
Atrial fibrillation is associated with a lower
exercise capacity in male chronic heart failure
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Abstract
Objective—To study the influence of atrial
fibrillation on peak oxygen uptake (peak
V~O2) in chronic heart failure. An unfa-
vourable eVect of atrial fibrillation has
been shown in several patient populations,
but the results have not been consistent in
chronic heart failure.
Methods—Data were analysed from male
heart transplant candidates who were able
to perform graded bicycle ergometry until
exhaustion with respiratory gas analysis
and measurement of heart rate. Patients
in atrial fibrillation (n = 18) were com-
pared with patients in sinus rhythm
(n = 93).
Results—Age, weight, height, and aetiol-
ogy of chronic heart failure did not diVer
significantly between the two groups. Car-
diac catheterisation at supine rest showed
that heart rate was comparable, but that
stroke volume and cardiac output were
lower (p < 0.05) in atrial fibrillation.
Systolic and diastolic left ventricular
function, assessed by radionuclide angio-
graphy at rest, were not significantly
diVerent. Peak V~O2 (mean (SD): 13.8 (3.6)
v 17.1 (5.6) ml/kg/min; p < 0.01) and peak
work load (78 (27) v 98 (36) W; p < 0.05)
were lower in the patients with atrial
fibrillation, though respiratory gas ex-
change ratio and Borg score were similar
in the two groups. Patients with atrial
fibrillation had a higher heart rate sitting
at rest before exercise (93 (16) v 84 (16)
beats/min) and at peak eVort (156 (23) v
140 (25) beats/min) (p < 0.05).
Conclusions—Atrial fibrillation is associ-
ated with a 20% lower peak V~O2 in patients
with chronic heart failure, suggesting that
preserved atrial contraction or a regular
rhythm, or both, are critical to maintain
cardiac output and exercise performance.
(Heart 1997;78:564–568)
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Easy fatiguability is a frequent complaint of
patients in atrial fibrillation1 and a lower
exercise tolerance has been observed in several
reports.2–9 One study has shown that exercise
capacity in patients with “lone atrial fibrilla-
tion”, that is, atrial fibrillation without underly-
ing heart disease, is less than in healthy sex and
age matched controls.3 Many investigators have

shown the unfavourable influence of atrial
fibrillation by comparing peak oxygen uptake
(V~O2) before and after cardioversion to sinus
rhythm.2 4–9 These studies mainly examined
patients in whom atrial fibrillation was present
as a result of mild cardiovascular diseases (New
York Heart Association class I or II). Patients
with advanced heart failure were either ex-
cluded or poorly represented. To the best of
our knowledge, only one report has focused on
patients with moderate to severe heart failure.10

Surprisingly, in this report peak V~O2 of patients
in atrial fibrillation did not diVer significantly
from that of patients in sinus rhythm. The pos-
sible mechanisms by which atrial fibrillation
might influence exercise capacity have not been
elucidated. The importance of the atrial kick to
left ventricular filling may depend on several
factors such as age11 and cardiac status,12 and
may be diVerent at rest and during exercise.13 14

In addition, the loss of a regular sinus rhythm
may further compromise cardiac output.15

The present analysis was performed in view
of the paucity of studies with regard to the
impact of atrial fibrillation on exercise capacity
of patients with advanced heart failure. Atrial
fibrillation is a common finding in the setting of
chronic heart failure and exercise testing is fre-
quently performed in these patients. Indeed,
peak V~O2 is a powerful prognostic index and
plays an important role in the decision making
for heart transplantation.16 Further, aerobic
power or peak V~O2 is widely accepted as the
gold standard of exercise capacity, and this
includes patients with chronic heart failure.17 18

The primary aim of our study was to examine
whether loss of atrial contraction is associated
with a reduction in aerobic power. We hypoth-
esised that atrial fibrillation influences cardiac
haemodynamics and therefore peak V~O2.

Methods
STUDY POPULATION

From a cohort of 243 patients with heart
failure who had been referred to the University
Hospital of Leuven for a pre-heart transplant
work up between May 1991 and November
1995, 111 patients were selected post hoc for
the present analysis. Women (n = 55) were not
included, to rule out the possible eVect of gen-
der on exercise performance and because of
their relatively small number. Male patients
(> 18 years) were eligible if they were able to
exercise until voluntary fatigue. Patients were
excluded if one or more of the following condi-
tions was present: heart failure due to primary
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pulmonary hypertension, valvar deficits, or
congenital heart disease (n = 9); an artificial
pacemaker or atrial flutter (n = 17); premature
interruption of the exercise test for other
reasons but dyspnoea, general fatigue, or leg
fatigue (n = 33); and limitation of exercise per-
formance by associated locomotor or pulmo-
nary diseases (n = 34).
As part of the pre-heart transplant work up,

all patients performed upright bicycle ergom-
etry. The majority of patients included in the
present analysis also underwent cardiac cath-
eterisation and radionuclide angiography at
rest during the same hospital stay. All patients
gave oral informed consent.

EXERCISE TESTING

All patients performed maximum bicycle
ergometry when they were clinically stable.
Drug treatment was not interrupted on the day
of the test.
The exercise test always took place between

0900 and 1230. The patient remained seated
on the bicycle for two minutes or more and
then started cycling at a work load of 10W.The
load was increased by 10 W per minute until
exhaustion. At rest and during exercise, V~O2

and carbon dioxide output were measured
continuously (Sensormedics 2900). After col-
lection of the expired air in a mixing box,
minute ventilation was determined by a pneu-
motachograph; a paramagnetic and an infrared
gas analyser, respectively, were used to measure
oxygen and carbon dioxide concentrations.
Subsequently, V~O2 and carbon dioxide output
were reduced to standard temperature (0°C)
and pressure (760 mm Hg), dry (STPD) con-
ditions. Each morning the gas analysers were
calibrated with precise gas mixtures, and the
pneumotachograph with a fixed volume cali-
bration pump. Peak V~O2 was defined as the
highest V~O2 during any stage that could be
sustained for one minute, which in most
instances corresponded to the highest work
load that was sustained for one minute. The
respiratory gas exchange ratio was calculated as
carbon dioxide output divided by V~O2; the
peak respiratory gas exchange ratio was defined
as the highest value over any 20 second period
at the end of exercise. The peak oxygen pulse
was obtained by dividing the V~O2 during the
highest work load that could be sustained for
one minute by the corresponding heart rate,
and was also expressed in ml/beat/m2 by first
dividing V~O2 by body surface area. Minute
ventilation, the ventilatory equivalents for oxy-
gen (calculated as minute ventilation divided
by V~O2) and carbon dioxide (calculated as
minute ventilation divided by carbon dioxide
output) at this exercise level are also reported
and referred to as peak minute ventilation, peak
ventilatory equivalent for oxygen, and peak
ventilatory equivalent for carbon dioxide,
respectively. Blood pressure was measured by
auscultation in the sitting position before the
start of exercise. Heart rate was derived from
the electrocardiogram at the end of the sitting
rest period and throughout the exercise test.
Heart rate immediately before termination of

the exercise test is reported as peak heart rate.
The patients were asked to rate their feeling of
exertion at the end of exercise on a scale from
6 to 20 (Borg score).

CARDIAC CATHETERISATION

Eighty six patients (77% of the study popula-
tion) underwent an invasive haemodynamic
evaluation in the supine position, after an over-
night fast, within a median time of two days
from the exercise test (range 0 to 36 days).
Cardiac output was measured by the thermodi-
lution method in 79 patients (12 in atrial fibril-
lation, 67 in sinus rhythm), and by the direct
oxygen Fick method in seven (three in atrial
fibrillation, four in sinus rhythm). Cardiac
index was calculated as cardiac output divided
by body surface area; stroke volume (index)
was obtained by dividing cardiac output
(index) by heart rate.

RADIONUCLIDE ANGIOGRAPHY

Ninety four patients (85%) underwent equilib-
rium gated radionuclide angiography at supine
rest to assess left ventricular function. The
investigation took place within a median time
of two days from the exercise test (range 0 to 22
days).
The blood pool of the patient was labelled

with technetium-99m, and the change of shape
of the blood pool within the left ventricle was
followed with a gamma camera. Radionuclide
activity was collected synchronously with the R
wave of the electrocardiogram.The RR interval
was divided in time frames. During several
hundreds of heart beats the radionuclide
counts were stored in the memory of the com-
puter in the respective time frames, and the
respective frames were summed.
To handle irregularly varying cardiac cycle

lengths, in all patients—whether or not in atrial
fibrillation—a “window” was determined be-
fore recordings of ventricular activity were
started. The window comprised the mean of 10
consecutive RR intervals plus and minus 10%
of this mean, but was adapted by the computer
program throughout the investigation to ac-
count for changes in heart rate. Data acquisi-
tion was performed during 600 seconds (10
minutes), where count number and time only
proceeded for cardiac cycles falling within the
determined window. Thus in patients with an
irregular heart rhythm, more RR intervals were
rejected by the computer, and the investigation
time was prolonged so as to obtain reliable
estimations of ventricular function in such
patients as well.

STATISTICAL ANALYSIS

SAS software (SAS Institute Inc, Cary, NC,
USA) was used for the statistical analysis. Val-
ues are reported as mean (SD). Patients in
sinus rhythm were compared to patients in
atrial fibrillation with unpaired Student t tests
in the case of continuous variables. For
categorical variables, comparisons were per-
formed by either Fisher’s exact tests (when
dealing with small frequencies) or ÷2 analysis.
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To compare the duration of chronic heart fail-
ure between both groups, data were first loga-
rithmically transformed. p values of < 0.05
were considered statistically significant.

Results
GENERAL CHARACTERISTICS OF THE PATIENTS

Eighteen patients were in atrial fibrillation, and
93 were in sinus rhythm.Age ranged from 20 to
68 years; age and anthropometric characteris-
tics did not diVer between the two groups
(table 1). Either idiopathic cardiomyopathy or
ischaemic heart disease was diagnosed in the
majority of the patients. In the others, chronic
heart failure was ascribed to hypertension
(n = 1), a traumatic myocardial infarction
(n = 1), haemochromatosis (n = 1),19 alcohol
abuse (n = 1), or a combination of causes
(n = 4). Estimated duration of chronic heart
failure, as judged from the onset of typical
symptoms (dyspnoea, fatigue), hospital admis-
sions or both, was similar in patients with atrial
fibrillation and patients with sinus rhythm:
median 18.6 months (range 1 to 96 months),
and 12.0 months (range 0.5 to 228 months),
respectively. There were no significant diVer-
ences with respect to drug intake between both
groups, but digitalis tended to be more
frequently prescribed for patients in atrial
fibrillation (p = 0.06).

HAEMODYNAMIC DATA AND LEFT VENTRICULAR

FUNCTION AT REST

Heart rate at supine rest—both during cath-
eterisation and radionuclide angiography—was
not significantly diVerent between patients in
atrial fibrillation and the others (table 2).
However, catheterisation showed that cardiac
output and stroke volume were lower in atrial
fibrillation (p < 0.05); this diVerence persisted
after normalisation for body size. Left ventricu-
lar function—quantified by radionuclide ejec-
tion fraction, peak ejection rate, and peak filling
rate—was similar in the two groups.

EXERCISE TESTING

Heart rate at sitting rest was higher in the
patients with atrial fibrillation than in the
patients with sinus rhythm, at 93 (16) v
84 (16) beats/min (p < 0.05), whereas blood
pressure did not diVer significantly between
patients in atrial fibrillation and patients in
sinus rhythm (111 (19)/73 (11) mm Hg and
117 (21)/77 (12) mm Hg, respectively). Peak
V~O2 averaged 1231 (460) ml/min or
16.6 (5.4) ml/kg/min in the total study popula-
tion; the highest work load that could be
sustained for one minute amounted to
95 (36) W. Results at peak exercise in the two
groups are given in fig 1. In the group of
patients with atrial fibrillation, exercise toler-
ance was approximately 20% lower than in the
patients with sinus rhythm. Peak V~O2 averaged
1021 (309) ml/min or 13.8 (3.6) ml/kg/min,
and 1271 (475) ml/min or 17.1 (5.6) ml/kg/
min (p < 0.01), respectively; the highest work
load that could be sustained for one minute
amounted to 78 (27) W and 98 (36) W
(p < 0.05). Peak heart rate was higher in the
patients with atrial fibrillation (p < 0.05),
whereas peak respiratory gas exchange ratio
and Borg score (16.2 (1.5) in atrial fibrillation
and 15.9 (1.7) in sinus rhythm) were similar in
the two groups. Peak oxygen pulse, whether or
not corrected for body surface area, was
significantly higher in the patients with sinus
rhythm (4.91 (1.46) v 3.55 (0.74) ml/beat/m2;
p < 0.001). Peak ventilatory equivalent for car-
bon dioxide (41 (9) v 47 (14)) and peak venti-
latory equivalent for oxygen (45 (11) v
51 (16)) tended to be lower in sinus rhythm
(p = 0.08 and p = 0.11, respectively).

Discussion
Exercise intolerance is an important conse-
quence of chronic heart failure. Peak V~O2 in the
111 heart transplant candidates of the present
study averaged 16.6 ml/kg/min, which is about
60% of what would be expected according to
age and body size.20 Moreover, exercise intoler-
ance was still more pronounced in the presence
of atrial fibrillation. Both peak V~O2 and peak
work load were approximately 20% lower in the
patients with atrial fibrillation than in those in
sinus rhythm. Nevertheless, peak respiratory
gas exchange ratios and Borg scores were
almost identical in the two groups, suggesting
that the patients on both groups gave a good
and similar eVort. Further, both groups were
highly comparable with respect to their general

Table 1 General characteristics of the study population: male chronic heart failure patients

Patients in sinus rhythm Patients in atrial fibrillation

Number 93 18
Age (years; mean (SD)) 50 (10) 53 (11)
Weight (kg; mean (SD)) 74 (11) 74 (12)
Height (cm; mean (SD)) 173 (6) 172 (6)
BMI (kg/m2; mean (SD)) 24.6 (3.5) 24.9 (3.4)
BSA (m2; mean (SD)) 1.87 (0.14) 1.86 (0.15)
Aetiology of heart failure (n (%))
Idiopathic CMP 51 (55) 9 (50)
Ischaemic heart disease 37 (40) 6 (33)
Miscellaneous 5 (5) 3 (17)

Medication (n (%))
ACE inhibitors 79 (85) 14 (78)
Diuretics 71 (76) 17 (94)
Digitalis 62 (67) 16 (89)
Anticoagulants 55 (59) 13 (72)
â Blockers 14 (15) 2 (12)

BMI, body mass index; BSA, body surface area; CMP, cardiomyopathy; ACE, angiotensin
converting enzyme.

Table 2 Cardiac catheterisation and equilibrium gated radionuclide angiography: data at
supine rest in male chronic heart failure patients

Patients in sinus rhythm Patients in atrial fibrillation

Cardiac catheterisation
Number 71 15
Heart rate (beats/min) 82 (17) 82 (19)
Cardiac output (l/min) 4.13 (1.00) 3.44 (1.29)*
Cardiac index (l/min/m2) 2.20 (0.52) 1.83 (0.58)*
Stroke volume (ml/beat) 53 (16) 43 (14)*
Stroke index (ml/beat/m2) 28 (8) 23 (7)*

Radionuclide angiography
Number 80 14
Heart rate (beats/min)† 73 (17) 80 (19)
Ejection fraction (%) 23 (13) 21 (8)
Peak ejection rate (EDV/s) 1.08 (0.59) 1.06 (0.53)
Peak filling rate (EDV/s) 0.85 (0.45) 0.99 (0.48)

Values are mean (SD).
*p < 0.05; patients in atrial fibrillation v patients in sinus rhythm, unpaired Student t test.
†The heart rate is based on cardiac cycles with a duration not exceeding the window (see
Methods).
EDV, end diastolic volume.
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characteristics—that is, age, body size, chronic
heart failure aetiology, and drug intake—
except perhaps for the use of digitalis.
Our cross sectional findings are in agreement

with studies in which the exercise capacity of
patients in atrial fibrillation improved after
successful cardioversion.2 4–9 However, patients
with advanced chronic heart failure were either
excluded or poorly represented in those
reports, which mainly involved patients with
mild cardiac dysfunction and mild exercise
intolerance, predominantly New York Heart
Association class I or II patients. To the best of
our knowledge, only one report—that is, the
multicentre vasodilator in heart failure trials
(V-HeFT I and II)10 —has been published on
patients with worse cardiac and clinical status,
mainly New York Heart Association class II
and III. Their peak V~O2 was substantially lower
than in the above mentioned reports. In
V-HeFT I, peak V~O2 in patients in atrial fibril-
lation (n = 99) was 5.4% but not significantly
(p = 0.08) lower than in the patients in sinus
rhythm (n = 533), and exercise duration was
identical in both groups. The V-HeFT II data
showed that peak V~O2 was only 0.7% lower
(p = 0.66) in the patients with atrial fibrillation
(n = 107) than in the patients in sinus rhythm
(n = 688); exercise duration was also very
similar in the two groups.However, the authors
did not account for characteristics that were
significantly diVerent between patients with
atrial fibrillation and patients in sinus rhythm,
such as age, aetiology of chronic heart failure,
left ventricular ejection fraction, and
medication. Thus the V-HeFT findings disa-
gree with the results of the cardioversion stud-
ies and with the present analysis. Discrepancies

may be due to diVerences regarding study
design, selection criteria, and clinical status or
age of the patients.
We hypothesised that the presence of atrial

fibrillation would impair the cardiac output
response to exercise, and consequently reduce
the patients’ exercise tolerance. Although
several investigators have shown that peak V~O2

is essentially unrelated to resting cardiac
output in chronic heart failure, it has been
found that the relation of peak V~O2 to peak
exercise cardiac output is much stronger, and
usually significant.21–23 Our analysis shows that
stroke volume and cardiac output are indeed
lower at rest in patients with atrial fibrillation,
but haemodynamic variables were not meas-
ured during exercise in the pretransplant
screening protocol. We did find, however, that
the peak oxygen pulse—that is, a crude
non-invasive measure of stroke volume at peak
eVort—was significantly lower in atrial fibrilla-
tion. This variable has also been shown to
increase significantly after successful cardiover-
sion, together with peak V~O2.

2 4 6 The higher
peak heart rate we observed is a common find-
ing in patients with atrial fibrillation, and is
generally regarded as a compensatory mech-
anism for a lower stroke volume.2–10

There are several mechanisms by which the
presence of atrial fibrillation may adversely
aVect cardiac output. The arrhythmia is
characterised by totally disorganised atrial
depolarisations without eVective atrial
contraction.24 At rest, the atrial kick to left ven-
tricular filling has been shown to be important
in maintaining cardiac output,14 but its im-
portance may decline with age11 or with higher
left ventricular filling pressures, or both.12 Fur-
ther, the contribution of the atrial kick may
change during exercise. Most,13 14 25 but not
all,26 studies in patients with artificial pacemak-
ers suggest that the increase in ventricular rate
during exercise is more important to cardiac
output than atrial contraction, and this may be
particularly true for patients with systolic left
ventricular dysfunction.27 On the other hand,
restoration of atrial contraction has also been
shown to parallel5 or to precede6 the improve-
ment of peak V~O2 after cardioversion; the lower
peak heart rate after cardioversion suggests that
intact atrial functioning yields a higher stroke
volume during exercise, and thus increases
exercise capacity. The irregularity of the
ventricular response in atrial fibrillation is
another mechanism for haemodynamic impair-
ment. It has been shown in the resting dog that
an irregular ventricular rhythm is associated
with a 9% decline in cardiac output compared
with a regular ventricular rhythm at the same
average pacing rate.15

The patients with atrial fibrillation in the
present study might have had a lower exercise
capacity because they had had chronic heart
failure for a longer time, or because they had
worse cardiac function. However, the duration
of chronic heart failure was similar in the two
groups, and—compared to the patients in sinus
rhythm—those in atrial fibrillation showed no
worse left ventricular function on radionuclide
angiography. The latter technique might be less

Figure 1 Peak oxygen uptake(V~O2 ), peak respiratory gas exchange ratio )RER), peak
heart rate (HR), and peak oxygen pulse (O2 pulse) in chronic heart failure patients in sinus
rhythm (SR) and atrial fibrillation (AF).Data are mean (SD); *p < 0.05; †p < 0.01;
‡p < 0.001.
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valid in patients with atrial fibrillation, but in
the present study only cardiac cycles with a
certain duration were taken into account and
longer acquisition times were applied if re-
quired. Further, as we assessed ventricular
function only at rest, we cannot exclude the
possibility that ventricular function changed
diVerentially in the two groups during exercise.
It is unlikely that diVerences in exercise

tolerance between the patients in atrial fibrilla-
tion and those in sinus rhythm are due to drug
intake—statistical analysis did not reveal sig-
nificant diVerences. Only digoxin tended to be
used more often in patients with atrial fibrilla-
tion, but this cannot explain the diVerence in
exercise tolerance. The ability of digitalis
glycosides to improve exercise capacity in
patients with chronic heart failure remains
controversial.28–32

In summary, we have shown that there is a
lower peak V~O2 in heart transplant candidates
with atrial fibrillation than in those in sinus
rhythm. There are several mechanisms by
which loss of the atrial function may aggravate
exercise intolerance in chronic heart failure,
but these are poorly understood and should be
addressed in future investigations.
Nevertheless, this analysis may highlight two
facts. First, even in severe chronic heart failure,
the presence of atrial fibrillation should be
considered when studying exercise related
phenomena—whether or not patients were in
atrial fibrillation has often not been reported.
Second, the presence or absence of atrial fibril-
lation in heart transplant candidates may need
to be considered when interpreting peak V~O2 as
a prognostic index. In the setting of chronic
heart failure, the presence of atrial fibrillation
may not mean a worse outcome per se,10 but it
may reduce exercise tolerance.
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