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Summary

The response of the sympathetic nervous system to exercise in patients with congestive heart
failure was studied in 65 patients (NYHA functional class I 28, II 23, and III 14) and 22 normal sub-
jects (N) by submaximal treadmill testing with the modified Bruce’s or Sheffield’s protocols. Plasma
norepinephrine (NE) and epinephrine (E) levels were also measured at rest, at the end of each stage,
and immediately after and 5 min after exercise.

In accordance with the severity by NYHA functional class, the exercise duration became shorter
and the discontinuation of exercise with symptoms occurred more frequently. Systolic blood pressure
and double products (DP) at the peak exercise were significantly lower in patients with NYHA class
III. NE and increments of NE increased during exercise [peak NE (pg/ml); N: 589, I: 646, II: 1253,
and III: 997] and were higher at rest, during exercise and in recovery in patients with NYHA classes
1II and III than in the normal subjects and NYHA class I patients. E increased gradually during exercise
[peak E (pg/ml); N: 60, I: 66, II: 63, and III: 66] and there were no significant differences among the
four groups. A negative correlation (r=—0.53) between the peak NE and exercise duration was observed
in normal subjects, while a positive correlation (r=0.55) was observed in patients with NYHA class
II. A positive correlation (r=0.54) between DP at the peak exercise and the peak NE was observed in
patients with NYHA class I, whereas a negative correlation (r=—0.46) was observed in patients with
NYHA class III. The NE response in patients with NYHA classes II and III increased significantly,
suggesting compensatory activation of the sympathetic nervous system for impaired cardiac
function.

In conclusion, the NE response to submaximal exercise testing differs in each NYHA functional
class and it might be a useful indicator to evaluate cardiac function of patients with congestive heart
failure.
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Table 1. Subjects

Number
of
cases

Se Age (yrs)
M:F (Mean+SD)

Congestive heart failure

NYHA I 28 23:5 56.8+8.7
NYHA II 23 13:10 60.6+11.0
NYHA III 14 6:8 66.9+7.4
Normal subjects 22 10 : 12 53.0+8.2

SD=standard deviation.
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Table 2. Exercise time and reasons for termination

Exercise time

Reasons for termination

(min) Target HR Finish of stage 5 Symptoms
Normal subjects (n=22) 10.9+2.7 16 (73%) 4 (18%) 2 (9%)
Congestive heart failure
NYHA I (n=28) 9.4+2.2 18 (64%) 1 (4%) 9 (32%)
NYHA II (n=23) 7.1+1.9 12 (52%) 0 (0%) 11 (48%)
NYHA III (n=14) 2.9+0.8 5 (36%) 0 (0%) 9 (64%)
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Fig. 1. Response of heart rate (A), systolic blood pressure (B) and double product (C) to sub-

maximal exercise in patients with congestive heart failure and normal subjects.

Values are means+SE. * p<0.05 vs normal subjects; t p<0.05 vs patients in NYHA class I;

* p<0.05 vs patients in NYHA class II.
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Fig. 2. Response of plasma norepinephrine concentration (A), increment of norepinephrine
(4dnorepinephrine) (B) and plasma epinephrine concentration (C) to submaximal exercise in
patients with congestive heart failure and normal subjects.

Values are mean+SE. * p<0.05 vs normal subjects; t p<0.05 vs patients in NYHA class I;
* p<0.05 vs patients in NYHA class II.
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Fig. 3. Correlations between peak plasma norepinephrine concentration and duration of

exercise (exercise time).

The correlation coefficients of —0.53 in normal subjects and +0.55 in patients in NYHA class II

are singificant (p<0.05, p<0.01, respectively).
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Fig. 4. Correlations between the peak plasma norepinephrine concentration and double
product at peak exercise.
Correlation coefficient of 40.54 in patients in NYHA class I is significant (p <0.05).
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