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summary 

Background: The heterogeneity of ventricular repolariza- 
tion is an important promhythmic factor. QT dispersion has 
been proposed to reflect the inhomogeneity of ventricular re- 
polarization, but a poor reproducibility limits its clinical appli- 
cability. Reliable noninvasive methods to quantlfy abnormali- 
ties in ventricular repolarization are still lacking. The T-loop 
morphology analysis is a novel method aimed at quantifying 
ventricular repolarization. 

Hypothesis: To test the ability of the T-loop morphology 
analysis to discriminate between hypertensive patients and 
healthy subjects, 105 hypertensive patients (mean age 63.6 +- 
12.3 years) and 110 healthy controls (mean age 49.7 f 14.3 
years) were evaluated. 

Methods: The maximum QT interval (QT maximum), the 
minimum QT interval (QT minimum), and their difference 
(QT dispersion) were calculated from a digitally recorded 12- 
lead electrocardiogram (ECG) in both study groups. X, Y, and 
Z leads were reconstructed from the 12-lead ECG, and the am- 
plitude of the maximum T vector (T amplitude) and the angle 
between the maximum T vector and X axis (Tangle) were cal- 
culated from the projection of the T loop in the frontal plane. 

Results: T amplitude (p <0.001), T angle (p = 0.05), and QT 
dispersion (p = 0.04) were significantly different between hy- 
pertensive patients and controls, while QT maximum (p = 
0.14) and QT minimum (p = 0.35) did not differ between the 
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groups. T amplitude was the only marker which differed be- 
tween hypertensive patients without ECG criteria for left ven- 
tricular hypertrophy and controls (p = 0.002). 

Conclusions: T-loop features and particularly T amplitude 
are significantly different between hypertensive patients and 
healthy controls and may serve as early markers of repolariza- 
tion abnormalities in a hypertensive population. 

Key words: T loop, maximum vector, QT dispersion, ventric- 
ular repolarization 

Introduction 

The heterogeneity of ventricular repolarization is a recog- 
nized proarrhythmic factor. Despite of e~perimental-~ or in- 
vasive4 data on the importance of repolarization abnormali- 
ties, reliable and practically applicable noninvasive methods 
to quantify ventricular repolarization are still la~king.~ The 
interlead variability of QT interval duration on 12-lead elec- 
trocardiographic (ECG) recordings, that is, the so-called QT 
dispersion? has been suggested to offer a noninvasive mea- 
sure of abnormal ventricular repolari~ation.~ However, sever- 
al concerns have been raised about the measurement of QT 
dispersion that may limit its clinical utility.** Mainly, poor 
interindividual and intraindividual reproducibility of QT dis- 
persion seems to reduce the power to assess arrhythmia risk 

The spatial aspects of the T-wave com- 
plexity, that is, the presence of biphasic or multiphasic T-wave 
patterns which also reflects repolarization abnormalities, 
have been evaluated by the so-called principal component 
analysis.13. l 4  Unfortunately, systematic data on this method- 
ology are lacking. 

A recent study concluded that QT dispersion is largely de- 
termined by T-loop morphology, as expressed by T-loop am- 
plitude and width.15 Although that study suggested that the 
shape of the T loop may reflect the repolarization homogene- 
ity of the heart, no investigation was made as to whether the T- 
loop descriptors have any discriminative and prognostic value. 

The objective of the present study was to evaluate the prac- 
tical value of T-loop morphology to characterize ventricular 
repolarization. In particular, our study investigated the ability 
of the T-loop descriptors to discriminate between hypertensive 
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patients with and without left ventricular hypertrophy (LVH) 
and healthy subjects. The study of hypertensive patients was 
selected because, among others, high QT-dispersion values 
have been previously reported in patients with systemic hyper- 
tension. QT dispersion has also been reported to decrease 
when adequate blood pressure control is achieved.lS2I 

Methods 

Study Population 

The study population consisted of two groups: 105 consec- 
utively recruited hypertensive patients (57 women; mean age 
63.6 -c 12.3 years, range 31-88 years) (patients) and 110 
healthy subjects without any cardiovascular disease or any risk 
factor for coronary artery disease (77 women, mean age 49.7 -c 
14.3 years, range 21-86 years) (controls). Both study groups 
were recruited from the Rafina Study participants examined in 
1997-1998. In brief, one fourth of Rafina city inhabitants, 
aged > 20 years, were randomly selected to undergo evalua- 
tion of cardiovascular risk factors. The type of underlying 
heart disease was determined from history, physical examina- 
tion, 12-lead ECG, and serial blood tests. Apart from systemic 
hypertension, no other cardiovascular disease was present in 
the patient group. All patients and controls were in sinus 
rhythm. Routine medications were not withheld during the pa- 
tients’ evaluation. 

Excluded from the study were patients with left or right 
bundle-branch block, atrioventricular block, ventricular preex- 
citation, history of coronary artery disease, atrial fibrillation, 
sick sinus syndrome, prior pacemaker implantation, clinically 
overt heart failure [New York Heart Association (NYHA) 
classes 11-IV], pericarditis, valvular heart disease, or nonis- 
chemic cardiomyopathy. Patients receiving digitalis or any an- 
tiarrhythrruc drugs as well as patients having other risk factors 
for coronary artery disease, were also excluded. Because of the 
strict inclusion and exclusion criteria, it was not possible to 
find suitable controls matched to patients among the Rafina 
Study participants (the total number of participants of this 
study is around 600). Hence, controls were not gender and age 
matched to patients. The study was approved by the local 
Ethics Committee and informed consent was obtained from all 
participants. 

Twelve-Lead Surface Electrocardiogram 

In all subjects, a 12-lead digital ECG was recorded in the 
supine resting position using a computer-based electrocardio- 
graph (Cardioperfect, version 1 . 1 ,  CardioControl NV, Am- 
sterdam, Netherlands). All 12 leads of each ECG were record- 
ed simultaneously for 20 s and sampled at a rate of 1200 Hz. 
During the recording, the subjects were breathing freely and 
were not allowed to speak. From each lead, the average com- 
plex was calculated by the MEANS (Modular ECG Analysis) 
system.22. 23 Individual averaged complexes were stored digi- 
tally. Standard criteria were used to diagnose ECG-document- 
ed LVH?4 

QT Interval and QT Dispersion Measurements 

QT interval and QT dispersion measurements were per- 
formed manually using the digitally stored ECGs displayed on 
a high-resolution computer screen. Each lead was separately 
magnified (1 60 d s  and 60 mm/mV), and the QT interval 
was measured using the on-screen calipers from the onset of 
the QRS complex to the end of the T wave. The point of T- 
wave offset was defined as the return to baseline.* Ifa U wave 
followed the T wave without an isoelectric separation, the end 
of the T wave was taken as the mdir between the T and U 
waves. If the end of the T wave could not be reliably deter- 
mined, or when the T wave was of very low amplitude (< 50 
pV), QT measurements were not made and the lead was ex- 
cluded from analysis.1s QT dispersion was calculated as the 
difference in ms between the longest (QT maximum) and 
shortest (QT minimum) measured QT intervals. No attempt 
was made to correct for missing leads9 

Twelve-Lead Vectorcardiogram 

To derive T-loop descriptors, orthogonal X, Y, and 2 leads 
were reconstructed from the standard 12 ECG leads.15, 259 26 

From the spatial T loop and its projection on the frontal (XU) 
plane, the following parameters were automatically calculated: 
the amplitude of the maximum T vector (T amplitude) and the 
angle between the maximum T vector and X axis (Tangle). 

Accuracy of the Measurements 

Two independent investigators measured the QT intervals 
of all ECGs. The averages of the measurements of the two ob- 
servers were used for comparisons. Intraobserver and interob- 
server mean percent error (absolute difference between two 
observations divided by the mean and expressed in percent) 
for QT maximum, QT minimum, and QT dispersion measure- 
ments were determined in 50 randomly selected study partici- 
pants (25 patients and 25 controls). To define intraobserver er- 
rors of measurements, one of the two investigators measured 
the QT intervals of all 50 ECGs twice. Neither observer was 
aware of the subjects’ assignment. 

Statistical Analysis 

Continuous variables are expressed as mean f standard de- 
viation. For comparisons between patients with and without 
LVH and controls, the Mann-Whitney test and the chi-square 
test were used where appropriate. The Kruskal-Wallis test was 
used for comparisons among multiple variables. Spearman’s 
correlation coefficients were used to assess the association be- 
tween different variables. 

univariate receiv- 
er operator characteristics were computed for the separation 
of patients from healthy controls based on QT maximum, QT 
minimum, QT dispersion, T amplitude, and T angle. The 
graphs of the characteristics were compared visually. 

Using a previously reported 
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To determine the multivariate contribution of other factors 
to the values of different repolarization indices, linear regres- 
sion equations were constructed: 

Z = Bo + B IDiagnosis + B2Age + BsSex + B4Heart rate, 

where Z was one of the considered repolarization indices (QT 
maximum, QT minimum, QT dispersion, T amplitude, T an- 
gle) and diagnosis was the presence of hypertension among 
the entire study population and the presence of ECG-docu- 
mented LVH among the hypertensive patients. For each repo- 
larization index, the statistical significance of the regression 
coefficients B1, B2, B3, and B4 was evaluated. P values of 
< 0.05 were considered statistically significant. 

Results 

In the patient group, the history of hypertension extended 
for 10.6 f 5.4 years. At the time of investigation, 26 (25%) pa- 
tients received angiotensin-converting enzyme inhibitors, 20 
(1 9%) calcium-channel blockers, 9 (9%) beta blockers, and 30 
(29%) diuretics. Thirty-seven (35%) patients had an ECG- 
documented LVH. The demographic and ECG characteristics 
of patients and controls are listed in Table I. 

Controls were significantly younger and had lower blood 
pressure than hypertensive patients with and without LVH 
(Table I). QT dispersion values were similar between hyper- 
tensive patients without LVH and controls (p = 0.62), but sig- 
nificantly higher in hypertensive patients with LVH (p = 0.04). 
QT maximum and QT minimum values were not significantly 
different among the three groups. T amplitude and T angle 
were significantly different among the three groups, with the 
lower values of both indices measured in hypertensive patients 
with documented LVH (Table I). T amplitude was sigrdcant- 
ly higher in controls than in hypertensive patients without 
ECG-documented LVH (p = 0.002). No significant differ- 
ences were noticed among the three groups concerning heart 

rate, body mass index, and plasma potassium levels. A trend 
toward a sigrdcant difference in gender was noted (Table I). 

Associations between Repolarization Indices and 
Clinical Variables 

For the total of the study participants, QT maximum was 
found to be significantly dependent on age, gender, and heart 
rate; QT minimum was significantly dependent on heart rate 
and gender; and QT dispersion was not significantly depen- 
dent on any of the three. Neither QT maximum nor QT mini- 
mum nor QT dispersion was significantly dependent on the 
presence of hypertension in the complete study population. T 
amplitude was significantly dependent on the presence of hy- 
pertension in the complete study population, while T angle 
was dependent on heart rate (Table II). 

Among the patients, QT maximum was significantly de- 
pendent on heart rate, gender, and the presence of LVH; QT 
minimum was dependent on heart rate and gender, and QT 
dispersion was significantly dependent only on the presence of 
LVH. T amplitude was highly significantly dependent on the 
presence of LVH and T angle was dependent on heart rate 
(Table HI). 

Comparison among the Different Repolarization Indices for 
the Identi6cation of Hypertensive Patients 

Figure 1 shows receiver operator characteristics of separa- 
tion of hypertensive patients from controls based on the differ- 
ent repolarization indices. The curve of T amplitude is clearly 
shifted higher than that of other indices (QT maximum, QT 
minimum, QT dispersion), although only moderate sensitivity 
and specificity values were achieved. 

Correlations among Different Variables 

QT maximum correlated significantly with QT minimum, 
T amplitude, and heart rate in patients, and with QT minimum, 

TABLE I Demographic, electrocardiographic, and vectorcardiographic characteristics of hypertensive patients and controls 

Hypertensives Hypertensives without Controls P 
with LVH (n = 37) LVH (n = 68) (n=110) Value 

Age (Yead 
Men %(no.) 
BMI (kg/mz) 
Heart rate (beatdmin) 
SBP ( M g )  
DBP ( M g )  
QT maximum (ms) 
QT minimum (ms) 
QT dispersion (ms) 
T amplitude (pV) 
Tangle (degrees) 
K+ (mEqAt) 

64.8f11.7 
62 (23) 

27.9 f 4.5 
70.9 f 14.6 

158.7 f 19 
91.42 12 
400.5 f41.2 
352.9 f40 
47.6 f 18.7 

242.42 161.2 
14.9 f 70.2 
4.9 f0.6 

63 2 12.6 
37 (25) 

27.9 f 5.3 
70.4k 11.1 

158.1 f 2 3  
93.9f 15.2 

396.5 2 29.8 
356.1 f31.1 
40.42 13.9 

319.1 f 109 
31 f9.3 
5.1 20.6 

49.7 2 14.3 
30 (33) 

26.9 f 6 
71.92 10.9 

131.42 17.2 
83.2 2 9.6 

388.5 k27.1 
349.1 f 26.5 
39.3 2 14 

370.6f 115.8 
33.2 f 9.5 
4.9 f 0.5 

<0.001 
0.06 
0.26 
0.62 

<0.001 
<0.001 

0.14 
0.35 
0.04 

<0.001 
0.05 
0.3 

Abbreviations: BMI =body mass index, DBP = diastolic blood pressure, LVH =left ventricular hypertrophy, SBP = systolic blood pressure. See 
text for the definition of the individual indices. 
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TABLE II Regression coefficients and significance of various independent variables (history of hypertension, age, gender, and heart rate) entered 
in the linear regression models 

Dependent Hypertension Age Gender Heart rate 
variable RC p Value RC p Value RC p Value RC p Value 
QT maximum -4.453 0.15 0.303 0.004 13.591 <0.001 -1.911 <0.001 
QT minimum -2.372 0.47 0.198 0.07 13.235 <0.001 - 1.84 <0.001 
QT dispersion -2.08 0.37 0.105 0.17 0.356 0.86 -0.071 0.42 
T amplitude 69.271 <0.001 - 1.026 0.1 -23.499 0.18 - 1.272 0.08 

Abbreviation: RC =regression coefficient. See text for the definition of the individual indices. 
Tangle 6.522 0.16 -0.092 0.55 4.072 0.34 -0.41 1 0.02 

TABLE III Regression coefficients and significance of various independent variables (presence of left ventricular hypertrophy, age, gender, and 
heart rate) entered in the linear regression models 

Dependent LVH Age Gender Heart rate 
variable RC p Value RC p Value RC p Value RC p Value 
QT maximum 9.55 1 0.03 0.241 0.16 19.315 <O.oOl -2.062 <0.001 
QT minimum 2.789 0.58 0.203 0.29 21.374 <0.001 -1.885 <0.001 
QT dispersion 6.762 0.04 0.038 0.76 -2.059 0.52 -0.178 0.16 
T amplitude - 84.948 0.003 -0.243 0.81 - 34.947 0.19 -0.289 0.78 
Tangle - 15.376 0.08 -0.1 17 0.73 0.727 0.93 -0.702 0.04 

Abbreviations: LVH = left ventricular hypertrophy, RC =regression coefficient. See text for the definition of the individual indices. 

100 

90 

80 

70 

60 

30 

20 

10 

0 
0 10 20 30 40 50 60 70 80 90 100 

Sensitivity % 

FIG. 1 Receiver-operator characteristic (ROC) curves of different repolarization indices distinguishing hypertensive patients from controls. The 
ROC curve of T amplitude shifted higher in comparison with those of other indices. 

age, and heart rate in controls. QT minimum was significantly 
related with QT dispersion and heart rate in both study groups. 
T amplitude correlated significantly with T angle and age in 
controls (Table IV). 

24.6 k 18.8%, respectively. The interobserver relative errors 
for the same indices were 4.5 k 3.8, 2.9 k 2.8, and 32.8 k 
21.9%, respectively. 

Accuracy of the Measurements Discussion 

The intraobserver relative errors for QT maximum, QT 
1.5, 1.9 k 1.8, and 

The principal finding of this study is that the T-loop descrip- 
tors (particularly the amplitude of the maximum vector) are minimum, and QT dispersion were 2 



604 Clin. Cardiol. Vol. 23, August 2000 

TABLE TV Correlation coefficients between clinical, electrocardiographic, and vectorcardiographic variables in normal subjects (regular num- 
bers) and in hypertensive patients (bold numbers) 

QT maximum QT minimum QT dispersion T amplitude T angle Age HR 

QT maximum 0.87313 0.181 -0.197a 0.171 0.178 -0.761' 
QT minimum 0.896' -0.24Y -0.156 0.164 0.114 -0.701' 
QT dispersion 0.135 -0.288' - 0.058 - 0.075 0.026 -0.095 
T amplitude 0.035 0.092 -0.092 - 0.033 - 0.056 0.019 
Tangle -0.001 -0.015 -0.037 -0.372' 0.064 -0.142 
Age 0.265' 0.185 0.138 -0.192" -0.082 -0.143 
m - 0.721 ' -0.7406 0.058 -0.179 0.024 -0.074 
a p < 0.05. 
b p < 0.01. 
Abbreviation: HR = heart rate. See text for the definition of the individual indices. 

significantly different between hypertensive patients and 
healthy controls. Among the repolarization descriptors con- 
sidered, T amplitude was the only index capable to identify the 
hypertensive patients even in the absence of ECG criteria for 
LVH and with only subtle and nonquantifiable differences in 
the T-wave shape (Fig. 2). 

Repolarization Abnormalities in Hypertension 

Systemic hypertension affects up to 25% of the adult pop- 
ulation and is a potent cardiovascular risk factor.I7 Left ven- 
tricular hypertrophy in hypertensive patients is widely recog- 
nized as a risk factor for ventricular arrhythmias and sudden 
cardiac death, although the factors predisposing to the electri- 
cal instability and arrhythmic sudden death are not well estab- 
li~hed.*~? 29 It has been reported that myocardial hypertrophy 
alters the ionic channels of the early repolarization phase.30, 31 

Abnormalities in the potassium channels in hypertrophied 
myocytes have been shown to contribute to the action poten- 
tial pr~longation.~' Furthermore, the deposition of fibrous tis- 
sue results in an increased anisotropy and stretching of the 
myocardial fibers and may also account for the alterations in 
ventricular repolarization found in the hypertrophic heart.32 

QT Dispersion in Systemic Hypertension 

QT dispersion has been proposed to reflect abnormal ven- 
tricular repolarization? High QT dispersion values have been 
reported in patients with systemic hypertension and particular- 
ly in those with echocardiographic evidence of LVH.1c20Fur- 
thermore, QT dispersion has been reported to decrease after 
the appropriate treatment of high blood pressure. How- 
ever, the relationship observed between QT dispersion and 
LVH was fairly weak in some studies,I6- l 7  and QT dispersion 
has not been shown to have any prognostic value in the assess- 
ment of risk of ventricular arrhythmias in hypertensive pa- 
tients. l8 These conflicting results in combination with the poor 
reproducibility of QT dispersion measurements may limit its 
use as an estimate of repolarization inhomogeneity. 

In this study, QT dispersion was significantly although only 
marginally increased merely in the patients with ECG docu- 
mented LVH (Table I). No s imcan t  differences were noticed 

between patients without LVH and controls. QT maximum 
and QT minimum did not differ among the three groups. QT 
dispersion was not significantly associated with age, gender, or 
heart rate, which is discordant with some other studies.19, 33+ 34 

QT maximum and QT minimum were significantly associated 
with gender and heart rate, as previously reported.33, 34 

T Loop Abnormalities in Hypertension 

The QT interval duration is not the only important aspect of 
ventricular repolarization. The shape of the T wave and the 
presence of notches and/or other morphologic aberrations are 
believed to be major markers of abnormal rep~larization.~~ 
Principal component analysis has been used in previous stud- 
ies to quantify the complexity of the T wave;l3? l4 however, 
subtle changes in the shape of a monophasic T wave are not 
detectable by this method. Furthermore, principal component 
analysis requires an adequate mean T-wave amplitude (> 100 
pV).I3 Hence, low-amplitude T waves may not only lead to an 
incorrect definition of the T-wave end, but also influence the 
correct quantification of the T-wave complexity by principal 
component analysis. 

The T loop features have gained interest lately and QT dis- 
persion has been reported to be an attribute of T-loop morphol- 
ogy. l5 Previous studies have reported a widened QRS-T angle 
in patients with eccentric LVH.36 

In this study, the T-loop characteristics and particularly the 
amplitude of the maximum vector were found to be signifi- 
cantly different between hypertensive patients and healthy 
controls. T amplitude was found to be signtficantly lower in 
patients with LVH than in hypertensive patients without LVH 
and controls. The high T-amplitude values found in normal 
subjects are in agreement with those previously reported.37. 38 

T amplitude showed a better discriminative ability than do 
conventional ECG markers of ventricular repolarization, al- 
though we observed only moderate sensitivity and specificity 
values. Hence, T amplitude assessment may serve as an early 
auxiliary marker of repolarization heterogeneity in hyperten- 
sion. Future studies should clanfy the ability of T loop mor- 
phology analysis to offer amore precise and reproducible mea- 
sure of ventricular repolarization. 
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FIG. 2 Twelve-lead electrocardiogram, reconstructed X, Y, and Z leads, and T loop projections in the ( X Y ) ,  (XZ), and (YZ) planes from (A) a 
hypertensive patient with left ventricular hypertrophy, (B) a patient without left ventricular hypertrophy, and (C) a healthy subject. 

Limitations 

The relationships between T-loop morphology and the 
pathophysiology of specific repolarization abnormalities are 
not established. However, this study may suggest that T loop 
parameters have a discriminative value and are able to quanti- 
fy  ventricular repolarization. Moreover, they can be measured 
easily and are not affected by observation biases. 

Only ECG documentation of LVH was obtained in this 
study population. Additional studies using echocardiograph- 

ically determined LVH may prove to be more informative. 
Finally, neither coronary angiography nor other imaging 
techniques were applied to our study patients to rule out the 
presence of significant but not clinically apparent coronary 
artery disease. 

References 

1. Abildskov JA, Burgess MJ, Lux RL, Wyatt RF: Experimental evi- 
dence for regional cardiac influence in body surface isopotential 
maps of dogs. Circ Res 1976;38:38&39 1 



606 Clin. Cardiol. Vol. 23, August 2000 

2. Han J, Moe G K  Nonuniform recovery of excitability in ventricular 
muscle. Circ Res 1964;4:44-60 

3. Kuo CS, Munakata K, Reddy CP, Surawicz B: Characteristics and 
possible mechanisms of ventricular arrhythmia dependent on the 
dispersion of action potential durations. Circulation 1983;67: 
1356-1367 

4. Bonatti V, Rolli A, Botti G: Recording of monophasic action poten- 
tials of the right ventricle in long QT syndromes complicated by se- 
vere ventriculararrhythmias. EurHeartJ 1983;4: 168-179 

5. Rautaharju PM: QT and dispersion of ventricular repolarization: 
The greatest fallacy in electrocardiography in the 1990s. Circula- 
tion 1999;99( 18):2476-2479 

6. Day CP, McComb JM, Campbell RWF: QT dispersion: An indica- 
tion of arrhythmic risk in patients with long QT intervals. Br Heart 
J 199063:342-344 

7. Kautzner J, Malik M: QT interval dispersion and its clinical utility. 

8. Statters DJ, Malik M, Ward DE, Camm AJ: QT dispersion: Prob- 
lems of methodology and clinical significance. J Cardiovasc Elec- 
tmphysiol1994;5:672-685 

9. Hnatkova K, Malik M, Kautzner J, Gang Y, Camm AJ: Adjustment 
of QT dispersion assessed from 12-lead electrocardiograms for dif- 
ferent numbers of analyzed electrocardiographic leads: Compari- 
son of stability of different methods. Br Heart J 1994;72:39&396 

10. Kautzner J, Gang Y, Camm AJ, Malik M: Short- and long-term re- 
producibility of QT, QTc and QT dispersion measurement in 
healthy subjects. PACE 1994:17(Pt. I):928-937 

11. Glancy JM, Garratt CJ, Wooks KL, de Bono DP: QT dispersion 
and mortality after myocardial infarction. Lancer 1995;345: 

12. Savelieva I, Yap YG, Gang Y, Guo X, Camm AJ, Malik M: Com- 
parative reproducibility of QT, QT peak, and T peak-T end intervals 
and dispersion in normal subjects, patients with myocardial infarc- 
tion, and patients with hypertrophic cardiomyopathy. PACE 1998; 
2 l(Pt.II):2376-238 1 

13. Priori SG, Mortara DW, Napolitano C,  Diehl L, Paganini V, Cantu 
F, Schwartz PJ: Evaluation of the spatial aspects of T-wave com- 
plexity in the long-QT syndrome. Circulation 1997;963OO630l2 

14. Gang Y, Prasad K, Elliott P, Sharma S, Guo X, McKenna WJ, 
Malik M: T wave complexity in patients with hypertrophic cardio- 
myopathy. PACE 1998;21(Pt.II):2382-2386 

15. Kors JA, Van Herpen G, Van Bemmel JH: QT dispersion as an at- 
tribute of T-loop morphology. Circulation 1999;99: 1458-1463 

16. Perkiomaki JS, Ikiiheimo MJ, Pikkuj2msa SM, Rantala A, Lilja M, 
Kesaniemi A, Huihri HV Dispersion of the QT interval and auto- 
nomic modulation of heart rate in hypertensive men with and with- 
out left ventricular hypertrophy. H.ypertension 1996;28: 16-2 1 

17. Clarkson PBM, Naas AAO, McMahon A, MacLeod C ,  Struthers 
AD, MacDonald TM: QTdispersion in essential hypertension. Q J 
Med 1995;88:327-332 

18. Davey PP, Bateman J, Mulligan IF', Forfar C, Barlow C, Hart G: QT 
interval dispersion in chronic heart failure and left ventricular hy- 
pertrophy: Relation to autonomic nervous system and Holter tape 
abnormalities. Br Heart J 1994;71:268-273 

19. Mayet J, Shahi M, McGrath K, Poulter NR, Sever PS, Foale RA, 
Thom SAMcG: Left ventricular hypertrophy and QT dispersion in 
hypertension. Hypertension 1996;28:79 1-796 

20. Tomiyama H, Doba N, Fu Y, Kushiro T, Hisaki R, Shinozaki Y, 
Kanmatsuse K, Kajiwara N, Yoshida H, Hinohara S: Left ventricu- 
lar geometric patterns and QT dispersion in borderline and mild hy- 
pertension: Their evolution and regression. Am J Hypertens 1998; 
1 I(3Pt. 1):286292 

PACE 1 997 ;20(Pt.II): 2625-2640 

945-948 

21. Lim PO, Nys M, Naas AAO, Struthers AD, Osbakken M, 
MacDonald TM: Irbesartan reduces QT dispersion in hypertensive 
individuals. Hypertension 1999;33:713-718 

22. Van Bemmel JH, Kors JA, Van Herpen G: Methodology of the 
modular ECG analysis system MEANS. Methods Znf Med 1990; 
29: 34635 3 

23. Willems JL, Arnaud P, Van Bemmel JH, Bourdillon PJ, Degani R, 
Denis B, Graham I, Harms FMA, Macfarlane PW, Mazzocca G, 
Meyer J, Zywietz C: A reference data base for multilead electrocar- 
diographic computer measurement programs. J Am Coll Cardiol 

24. Fisch C: Electrocardiography. In Heart Disease: A Textbook of 
Cardiovascular Medicine (Ed Braunwald EG), p. 116117. 
Philadelphia: W.B. Saunders, 1997 

25. Edenbrandt L, Pahlm 0: Vectorcardiogram synthesized from a 12- 
lead ECG: Superiority of the inverse Dower matrix. J Electro- 

26. Kors JA, Van Herpen G, Sittig AC, Van Bemmel JH: Reconstruc- 
tion of the Frank vectorcardiogram from standard electrocardio- 
graphic leads: Diagnostic comparison of different methods. Eur 
Heart J 1990; 1 1 : 1083-1092 

27. Hnatkova K, Poloniecki JD, Camm AJ, Malik M: Computation of 
multifactorial receiver operator and prediction accuracy character- 
istics. Comput Meth Prog Biorned 1994;42: 147-152 

28. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP: Prog- 
nostic implications of echocardiographically determined left ven- 
tricular mass in the Framingham Heart Study. N Engl JMed 1990; 

29. Koren MJ, Devereux RB, Casale PN, Savage DD, Laragh JH: 
Relation of left ventricular mass and geometry to morbidity and 
mortality in uncomplicated essential hypertension. Ann Intern hied 

30. Kleiman RB, Houser SR: Calcium currents in normal and hyper- 
trophied isolated feline ventricular myocytes. Am J Physioll988; 
255:H 1434-Hl442 

3 1. Kleiman RB, Houser SR: Outward currents in normal and hyper- 
trophied feline ventricular myocytes. Am J Physiol 1989;256: 
H 1450-H 1461 

32. Brilla CG, Pick R, Tan LB, Janicki JS, Weber KT Remodeling of 
the rat right and left ventricle in essential hypertension. Circ Res 

33. Larsen JA, Kadish AH: Effects of gender on cardiac arrhythmias. 
J Cardiovasc Electrophysiol1998;9:655464 

34. Stramba-Badiale M, Locati E, Martinelli A, Courville J, Schwartz 
PJ: Gender and the relationship between ventricular repolarization 
and cardiac cycle length during 24-hour Holter monitor recordings. 
Eur Heart J 1997; 18: 1WIOO6 

35. Malfatto G, Beria G, Sala S, Bonazzi 0, Schwartz PJ: Quantitative 
analysis of T wave abnormalities and their prognostic implications 
in the idiopathic long QT syndrome. J A m  Coll Cardiol 1994;23: 
296301 

36. Ishizawa K, Ishizawa K, Motomura M, Konishi T, Wakabayashi A, 
Ishikawa K, Nohara Y, Kawai C, Koie H: High reliability rates of 
spatial pattern analysis by vectorcardiogram in assessing the sever- 
ity of eccentric left ventricular hypertrophy. Am Heart J 1976;91 
(1):50-57 

37. Draper HW, Peffer CJ, Stallmann FW, Littmann D, Pipberger HV 
The corrected orthogonal electrocardiogram in 510 normal men 
(frank lead system). Circulation 19@,30:853-864 

38. Silverberg SM: A quantitative study of the Frank vectorcardio- 
gram: A comparison of younger and older normal populations. Am 
J Cardiol 1966: 18:67248 1 

1987; 10: I3 13-1321 

cardid 1988;2 1 :36 1-367 

322: 1561-1566 

I991 ;I 14:345-352 

1990;67: 1355-1364 


