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Heart Rate and Catecholamine Contribution to QT Interval Shortening 
on Exercise 
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Summary 

Background: QT interval shortens with exercise. Some of 
this shortening is due to an increase in heart rate, and some is 
due to other effects of exercise, probably mostly neuroendo- 
cnne effects. Data from subjects with cardiac transplants have 
suggested that non-heart rate-related changes in QT interval 
on exercise are due to the effects of circulating catecholamines. 

Hypothesis: We sought to determine whether changes in 
plasma catecholamine levels with exercise are an important 
contributor to non-heart rate-related QT interval shortening. 

Methods: Subjects with DDD pacemakers were recruited. 
Subjects had QT intervals measured at rest, during a low fixed 
level exercise test designed to increase heart rate to about 110 
beatshin, and, after resting, during pacing at a heart rate of 
110 beatshin. Catecholamine levels were measured at each 
stage of the study. 

Results: QT interval at rest was 420 rt 12 ms, during pacing 
366 f I6 ms, and on exercise 325 rt 14 ms. This then gave the 
proportion of QT interval shortening due to heart rate as 68.6 f 
9.3% of total QT shortening, with the range between 35 and 
95.6%. There was no proportionality between the degree of 
QT interval shortening on exercise that was not due to increas- 
es in heart rate and changes in plasma catecholamine levels. 

Conclusion: Two-thirds of exercise-induced QT interval 
shortening are due to an increase in heart rate, and one-third to 
other effects. Changes in plasma catecholamine levels on ex- 
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ercise were not closely related to changes in the QT interval 
on exercise. 
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maker 

Introduction 

A powerful influence on the QT interval is heart rate with, 
as is well known, QT interval shortening at higher heart rates.' 
Another important influence is the autonomic nervous sys- 
tem? The autonomic changes associated with exercise shorten 
QT interval independent of heart rate.3,4 The action of auto- 
nomic activity changes on the QT interval during exercise may 
be quite substantial.4-6 In this study we set out to determine 
whether the non-heart rate-related neurohormonal influence 
was related to catecholamine status. In particular, some au- 
thors suggest that due to the scarcity of vagal innervation of the 
ventricle the effect of the vagus on the QT interval is minimal, 
and work on subjects with heart transplants suggests that the 
majority of the catecholamine influence on the QT interval is 
due to circulating catecholamines. We therefore chose to mea- 
sure whether changes in circulating catecholamine levels were 
related to changes in the QT 

Experiment Aims 

This experiment was designed to answer the question as to 
whether heart rate or autonomic influences were more impor- 
tant in determining QT interval, and to determine their respec- 
tive contributions. In addition, we sought to determine whether 
the non-heart rate-related QT interval shortening on exercise 
was related to changes in plasma levels of catecholamines. 

Methods 

The study included eight patients (six men, two women, 
age range 69-77 years, mean 73 years). Informed consent 
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was obtained from the local ethical committee and from all 
patients. Patients with dual chamber pacemakers (DDD) im- 
planted to treat high-grade atrioventricular block were stud- 
ied. Those who were taking agents known to influence the QT 
interval were excluded. Drug exclusions included amiodar- 
one, digoxin, beta blockers, and class I antiarrhythmic agents. 
There was no evidence of structural heart disease on clinical 
examination, and hearts were demonstrated as being normal 
on echocardiography. 

Subjects sat on a bicycle ergometer for an initial 5-min sta- 
bilization period and were then randomly either paced in DDD 
mode or exercised for 10 min to increase their heart rate to 
-t I 10 beatdmin. Exercise-induced increases in heart rate were 
achieved by adjusting the bicycle workload appropriately. All 
patients had stable heart rates for at least 5 min before any 
measurements were made. 

After a recovery interval of 2 h, subjects were crossed over 
to the other limb of the study and were either exercised or 
paced while on the bicycle to a heart rate of & 110 beats/min. 

The 10-min period was designed to be sufficiently long to 
allow for QT interval hysteresis. Pacing rate change was in- 
stantaneous, and exercise at a steady state workload produced 
very quick heart rate changes. Previous workers have suggest- 
ed that with an instantaneous alteration in heart rate most QT 
interval changes have occurred by 2% rnin in the step-up and 
3 min in the step-down phase? A period of 10 min was there- 
fore chosen to allow full QT interval adaptation. The 2-h re- 
covery period allowed any changes in catecholamine levels 
induced by exercise to subside. 

Twelve-lead electrocardiograms (ECGs) were record- 
ed on paper at 1 min intervals throughout the test, using a 
Marquette ECG machine, the CASE 15 (Marquette Electron- 
ics Inc., Milwaukee, Wis., USA). Standardgain (10mndmV) 
and paper speeds (25 m d s )  were used. QT interval was mea- 
sured at least five times from standard lead IT, using a magni- 
fying graticule. The mean of these five values was then used. 

Blood samples were collected from hand veins with the 
hand prewarmed at time - 5,0,8 and 10 min of both the ex- 
ercise protocol and the pacing protocol. The samples were 
kept in ice until they were separated by centrifugation at 
- 20°C and the plasma stored at -20°C for later analysis of 
catecholamine levels. 

Catecholamine levels (adrenaline and noradrenaline) were 
measured in our laboratory by high performance liquid chro- 
matography in a previously validated setup.9 

Statistics 

Comparisons were performed using a paired t-test. Signif- 
icance was accepted at the 5% level. 

at rest, on exercise, and on pacing is referred to, respectively, 
as Q T R ~ ~ ~ ,  QTExercise, and QTp,,. In this study, QT interval 
shortening due to the effect of increasing heart rate is referred 
to as heart rate-related QT interval change. and this is deter- 
mined by the equation 

QT interval shortening due to exercise is defined as 
Q T E ~ ~ ~ ~ ~ ~  - Q T R ~ ~ ~ ,  determined at the same heart rate for exer- 
cise and pacing, and includes both the shortening due to an in- 
crease in heart rate and the shortening due to the autonomic 
changes of exercise. 

Heart rate contribution to QT shortening was defined as QT 
shortening during pacing as a proportion ofthe total QT inter- 
val shortening on exercise and was obtained by the equation 

QT[% due to heart rate] = [QTK~,~ - QTpaCcl / [QTtw 
-QT~xerci\eI X 100. 

ReSUltS 

QT Data 

Data are presented as mean & standard error. Indications 
for pacemaker implantation was syncope in five and presyn- 
cope in three patients. No patient had symptomatic coronary 
disease, and none was on any drugs known to affect the QT 
interval. There were no significant differences between the 
data obtained at -5 and 0 min, indicating baseline stability, 
and between 8 and at 10 min, except for very small differ- 
ences in the QT interval during exercise. 

1.6 beats/min at rest, I I2 -t 
3.2 beatdmin during exercise, and 107 t 3.9 beats/min with 
pacing (pis nonsignificant for H R P ~ ~ ~ ~  vs. HRExercise). 

Uncorrected QT intervals, as shown in Figure 1 ,  were 420 k 
12 ms at rest, 366 f 16 ms during pacing, and 325 t I4 ms on 
exercise (p < 0.005 for QTExercix vs. QTpace). 

Mean heart rates were, 65.5 

QT Terminology 

Heart rate at rest, on exercise, and with pacing is designated 
as H R R ~ \ ~ ,  H R E ~ ~ ~ ~ ~ ~ ~  and HRpace, respectively. The QT interval 

0.20 J 

Rest Pace Exercise 

FIG. 1 Effect of exercise or pacing on the QT interval. Exercise 
shortens the QT interval significantly more than pacing (p ~ 0 . 0 5  by 
paired t-test). 
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TABLE I Noradrenaline levels with exercisdpacing 

Exercise 489k85 498r98 1199*188",b 15632316a,b 
Pacing 505k81 500k94 518k88 560 f 98 

u=p<O.O1 vs.restvalues. 

Levels in pmoV1. 
= p < 0.05 vs. pacing values. 

Although there were no significant differences within the 
group between the paced and the exercise heart rate, imply- 
ing that it was valid to compare these QT intervals and to as- 
sume that heart rate as a variable had been removed, there 
were small differences, and it was possible that these may 
have affected the QT interval. Accordingly, we corrected the 
paced QT interval to the exercise heart rate by assuming a lin- 
ear relationship between paced heart rate and the QT interval, 
thus obtaining the slope of the QT interval to heart rate and 
then correcting the paced QT interval to the exercise heart 
rate. Even with this correction there were still highly signif- 
icant differences between the paced and exercise QT inter- 
vals with the corrected QTpaCe being 359 & 17 ms (p ~ 0 . 0 2  

This then gave the proportion of QT interval shortening 
because of heart rate as 68.6 f 9.3% of total QT shortening, 
with a range of 35 to 95.6%. 

QTExercise VS. QTPace). 

Catecholamine Data 

There was no change in adrenaline levels with exercise 
(data not shown). Plasma noradrenaline levels (see Table I and 
Fig. 2), reached steady state within 8 min of exercise. Sam- 
ples taken at 8 and 10 min showed no significant difference. 
Noradrenaline levels at rest preceding either phase or during 
pacing did not differ, as shown in Table I. 

There was no correlation between the exercise-induced 
component of QT shortening and the absolute or relative in- 
crease in noradrenaline (Fig. 3). The small decrease in QT in- 
terval in the exercise limb between 8 and 10 min, when the 
heart rate did not alter further, did not correlate with any fur- 
ther changes in noradrenaline levels between 8 and 10 min. 

Discussion 

Though in this small study there was considerable varia- 
bility, it appears that about two thirds of exercise-induced QT 
interval shortening is due to heart rate effects alone, and the 
remaining third is due to other exercise-related phenomena, 
probably neurohormonal. This remaining third is not close- 
ly related to resting or exercise plasma noradrenaline levels. 
Thus, with moderate levels of exercise consistent with day-to- 
day activities, heart rate contributes the majority of QT inter- 
val shortening. Whether this is true at all levels of exercise and 
for the full physiologic range of heart rates is not known. 
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FIG. 2 Effect of exercise on noradrenaline levels. Exercise increas- 
es the noradrenaline levels substantially. The increase in noradren- 
dine is complete by 8 min and there is no further increase between 8 
and 10 min. 

This study found no relationship between the exercise- 
related QT interval shortening and changes in plasma levels 
of catecholamines. One explanation for these data may be that 
different subjects have receptor and second messenger sys- 
tems that differ in their sensitivity to catecholamines, that is, 
that intrinsic cardiac sensitivity to catecholamines may vary 
between individuals. Furthermore, plasma levels of catechol- 
amines are a poor reflector of cardiac levels of catechola- 
mines, so this lack of a clear relationship does not preclude 
catecholamines having an important role in inducing QT in- 
terval shortening on exercise. An alternative explanation is 
that catecholamines have no major importance in shortening 
the QT interval on exercise and that another factor is operat- 
ing. Support for the relative unimportance of one arm of the 
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FIG. 3 Relationship between changes in plasma levels of noridren- 
dine (NA) and changes in QT interval with exercise. There is no re- 
lationship between the exercise-attributable decrease in QT interval 
(i.e., the decrease in QT interval is not attributable to changes in heart 
rate) and changes in NA levels. 
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catecholamine system comes from the finding that beta 
blockers, which lengthen QT interval at low heart rates and 
shorten QT interval at higher heart rates, have a neutral point 
(i.e., no effect of beta blockers on the QT interval) at about 
I20 beats/min.” One other possible mediator of QT interval 
shortening on exercise could be vagal withdrawal, and atro- 
pine has rather consistently been found to shorten QT inter- 
val.’ The influence of the vagus was not measured in the cur- 
rent study. The influence of the autonomic nervous system on 
QT interval shortening during exercise could be explored fur- 
ther by examining the action of beta blockers and/or atropine 
in this pacemaker model. 

Previous QT Interval Studies with Pacemakers 

Pacemakers have been used since the early 1980s to dis- 
sect out the various influences during exercise on the QT in- 
terval. ‘’ Rickards’ group studied subjects with fixed rate VVI 
pacemakers and determined that exercise had a QT-shorten- 
ing effect independent of heart rate, and went on to use this 
effect to design the QT sensing rate-responsive pa~emaker.~ 
Fananpazir et al., using fixed-rate VVI pacing and atrial syn- 
chronized ventricular pacing during exercise to determine the 
exercise and exercise plus heart rate contribution to QT inter- 
val shortening, thus derived the heart rate alone contribution 
to QT interval shortening.“ This group thereby determined 
that the non-heart rate contribution to QT interval shortening 
on exercise varied from 25 to 84% between individuals. For 
the population as a whole, between a resting heart rate of 60 
beats/min and an exercise heart rate of 120 beatdmin, the 
heart rate contribution to QT interval shortening was 54%, 
which is a little less than was found in the study reported here. 
As the heart rate contribution to QT interval shortening was 
not directly measured in the Fananpazir study, there was an 
underlying assumption that the effect of catecholamines on 
QT interval did not depend on the absolute QT interval, and 
furthermore that the sympathetic response to exercise was the 
same with fixed-rate VVT pacing as with atrial synchronized 
ventricular pacing. However, it has been shown recently that 
there is a higher sympathetic activity during fixed-rate VVI 
pacing than during DDD pacing, and accordingly this may 
lead to excess QT interval ~hortening.’~. l 4  This may, there- 
fore, account for the Fananpazir finding that the non-heart 
rate component of QT interval shortening during exercise 
was higher than in the study presented here. 

I n  a recent study using QT interval sensing pacemakers, 
a reasonable correlation was found between changes in nora- 
drenaline on exercise and changes in heart rate, suggesting, 
unlike the findings in our study, that there is a relationship be- 
tween QT interval changes on exercise and noradrenaline 
changes on exerci~e.’~ This study, however, did not directly 
measure the relationship between QT interval changes and 
catecholamine changes, and therefore it cannot be concluded 
that this study showed a direct relationship between changes in 
noradrenaline and in QT interval. 

Subjects with pacemakers have been used to study the ef- 
fects of the circadian rhythm on QT interval. Normal subjects 

with fixed-rate VVI pacemakers show QT interval lengthen- 
ing at night, when vagal tone is known to be high and sympa- 
thetic tone low; heart transplant subjects have blunting of the 
usual diurnal variation in QT interval, and subjects with dia- 
betes showed no diurnal QT interval variation. l 6  

Other Influences on the QT Interval 

There are multiple physiologic, pathologic, and drug in- 
fluences on the QT interval. QT interval variability in normal 
subjects relates partly to unknown genetic factors, partly to 
age, with increasing age being associated with longer QT in- 
tervals, and partly to gender, with QT interval in men but 
not in women dropping after puberty by about 20 ms.I7--” 
The circadian rhythm is a powerful influence on the QT 
interval, with prolongation at night, although the mechanism 
underlying nocturnal QT interval prolongation is not as yet 
clear.16%23. 24 Pathologic influences prolonging the QT inter- 
val include the rare genetic illness of hereditary QT interval 
pr~longation.~~*’~ Nutritional status can have a powerful in- 
fluence on the QT interval with starvation, such as that due to 
anorexia nervosa, prolonging the QT interval and refeeding 
shortening the QT inter~aI.’~-~O Alcoholism, particularly 
when associated with histologic evidence of cirrhosis, is as- 
sociated with prolongation of the QT interval.31 A particular- 
ly powerful factor resulting in QT interval prolongation is 
left ventricular damage, with those with the greatest left ven- 
tricular damage likely having the longest QT intervals.”. 33 It 
may be that the most common cause of acquired QT interval 
prolongation is that secondary to impaired left ventricular 
function. In some studies of patients with postmyocardial 
infarction, those with QT interval prolongation have been 
shown to be more prone to sudden cardiac death.3G38 The ef- 
fect of two drugs on the QT interval is interesting. First, 
amiodarone prolongs the QTc interval throughout the range 
of cycle lengths, with the degree of prolongation being part- 
ly related to the duration of therapy but not to the thyroid hor- 
mone status.3941 Those treated for ventricular arrhythmias 
who had the greatest degree of QT prolongation had the best 
long-term survival in some but not in all studies.”. 43 The 
second drug to have an interesting effect on the QT interval is 
digoxin which, from observational studies, appears to short- 
en the QT interval by about 28 ms.@ 

Study Limitations 

The study is small and therefore the results should be con- 
sidered to be preliminary. As ventricular pacing results in QT 
interval prolongation due to slow intramyocardial conduc- 
tion, it is difficult to know whether the data presented here are 
applicable to subjects with normal atrioventricular (AV) con- 
duction and normal duration QRS complexes. We know of no 
paper in the literature that has compared the results of an in- 
tervention in those with normal AV conduction and then in- 
vestigated the same intervention when subjects are ventricu- 
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larly paced, as would be needed to show that our results are 
applicable to those with normal AV conduction. 

Whether the proportion of exercise-induced QT interval 
shortening that is due solely to increases in heart rate remains 
constant throughout exercise is not answered by these exper- 
iments. One might expect that with small increases in heart 
rate there are only small increases in plasma catecholamine 
levels, that accordingly a small proportion of the decrease in 
QT interval is due to non-heart rate-related phenomena, that 
with larger increases in heart rate there is a far greater increase 
in catecholamine levels, and that accordingly a larger propor- 
tion of QT interval shortening will be due to non-heart rate- 
related phenomena. 

Conclusion 

Two-thirds of exercise-induced QT interval shortening 
is due to heart rate, and the remaining one-third is not closely 
related to changes in plasma catecholamine levels. 

References 

I .  Arnold L, Page J, Attwell D, Cannell M, Eisner DA: The depen- 
dence on heart rate of the human ventricular action potential dura- 
tion. Curdiovasc Res 1982; 16:547-55 1 

2. Browne KF, Zipes DP, Heger JJ, Prystowsky EN: Influence of the 
autonomic nervous system on the QT interval in man. Am J Cardiol 

3. Rickards AF, Norman J: Relation between QT interval and heart 
rate. Br HeartJ 1981;45:56-61 

4. Flinanaparir L, Bennett DH, Faragher EB: Contribution of heart 
rate to QT interval shortening during exercise. EurHearf J 1983;4: 

5. Lau CP, Freedman AR, Fleming S, Malik M, Camm AJ, Ward DE: 
Hysteresis of the ventricular paced QT interval in response to 
abrupt changes in pacing rate. Cardiovasc Res 1988;22:67-72 

6. Fei L, Slade AK, Grace AA, Malik M, Camm AJ, McKenna WJ: 
Ambulatory assessment of the QT interval in patients with hyper- 
trophic cardiomyopathy: Risk stratification and effect of low dose 
amiodarone. Pacing Clin Electrophysiol1994; 17:2222-2227 

7. Abildskov JA: Neural mechanisms involved in the regulation of 
ventricular repolarization. Eur Heart J 1985;6(suppl D):3 1-39 

8. Arrowood JA, Mine J ,  Simpson PM, Quigg RJ, Pippin JJ, Nixon 
JV, Mohanty PK: Modulation of the QT interval: Effects of graded 
exercise and reflex cardiovascular stimulation. J Appl Physiol 

9. McCance AJ, Forfar JC: Selective enhancement of the cardiac 
sympathetic response to exercise by anginal chest pain in humans. 
Circukation 1989;80 1642-1 65 1 

10. McCance AJ, Forfar JC: Noradrenaline kinetics and coronary 
haemodynamics during acute beta 1-adrenoceptor blockade in man. 
CliriSci (Colch) 1993;84:413417 

11. Algra A, Roelandt JRTC, Tijssen JGP, Simoons ML, Pool J: Effect 
of &blockers on the relation between QT-interval and heart rate in 
exercise ECG. Eur Heart J 1987;8(D):7 1-74 

12. Milne JR, Ward DE, Spurell RA, Camm AJ: The ventricular paced 
QT interval-the effects of rate and exercise. Pacing Clin Electro- 
phy.sioll982;5(3):352-358 

13. Pehrsson SK, HjemdaJd P, Nordlander R, Astrom H: A comparison 
of sympatho-adrenal activity and cardiac performance at rest and 

1982;50:1099-1103 

265-21 1 

1993;75:22 17-2223 

during exercise in patients with ventricular demand or atrial syn- 
chronised pacing. Br Heart J 1988;60(3):212-220 

14. Taylor JA, Morillo CA, Eckberg DL, Ellenbogen KA: Higher sym- 
pathetic activity during ventricular (VVI) than during dual-cham- 
ber (DDD) pacing. J A m  Coll Cardiol1996;28(7): 1753-1758 

15. Jordaens L, Backers J, Moermans E, Clement DL: Catecholanine 
levels and pacing behaviour of QT-driven pacemakers during exer- 
cise. Pacing Clin Electruphysiol1990 13(5):603407 

16. Bexton RS, Vallin HO, Camm AJ: Diurnal variation of the QT in- 
terval-influence of the autonomic nervous system. Br Heurt J 

17. Lo SS, Sutton MS, Leslie RD: Information on type 1 diabetes mel- 
litus and QT interval from identical twins. Am J Cardiol l993;72: 

18. Hanson B, Tuna N, Bouchard T, Heston L, Eckert E, Lykken D, 
Segal N, Rich S: Genetic factors in the electrocardiogram and heart 
rate of twins reared apart and together. Am J Ccirdiol 1989;63: 
606-609 

19. Rautaharju PM, Zhou SH, Wong S, Calhoun HP, Berenson GS, 
Prineas R, Davignon A: Sex differences in the evolution of the elec- 
trocardiographic QT interval with age. Cun J Curtliol 1992;X: 
690-695 

20. Reardon M, Malik M: QT interval change with age in an overtly 
healthy older population. CIin Cardiol1996; 19:949-952 

21. Ashman R: The normal duration of the QT interval. A m  Hrcirt J 

22. Simonson E, Cady LD, Woodbury M: The normal QT interval. Am 
HeartJ 1962;63:747-753 

23. Murakawa Y, Inoue H, Nor& A, Sugimoto T Role of sympatho- 
vagal interaction in diurnal variation of QT interval. Ant J Curu'iol 

24. Browne KF, Prystowsky E, Heger JJ, Chilson DA, Zipes D P  
Prolongation of the QT interval in man during sleep. Am J Cardid 

25. Schwartz PJ, Zaza A, Locati E, Moss AJ: Stress and sudden death. 
The case of the long QT syndrome. Circulation I991 ;83:117 1-1180 

26. Moss AJ, Schwartz PJ, Crampton RS, Tzivoni D, Locati EH, Mac- 
Cluer J, Hall WJ, Weitkamp L, Vincent GM, Garson A Jr.: The long 
QT syndrome. Prospective longitudinal study of 328 families. 
Cin.ulutiun 1991;84:1136-1144 

27. Cooke RA, Chambers JB, Singh R, Todd GJ. Smeeton NC, 
Treasure J, Treasure T QT interval in anorexia nervosa. Br Hrctrr .I 

28. Zuckerman E, Yeshurun D, Goldhammer E, Shiran A: 24 h elec- 
trocardiographic monitoring in morbidly obese patients during 
short-term zero calorie diet. Int J Ohes Relnt Metab Disord 1993; 

29. Thwaites BC, Bose M: Very low calorie diets and pre-fasting pro- 
longed QT interval. A hidden potential danger. West Indirrrr Met/ J 

30. Pringle TH, Scobie IN, Murray RG, Kesson CM, Maccuish AC: 
Prolongation of the QT interval during therapeutic starvation: A 
substrate for malignant arrhythmias. Znt J Ohes 1983;7:253-26 I 

3 1. Day CP, James OF, Butler TJ, Campbell RW QT prolongation and 
sudden cardiac death in patients with alcoholic liver disease. Lrrric,c.r 

32. Bender KS, Shematek JP, Leventbal BG, Kan JS: QT interval pro- 
longation associated with anthracycline cardiotoxicity. J Prdiurr 
1984;105:4424 

33. Algra A, Tijssen JG, Roelandt JR, Pool J ,  Lubsen J :  QTc prolonga- 
tion measured by standard 12-lead electrocardiography is an inde- 
pendent risk factor for sudden death due to cardi 
lation l991;83: 1888-1894 

34. Schwartz PJ, Wolf S: QT interval prolongation as predictor of sud- 
den death in patients with myocardial infarction. Circrikttiun 1978; 
57(6): 1074-3077 

1986;55:253-258 

305-309 

1942;23 :522-534 

1992;69:339-343 

1983;52:55-59 

1994;72:69-73 

171359-361 

1992;41: 169- 17 1 

1993;341:1423-1428 



518 Clin. Cardiol. Vol. 22, August 1999 

35. Ahnve S: QT interval prolongation in acute myocardial infarction. 
EurHeurt J 1985;6(suppl D):85-95 

36. Pohjola-Sintonen S, Siltanen P, Haapakoski J Usefulness of QTc in- 
terval on the discharge electrocardiogram for predicting survival af- 
ter acute myocardial infarction. Am J Cardiol1986;57: 1066-1068 

37. Peters RW, Byington RP, Barker A, Yusef S: Prognostic value of 
prolonged ventricular repolarisation following myocardial infarc- 
tion: The BHAT experience. J Clin Epidemiol1990;43(2): 167-172 

38. Wolf S: Oscillatory functions affecting outcome of coronary heart 
disease: The hazard of too much or too little stability. Zntegr Physiol 
Behav Sci 1995;30: 118-126 

39. Anderson Kp, Walker R, Dustman T, Lux RL, Ershler PR, Kate RE, 
Urie PM: Rate-related electrophysiologic effects of long-term ad- 
ministration of amiodarone on canine ventricular myocardium in 
vivo. Circulation 1989;79:948-958 

40. Pollak PT, Sharma AD, Carruthers SG: Correlation of amiodarone 
dosage, heart rate, QT interval and corneal microdeposits with 
serum amiodarone and desethylamiodarone concentrations. Am J 
Curdiol1989;64:1138-1143 

41. BaermanN, Annesley T, Di Carlo LA Jr, Foley MK, Nicklas JM, 
Crevey BJ, Morady F Interrelationships between serum levels of 
amiodarone, desethylamiodarone, reverse T3 and the QT interval 
during long-term amiodarone treatment. Am H e m  J 1986; 1 1 1 : 
644-648 

42. Torres V, Tepper D, Flowers D, Wynn J, Lam S, Keefe D, Miura 
DS, Somberg JC: QT prolongation and the antimhythmic efficacy 
of amiodarone. JAm Coll Cardiol1986;7: 142-147 

43. Klein LS, Fineberg N, Heger JJ, Miles WM, Kammerling JM, 
Chang MS, Zipes DP, Prystowsky EN: Prospective evaluation of 
a discriminant function for prediction of recurrent symptomatic 
ventriculartachycardiaor ventricular fibrillation in coronary artery 
disease patients receiving amiodarone and having inducible ven- 
tricular tachycardia at electrophysiologic study. Am J Curdiol1988; 
6 1 : 10241 030 

44. Ahnve S, Lundman T: QTc intervals at discharge after acute myo- 
cardial infarction and long-term prognosis. Acru MedScurid 1980; 
208:5560 


