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Abstract
Objective—To investigate the recovery
process of exercise induced diastolic dys-
function in heart failure, using Doppler
echocardiographic techniques.
Design and patients—Transmitral flow
velocity profiles and standard non-
invasive haemodynamic indices were ob-
tained serially over seven days after
symptom limited bicycle exercise tests in
18 patients with dilated cardiomyopathy
and eight normal subjects. In three pa-
tients with cardiomyopathy we also meas-
ured the pulmonary capillary wedge
pressure for 24 hours after exercise.
Results—The intensity of exercise, as
assessed by respiratory gas analysis, was
lower in patients with dilated cardiomyo-
pathy than in normal subjects. Despite the
higher exercise level, all haemodynamic
variables returned to baseline within one
hour after exercise in normal subjects. In
contrast, patients with dilated cardiomy-
opathy showed a sustained decrease in the
peak early diastolic filling velocity and a
sustained increase in the deceleration
time of early filling for 24 hours or more
after exercise. Because other haemody-
namic variables recovered within one
hour after exercise even in patients with
dilated cardiomyopathy, the postexercise
changes in ventricular filling were not
explained by changes in loading condi-
tions.
Conclusions—Exercise induced diastolic
left ventricular dysfunction of the failing
heart persists for 24 hours or more after
exercise. The eYcacy of exercise training
on a daily basis in dilated cardiomyopathy
requires further evaluation.
(Heart 1998;80:263–269)
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Recent studies have shown unequivocally that
exercise training for several months has benefi-
cial eVects on exercise tolerance, the auto-
nomic nerve system, and the quality of life in
patients with chronic heart failure.1–3 However,
exercise activates neurohumoral factors, re-
duces renal blood flow, and perhaps precipi-
tates cardiac arrhythmias.4–6 Moreover, exercise
training may in itself have deleterious eVects on
the failing myocardium, because of the pres-
ence of several intrinsic abnormalities suscepti-
ble to exercise induced sympathetic stimula-

tion and consequent tachycardia.7–12 Thus we
cannot exclude the possibility that exercise
training worsens long term prognosis in
patients with chronic heart failure despite the
short term benefits.
Diastolic ventricular function of the failing

heart is reported to be impaired during
exercise.13 We further showed that the exercise
induced diastolic dysfunction is attenuated by
â adrenoceptor blockade.14 Because diastolic
ventricular function is sensitive to transient
myocardial metabolic insults, these findings
suggest that exercise exerts a harmful meta-
bolic eVect on the failing myocardium through
sympathetic stimulation. Moreover, the exer-
cise induced diastolic dysfunction may persist
despite cessation of exercise. Kono et al
reported that the sympathetic activation during
subarachnoid haemorrhage produces neuro-
genic myocardial stunning even in the normal
heart.15 Thus even a physiological sympathetic
activation during exercise may cause a sus-
tained diastolic dysfunction in the failing heart
because of its susceptibility to sympathetic
stimulation. If this is the case, the harmful
metabolic eVects may accumulate during exer-
cise training or even during daily physical
activities, promoting progression of myocardial
failure. Thus to determine a safe and logical
exercise programme for patients with chronic
heart failure it is important to clarify how long
exercise induced diastolic dysfunction persists.
In this study, we investigated the recovery

process of the exercise induced diastolic left
ventricular dysfunction in patients with dilated
cardiomyopathy, using reproducible Doppler
echocardiographic techniques.

Methods
SUBJECTS

We studied 25 consecutive Japanese patients
with chronic stable heart failure from dilated
cardiomyopathy. All were in sinus rhythm.
They had been admitted to hospital for evalua-
tion. They were divided into two groups (table
1). In 18 patients, haemodynamic recovery was
evaluated for seven days after exercise (group
1). In the remaining seven patients, the exercise
test was not performed, although the same
measurements were done to evaluate the day to
day variability of haemodynamic indices
(group 2). Because of cardiac enlargement the
quality of transthoracic echocardiograms was
good in all patients. Routine diagnostic cardiac
catheterisation was performed within two
weeks before the study in all patients. No
significant coronary artery lesions or primary
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heart valve disease were detected in any
patient. The left ventricular ejection fraction
was assessed by contrast left ventriculography.
All patients had been receiving diuretic agents,
digitalis, and/or angiotensin converting enzyme
inhibitors for more than three months before
the study. During the study, these drugs were
given once a day, with the morning meal at
08:00. No patient received â blockers or
inotropic agents, except for digitalis, during the
study. The patient characteristics, including
medication, were not significantly diVerent
between groups 1 and 2 (table 1).
To characterise the normal haemodynamic

recovery after exercise, eight patients without
organic cardiovascular disease were studied as
a control group. Although they were somewhat
younger than the patients with dilated cardio-
myopathy, the diVerence was not significant.
They had been admitted to hospital for evalua-
tion of atypical chest pain. The presence of
organic cardiovascular abnormalities was ex-
cluded by routine coronary arteriography,
echocardiography, and exercise tests. No con-
trol subject was receiving any drug treatment
during the study.
Written informed consent was obtained

from all subjects before they entered the study.
This study was approved by the hospital ethics
committee.

STUDY PROTOCOL

On day 1, patients with dilated cardiomyopathy
in group 1 and the control subjects were
brought to the laboratory at 13:00 without eat-
ing lunch. After the subjects had rested for 10
minutes in the supine position, heart rate was
measured with an electrocardiogram (ECG)
monitor, and systemic blood pressure was
measured with a sphygmomanometer. Baseline
echocardiographic studies were then per-
formed.
After baseline measurements were com-

pleted, subjects performed symptom limited
upright bicycle exercise with one minute of
unloaded pedalling, followed by ramp loading
until they were nearly exhausted. The incre-
mental load was set at 15 W/min in patients
with dilated cardiomyopathy and at 30 W/min
in the control subjects. Heart rate and blood
pressure were measured every minute during

exercise. Gas exchange data were collected
throughout the exercise test using a breath by
breath respiratory monitoring system (Minato
Co, model RM-300, Tokyo, Japan). Oxygen
uptake, carbon dioxide output, and the gas
exchange ratio were determined as the mean of
values obtained every 30 seconds.
To evaluate the recovery of left ventricular

function after exercise, echocardiographic re-
cordings and haemodynamic measurements
were performed at 1, 3, and 5 hours and at 1, 3,
and 7 days after exercise. The measurements at
1, 3, and 7 days after exercise were performed
at 13:00 before lunch. Patients were allowed to
rest for 10 minutes in the supine position
before each evaluation.They were instructed to
continue their ordinary sedentary routines in
the hospital between measurements. Patients
were allowed to eat the evening meal after all
measurements were completed on day 1.Water
intake was unrestricted throughout the study.
Patients with dilated cardiomyopathy in

group 2 followed their ordinary routines with-
out performing the exercise test. Echocardio-
graphic recordings and haemodynamic meas-
urements were obtained as in group 1. The
interval between the diagnostic catheterisation
and the current study ranged from three days
to two weeks.

ECHOCARDIOGRAPHIC RECORDINGS

M mode, cross sectional, and pulsed Doppler
echocardiograms were recorded using an ultra-
sonic system (Toshiba Co, model SSH-160A,
Tokyo, Japan) with a transducer array of 2.5
mHz and a pulse repetition rate of 4 kHz. M
mode echocardiograms were recorded immedi-
ately below the anterior mitral valve leaflet
during quiet respiration at a paper speed of 100
mm/s. An ECG and a phonocardiogram were
recorded simultaneously.
The pulsed Doppler images were obtained in

the apical four-chamber view. The transmitral
flow velocity pattern was determined from the
apex with the pulsed Doppler echocardio-
graphic sample volume placed carefully be-
tween the tips of the mitral leaflets, where the
maximum flow velocity in early diastole was
obtained. All echocardiographic recordings
were made by a well trained technician blinded
to the purpose of the study. The recording
conditions—including the timing of meals, the
investigator, angle of the decubitus position,
and the position and angle of the transducer—
were also reproduced as exactly as possible
throughout the study.

EVALUATION OF PULMONARY CAPILLARY WEDGE

PRESSURE AND PLASMA VOLUME

The blood volume and left atrial pressure may
decrease after exercise, aVecting the transmitral
flow velocity profile independently of myocar-
dial factors. Hence we serially measured
pulmonary capillary wedge pressure for 24
hours after exercise in three patients in group 1
from whom we were able to obtain informed
consent for continuous right heart catheterisa-
tion. A 7F catheter was advanced to the
pulmonary artery one hour before the exercise
test. Serial changes in blood volume were

Table 1 Patient characteristics

Heart failure group

Control groupGroup 1 Group 2

n 18 7 8
Age (years) 53 (13) 49 (12) 46 (14)
Range 31 to 72 24 to 63 31 to 61

Male/female 13 / 2 6 / 1 7 / 1
NYHA (II/III) 12 / 3 6 / 1
Cardiothoracic ratio (%) 56 (7) 56 (5) 48 (4)
Range 48 to 72 49 to 62 44 to 53

LV ejection fraction (%) 31 (8) 26 (9) 66 (10)
Range 17 to 45 15 to 46 58 to 75

LVEDV (ml) 212 (46) 243 (57) 114 (31)
Range 181 to 299 191 to 375 84 to 140

PCWP (mm Hg) 11 (8) 14 (11) 6 (3)
Range 4 to 29 3 to 33 2 to 10

Time interval between diagnostic
catheterisation and the study (days) 6 (4) 7 (4) 5 (3)

LV, left ventricular; LVEDV, left ventricular end diastolic volume; NYHA, New York Heart
Association functional class; PCWP, pulmonary capillary wedge pressure.
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estimated using the following equation: blood
volume (A) ÷ blood volume (B) = haemoglobin
(B) ÷ haemoglobin (A). A and B refer to the
value after exercise and that before exercise,
respectively.16

DATA ANALYSIS

After all measurements were obtained,
echocardiograms were coded and analysed by
two investigators blinded to the patient and
sequence of recordings. Left ventricular end
diastolic and end systolic dimensions were
obtained fromMmode echocardiograms in the
standard manner.17 Left ventricular fractional
shortening was calculated using the following
equation: 100 × (end diastolic dimension − end
systolic dimension)/end diastolic dimension.
Transmitral flow velocity profiles were ana-

lysed using a digitising pad interfaced with a
computer system. We determined the peak
early diastolic filling velocity (E), peak filling
velocity at atrial contraction (A), and the
deceleration time of the early diastolic flow
velocity (fig 1). To avoid the influence of heart
rate, the deceleration time was calculated as the
time between the peak early diastolic filling
velocity and the mitral deceleration slope
extrapolated to the zero baseline.18 Cardiac
cycles with a non-linear deceleration slope or in
which early and late mitral flow velocities were
fused were excluded from analysis. For each
variable, five consecutive beats were measured,
and the mean was used for analysis. The
variability of flow velocity measurements was
tested by repeated analysis of 17 pulsed
Doppler echocardiograms. The standard de-
viation (SD) values for intraobserver measure-
ments were 1.9 cm/s for peak early diastolic
filling velocity, 1.4 cm/s for peak filling velocity

at atrial contraction, and 9.4 ms for decelera-
tion time; the SD values for interobserver
measurements of the same variables were 3.5
cm/s, 1.8 cm/s, and 17.2 ms, respectively.

STATISTICAL ANALYSIS

Data are expressed as the mean (SD). Intra-
group comparisons were performed using a
repeated measures analysis of variance (ANOVA)
with multiple comparisons made by Bonferroni
test, and intergroup comparisons were per-
formed using ANOVA or the unpaired t test as
appropriate.19 A probability (p) value less than
0.05 was considered statistically significant.

Results
Baseline and postexercise haemodynamic data
in each group are given in tables 2, 3, and 4.

Table 2 Haemodynamic variables in the control group

Baseline Peak exercise

Postexercise

1 hour 3 hours 5 hours 1 day 3 days 7 days

HR (beats/min) 70 (13) 168 (5) 73 (13) 75 (11) 74 (11) 70 (11) 74 (11) 71 (11)
SBP (mm Hg) 117 (7) 210 (8) 117 (6) 120 (9) 121 (7) 119 (7) 121 (9) 121 (8)
EDD (mm) 48 (3) 48 (3) 47 (3) 47 (3) 47 (3) 47 (3) 48 (3)
ESD (mm) 30 (2) 29 (2) 29 (1) 30 (2) 29 (2) 29 (2) 29 (2)
FS (%) 38 (4) 38 (5) 38 (5) 37 (4) 38 (4) 38 (5) 38 (4)
E (cm/s) 62 (10) 60 (9) 61 (11) 60 (9) 62 (10) 63 (7) 63 (10)
A (cm/s) 51 (7) 51 (8) 51 (7) 51 (8) 52 (9) 53 (8) 52 (8)
E/A 1.24 (0.32) 1.23 (0.33) 1.23 (0.35) 1.22 (0.32) 1.23 (0.32) 1.21(0.27) 1.24 (0.32)
DT (ms) 161 (18) 159 (12) 160 (17) 156 (16) 159 (15) 155 (22) 155 (12)

Values are mean (SD). A, peak flow velocity at atrial contraction; DT, deceleration time of early diastolic filling; E, peak flow velocity of early diastolic filling; E/A, ratio
of E to A; EDD, left ventricular end diastolic dimension; ESD, left ventricular end systolic dimension; FS, fractional shortening; HR, heart rate; SBP, systolic blood
pressure.

Table 3 Haemodynamic variables in the heart failure group with exercise (group 1)

Baseline Peak exercise

Postexercise

1 hour 3 hours 5 hours 1 day 3 days 7 days

HR (beats/min) 74 (11) 142(8) 72 (15) 71 (9) 73 (13) 72 (13) 70 (10) 72 (11)
SBP (mm Hg) 117 (16) 163(17) 117 (22) 116 (17) 118 (16) 119 (19) 118 (18) 118 (18)
EDD (mm) 62 (8) 61 (8) 62 (9) 62 (8) 62 (8) 62 (8) 62 (8)
ESD (mm) 53 (10) 52 (11) 53 (10) 53 (11) 53 (10) 53 (10) 53 (10)
FS (%) 15 (6) 15 (6) 15 (6) 15 (6) 15 (6) 15 (5) 16 (6)
E (cm/s) 48 (6) 39 (9)† 40 (9)† 44 (6)* 43 (7)* 45 (7) 47 (8)
A (cm/s) 55 (11) 59 (9) 59 (10) 60 (8) 55 (9) 56 (9) 57 (10)
E/A 0.91 (0.25) 0.70 (0.20)† 0.71 (0.19)† 0.73 (0.16)† 0.77 (0.17)† 0.82 (0.21) 0.85 (0.22)
DT (ms) 242 (55) 276 (58)† 284 (67)† 282 (71)† 278 (61)† 251 (60) 247 (47)

Values are means (SD). A, peak flow velocity at atrial contraction; DT, deceleration time of early diastolic filling; E, peak flow velocity of early diastolic filling; E/A,
ratio of E to A; EDD, left ventricular end diastolic dimension; ESD, left ventricular end systolic dimension; FS, fractional shortening; HR, heart rate; SBP, systolic
blood pressure.
*p<0.05; †p<0.01 v baseline.

Figure 1 Pulsed Doppler mitral flow velocity tracings
recorded in a patients with dilated cardiomyopathy. Three
mitral flow velocity indices were measured: peak early
diastolic filling velocity (E), peak filling velocity at atrial
contraction (A), and deceleration time (DT) of early
diastolic filling velocity. ECG, electrocardiogram; PCG,
phonocardiogram.
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BASELINE DATA

The baseline haemodynamic data in patients
with dilated cardiomyopathy were almost iden-
tical between group 1 and group 2. Moreover,
there were no significant diVerences in heart
rate and blood pressure between the dilated
cardiomyopathy groups and the control group
at baseline. Left ventricular end diastolic and
end systolic dimensions were enlarged and
fractional shortening was reduced in the
dilated cardiomyopathy groups. Peak early
diastolic filling velocity (E) was less in the
dilated cardiomyopathy groups than in the
control group (p < 0.05), whereas peak filling
velocity at atrial contraction (A) did not diVer
significantly among the groups. Therefore the
E/A ratio was reduced in the dilated cardiomyo-
pathy groups compared with the control group
(p < 0.05). The deceleration time of early
diastolic filling was longer in the dilated
cardiomyopathy groups than in the control
group (p < 0.05). The E/A value exceeded 1.0
in four of 18 patients with dilated cardiomyo-
pathy in group 1 (fig 2). Pulmonary capillary
wedge pressure during the diagnostic cardiac
catheterisation was markedly increased in two

of the four patients (29 mmHg and 25mmHg,
respectively), suggesting that their E/A values
were pseudonormalised in association with
raised left atrial pressures. In group 2, only one
of seven patients had an E/A value above 1.0.

EXERCISE DATA

The duration of exercise was significantly
shorter in group 1 than in the control group
(table 5). At peak exercise, heart rate, systolic
blood pressure, oxygen uptake, and the gas
exchange ratio were also significantly less in
group 1 than in the control group. Thus the
intensity of exercise was less in group 1 than in
the control group although the symptom
limited near maximal exercise test was per-
formed in both groups.

POSTEXERCISE DATA

There were no significant changes in any
haemodynamic variable compared with base-
line values throughout the postexercise period
in the control group. These findings indicate
that haemodynamic variables, including indi-
ces of diastolic function, normally returned to

Table 4 Haemodynamic variables in the heart failure group without exercise (group 2)

Baseline 1 hour 3 hours 5 hours 1 day 3 days 7 days

HR (beats/min) 71 (14) 70 (13) 71 (15) 72 (13) 71 (13) 72 (15) 74 (12)
SBP (mm Hg) 111 (14) 114 (12) 113 (9) 111 (12) 110 (12) 112 (17) 110 (12)
EDD (mm) 63 (9) 63 (10) 63 (9) 62 (8) 62 (8) 63 (9) 63 (9)
ESD (mm) 55 (10) 55 (11) 54 (10) 54 (10) 53 (8) 54 (9) 54 (10)
FS (%) 14 (5) 13 (5) 14 (5) 14 (6) 15 (4) 13 (4) 14 (5)
E (cm/s) 48 (14) 49 (15) 48 (15) 48 (16) 48 (18) 48 (14) 49 (15)
A (cm/s) 56 (18) 58 (20) 57 (18) 57 (19) 56 (19) 58 (20) 57 (19)
E/A 0.94 (0.46) 0.94 (0.46) 0.94 (0.45) 0.95 (0.50) 0.96 (0.50) 0.94 (0.50) 0.96 (0.50)
DT (ms) 245 (19) 246 (18) 243 (19) 245 (14) 243 (19) 245 (13) 244 (17)

Values are means (SD). A, peak flow velocity at atrial contraction; DT, deceleration time of early diastolic filling; E, peak flow veloc-
ity of early diastolic filling; E/A, ratio of E to A; EDD, left ventricular end diastolic dimension; ESD, left ventricular end systolic
dimension; FS, fractional shortening; HR, heart rate; SBP, systolic blood pressure.

Figure 2 Postexercise changes in the peak early diastolic filling velocity (E), peak filling velocity at atrial contraction (A),
the ratio of E to A (E/A), and the deceleration time (DT) of early diastolic filling velocity in 18 patients with dilated
cardiomyopathy. The thin solid and dashed lines indicate individual patients with and without pseudonormalisation of E/A,
respectively. The thick line indicates the mean values. *p < 0.05; †p < 0.01 v baseline.
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baseline values within one hour after cessation
of symptom limited maximum exercise.
In group 1, heart rate, systolic blood

pressure, left ventricular dimensions, and frac-
tional shortening also returned to baseline lev-
els within one hour after exercise. However, E
decreased for 24 hours after exercise, whereas
A did not increase significantly during this
period (fig 2). Therefore, the E/A value
decreased during this period. Moreover, the
deceleration time of early diastolic filling was
slightly but significantly increased for 24 hours
after exercise. These variables returned to
baseline values three days after exercise.
The postexercise changes in the mitral flow

velocity pattern in group 1 were independent of
the presence or absence of pseudonormalisa-

tion of E/A at baseline (fig 2). There was also
no significant relation between changes in the
mitral flow velocity profile and other baseline
haemodynamic variables.
The pulmonary capillary wedge pressure

and blood volume were serially evaluated for
24 hours after exercise in three patients in
group 1. When compared with baseline values,
neither variable showed a definite postexercise
change in any patient despite sustained de-
creases in E and E/A after exercise (fig 3).

REPRODUCIBILITY OF DOPPLER MEASUREMENTS

In group 2, no significant changes were
observed in any haemodynamic or Doppler
echocardiographic variable throughout the
study. E, A, and deceleration time values were
highly reproducible over seven days.

Discussion
We limited the study population to heart failure
patients with dilated cardiomyopathy to ex-
clude the eVect of transient myocardial ischae-
mia during exercise. Baseline mitral flow veloc-
ity profiles in our patients were consistent with
those previously reported in patients with
chronic heart failure with impaired left ven-
tricular relaxation and raised left atrial
pressure.18 20 21 In the present study, patients
with dilated cardiomyopathy showed a signifi-
cant decrease in peak early diastolic filling
velocity (E) and a non-significant increase in
peak filling velocity at atrial contraction (A) for
24 hours after exercise. The deceleration time
of early diastolic filling was increased during
this period. These changes were not observed
in the control group, even though control sub-
jects achieved higher exercise levels than
patients with dilated cardiomyopathy. Thus the
postexercise alterations in the transmitral flow
velocity pattern were characteristic responses
of the failing heart.

ALTERATIONS IN THE MITRAL FLOW VELOCITY

PROFILE

The major determinant of left ventricular early
diastolic filling is the instantaneous transmitral
pressure gradient.22 Therefore the postexercise
decrease in E was attributed to a decrease in left
atrial pressure, an increase in left ventricular
early diastolic pressure, or both. Plasma volume
is decreased during exercise as the result of a
protein shift from the intravascular space to the
extravascular space.23 However, the decreased
plasma volume recovers completely within one
hour, even after endurance exercise.23 In a previ-
ous study we also confirmed that the pulmonary
capillary wedge pressure returned to baseline
one hour after symptom limited bicycle exercise
in patients with left ventricular dysfunction.24

Furthermore, the present study examined the
serial changes in pulmonary capillary wedge
pressure for 24 hours after exercise in three
patients with dilated cardiomyopathy. As seen in
fig 3, the pulmonary capillary wedge pressure
did not show a definite change despite a
sustained decrease in E. Thus it was unlikely
that a hypovolaemic response and a subsequent
reduction in left atrial pressure accounted for
the postexercise decrease in E. The decrease in

Table 5 Data at peak exercise

Heart failure
group 1

Control
group

Exercise time (s) 306 (109)* 394 (57)
Peak HR (beats/min) 142 (8)* 168 (5)
Peak SBP (mm Hg) 163 (17)* 210 (8)
Peak V~O2 (ml/min/kg) 16.1 (2.6)* 36.7 (2.8)
Peak gas exchange ratio 1.06 (0.14)* 1.22 (0.07)

Values are means (SD). HR, heart rate; SBP, systolic blood
pressure; V~O2, oxygen uptake.
*p<0.05 v control group.

Figure 3 Postexercise changes in pulmonary capillary
wedge pressure (PCWP), calculated blood volume, peak
early diastolic filling velocity (E), peak filling velocity at
atrial contraction (A), and the ratio of E to A (E/A) in
three patients with dilated cardiomyopathy.
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E could therefore be attributed to a rise in left
ventricular early diastolic pressure. Left ven-
tricular early diastolic pressure is determined by
several factors, including the loading condi-
tions, diastolic elastic recoil, and the rate of
relaxation.25–28 In the present study, blood pres-
sure, left ventricular dimensions, and systolic
function assessed by the fractional shortening
were unchanged throughout the postexercise
period. Therefore the decrease in E observed
during this period is explained neither by
changes in the loading condition nor by a
decrease in elastic recoil. It was most plausible
that the decrease in E was a reflection of
postexercise abnormalities of left ventricular
relaxation. The insignificant increase in A
observed after exercise in patients with dilated
cardiomyopathy may have been a compensatory
mechanism in response to the decrease in E.
There are two possible mechanisms of the

postexercise increase in the deceleration time
of early diastolic filling observed in patients
with dilated cardiomyopathy: an increase in
passive chamber distensibility and a decrease in
the relaxation rate.18 However, we have previ-
ously shown that left ventricular chamber
distensibility was unchanged or even decreased
during exercise in patients with dilated
cardiomyopathy.14 Thus the increase in decel-
eration time may also have been related to
exercise induced abnormalities of left ventricu-
lar relaxation.

MECHANISM OF POSTEXERCISE DIASTOLIC

DYSFUNCTION

Diastolic left ventricular function deteriorates
during exercise in patients with chronic heart
failure.14 The present study strongly suggests
that this abnormality persists for 24 hours or
more after cessation of exercise. The underly-
ing cause of this deterioration remained
unclear in this study. However, several intrinsic
abnormalities susceptible to exercise induced
sympathetic stimulation and consequent tachy-
cardia are known in the failing heart. The fail-
ing heart has reduced coronary vasodilator
reserve.7 This abnormality may cause an
energy depleted state during exercise. It has
been suggested that a decrease in the left ven-
tricular relaxation rate is a reflection of abnor-
mal calcium handling, such as reduced calcium
sequestration by the sarcoplasmic reti-
culum.9 11 12 Moreover, heart rate dependent
potentiation of relaxation is markedly impaired
in failing hearts.7 8 In the presence of these
abnormalities, sympathetic mediated increases
in the cytosolic calcium transit and shortening
of diastole may outweigh the sympathetic
mediated or frequency dependent acceleration
of the deactivation process, resulting in accu-
mulation of cytosolic calcium during diastole.
This abnormality may produce long lasting
ventricular dysfunction, as suggested by previ-
ous studies on reversible postischaemic dys-
function known as “stunned myocardium”.29–34

Exercise induced oxidative stress may be
another possible mechanism of sustained
diastolic dysfunction.Kumar et al reported that
endurance exercise in adult rats increased the
generation of free radicals and lipid peroxida-

tion in the myocardium.35 However, it is
unclear whether brief exercise for several min-
utes employed in this study causes myocardial
dysfunction through oxidative stress.
Further studies are needed to clarify the

mechanism of sustained left ventricular diasto-
lic dysfunction after exercise.

STUDY LIMITATIONS

Although the exercise test was performed after
diagnostic catheterisation after an interval of
more than three days, non-specific eVects of
catheterisation and contrast medium might
modify postexercise diastolic function. How-
ever, the interval between the diagnostic
catheterisation and exercise test did not diVer
significantly among the groups (table 1). Thus
the postexercise diastolic dysfunction in group
1 could not be attributed to the eVect of cath-
eterisation.
We performed echocardiography serially

over a seven day period after exercise. There-
fore it is possible that postexercise changes in
Doppler indices in patients with dilated
cardiomyopathy were a result of measurement
errors or day to day variability. However, the
mitral flow velocity profile was unchanged
throughout the study in the normal subjects
and in the dilated cardiomyopathy patients in
group 2. Thus day to day variability of Doppler
measurements were minimal. Bias related to
echocardiographic analysis was also excluded,
as the investigators were blinded to the
sequence of recordings. It is thus unlikely that
the changes in Doppler indices were a result of
measurement errors.
Our patients with dilated cardiomyopathy

had been receiving diuretic agents, digitalis,
and angiotensin converting enzyme inhibitors.
Although the measurements were performed
five hours after the administration of drugs, it is
possible that postexercise changes in the mitral
flow velocity pattern were due, partly, to the
acute eVects of these drugs. However, the flow
velocity changes observed 24 hours after exer-
cise were independent of drug eVects because
the interval between drug administration and
the Doppler measurements was set identically
at baseline and after exercise. However, we
cannot completely exclude chronic eVects of
the drugs, especially digitalis. This drug may
potentiate the deleterious eVects of exercise on
the failing myocardium by influencing
intracellular calcium handling. However, as all
our patients in group 1 had been treated with
digitalis, we could not perform subgroup
analysis. Further studies are needed to clarify
the interactive eVect of exercise and digitalis on
failing hearts.
Normal subjects served as controls in this

study. Therefore it is unclear whether the post-
exercise diastolic dysfunction is characteristic of
the failing heart or is a non-specific eVect of car-
diac enlargement. However, we previously
showed that diastolic function does not deterio-
rate during exercise in patients with aortic re-
gurgitation and dilated but non-failing hearts.14

Thus it is unlikely that postexercise diastolic
dysfunction in patients with dilated cardiomy-
opathy was caused by cardiac enlargement.
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However, the cause of the heart failure in the
present study was dilated cardiomyopathy. Fur-
ther studies are needed to clarify whether
sustained postexercise diastolic dysfunction is
observed in other forms of chronic heart failure.

CLINICAL IMPLICATIONS

Our study showed that in patients with dilated
cardiomyopathy, left ventricular diastolic dys-
function caused by intense exercise is sustained
over 24 hours or more despite cessation of
exercise. This finding may explain how heart
failure is aggravated by repetitive exercise but
improved by rest.36 If a patient with chronic
heart failure performs exercise at short
intervals—for example, on a daily basis, diasto-
lic function may deteriorate cumulatively and
further cardiac dysfunction may result.
Our results have important implications for

exercise programmes in patients with heart
failure. They do not directly controvert the
beneficial eVects of physical exercise in patients
with chronic heart failure because most
rehabilitation programmes use a less intense
exercise protocol than that used in our study.
However, sympathetic activation that may
account for exercise induced diastolic dysfunc-
tion is inevitable even during submaximal
exercise in patients with chronic heart failure.37

Although further studies are needed to assess
the optimal amount of exercise in patients with
chronic heart failure, our results imply that an
adequate interval between exercise episodes is
essential to reduce the risk of progression of
heart failure during long term exercise training.
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