson SO, Peterson LE. Disopyramide in the maintenance 
of sinus rhythm after electroconverslon of atrial fibrillation. A placebo-controlled one year follow-up 
study. Eur Heart J 9: 284-290, 1988. 

33. Suttorp MJ, Kingma JH, Koomen EM, van't Hof A, Tijssen JG, Ue Kl. Recurrence of paroxysmal 
atrial fibrillation or flutter after successful cardioversion in patients with normal left ventricular 
function. Am J Cardiel 71: 710-713, 1993. 

34. Relmold SC, Cantlllon CO, Friedman PL. Antman EM. Propafenone versus sotalol for suppression 
of recurrent symptomatic atrial fibrillation. Am J Cardiel 71 : 558-563, 1993. 

35. Gossellnk. AT, Crijns HJ, Van Gelder IC, Hilllge H, Wiesfeld AC, Ue Kl. Lowe-dose amlodarone ofr 
maintenance of sinus rhythm after cardloverslon of atrial fibrillation or flutter. JAMA 1992: 267: 3289-
3293. 

36. Vitolo E, Troncl M, Larovere MT, Rumolo R, Morabito A. Amiodarone versus quinidine In the 
prophylaxis of atrial fibrillation. Acta Cardiel 36: 431-444, 1981 . 

21 



37. Hammill SC, Wood DL, Gersh BJ, Osborn MJ, Holmes DR. Propafenone for paroxysmal atrial 
fibrillation. Am J Cardlol61: 473-474, 1988. 

38. Cardiac Arrhythmia Suppression Trial (CAST) Investigators. Preliminary report: effect of encalnlde 
and flecalnlde on mortality In a randomized trial of arrhythmia suppression after myocardial 
Infarction. New Engl J Med 321 : 406-412, 1989. 

39. Coplen SE, Antman EM, Berlin JA, Hewitt P, Chalmers TC. Efficacy and safety of quinidine therapy 
for maintenance of sinus rhythm after cardloversion. A meta-analysis of randomized control trials. 
Circulation 82: 1106-1116, 1990. 

40. Touboul P, Allot E, BrembUla-Perrot B. Aecalnide In the prevention of atrial fibrillation after DC 
conversion: Comparison with quinidine. Circulation 11-127 

41. Henthorn RW, Waldo AL, Anderson JL, Gilvbert EM, Alpert BL, Bhandari AK, Hawkinson TRE 
Pritchett ELC. Flecalnlde acetate prevents recurrence of symptomatllc paroxysmal supraventlrcular 
tachycardia. The Aecalnlde Supraventricular Tachycardia Study Groups. Circulation 83: 119-125, 
1991. 

42. Aaker GC, Blackshear JL, McBride R, Kronmal RA, Halperin J. Antiarrhythmic drug therapy and 
cardiac mortality In atrial fibrillation. JACC: 20, 527-532, 1992. 

43. Regel KM, Shipley MJ, Rose G. Risk of stroke In non-rheumatic atrial fibrillation. Lancet 1: 526-529, 
1987. 

44. Anonymous. Risk factors for stroke and efficacy of antlthrombotic therapy In atrial fibrillation. 
Analysis of pooled data from fiVe randomized controlled trials. Arch lnt Med 154: 1449-1457, 1994. 

45. Petersen P, Boysen G, Godtfredsen J, Andersen ED, Andersen B. Placebo-controlled, randomlsed 
trial of warfarin and aspirin for prevention of thromboembolic complications In chronic atrial 
fibrillation. The Copenhagen AFASAK study. Lancet 1 : 175-179, 1989. 

46. Ezekowltz MD, Bridgers SL, James KE, Car1iner NH, Colling CL, Gornick CC, Krause-Steinrauf H, 
Kurtzke JF, Nazarian SM, Radford MJ, et al. Warfarin In the prevention of stroke associated with 
nonrheumatic atrial fibrillation. Veterans Affairs Stroke Prevention in Nonrheumatlc Atrial Fibrillation 
Investigators. New Engl J Med. 327: 1406-1412, 1992. 

47. Anonymous. The effect of low-dose warfarin on the risk of stroke In patients with nonrheumatlc atrial 
fibrillation. The Boston Area Anticoagulation Trial for Atrial Fibrillation Investigators. New Engl J Med 
323: 1505-1511, 1990. 

48. Anonymous. Stroke Prevention In Atrial Fibrillation Study. Final results [see comments]. Circulation 
84: 527-539. 1991. 

49. Connolly SJ, Laupacls A, Gent M, Roberts RS, Cairns JA, Joyner C. Canadian Atrial Fibrillation 
Anticoagulation (CAFA) Study. JACC 18: 349-355, 1991. 

50. Anonymous. Secondary prevention In non-rheumatic atrial fibrillation after transient lschaemlc attack 
or minor stroke. EAFT (European Atrial Fibrillation Trial) Study Group. Lancet 342: 1255-1262, 1993. 

51. Anonymous. Optimal oral anticoagulant therapy In patients with nonrheumatlc atrial fibrillation and 
recent cerebral Ischemia. The European Atrial Fibrillation Trial Study Group. New Engl J Med 333: 
5-10, 1995. 

22 



52. Anonymous. Warfarin versus aspirin for prevention of thromboembolism In atrial fibrillation: Stroke 
Prevention In Atrial Fibrillation II Study. lancet 343: 687-691, 1994. 

53. Damiano JR, Tripp HR, Asano T, Small I<W, Jones RH, Lowe JE, Left ventricular dysfunction and 
dilation resulting from chronic supraventricular tachycardia. J Thorac Cardiovasc Surg 94: 135-143, 
1987. 

54. Heinz G, Slostrzonek P, Kreiner G, Gossinger H. Improvement in left ventricular systolic function 
after successful radlofrequency His bundle ablation for drug refractory, chronic atrial fibrillation and 
recurrent atrial flutter. Am J Cardiel 69: 489-492, 1992. 

55. Rodriguez LM, Smeets JL, Xle B, de Chlllou C, Cherlex E, Pieters F, Metzger J, den Dulk K, Wellens 
HJ. Improvement In left ventricular function by ablation of atrioventricular nodal conduction In 
selected patients with lone atrial fibrillation. Am J Cardiel 72: 1137-1141, 1993. 

56. Williamson BD, Man KC, Daoud E, Niebauer M, Strickberger SA, Morady F. Radlofrequency 
catheter modification of atrioventricular conduction to control the ventricular rate during atrial 
fibrillation. New Engl J Med 331: 910-917, 1994. 

57. Della Bella P, Carbuclcchlo C, Tondo C, Riva S. Modulation of atrioventricular conduction by 
ablation of the "slow" atrioventricular node pathway In patients with drug-refractory atrial fibrillation 
or flutter. JACC 25: 39-46, 1995. 

58. Cox JL, Bolneau JP, Schuessler RB, Ferguson TB, Cain ME, Undsay BD, Corr PB, Kater KM, lappas 
DG. Successful surgical treatment of atrial fibrillation. Review and clinical update. JAMA 266: 1976-
1980, 1991. 

59. Shyu KG, Cheng JJ, Chen JJ, Un JL, Un FY, Tseng VZ, Kuan P, Uen WP. Recovery of atrial func­
tion after atrial compartment operation for chronic atrial fibrillation In mitral valve disease. JACC 24: 
392-398, 1994. 

60. van Hemet NM, Defauw JJ, Kingma JH, Jaarsma W, Vermeulen FE, de Bakker JM, Gulraudon GM. 
Long-term results of the corridor operation for atrial fibrillation. British Heart J 71 : 170-176, 1994. 

61. Gottlieb LK, Salem-Schatz S. Anticoagulation In atrial fibrillation. Does efficacy In clinical trials 
translate Into effectiveness In practice? Arch lnt Med 154: 1945-1953, 1994. 

23 


