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REVIEW

Heart failure and atrial fibrillation: current
concepts and controversies

Maarten P Van Den Berg, Anton E Tuinenburg, Harry J G M Crijns,
Isabelle C Van Gelder, A T Marcel Gosselink, Kong I Lie

Summary
Heart failure and atrial fibrillation are
very common, particularly in the elderly.
Owing to common risk factors both disor-
ders are often present in the same patient.
In addition, there is increasing evidence
of a complex, reciprocal relation between
heart failure and atrial fibrillation. Thus
heart failure may cause atrial fibrillation,
with electromechanical feedback and
neurohumoral activation playing an
important mediating role. In addition,
atrial fibrillation may promote heart fail-
ure; in particular, when there is an
uncontrolled ventricular rate, tachycar-
diomyopathy may develop and thereby
heart failure. Eventually, a vicious circle
between heart failure and atrial fibrilla-
tion may form, in which neurohumoral
activation and subtle derangement of rate
control are involved. Treatment should
aim at unloading of the heart, adequate
control ofventricular rate, and correction
of neurohumoral activation. Angiotensin
converting enzyme inhibitors may help to
achieve these goals. Treatment should
also include an attempt to restore sinus
rhythm through electrical cardioversion,
though appropriate timing of cardiover-
sion is difficult. His bundle ablation may
be used to achieve adequate rate control
in drug refractory cases.

(Heart 1997;77:309-313)
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Congestive heart failure is a large epidemio-
logical problem, particularly in the elderly.
The same is true for atrial fibrillation. These
two disorders profoundly limit life expectancy.
Another important epidemiological feature is
that both conditions are often present in the
same patient. This is partly due to the fact that
heart failure and atrial fibrillation share impor-
tant risk factors. In addition, a causal, recipro-
cal relation exists between heart failure and
atrial fibrillation. Relevant epidemiological
aspects as well as pathophysiological and clini-
cal aspects of this interplay between heart fail-
ure and atrial fibrillation are reviewed.

Epidemiological aspects
The Framingham Study estimated the mean
prevalence of heart failure to be approximately
1% in its local population.' The prevalence of
heart failure rose sharply with age; it doubled
every decade, exceeding 10% in patients older
than 80 years. Based on the number of hospi-
talisations, the prevalence of heart failure
appears to increase over time. The epidemio-
logical significance of heart failure is reflected
in its profound adverse effect on prognosis,
especially in severe cases. In the Framingham
Study, one year mortality was 43% and five
year mortality 75%.
The Framingham Study has also provided

insight into the epidemiology of atrial fibrilla-
tion; the overall chance that subjects 30 to 62
years old in the Framingham population
would develop atrial fibrillation during 22
years of follow up was 2%.2 However, the inci-
dence was strikingly age dependent, older age
(> 55 years) conferring a greater than 3%
chance of developing atrial fibrillation.
Unfortunately, there are as yet no reliable data
as to whether the epidemiology of atrial fibril-
lation is changing, whether it is becoming
more common, though this would seem likely
given the fact that the number of elderly peo-
ple is increasing. The prognostic implications
of atrial fibrillation are grave. In the
Framingham Study, development of atrial fib-
rillation was associated with a relative risk of
1 8 for overall mortality and 2-7 for cardiovas-
cular mortality compared with subjects with
sinus rhythm. The average time to death was
six years.

HEART FAILURE AND ATRIAL FIBRILLATION
From an epidemiological point of view, a
strong association exists between heart failure
and atrial fibrillation. Whereas atrial fibrilla-
tion is relatively rare in mild heart failure, it is a
common concomitant disorder in patients
with more advanced disease (table 1).3-6 In one
small study, as many as 35% of the patients
with heart failure were reported to have con-
comitant atrial fibrillation.7 The impact of
atrial fibrillation on mortality in patients with
heart failure is controversial. In the largest
study, combining data from V-HeFT I and II
(Vasodilator Heart Failure Trial), no effect of
atrial fibrillation on mortality was demonstra-
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Table 1 Studies of atrialfibrillation in heart failure with
more than 200 patients

Mean
No of LVEF AF Impact on

Reference patients (%) (%) mortality

Likoff et all 201 20 18 None
Keogh et al4 232 16 NA None
Middlekauffet a!5 395 19 19 Increased
Carson et al I 1427 30 14 None

AF, atrial fibrillation; LVEF, left ventricular ejection fraction;
NA, not available.

ble.6 Conversely, heart failure is a common
finding in patients with atrial fibrillation,2 and
one which adversely affects prognosis (as
would be expected, given the grim prognosis
of heart failure per se).8

Pathophysiological aspects
The similarity of the epidemiological profiles
of heart failure and atrial fibrillation and their
frequent coexistence can readily be explained
by considering the risk factors of either disor-
der. The importance of old age has already
been mentioned, and the significance of
ischaemic heart disease, hypertension, and
valve disease is well established.29 Finally, spe-
cific factors such as diabetes mellitus and left
ventricular hypertrophy also prognosticate the
development of both heart failure and atrial
fibrillation. There is also evidence of a causal
relation between the two disorders.

HEART FAILURE AS A CAUSE OF ATRIAL
FIBRILLATION
Heart failure is an established predisposing
condition for the development of atrial fibrilla-
tion.29 In fact, in the Framingham Study heart
failure was the most powerful independent
precursor of atrial fibrillation, with a relative
risk of approximately sixfold. Interestingly, in
another report from the Framingham Study
even asymptomatic left ventricular dysfunction
was found to be predictive of atrial fibrilla-
tion.10 It has also been shown that heart failure
increases the likelihood of recurrence of atrial
fibrillation after electrical cardioversion to
sinus rhythm."1 Whereas the empirical evi-
dence that heart failure may cause atrial fibril-
lation is irrefutable, the underlying
pathophysiological mechanism is only partly
understood. "Mechano-electrical feedback" at
the atrial level presumably plays an important

Table 2 Studies on the effect ofHis bundle ablation on left ventricular function in
selected patients with atrialfibrillation orflutter

No of LVfunction LVfunction
Total patients before after
no of with EF < 50% His bundle His bundle

Reference patients or FS < 27% ablation (%)* ablation (%l)*
Rosenqvist et al22 5 5 EF:27 AF:45
Heinz etal23 10 5 FS:21 ES:31
Rodriguez et a!24 30 12 EF:43 EF:54
Twidale et a!2' 14 10 EF:42 EF:47
Brignole et al26 23 9 FS:23 FS:31
Edner et a!27 29 14 EF:32 EF:45

*Data pertain only to the subgroup of patients with depressed left ventricular function before
His bundle ablation (except the study of Twidale et al in which the effect was not specified
according to the two subgroups): no significant changes were observed after His bundle ablation
in the subgroup of patients with preserved left ventricular finction.
EF, ejection fraction; FS, fractional shortening; LV, left ventricular.

role. As a result of increased cardiac loading
due to heart failure, the atria stretch, which in
the experimental setting has been shown to
produce profibrillatory changes in atrial con-
duction and refractoriness.'2 1' In particular,
the dispersion in atrial refractoriness increased
secondarily to acute atrial loading, which was
associated with enhanced inducibility of atrial
fibrillation. These findings in animals have
been confirmed in humans, acute changes in
atrial load similarly affecting atrial electro-
physiological properties.'4 In addition to these
acute, transient effects of atrial loading, it may
be surmised that sustained atrial overload in
the setting of chronic heart failure causes
structural atrial enlargement that in turn
would strongly facilitate atrial fibrillation.
Supporting this possibility, we found that left
atrial volume in a group of atrial fibrillation
patients with overt heart failure was larger
than in randomly selected atrial fibrillation
patients, other factors known to affect left
atrial volume being comparable; mean left
atrial volume was 86 ml and 74 ml, respec-
tively.'5 16 Secondly, it may be hypothesised
that atrial fibrillation in the setting of heart
failure is also promoted by associated neuro-
humoral activation. In particular, activation of
the sympathetic nervous system might facili-
tate the onset of atrial fibrillation by directly
modifying atrial electrophysiological proper-
ties, thereby promoting atrial ectopy necessary
for initiation of atrial fibrillation.'7 18

Furthermore, elevated catecholamine and
angiotensin II levels produce structural
changes in the myocardium (myocyte hyper-
trophy, collagen accumulation, fibrosis),
which in turn may promote dysrhythmias,19
presumably including atrial fibrillation.
Underscoring the importance of sympathetic
activation, Borzak et al have demonstrated in a
dog model of heart failure that the propensity
for development of atrial fibrillation was
strongly related to the concentration of plasma
noradrenaline.20 In that study development of
atrial fibrillation was not predicted by any
measure of left ventricular performance, but
exclusively by plasma noradrenaline. Finally,
in a recent study we found that plasma nor-
adrenaline concentration before electrical car-
dioversion tended to be higher in heart failure
patients with subsequent recurrence of atrial
fibrillation (after cardioversion) than in
patients who maintained sinus rhythm.'5

ATRIAL FIBRILLATION AS A CAUSE OF HEART
FAILURE
Besides the fact that heart failure can cause
atrial fibrillation, atrial fibrillation may also
cause heart failure. Among clinicians it is com-
mon knowledge that acute atrial fibrillation
may precipitate overt heart failure in the set-
ting of asymptomatic left ventricular dysfunc-
tion. Impaired diastolic filling secondary to
loss of atrial systolic function and to rapid,
irregular ventricular rhythm plays a crucial
role in this connection. If ventricular rate is
inadequately controlled, atrial fibrillation may
also depress systolic function, which may
eventually result in severe heart failure, even

310



Heartfailure and atrialfibriUlation: current concepts and controversies

2

0

0~

-1

-2

-3_

-4 l-l
0

Atrial fibrillation

Sinus rhythm

Figure 1 Change it
comparing patients a
atrialfibrillation shot
oxygen consumption
from Carson et al. I
heartfailure. 7he V-
permission of the Am

225

200

C

E

m

175

150

125

100

Rest

Figure 2 Relation
atrialfibrillation wit)
patients with peak ox
on digoxin, calciumc
antiadrenergic agents,
Patients with preserv
showed a gradual inc
rate at rest was reaso
(peak oxygen consun
low levels of exercise t

addition, maximal hi
Chronotropic responso
state. Br Heart J 19!

without prior structural heart disease."-27 This Numerous animal studies support the con-
phenomenon has been termed "tachycar- cept of tachycardiomyopathy; in fact, rapid
diomyopathy". The clinical evidence for this cardiac pacing was already an established
type of cardiomyopathy stems from the obser- means of producing experimental heart failure
vation that left ventricular function often long before appreciation of the concept by
markedly improves after alleviation of high clinicians became widespread. In addition to
ventricular rate. Radiofrequency ablation of the aforementioned (sub)acute effects of atrial
the His bundle may be used (table 2). fibrillation, there is also evidence of a more

subtle, insidious long term deleterious effect
on left ventricular function. Unlike straightfor-
ward tachycardiomyopathy this would affect
many patients with atrial fibrillation, even

when ventricular rate is adequately controlled.
Thus, in the V-HeFT II study,6 patients with
atrial fibrillation showed a significant decline

T in peak oxygen consumption compared with
patients in sinus rhythm starting after two
years of follow up (fig 1). Recently, we

K 61ssobserved a comparable phenomenon in a two-
\/,,~year follow up study after electrical cardiover-'/\' X i Sion.28 Despite similar clinical characteristics

-A--- Atrial fibrillation * \ / at baseline, patients who maintained sinus
-U- Sinus rhythm \ L rhythm showed a gradual, sustained increase

in peak oxygen consumption, whereas patients
with recurrence of atrial fibrillation demon-
strated a clear decrease after two years.

* Furthermore, it was shown that electrical car-

12 24 36 48 dioversion of atrial fibrillation was associated
with a discrepancy in the time course of recov-

Months ery of atrial systole and ventricular function.29

n =61 n =38 n = 23 n=15 Although the atrial contribution to ventricular
filling normalised within one week after car-

n = 365 n = 246 n =141 n = 70 dioversion, left ventricular ejection fraction

a peak oxygen consumption during follow up in the V-HeFT II study continued to increase beyond that time, reach-
vith sinus rhythm and atrialfibrillation. After two years patients with ing peak values after one month. It was note-
wed a significant decline in peak oxygen consumption, whereas peak worthy that the increase in peak oxygen
in patients with sinus rhythm remained unchanged. (Reproduced consumption was parallel to the increase in
'he influence of atrialfibniation on prognosis in mild to moderate
-HeFT Studies. Circulation 1993;87(suppl VI):102-10. With eection fraction.
erican Heart Association). Taken together, these observations suggest

the presence of a subtle form of cardiomyo-
pathy, inherent to chronic atrial fibrillation.
The underlying mechanism is as yet unknown;
however, two factors might be involved. First,
"concealed" tachycardiomyopathy; although
ventricular rate at rest may be well controlled
(< 100 beats/min), patients with atrial fibrilla-
tion often exhibit disproportionately high rates
(> 120 beats/min) during minor exercise (nor-
mal daily activities). Patients in whom the left
ventricular function is already impaired are
particularly likely to exhibit such responses,
due to excessive sympathetic activation early
during exercise (fig 2).'53031 It is conceivable
that this has long term deleterious effects on
left ventricular systolic function, considering
the fact that tachycardiomyopathy may
develop in patients with paroxysmal atrial fib-

2 4 6 8 10 12 14 rillation and with ventricular rates as "low" as
Stage of exercise 120 beats/min or even lower.21-27Second, depletion of atrial natriuretic pep-

between stage of exercise and heart rate in 21 patients with chronic tide may play a role. Whereas in the acute
h peak oxygen consumption < 20 mllmin/kg (open circles) and 24 * * * * (
cygen consumption > 20 mllminlkg (closed circles). All patients were stage atral fibrllatory activity (irrespective of
antagonists or both for control of ventricular rate; no patients used concomitant haemodynamic changes) may
s,induding angiotensin converting enzyme inhibitors or 1 blockers. enhance atrial natriuretic peptide secretion,'2
edfunctional capacity (peak oxygenconsumption >20 ml/min/kg) longstanding atrial fibrillation is associated
,rease in heart rate as afunction of exercise. In contrast, though heart ih ara aruetc ppie dpeinmably well controlled, in patients with impairedfunctional capacity with atral natruretic peptide depletion,
option < 20 ml/min/kg) a marked heart rate increase was observed at resulting from extensive atrophy and fibrosis
compared with patients with preservedfunctional capacity. In of the atria. This may result in complete
eart rate was attenuated. (Reproducedfrom Van Den Berg et al.
,e to exercise in patients with atrial fibrillation: relation tofunctional "endocrinological silence"." We recently
93;70:15S0-3. With permission ofBMJ Publishing Group). found an inverse relation between plasma
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atrial natriuretic peptide and the duration of
atrial fibrillation in patients with atrial fibrilla-
tion and concomitant heart failure (unpub-
lished results). Although diminished atrial
natriuretic peptide production does not
directly affect left ventricular systolic function,
it may contribute to eventual haemodynamic
deterioration-that is, heart failure.

Clinical management
Traditionally, many clinicians rely on cardio-
version (either chemical or electrical) as a first-
line therapeutic measure in patients with atrial
fibrillation, irrespective of concomitant heart
failure. This approach is supported by the con-
sistent finding that the duration of atrial fibril-
lation is a prime determinant of the likelihood
of maintenance of sinus rhythm after car-
dioversion: the longer the duration of atrial
fibrillation the higher the risk of relapse."1
However, irrespective of the duration of atrial
fibrillation, it is important that hypertension,
myocardial ischaemia, thyrotoxicosis, and
heart failure should be treated before attempt-
ing cardioversion. In addition, it should be
realised that the prophylactic use of antiar-
rhythmic drugs is hazardous in cases of heart
failure; while the efficacy in maintaining sinus
rhythm after cardioversion is low, these agents
may actually increase mortality because of
negative inotropic and proarrhythmic effects.35
Hence, except in cases of emergency (haemo-
dynamic shock), cardioversion is generally not
appropriate as a first-line measure in patients
presenting with heart failure and atrial fibrilla-
tion; treatment should instead focus on heart
failure.
We have shown recently that treatment with

an angiotensin converting enzyme inhibitor is
useful.'5 Also, adequate control of ventricular
rate is crucial. Classically, digoxin is widely
used but it is often necessary to add another
(intravenous) agent-a ,B blocker or a calcium
antagonist. Diltiazem has been shown to be
generally safe in the setting of acute heart fail-
ure and atrial fibrillation, and to control ven-
tricular rate rapidly and effectively.36
Alternatively, a case can be made for the ,B
blocker esmolol.3 Due to its ultrashort half-
life (nine minutes) this agent is theoretically
well suited for the critical care setting, including
acute heart failure and atrial fibrillation. Rate
control with digoxin as monotherapy is often
insufficient beyond the acute stage; although,
by virtue of its vagomimetic effect, it may con-
trol ventricular rate reasonably well at rest,
rate control during exercise, including low lev-
els of exercise, is usually inadequate. Hence,
as in the acute stage, it is often necessary to
add another agent. The efficacy of calcium
antagonists and /B blockers in this connection
is unknown; previous studies have included
mainly atrial fibrillation patients with (near)
normal cardiac function, and have focused on
heart rate at maximal exercise rather than at
lower levels of exercise. Furthermore, the
duration of treatment in most studies was rela-
tively short (two to three weeks). These con-
siderations, together with those mentioned

earlier, provide a rationale for adding a ,B
blocker rather than a calcium antagonist to
digoxin. The dose will probably have to be rel-
atively low to allow for a sufficient rise in heart
rate during heavy exercise, and long term
treatment is needed before a beneficial effect
can be expected; however, anecdotal experi-
ence suggests that patients may indeed benefit
early.'8 Finally, if the patient proves drug
refractory despite the use of a combination of
negative inotropic agents, His bundle ablation
is an option.
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