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Maximal Exercise Testing and Gas Exchange in Patients With Chronic

Atrial Fibrillation
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To cvaluate the response of paticnts with chronic atrial
fibrillation to exercise, 50 men (mean age 65 * 8 years) with
atrial fibriltation underwent a maximal exercise test using
respiratory gas exchange techniques. Patients were classi-
fied by the prmnce (m = 29) or absence (*lone atrial
fibrillation," n = 21) of underlying heart dlsease Re-
spanses were at a standard work
load (3.0 mph, [4.8 km/h] 0% grade), at the gas exchange
anaerobic threshold and at maximal exercice, For all 50
patients, the mean maximal oxygen uptake was 20,6 mVkg
per min, which gpproximates 85% of the aerobic capacity
predicted for age-maiched normal individnals.

Patients with lone atrial fibrillation demonstrated nor-
mal exercise capacity in contrast te patients with atrial
fibrillation and known heart disease (22.7 % 5 versus 9.1
+ 5.0 mykg per min, p < 0.05). The mean maximal hear(
rate (176 = 30 heats/min) was approxi
higher than that expected for age, was extremely variable
and accounted for only 8% of the vaviance in maximal

oxygen uptake. Maximal heart rate in subjects with lone
atrigl fibrillation was higher than that of subjects with
atrial fibrillation and known heart disease (189 % 32 versus
166 = 24 beats/min, p < 0.01). Stepwise regression analysis
revealed that maximal systolic blood pressure accounted for
19% of the variance in maximal oxygen uptake (YO, max),
suggesting that systolic function is an important determi-
nant of exercise performance in atria! fibrillatien.
1t is concluded that 1) the exercise response in patients
with lone atrial fibrillation differs markedly from the
typical heterogeneous group of patients with atrial fibrilla-
tion and underlying heart disease, 2} the higher maximal
heart rate observed in patients with lone atria) fibrillation
may be a compensation for the loss of atrial function, and 3)
exercise impairment in patients with atrial fbrillation is
due to underlying heart disease and not the archythmia
itself.
(f Am Coll Cardiol 1988;11:508-13)

Chronic atrial fibrillation is one of the mast common arrhyth-
mias (1-3), but it remains poorly understood (4). In normal
sinus rhythm, atrial contraction is known to cardiac

rapid heart rate response early during excrcise or a higher
maximal heart rate, or both, when compared with that of

hed

output by roughly 19% (5), and several invesligators {6-8)
have reported compromised cardiac function in the presence
of atrial fibriltation. However, few data are available regard-
ing maximal exercise capacity in patients with chronic atrial
fibriifation. Previous investigations (9-11) have noted a more
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- normal subjects. To our knowledge, gas ex-
change techniques have not been utilized to describe the
exercise response of patients with stable atrial fibrillation.
Given the heterogeneity of intrinsic heart disease in patients
with chronic atrial fibrillation (that is, congestive heart
failure, valvular and ischemic heart disease), we hypothe-
sized that patients with lone atrial fibrillation would respond
differently to exercise than would the typical heterogencous
atrial fibriilation population.

The purpose of the present study was, therefore, L0
describe the hemodynamic and gas exchange response to
maximal exercise in 50 consecutively tested patiemis with
chronic avrial fibrillation, and to compare patients with lo:e
alrial fibrillation with those with accompanying clinical man-
ifestations of heart disease.
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Methods

Study patients. Fifty consecutive malc volunteers, rang-
ing. in age from 49 to 87 years, with chronic atrial fibrillation
(> 1 months’ duration} were included in the study. Acutely ill
pa ient: . those with congestive heart failure or symptomatic
wi:h angina, patients unable to walk on a treadmill, those
laking a beta-ndrenergic blocking agent or a calcium-channel
antagon'st. or both. and those with severe lung diseasc or
ttyroid dysfunction were excluded. They were categorized
by their history as those with lone atrial fibriltation (a = 21}
and those with underlying heart disease (n = 29) includi
regurgitant valvular heart disease (n = 8. difated cardiom-
yopathy (n = 8). history of congestive heart failure (n = 7),
ischteinic heart disease (n = 3), moderate ung disease (n = 2)
and sick sinus syndrome (n = 1),

Forty-one of the 50 patients were taking digoxin {81% of
those with lone atrial fibrillation and 83% of the othersh
continued administration of digoxin was left to the discretion
of their physician. Mean digoxin doses were not different
batween groups. Seventeen palients were taking an untihy-
pertensive medication (33% of those with lone atrial fibrilla-
tion and 34% of the others) and none were taking a beta-
adrenergic blocking agent. All patients were in New York
Heart Association functional class 1 or I1. Thirty-eight of the
4Y) patients who had M-made and two-dimensional echocar-
diography performed had left atrial enlargement. OFf these,
all had normal left vertricular function except those with the
di is of dilated cardiomyopathy.

Testing procedures, Patients were exercised on a cali-
brated motor-driven treadmill after abstaining from food,
coffee and cigarettes for =3 h before testing. Individualized
tests were modified from the Balke protocel and designed for
each patient such that the exercise test lasted between 8 and
12 min. These protocols conformed to guidelines for opli-
mizing cardiopulmonary assessment as outlined by Buch-
fuhrer et al.(12). The palient’s subjective perception of
exertion was evaluated using the Borg 6 to 20 point scale
(13). All exercise tests were continued to volitional fatigue or
dyspnea, or both, and no patient experienced angina.

Respiratory gas exchange variubles were determined
continuously throughout the exercise test using the Beck-
man Horizon MMC or Medical Graphics Corp. 2001 exercise
systems. The reproducibility of these exercise systems was
documented using techniques outlined by Jones and Camp-
bell (14). Gas exchange variables analyzed were oxygen
uptake (VO,. ml/mg per min), minute ventilation (liters/min
BTPS), oxygen pulse (oxygen uptake divided by heart rate}
and respiratory exchange ratio, (VCO,/VQ,). [n addition,
estimated oxygen uptake was calculated from the external
work ascribest to the highest completed treadmill stage (15).

Twelve lead clectrocardiograms (ECG) (16) and blood
pressure measurements (using a clinical sphygmomanome-
ter) were oblained at rest and throughout the exercise test
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and recovery. The number of ECG complexes multiplied by
(0in a i s chythm strip at the end of each minute was used
to determine heart rate.

Points of analysis. Analysis of hemodynamic and pulmeo-
nary gas exchange variables was performed at a standard
submaximal work load {3.0 mph [4.8 km/h], 0% grade) at the
gas exchange anaerobic threshold and at maximal excrtion.
T'he g change anaerobic threshold was determined by
two indeprndent observers who were unaware of other duta,
as outlined by Sullivan et al. (17).

Statistics. Descriptive statistics are presented as mean
values and standard deviations. Unpaired ¢ testing was
performed 1o evaluate paticnts with lone atrial fibriflation
versus those wilh known heart disease. Analysis of covari-
ance (ANCOVA) with repeated measures was used to eval-
uate the relation among heart rate, oxygen uptake and group
membership during progressive submaximal exercise, and a
stepwise regression analysis was performed (o estimate
predictors of maximal exercise capacity.

Results

Findings in all 30 patients (Table 1). No adverse compli-
cations occurred during any of the exercise tests. A sum-
mary of the hemodynamic and gas exchange data for all 50
patients at each exercise stage is presented in Table 1. The
study group as a whole exhibited a2 mean maximal perceived
exertivn of 18 points on the Borg scale and a respiratory
exchange ratio of 1.06. values indicative of maximal effort.
The mean maximal oxygen uptake of 20.6 mi/kg per min was
approximately 85% of that whick would be predicted for
age-matched normat men (14), Oxygen uptake at the gas
exchange anaerobic threshold was 15.4 ml/kg per min or 73%
of the maximal oxygen uptakc, a percentage somewhat
higher than that obhserved in normal subjects.

Lone atrial fibrillation versus atrial fibrillation and heart
disease (Table ). The mean age was not significantly dif-
ferent hetween patient zroups. Heart rate did not differ
between the groups at rest or any of the submaximal stages
of exercise. Mean max‘mal heart rate, however, was signif-
icanily higher in the lone atrial fibrillation group (185 * 32
versus 166 = 24 beats/min, p < 0.01). Oxygen uptake was
significantly higher in the lone atrial fibrillation group at the
submaximal work load. 3.0 mph (4.8 km/h), 0% grade (16.0
* 4 versus 14.0 = 3 mbkg per min. p < 0.03), at the gas
exchange anaerobic threshold (16.2 = 4 versns 14.0 = 3
ml/kg per min, p < 0.05) and at maximal exertion (22.7 = §
versus 19.1 = S mlkg per min, p < 0.05). Minute ventilation
was significantly higher among patients with lone atrial
fibrillation at the gas exchange anaerobic threshold (40.8 = 9
versus 34.0 = 7 liters/min. p < 0.01) and at maximal excrtion
(76.2 * 15 versus 61.1 = 7 liters/min, p < 0.05). Oxygen
pulse was roughly 2 mi/beat higher among patients with lone
atrial fibriltation at each level of exercisc (p < 0.05).
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Oxygen uplake and heart raie were significantly though
modestly correlated from rest to 8 min ol progressive exer-
cise (1= 0.54. p < 0.001) (Fig. 1). However, the variance for
heart rate was large (SD * “8.6 beats/min). An ANCOVA
repeated measures design was used (o evaluate the relation
among group membershir. (lone atrial fibrillatio1 versus
atrial fibrillation and known heurt discase), heart rale and
oxygen uptake over 8 rnin of progressive exercise. This
analysis revealed that group membership did not affect the
relation between heart rate and oxygen uptake over time.
However, oxygen up.ake covaried significantly with heart
rate (F = 27.1. p < 0.001). The interaction between change
in heart rate and group membership was not significant.

Predictors of exercise capacity (Table 3). Data from step-
w1se regression analysis with maximal oxygen upm‘ie as the

dent variable indi d that the signi S
of maxima! oxygen uptake were maximal heart rate and
systolic blood pressure. Age and group (lone atriat fibrilla-
lion versus atvial fibrillation and known heart disease) were
not significant predictors. The proportion of variance in
maximal oxygen uptake that could be accounted for by
maximal systolic blood pressure was 19%. and 8% of the
variance ia maximal oxygen uptake could be I for

JACC Vob. 11 No. 3
March 19R8:50R-13

mill time or work laad can be mislcading because of differ-
einces in habituation, gait. oxygen kinetics, fitness and extent
of disease. These factors carn alter the relation between
treadmill time or work load and measured oxygen uptake.
Recent advances in technology have provided instruments
that allow for more frequent, accurate and convenient gas
exchange analysis. Availability of gas exchange instrumen-
tation provides one explanation of why the present siudy is
the first to employ gas exchange analysis in patients with
atrial fibriitation.

In previous studies, patients were estimated to have a
maximal oxygen uptake of roughly 19 mlkg per min, Al-
though the present study demonstrates a somewhat higher
estimated maximal oxygen uptake (26 mi/kg per minj, pre-
vious studies included more patients with accompanying
cardiac disease. These included patients with intrinsic heart
disease. particularly valvular, and often patients in func-
tional class L1. The fact that a large number of our patients
had both lone atrial fibrillation and normal left ventricular
function by echocardiogram may account for the differences
in cxercise capacily. In light of the relatively high maximal
heart rates observed in patients with atrial fibriliation, the

by maxiraal heart rate. lhe two predictors accounting for a
lotal of 27% of the variance.

Discussion

Exercise capacity. Nine studies (9-11. 18-23) have previ-
ousiy e¢valuated the response of patients with atrial fibrilla-
tion to maximal exercise testing (Table 4). Most of these
siudics have focused on pharmacologic control of the ven-
Tricular response; studies reporting only submaximal exer-
cise responses to pharmacologic therapy have not been
included. As is typical |n clinical practice, all of these
ding studies I oxygen uptake from
lreadmlll time or work load. Numerous studies (24-26) have
demonstrated that estimation of oxygen uptake from tread-

I I performance appears to represent a
compmmnsed cardiac output consistent with reduced left
ventricular function or lack of atrial contribution to ventri-
cular filling, or both. This suggests that the major limitation
in patients with atrial fibrillation may not be the arrhythmia,
but rather the associated heart disease.

In the present study, maximal oxygen uptake was greater
and uxygen pulse rate was approximately 2 ml/beat greater
{p = 0.05) throughout exercise among patients with lone
atrial fibrillation (Table 2). The functional capacity of this
patient group approached the capacity Lypical of age-
malched normal men, whereas the palients with known heart
disease exhibited a deficit of 19% (14). These observations
suggest that cardiac performance is normal in subjects with
atrial fibrillation who have no evidence of underiying heart
disease. The discrepancy between groups in oxygen uptake

Table 1. Hemodynamic and Gas Exchange Results for All 50 Patients With Atrial Fibrillation

Submaximal Exercise
Rest 3.0 mph, V% grade)

Gas Exchunge Anacrobic

Threshold Maximal Exercise

Heart rale (heats/min)
Blood pressure (mm Hg)

95+ (550 IBLY

146 = 24 (105 to 210

148 + 27 (90 to 200} 176 £ 30 (112 10 248)

Systalic 1= 70 {100 w 150) 160+ 22 {108 to 220} 161 = 23 (98 10 200 175 £ 27 (110 10 220)
Diastolic 85 % 1070 tw 110) 84 £ 3 (5810 1200 13 (50 10 1) 83 = i4(80 1o 120}
VE (liters/min) R 1130t 0.2 9120.6 10 64.1) 674+ 18(3251095.2)
VO, (el per min) D 26.1) 38110239 W6 57010321
O, pulse (mbeat) o 16.7) 9.0 2 3010141 9723139 16.4)
RER 0I¢ x 107210 104 085 + 0.07(0.68 1o .04} 1.06 = 0.10 (0.83 0 1.28)

Perceive | exertion

126+ 36 to 20}

126 £ 261019 18.3 £ 2(13 to 20)

Vitlues in parentheses under vuch row designate range. 0, , pulse = oxygen uptake (VO,) divided by hearl rale: RER = respiratory exchange ratio (VCO,/VO,1

VE = minuie ventitation: VO, = miximal oxygen upluke
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Table 2. Paticnts With Lone Atriai Fibrillation Contrasted With
Those With Atrial Fibrillation and Known Heart Discise

AF and Known

Lone AF Heart Disease
n=2n n =2 P
Rest

Age (yn) 6 £6 Y NS
Weight tkgh 88.2 = 140 6.5 5 RY 0.0k
HR (beats/min} 9% + 26 Mo N§
SBF (mm Hg) 136 £ 21 192X NS
DBP (mm Hg) 890 82 -9 BAIRER

Submaximal exercise (3.0 mph. (% grade
HR (beats/min)

SBP (mm Hg) 1 NS
DBP (mm Hg) B 13 s
VE (liters/min) 2.2 104 NS
VO, (mkg-min) 160 =38 “IH0S
0, pulse {mifbeat) 9.7 30 8 <B
RER 089 = 0.09 091 = e NS
PE f1+3 132} NS

Gas exchange anacrobic threshold

HR (beats/min) 152 =2 139 = 2%
SBP (mm Hg) 166 * 19 157+26
DBP (mm Hg) 86+ 12 e
VE dliters/min) 40.8 £ 89 340 x
V0. tmlkg-min) 162237 18.0 «
0, pulse (mbbeat} 99+28
RER 0.85 = 0.08
PE 3=2

Maximal exercise
HR (beats/min) 189 = 32 166 & 24 <00t
SBF (mm Hg) 183 = 23 168 = 2§ <05
DBP (mm Hg) 87 = 15 o NS
VE (liters/min) 762 = 14.6 [N <005
VO, (mlikg-min) N7=46 194 = <008
O, pulse (mibeat} 10.8 = 3.0 9.0 <05
RER 1.08 = 0.09 103 NS
PE 19=1 182 NS

AF = trial fibriflation; DBP = diastolic blood pressure: HR = heart rate:
PE = perceived exeriion; RER = respiratory exchunge ratio; SBP = systolic
btood pressure. Other abbreviations as in Table 1.

y is curious, h , and is perhaps attribut-
able to differences in treadmill experience.

Hemod fcs. Digoxin ation has long been
considered standard therapy for atrial fibrillation although,
by itself, digoxin is of limited effectiveness in controlfing the
ventricular response in these patients (27,28). That 41 (82%)
of all 50 patients in our study were taking digoxin is generally
consistent with studies reported in Table 4.

Several of these sludies have reported that patients with
atrial fibrillation have an inordinately rapid ventricular re-
sponse Lo the first stage of exercise (9,10.22,29) and that this
response is greater than in normal subjects at a given stage of
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Figure 1. Relation between maximal heart rate and oxygen
for all 30 patients with atrial fibrillation duning progressive exer:
{0 to % min). Heart rate and oxygen uptake were significantly
correlated (; 4, p < 0.001) despite a large variance in h
(SD = 28 beat</min) and they covaried significantly over I
271 p < 0,001). Group membership (lone versus atrial fibril!
with heart discase) did not affect these relations. METS = multiples
of oxygen consumption at rest.

exercise (9. Hornsten and Bruce (9), for example. reported
that 74% of the total change in heart rate occurred in the first
stage of exercise. Roth et al. (29) demonstraled that 66% of
the total change in heart rate occurred after the first minute
of exercise in 12 patients with atrial fibrillation who were
receiving digoxin. These findings contrast the linear re-
sponse observed among subjects with normal sinus rhythm
(30). However. these studies have failed to recognize that
changes in heart rate closely follow changes in oxygen
uptake (30).

The relation between changes in heart rate and oxvgen
upltuke for the 50 patients in the present study is presented in
Figure 1. Despite its wide scatter, heart rate was a significont
covariate of oxygen uptake during progressive submaximal
exercise. This relation was not influenced by group member-
ship (lone atrial fibrillation versus atrial fibrillation with
known heart disease). Although 64% of the tolal change in
heart rate occurred from rest to 3.0 mph (4.8 knvhy, 0%
grade, 66% of the change in oxygen uptake also occurred.

Table 3. Stepwise Regression Analysis for the Prediction of
Maximai Oxygen Uptake*

Change in Fio Step
R R Enter No.
Maximai syslobic 819 0.1y ni |
blood pressure
Muximal heast rate .28 0.08 5.4 2

“Age and group (lane versus atri fbriliation and known heart discase)
were not significant predictors. F = F ratio; R® = squared muitiple correlation
coeficient.
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Table 4. Previous Studies of Exercise Testing in Patients With Atrial Fibrillation

Reference o am [ 1L} (20 an [#24) 23 {Hn

Investigator Hornsten*  Aberg®  Aherg”  Aberg”  Khalsa®  Davidson  Lang®  Molajo®  Di Bianco” Atwaad
Year 1968 1972 1972 1977 1979 1979 1983 1984 1984 1988
No. putients 65 179 1 15 n 1" 0 10 0 5
Mean age (yrh a8 4 45 4 56 55 59 5 60 65
Exercise protecol Rrice Bike Bike Bike Bike Bruce Bike Bruce Mod Bruce Mod B-W
Mean max HR 176 134 157 138 142 176 169 162 175 76

(beats/min)

Estimated METs 7 X 15 4 59 6.5 15 5 7 75
Lstimated max VO, 2 17 1 i3 A 3 12 18 25 6

(mtkg per min)
Measured max VO,

*Study included both men and women. B-W Balke-Ware: HR = hean rate:
modified: VO, - oxygen uptake.

Similarly, changes in hicart ralc and predicted oxygen uptake
in the first siage of exercise for the Hornsten and Bruce
study (9) were 74 and 70%. respeclively. The inordinate rises
in heart rate reported in atrial fibrillation are due to the use
of testing protocols with excessive work load increments in
patients with reduced functional capacity. As in normal
sinus rhythm, the heart rate response 1o exercise in atrial
fibrillation is directly related to total body oxygen demand.

The mean maximal heart rate observed in the present
study (176 beatsimin) is roughly 20 beats/min higher than
that expected for age (30). This response was most marked
among patients with lone atrial fibrillation (189 beats/min).
Because of the loss of atrial contribution to cardiac output,
the increased heart rate in atrial fibrillation may provide a
compensatory mechanism for subjects to maintain functional
capacity. The finding that subjects with lone atrial fibrillation
had normal functional capacity and a maximal heart rate
roughly 30 beats higher than expected for subjects with
normal sinus rhythm would support this conclusion.

The marked variability in maximal heart rate in lne
present study is evidenced by a large standard deviation {30
beats/min) and range (112 to 248 beats/min). Given the
inconsistent heart rate response. il is not surprising that only
8% of the variance in maximal oxygen uptake could be
accounted for by maximal heart rale. This contrasts with the
39% variance in exercise capacity accounted for by maximal
heart rate among paticnts who have coronary heart disease
and normal sinus rhythm {31). The observation that maximal
systolic blood pressure accounted for the greatest variance
in maximal oxygen uptake differs from that found in subjects
with normal sinus rhythm, and suggests that systolic func-
tion may be the most important determinant of exercise
capacity in atrial fibrillation.

Conclusion. To our knowlcdge, this study is the fiil o
directly evaivate oxygen uptake and hemodynamic ce-
sponses in a large group of palicnts wiih atria! fibrillation
during exercise. On the basis of our findings. the following
conclusions appear warranted: 1} The exercise response of

max = maximal: METs = mulliples of oxygen consumption ut rest; Mod =

patients wilh lone atrial fibrillation differs markedly from
that of a typical heterogeneous group of patients with atrial
fibrillation and underlying heart discase. 2) Maximal heart
rate in atrial fibrillation is not controlled by digoxin alone.
The higher maximal heart rate observed in patients with lone
atrial fibrillation, however, may compensate for the loss of
atrial function in order to maintain normat exercise capacity.
3) In contrast to previous suggestions, heart rate in atrial
fibrillation is directly related to total body oxygen demand.
4) Exercise capacity in chronic atrial fibrillation is limited by
underlying heart discase and not by the arrhythmia itsclf.

We thank Harold Oison, MD for his careful review and suggestions and
Lesley Sanderson fur her secreturial assistance.
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