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SUMMARY

Low heart rate variability and increased QT dispersion are risk factors for
cardiac mortality in various patient populations.

We studied dispersion of QT intervd, i.e. an index of inhomogeneity of
repolarization, and heart rate variability (HRV) i.e,, a measure of cardiac
autonomic modulation in 76 essential hypertension cases (45 women, 53.0 +
11.1 years, body mass index: 25.1+ 1.4 kg/m?) and 70 hedthy cases (42
women, 54.0 + 10.2 years, body massindex: 25.5 + 1.6 kg/m?, p > 0.05).

QT-corrected QT intervals and their dispersions were significantly higher
in the hypertensive group (p < 0.0001), al showing a direct relation with the
level of systolic and diastolic blood pressures, ventricular mass index and high
Lown grade ventricular rhythm problems. Time domain measures like standard
deviation of RR intervas, standard deviation of the means of al corrected RR
intervals calculated at 5 min intervals (p < 0.0001), proportion of adjacent RR
intervals differing by > 50 msec (p = 0.005), HRV triangular index (p = 0.007),
the square root of the mean squared differences of successive RR intervas (p =
0.011), and the high frequency (HF, 0.16-0.40 Hz, p<0.0001) part of the
frequency domain measure of HRV were al decreased, whereas the low
frequency (LF, 0.04-0.15 Hz, p = 0.013) part of the frequency domain measures
and LF/HF ratio (p<0.0001) were increased in hypertensive cases. Time
domain and the HF part of frequency domain measures of heart rate variability
showed an inverse relation with the increased levels of both systolic and
diastolic blood pressures and Lown grading system of ventricular rhythm
problems, whereas LF and LF / HF showed direct relations with high levels of
systolic and diastolic blood pressures and high Lown grade ventricular rhythm
problems. The measures of heart rate variability apart from LF and LF/HF
were inversely related with the QT intervals and dispersions, whereas LF / HF
was directly related with them.

Therefore, we conclude that the levels of both systolic and diastolic blood
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pressures are related to the generation of ventricular rhythm problems either viaincreasing
left ventricular mass which results in an increase in QT parameter measurements, or by
atering heart rate variability measures indicating a disturbance in cardiac autonomic
baance in essentia hypertension. (Jpn Heart J 2000; 41: 173-182)
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XPERIMENTAL and clinica studies have shown that cardiovascular

autonomic regulation plays an important role in cardiac mortality in various
patient populations.* Autonomic cardiac control has been shown to be atered in
hypertensive patients compared with their normotensive counterparts. Reduced
heart rate variability (HRV), which is an indicator of abnormal cardiac autonomic
control, may condition the heart to a spontaneous onset of ventricular arrhy-
thmias.” Early clinica studies have shown that untreated systemic hypertension is
associated with reduced heart rate variability 689

Multiple risk markers for an arrhythmic substrate, which can be applied to
hypertensive heart disease, have been identified in different pathological
cardiovascular conditions. These include diminished heart rate variability,'® QT
interval dispersion'? and ventricular late potentials.'®*23 A large QT dispersion
(QTd) indicates the presence of a substrate for ventricular tachyarrhythmias, most
obviously by a reentery mechanism.’® In hypertensive cases left ventricular
hypertrophy aso predisposes the subjects to the risk of ventricular arrhythmias
and sudden death.*>2Y

In the present study, we tried to evaluate the relationships among blood
pressure, QTd, HRV, left ventricular mass index (LVMI) and ventricular rhythm
problems.

METHODS

The study included 76 cases with essential hypertension [45 females, 53.0 +
11.1 years old, body mass index (BMI): 25.1+ 1.4 kg/m? and 70 hedthy
normotensive cases (42 females, 54.0 + 10.2 years old, BMI: 25,5+ 1.6 kg/m?)
without any known disease. The hypertensive subjects were randomly selected
from among patients with essential hypertension. Patients with symptoms,
medication or electrocardiographic evidence of coronary artery disease, atrial
fibrillation, bundle branch block or technically inadequate Holter recordings
because of technica artifacts were excluded. Patients with any disease affecting
the autonomic nervous system such as diabetes mdllitus, subjects with echo-
cardiographic evidence of valvular heart disease, or those taking any anti-
arrhythmic medication were also excluded.
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Tablel. Clinica and Echocardiographic Characteristics of the Study Groups

Variable Hypertensive§l n=760  Normall n =700 p
Femalél %[ 59 60 NS
Agél Years[ 53.0+11.1 54.0+10.2 NS
BMO kg/m? O 251+14 255+16 NS
Smokef] %0 20 19 NS
Systolic BR1 mmHgO 165.4+10.4 117.0+7.13 < 0.0001
Diastolic BR1 mmHgO 90.6 + 5.6 70.0+8.2 < 0.0001
Mean heart raté] beats/ min(J 87.2+6.9 769+7.7 <0.0001
LVdIl mmO 497+17 499+24 NS
VS mmQO 11.9+0.9 85+1.0 < 0.0001
LvVMO gr/m? 0 127.0+7.6 939+52 < 0.0001
FS1 %0 328+24 33.6+28 NS
LAD mmQO 409+22 31.2+20 < 0.0001

NS = Statisticaly not significant.

A mercury sphygmomanometer with an arm cuff was used for al blood
pressure measurements. After at least 5 minutes rest, blood pressure was
measured 3 times at 1 minute intervals from the right aam. The mean of 3
measurements was used in the analysis. All antihypertensive medications were
stopped 7 days before the study and all patients were placed on a sat-restricted
diet. The demographic variables are summarized in Tablel.

A 12-lead surface electrocardiogram (ECG) was performed on each subject.
The QT interval was measured at each lead of the 12 lead surface ECG for 3
consecutive cycles. The QT intervals were measured manually from the onset of
the T-P baseline. If U waves were present the QT interval was measured to the
nadir of the curve between the T and U waves. The corrected QT interval (QTc)
was calculated from the 3 cycle mean.?? QT and QTc dispersions (QTd, QTcd)
were defined as the difference between the maximum and minimum QT and QTc
intervals, respectively.

All echocardiographic measurements were performed with Genera Electric-
Sonochrome echocardiographic equipment. The M-mode measurements were
obtained as recommended by the American Society of Echocardiography.?® L eft
ventricular mass was calculated using the Devereux formula?® LVMI was
calculated by dividing the left ventricular mass by body surface area. Fractiona
shortening was calculated by dividing the difference between the left ventricular
internal diameter in diastole and systole by the diastolic diameter and multiplying
by 100.

HRV criteria were obtained from Holter ECG recordings. Each case
underwent continuous 24 hour monitoring with two channel recordings (Car-
diosis, Biomedica Systemsisty). Tempora andysis of HRV included the
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measurement of heart rate (normal to normal RR intervals, resulting from sinus
node depolarization), standard deviation of the RR intervals (SDNN-msec),
SDNN index (SDNN5, msec), standard deviation of the means of all corrected RR
intervals calculated at 5 min intervals (SDANN, msec), the square root of the
mean sguared differences of successive RR intervas different by >50 msec
(PNN50, %), and HRV triangular index (TRIA, msec).

Spectra analysis was performed by fast fourier transformation including
total power (power in the band below 0.40 Hz), the low frequency (LF) (0.04 to
0.15 Hz), and high frequency (HF) (0.16 to 0.40 Hz) components and LF/HF
ratio. Normalization of the LF and HF expressed as a ratio was abtained by
dividing the LF and HF components by total power and then multiplying the
result by 100. Ventricular and supraventricular events which had coupling
intervals of 15% and 25% shorter than the mean vaue of the last 4 normal RR
were automatically excluded from HRV analysis. The subsequent interval was
also excluded from analysis.

Ventricular rhythm problems were detected and grouped according to the

Lown grading system.?
Statistics:. The Mann-Whitney two independent sample test was used for
estimation of the differences in the data between the groups. Linear regression
analysis was used to estimate the correlation between variables. A value of p<
0.05 was considered significant.

REsuLTS

The clinical and echocardiographic data on the subjects in the two study
groups are presented in Table I. Age, gender, BMI, left ventricular end diastolic
internal diameter, and fractional shortening were similar in both groups. As
expected the hypertensive cases had higher systolic/ diastolic blood pressure
levels (p <0.0001). The hypertensive cases had thicker interventricular septum
(IVS) (p < 0.0001), higher LVMI (p < 0.0001), and larger left atrial (LA) diameter
(p < 0.0001) than the normotensive group. Mean heart rate (HRm), QT and QTc
intervals, and QTd and QTcd were significantly higher (p <0.0001), whereas
mean RR interval was shorter (p < 0.0001) in the hypertensive group (Table I1).
Prolonged QT intervals and increased QT dispersions indicate regiona differ-
ences in action potential duration in myocardium, and in some conditions it
represents a risk factor for malignant arrhythmia and is influenced by autonomic
modulation.?*?® The mean vaues of SDNN (p <0.0001), PNN50 (p = 0.005),
TRIA (p=0.007), SDANN (p<0.0001), RMSSD (p=0.011), and HF (p<
0.0001) were significantly lower, but the mean value of LF (p = 0.013) and the LF
to HF ratio (p<0.0001) were higher in the hypertensive group (Table I1I),
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Tablell. QT Intervasin the Study Groups

Variable Hypertensives (n=76) Normals (n=70) p
QTmax (sec) 0.38£0.02 0.36 £ 0.03 <0.0001
QTmin (sec) 0.33+0.02 0.33+0.04 NS
QTd (sec) 0.05+0.01 0.02+0.01 <0.0001
QTcmax (sec) 0.43+0.02 0.39+0.03 <0.0001
QTcmin (sec) 0.37 +0.03 0.36 + 0.03 NS
QTcd (sec) 0.06 + 0.04 0.03+0.01 < 0.0001
Tablelll. Heart Rate Variability Measures and Ventricular Rhythm Problems
Variables Hypertensives (n=76) Normals (n=70) p
Mean RR (msec) 713.2+54.7 790.7+87.5 <0.0001
SDNN (msec) 1049+ 27.6 192.1+42.3 < 0.0001
SDANN (msec) 955+ 27.3 120.2+ 36.6 <0.0001
SDNNS5 (msec) 53.0+13.6 61.7 +29.6 NS
RMSSD (msec) 40.0+16.3 58.5+44.8 0.011
PNNS50 (%) 80+51 141+ 147 0.005
TRIA (msec) 464.0 £ 132.7 551.7+132.7 0.007
LF (nu) 68.0+4.1 66.0+4.1 0.013
HF (nu) 15.9+2.0 222+46 < 0.0001
LF/HF 35+0.6 25+19 < 0.0001
Lown grade 15+15 01+0.3 0.0001

indicating a disturbance in autonomic function. Because HRV is ameasure of the
cyclic variations of beat to beat RR intervals, thisindex reflects cardiac autonomic
function.?

In hypertensive subjects higher Lown grade ventricular rhythm problems
were observed (p=0.001) (Table II1). QT interva (r=0.21, p=0.02), QTc
interval (r =0.16, p=0.03), QTd (r =0.21, p=0.006), QTcd (r =0.20, p=0.01),
LF/HF (r=0.18, p<=0.01), HRm (r =0.17, p=0.02), LVMI (r =0.76, p<
0.0001), and LA (r =0.80, p <0.0001) were directly related with diastolic blood
pressure (BP). They were dl directly related with systolic blood pressure: QT (r
=0.17, p=0.02), QTc (r =0.20, p=0.01), QTd (r =0.31, p=0.0001), QTcd (r
=0.28, p=0.0004), LF/HF (r=0.17, p=0.02), HRm (r =0.21, p=0.006),
LVMI (r =0.76, p<0.0001), LA (r =0.76, p<0.0001). Mean RR interval (r =
—0.16, p=0.04), RMSSD (r =—0.19, p=0.01), SDANN (r =—0.18, p=0.04),
SDNN (r =-0.20, p=0.01), TRIA (r = —0.24, p=0.004), PNN50 (r =—0.16, p
=0.03), and HF (r =—0.30, p=0.001) were inversely related with diastolic
pressure and they all had an inverse relation with systolic BP: mean RR interva
(r=—0.16, p=0.04), RMSSD (r=-0.19, p=0.03), SDANN (r=-0.17, p=
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0.02), SDNN (r =-0.19, p=0.02), PNN50 (r =-0.18, p=0.02), TRIA (r =—
0.22, p=0.02), HF (r =—0.28, p=0.002) (Table IV). QT (r =0.18, p=0.029,
QTc (r= 0.30, p=0.0001), QTd (r =0.30, p=0.0001), QTcd (r=0.22, p=
0.001), LF/ HF (r =0.38, p=0.001), LVMI (r =0.24, p=0.002), and HR (r =
0.28, p=0.001) showed direct reations with the ventricular rhythm problems
according to the Lown grading system, but RR interval (r =-0.19, p=0.02),
SDANN (r =—0.23, p=0.002), SDNN (r =-0.17, p=0.03), TRIA (r =-0.19,
p=0.02), and HF (r =—0.36, p = 0.001) showed inverse relations with the Lown
grading system (Table 1V). Only the QT (r =0.33, p=0.001), QTc (r =0.50, p <
0.00001), QTd (r = 0.61, p < 0.00001), and QTcd (r = 0.45, p < 0.00001) showed

Table IV. Correlations between QT Intervals, HRV Measures and Echocardiographic Variables and Systolic
and Diastolic Blood Pressure and the Ventricular Rhythm Problems

Variable Systolic BP Diastolic BP Lown Grade
Qtmax: r 0.17 0.21 0.18
p 0.02 0.02 0.02
QTcmax: r 0.20 0.16 0.30
p 0.01 0.03 0.0001
QTd: r 0.31 0.21 0.30
p <0.0001 0.006 0.0001
QTcd: r 0.28 0.20 0.22
p 0.0004 0.01 0.001
Mean HR: r 0.21 0.17 0.28
p 0.006 0.02 0.001
LF: r 0.17
p 0.02 NS NS
LF/HF: r 0.17 0.18 0.30
p 0.02 0.01 0.001
HF: r -0.30 -0.28 -0.36
p 0.001 0.02 0.001
LVMI: r 0.76 0.76 0.24
p < 0.00001 < 0.00001 0.002
LA: r 0.76 0.80
p < 0.00001 <0.00001 NS
Mean RR: r -0.16 -0.16 -0.19
p 0.04 0.04 0.02
RMSSD: r -0.19 -0.19
p 0.03 0.01 NS
SDANN: r -0.17 -0.18 -0.23
p 0.02 0.04 0.02
SDNN: r -0.19 -0.20 -0.17
p 0.02 0.01 0.03
TRIA: r -0.22 -0.24 -0.19
p 0.02 0.01 0.02
PNN50: r -0.18 -0.16
p 0.02 0.03 NS
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TableV. Correlations between QT Intervals and the Spectral Measures of HRV and LVMI

Variable LF HF LF/HF LVMI

QT: r -0.19 0.19 0.33

p NS 0.01 0.01 0.0004
QTc: r -0.22 0.20 0.5

p NS 0.005 0.01 < 0.00001
QTd: r -0.30 0.28 0.61

p NS 0.001 0.001 < 0.00001
QTcd: r -0.31 0.29 0.45

p NS 0.001 0.002 < 0.00001
LVMI r 0.17 -0.14 0.16

p 0.07 0.08 0.08

adirect relation with the LVMI, and measures of HRV had no relation with LV MI
(Table V). There was a direct relation between QT intervals and the LF/ HF
ratio: QT (r =0.19, p=0.01), QTc (r =0.20, p=0.01), QTd (r =0.28, p=0.001),
QTcd (r = 0.29, p=0.002), but an inverse relation with the HF ; QT (r =—0.19,
p=0.01), QTc (r =-0.22, p=0.005), QTd (r =—0.30, p=0.001), QTcd (r =—
0.31, p= 0.001) (Table V). These changes indicate a shift of sympathovaga
balance toward a sympathetic predominance and reduced vagal tone. Therelation
between QT intervals and the HF component of HRV represents parasympathetic
modulation and the relation between QT intervals and the LF / HF ratio represents
sympathetic modulation predisposing them to ventricular rhythm problems.

DiscussioN

Experimental studies provide powerful evidence for the significance of the
dispersion of myocardia recovery times for the occurrence of ventricular
arrhythmias®®3® There has been limited information on the presence of
abnormalities in the autonomic regulation of heart rate in patients with systemic
hypertension.¥ The present study shows that the measures of HRV are reduced in
hypertensive patients taking no medication relative to their age matched
normotensive counterparts. Our results are in accordance with the results of
Guzzetti, et al.® and Dass® and coworkers. They aso showed the LF com-
ponent of HRV and LF/ HF to be higher and the HF component to be lower in
hypertensive cases. Chakko, et al.% reported that all of the power spectrum
components were significantly reduced in hypertensive subjects with evidence of
left ventricular hypertrophy in comparison to age matched controls. The relation
between QT intervals and the high frequency component of HRV represents
parasympathetic modulation, and the relation between QT intervals and low to
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high frequency ratio represents sympathetic modulation. The negative relation
between the QT intervals and the HF component of HRV and the positive relation
with the LF/ HF in our hypertensive cases indicated the sympathetic predomin-
ance in hypertensive patients predisposing them to ventricular rhythm problems.

QTd has been shown to be a useful noninvasive method for the detection of
inhomogeneity of ventricular recovery times.26%4D This study of hypertensive
subjects showed that QT and QTc dispersions increased in hypertensive patients,
showed a tendency to increase more with increasing LVMI, and had a direct
relation with the occurrence of high Lown grade ventricular rhythm problems.
The same was shown by Gdlinier, et al.*? In our study increased QTd and QTcd
correlated with measures of HRV suggesting that abnormal cardiac control is
related to repolarization abnormalities in hypertension. There is also increasing
evidence to suggest that impaired cardiovascular autonomic regulation may
predict mortality and adverse events in patients without documented ischemic
heart disease.>*® High blood pressure itself deteriorates cardiovascular autonomic
control and a blood pressure reduction itself could improve HRV .*46) We found a
relation between systolic and diastolic blood pressure levels and QT intervals,
HRV, LVMI , and also between LVMI and QT intervals. The relation with high
blood pressure existed for the measures of HRV, especialy for the HF power,
showing impaired sympathovagal balance, but increased QT intervals and
dispersions were related both with increased blood pressures and the presence of
left ventricular hypertrophy, showing a closer relation with the latter.

It is concluded that hypertension may alter autonomic modulation of heart
rate and also cause left ventricular hypertrophy, both predisposing to ventricular
arrhythmias. Accordingly medications which reduce blood pressure and alleviate
left ventricular hypertrophy could improve abnormal cardiac autonomic function
and repolarization inhomogeneity.

REFERENCES

1. Schwartz PJ, La Rovere J, Vanoli E. Autonomic nervous system and sudden cardiac death.
Experimenta basis and clinical observations for postmyocardial infarction risk stratification. Circulation
1992; 85: 77-91.

2. Kleiger RE, Miller JP, Bigger JT, et al. Decreased heart rate variability and its association with
increased mortality after acute myocardia infarction. Am J Cardiol 1987; 59: 256-62.

3. AlgraA, Tijssen JGP, Roelandt JRIC, et al. Heart rate variability from 24-hour electrocardiography and
the 2-year risk for sudden death. Circulation 1993; 88: 180-5.

4. Bigger JT, Fleiss JL, Rolnitzky LM, et al. Frequency domain measures of heart period variability to
assess risk of late myocardid infarction. JAm Coll Cardiol 1993; 21: 729-36.

5. Tsuji H, Venditti FJ, Manders ES, et al. Reduced heart rate variability and mortality risk in an elderly
cohort: the Framingham Heart Study. Circulation 1994; 90: 878-83.

6. Chakko S, Mulingtapang RF, Huikuri HV, et al. Alterations in heart rate variability and its circadian



Vol 41
No 2

10.

11.

12.

13.

14.

15.

16.

17.

18.

10.

20.

21

22.

23.

24,

25.
26.

27.
28.

QT INTERVALSAND HRV IN HY PERTENSION 181

rhythm in hypertensive patients with left ventricular hypertrophy free of coronary artery disease. Am
Heart J 1993; 126: 1364-72.

Vakama JO, Huikuri HV, Koistinen MJ, et al. Relation between heart rate variability and spontaneous
and induced ventricular arrhythmias in patients with coronary artery disease. J Am Coll Cardiol 1995;
25: 437-43.

Furlan R, Guzzetti S, Crivellaro W, et al. Continuous 24-hour assessment of the neural regulation of the
arterial pressure and RR variabilitiesin ambulant subjects. Circulation 1990; 81: 537-47.

Dassi S, BalsamaM, Guzzetti S, et al. Twenty-four hour power spectral analysis of heart rate variability
and of arterial pressure values in normotensive and hypertensive subjects. JHypertens 1991; 9: S72-3.
Vester EG, Emschermann C, Stobbe U, et al. Late potentials and heart rate variability in heart muscle
disease. Eur Heart J1994; 15: 25-33.

Davey PP, Bateman J, Mulligan IP, et al. QT interva dispersion in chronic heart failure and left
ventricular hypertrophy: relation to autonomic nervous system and Holter tape abnormalities. Br Heart J
1994; 71: 268-73.

Prisant LM, Wylds AC, Car AA, et al. Assessment of late potentiads in patients with essential
hypertension by signal averaged electrocardiogram with five year follow up. J Hum Hypertens 1993; 7:
497-503.

Pdatini P, Maraglino G, Accurso V, et al. Impaired left ventricular filling in hypertensive left
ventricular hypertrophy as a marker of the presence of an arrhythmogenic substrate. Br Heart J 1995;
73: 258-262

Perkiomaki J, Koistinen MJ, Yli Mayry S, et al. Dispersion of the QT interval in patients with and
without susceptibility to ventricular tachyarrhythmias after previous myocardia infarction. J Am Coll
Cardiol 1995; 26: 174-9.

Messerli FH, Ventura HO, Elizardi DJ, et al. Hypertension and sudden death: increased ventricular
activity in left ventricular hypertrophy. Am JMed 1984; 77: 18-22.

Mc Lenachan JM, Henderson E, MorrisKI, et al. Ventricular arrhythmias in patients with hypertensive
left ventricular hypertrophy. N Engl JMed 1987; 317: 787-92.

Levy D, Anderson KM, Plehn J, et al. Echocardiographically determined left ventricular structura and
functional correlates of complex or frequent ventricular arrhythmias on one-hour ambulatory monitoring.
Am J Cardiol 1987; 59: 836-40.

Levy D, Anderson KM, Savage DD, et al. Risk of ventricular arrhythmias in left ventricular
hypertrophy: The Framingham Heart Study. Am J Cardiol 1987; 60: 560-5.

Kannel WB, Doyle JT, Mc Namara PM, et al. Precursors of sudden coronary death, factors related to
the incidence of sudden death. Circulation 1975; 51: 606-13.

Kannel WB, Schatzkin A. Sudden death: lessons from subsets in population studies. JAm Coll Cardiol
1985; 5 (Suppl): 141B-9B.

Levy D, Garrison RJ, Savage DD, et al. Prognostic implications of echocardiographically determined
left ventricular massin the Framingham heart study. N Engl JMed 1990; 322: 1561-6.

Bazzet HC. An analysis of the time relations of electrocardiograms. Heart 1920; 7: 353-70.

Sahn DJ, De Maria A, Kisslo J, et al. The committee on M-mode standardisation of the American
Society of Echocardiography. Recommendations regarding quantitation in M-mode electrocardio-
graphy: results of a survey of echocardiographic measurements. Circulation 1978; 58: 1072-83.
Devereux RB, Alonso DR, Lutas EM, et al. Echocardiographic assessment of left ventricular
hypertrophy: comparison to necropsy findings. Am J Cardiol 1986; 57: 450-8.

Lown B, Wolf M. Grading system for ventricular ectopy. Circulation 1971; 44: 130-42.

Zabel M, Portnoy S, Franz MR. Electrocardiographic indexes of dispersion of ventricular
repolarization. Anisolated heart validation study. JAm Coll Cardiol 1995; 25: 746-52.

Higham PD, Campbell RWF. QT dispersion. Br Heart J 1994; 71: 508-510

Ahnve S, Vdlin H. Influence of heart rate and inhibition of autonomic tone on the QT interval.
Circulation 1982; 65: 435-9.



182

29.

30.

31
32.

33.

35.

36.

37.

38.

39.

41.

42.

46.

Jon Heart J
KAFTAN, ET AL March 2000

Akselrod S, Gordon D, Ubel FA, Shannon DC, Barger AC, Cohen RJ. Power spectrum andysis of heart
rate fluctuation: a quantitative probe of beat to beat cardiovascular control. Science 1981; 213: 220-2.
Han J, De Jdon PG, Moe GK. Adrenergic effects on ventricular vulnerability. Circ Res 1964; 14:
516-24.

Han J, Moe GK. Nonuniform recovery of excitability in ventricular muscle. Circ Res 1964; 14: 44-60.
Merx W, Yoon MS, Han J. The role of local disparity in conduction and recovery time on ventricular
vulnerability to fibrillation. Am Heart J1977; 94: 603-10.

Kuo C-S, Munakata K, Reddy CP, et al. Characteristics and possible mechanism of ventricular
arrhythmia dependent on the dispersion of action potential durations. Circulation 1983; 67: 1356-67.
Huikuri HV, Yitao A, Pikkujamsa SM, et al. Heart rate variability in systemic hypertension. Am J
Cardiol 1996; 77: 1073-7.

Guzzetti S, Piccaluga E, Casati R, et al. Sympathetic predominance in essential hypertension: a study
employing spectral analysis of heart rate variability. JHypertens 1988; 6: 711-7.

Day CP, Mc Comb JM, Campbell RWF. QT dispersion: an indication for arrhythmia risk in patients
with long QT intervals. Br Heart J1990; 63: 342-4.

Day CP, Mc Comb JM, Campbell RWF. QT dispersion in sinus beats and ventricular extrasystoles in
normal hearts. Br Heart J1992; 67: 39-41.

Dritsas A, Gilligan D, Nichoyannopoulos P, et al. Amiodarone reduces QT dispersion in patients with
hypertrophic cardiomyopathy. Int JCardiol 1992; 36: 345-9.

Cowan JC, Yusoff K, Moore M, et al. Importance of lead selection in QT interval measurement. Am J
Cardiol 1988; 61: 83-7.

Day CP, McComb JM, Matthews J, et al. Reduction in QT dispersion by sotalol following myocardial
infarction. Eur Heart J1991; 12: 423-7.

Perkiomaki JS, Ikaheimo MJ, Pikkujamsa SM, et al. Dispersion of the QT interval and autonomic
modulation of heart rate in hypertensive men with and without left ventricular hypertrophy.
Hypertension 1996; 28: 16-21.

Galinier M, Balanescu S, Fourcade J, et al. Prognostic vaue of arrhythmogenic markers in systemic
hypertension. Eur Heart J1997; 18: 1484-91.

Huikuri HV, Makikallio TH, Airaksinen KEJ, et al. Power-law relationship of heart rate variability as a
predictor of mortality in the elderly. Circulation 1998; 97: 2031-6.

Chapleau MW, Cunningham JT, Sullivan MJ, et al. Structura versus functional modulation of arterial
baroreflex. Hypertension 1995; 26: 341-7.

Bristow JP, Honour AJ, Pickering GW, et al. Diminished baroreflex sensitivity in high blood pressure.
Circulation 1969; 39: 48-54.

Ylitalo A, Airaksinen KEJ, Sellin L, et al. Effects of combination antihypertensive therapy on
baroreflex sensitivity and heart rate variability in systemic hypertension. Am JCardiol 1999; 83: 885-9.



