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sudden cardiac death to those who did not suggest 
that patients with increased QT dispersion and de- 
pressed left ventricular function may be at sub- 
stantially increased risk for ventricular arrhyth- 
mias after ablation. We therefore recommend that 

natients at risk should be Dated at 290 beats/min 
when they leave the elect&physiology laboratory, 
at least for 24 hours. Whether these patients remain 
at higher risk of sudden death is unclear, although 
none had an arrhythmia before ablation, and in 13 
+ 3 months of follow up, none have had a recurrent 
life-threatening ventricular arrhythmia. 

Our data suggest that increased QT dispersion 
is a marker of electrical instability and predicts 
PMVTM? after AVNA, particularly in association 
with depressed left ventricular systolic function. 
Patients showing marked QT dispersion require 
careful monitoring after AVNA. 
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Reproducibtlity of the ST-Segment Depreosion/Heart 
Rate Analysis of the Exercise Electrocardio raphic Test 

in Asymptomatic Middle-Aged Popu r ation 
Rami Lehtinen, LicTech, Harri Sievenen, PhD, Jari Viik, LicTech, 

llkka Vuori, MD, and Jaakko Malmivuo, PhD 

I t has been shown that noninvasive diagnosis of 
coronary artery disease can be improved by ana- 

lyzing the ST-segment depression against heart rate 
(ST/HR) during the exercise electrocardiographic 
(ECG) test.‘.’ Recently, the STIHR hysteresis, a vari- 
able that integrates the diagnostic information of 
both the exercise and recovery phases of the test, was 
found to be the most accurate diagnostic variable 
based on the STA-IR analysiss3 However, further re- 
finement of the ST/HR analysis would require ade- 
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quate knowledge of inherent (e.g., method-induced) 
nondiagnostic variability in the above variables. This 
information on reproducibility has been scarce so far 
and limited to patients with coronary artery dis- 
ease.4*5 Knowing especially the magnitude of intra- 
individual variability in healthy asymptomatic pop- 
ulations would be crucial if one wishes to determine 
whether a longitudinal change in a diagnostic vari- 
able is large enough to indicate that a change with 
real diagnostic value has happened. Therefore, the 
objective of this study was to determine the repro- 
ducibility of the STLHR hysteresis, ST/HR index, 
and end-exercise ST depression in an asymptomatic 
middle-aged population, an age-cohort that is most 
often referred to exercise ECG tests. 

. . . 
Maximal exercise ECG tests were performed 

twice within a period of 6 to 8 months in 61 middle- 
aged (5 1 to 54 years) healthy volunteers (28 men and 
33 women). The subjects gave informed consent be- 
fore the study. Each subject was sedentary (vigorous 
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TABLE I Description of the Study Population and’ Exercise Electrocardiographic 
Variables During the First Test 

Characteristic 

Age b) 
Height (cm] 
Weight [kg) 
Maximum heart rate achieved 

(beats/mm) 
Respiratory quotient 
ST/HR hysteresis (mV) 
ST/HR index (hV/beots/min) 
Endexercise ST depression (mV) 

Continuous data ore mean z SD. 

Men (n = 28) Women (n = 33) 

52 r 1 53 2 1 
177?6 161 +4 

81.6 + 8.7 64.8 + 7.6 . 
172 + 12 1732 10 

1.17 + 0.06 1.12 t 0.05 
-0.029 2 0.012 -0.011 t 0.012 

1.28 + 0.81 1.22 + 0.76 
0.08 + 0.08 0.09 k 0.07 

immediately before starting the ex- 
ercise with the patient sitting on the 
bicycle, at the end of each minute of 
exercise, at the end-exercise, and 
every 12 seconds during the first 3 
consecutive minutes of postexercise 
recovery. A continuous piecewise 
linear function was obtained by 
connecting the consecutive ST/HR 
data pairs of the exercise phase 
with lines. Similarly, a continuous 
piecewise linear function for the 
postexercise recovery phase was 
constructed by connecting the con- 
secutive ST/HR data pairs of the 

exercise no more than twice a week), nondieting, 
nonsmoking, and not excessively obese (body mass 
index <33). One month before the first maximal test, 
the subjects accustomed themselves to the testing 
procedure by performing a submaximal test. Ac- 
cording to careful medical screening done before 
both maximal tests, none of these patients had an 
abnormal electrocardiogram at rest, or had a history 
or symptoms of cardiovascular, musculoskeletal, re- 
spiratory, or other chronic diseases that might limit 
the maximal exercise testing. Between the repeated 
tests the subjects were asked to keep their living hab- 
its unchanged, and during the study period none of 
the subjects showed any clinical signs of evolving 
heart or other disease. The clinical data of the study 
group are given in Table I. 

All subjects were tested on a bicycle ergometer 
in the exercise physiology laboratory of the UKK 
Institute (Tampere, Finland). Each test was con- 
ducted by 1 of the 3 experienced technicians of the 
institute. The initial workload was 10 W for women 
and 20 W for men, and was increased by 10 and 20 
W every minute for women and men, respectively. 
The ECG recordings and HR measurements were 
done with a Marquette CASE 12 recorder (Marquette 
Inc., Milwaukee, Wisconsin). The respiratory quo- 
tient (RQ) was used as an index of maximality of the 
exercise ECG test, and was determined as the ratio 
between the carbon dioxide produced and oxygen 
consumed measured by an automatic ventilatory gas 
analyzer (Sensomredics 29002, Sensormedics Inc., 
Anaheim, California). An RQ value above 1.00 in- 
dicates anaerobic energy production. With the com- 
puterized analyses of the stored ST-segment and HR 
data,(j the maximum values of the ST/HR hysteresis, 
ST/HR index, and end-exercise ST depression were 
determined from the Mason-Likar modification of 
the 12-lead system (leads aVL, aVR, and Vi ex- 
cluded) for each subject. The ST-segment depression 
required for these analyses was measured to the near- 
est 10 PV at 60 ms after the QRS-offset. Of note, an 
ST-segment elevation was expressed as a negative 
ST-segment depression. 

The ST/I-IR hysteresis for each lead was deter- 
mined as described recently.3 In short, the ST/HR 
diagram containing the pairs of the ST depression 
and HR was determined by measuring the given data 

first 3 minutes of recovery phase starting from the 
ST/HR data pair at the end-exercise. Then, the dif- 
ference between the above curves was integrated 
over the HR from the minimum HR of recovery to 
the maximum HR. Finally the ST/HR hysteresis 
was obtained by dividing the integrated net differ- 
ence by the HR difference of the integration inter- 
val in order to normalize the result with respect to 
the postexercise HR decrement. 

The ST/HR index was calculated as the gradient 
between the ST/HR pairs at the start-exercise and at 
the end-exercise as suggested by Detrano and co- 
workers.7 

All continuous data were expressed as mean + 
SD. The reproducibility of the exercise ECG vari- 
ables between the repeated measurements was de- 
termined as recommended by Bland and Altman.* 
Definition of reproducibility was ? 1.96 times the SD 
of the differences between the pairs of measurement 
(SD,,) using the same method. This range corre- 
sponds to 95% limits of agreement within which in- 
tra-individual changes should be considered nonsig- 
nificant due to inherent variability of the method. As 
another measure of reproducibility, the agreement of 
interpretation between the repeated measurements 
was defined as the percentage of the subjects in 
which the interpretation of both measurements was 
the same. It was determined separately for each of 
the 3 exercise ECG variables using specific fixed 
partition values that provided equal specificity of 
80% for each method in detecting coronary artery 
disease in our previous study.3 These positive test 
criteria were ST/I-IR hysteresis rO.O1O mV, ST/HR 
index 2 1.60 pV/beats/min, and end-exercise ST de- 
pression rO.10 mV. The agreements of interpreta- 
tions between the repeated measurements with dif- 
ferent variables were compared by McNemar 
modification of the chi-squared test. Because of the 
3 comparisons, the p value <0.017 (Bonferroni cor- 
rection) was required for rejection of null hypothesis. 

Maximal exercise tests were successful at both 
testing sessions (maximum HR achieved [ 172 2 11 
vs 172 5 11 beats/min], RQ [1.15 + 0.06 vs 1.14 + 
0.071). The reproducibilities were _+0.040 mV, 
t 1.24 pV/beats/min, and +O. 11 mV for the ST/HR 
hysteresis, ST/HR index and end-exercise ST de- 
pression, respectively. The Bland-Altman plots are 
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FIGURE 1. Bland-Altman reproducibility plok of the ST/HR h s- 
kresis, ST/HR,index, and end-exercise ST depression (ST4 le. 
tween repeated exercise ECG tests. CkKd and open circles, the 
data points of men and women, respectively. The differences in 
the exercise ECG voriaMes between the repeated measurements 
(vertical axes) was cakulclted by subtracting the value of the sec- 
ond test from that of the first test. bpm = beats per minute; SD, 
= SD of the dihnce between the repeated measurements. 

presented in Figure 1. The agreement of interpreta- 
tion between the repeated measurements was 97% 
(59 of 61), 79% (48 of 61), and 74% (45 of 61) for 
the ST/HR hysteresis, ST/HR index, and end-exer- 
cise ST depression, respectively. The agreement of 

interpretation between the repeated measurements of 
the ST/HR hysteresis was significantly better than 
that of the ST/HR index (p = 0.0045) or the end- 
exercise ST depression (p = O.OOlO), whereas no 
significant difference was observed between the ST/ 
HR index and the end-exercise ST depression (p = 
0.32). 

. . . 
Given the large intra-individual variability of 

ECG recordings at rest:” the reproducibility of the 
exercise ECG variables is apparently bound to be 
relatively poor, a fact that was actually confirmed in 
this study in asymptomatic middle-aged individuals. 
The magnitude of change in the variable, which has 
to be observed to make the clinician confident that a 
real diagnostic change has occurred, was surpris- 
ingly large as indicated by the Bland-Altman plots 
in Figure 1. However, the possibility that some of 
the subjects may have developed a significant change 
in their coronary status is not definitely ruled out, but 
given that coronary atherosclerosis occurs over a pe- 
riod of decades, one would not expect to find any 
substantial coronary changes in 6 to 8 months. It is 
worth noting that the agreement of interpretation 
with the ST/HR hysteresis appeared to be signifi- 
cantly better than those with the ST/HR index or end- 
exercise ST depression. 

The findings of this study on reproducibility of 
the exercise ECG variables in 61 asymptomatic 
middle-aged subjects give further support to the 
clinical utility of the ST/HR hysteresis. The results 
also indicated that the observed change in the ex- 
ercise ECG variable between repeated measure- 
ments must be large to make the clinician confident 
that a real diagnostic change has occurred. 
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