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QT dispersion in medicine: electrophysiological Holy Grail
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Introduction
If subjects at high risk of sudden cardiac death were today, and the ‘QT interval’ has been known

since 1887 to represent ventricular electrical activit-easily identifiable, then targeted therapy might be
able to reduce cardiac deaths. Unfortunately, we do ies.2 One hundred years later, a group from

Newcastle3 proposed that the interlead QT intervalnot yet possess an applicable screening method
for this purpose. Techniques exist for this such as differences within a 12-lead ECG might reflect

regional differences in myocardial refractoriness, andsignal-averaged electrocardiography (ECG), T-wave
alternans and heart rate variability, but they have that this might predict cardiac dysrhythmias. Animal4

and human5 studies supported this observation. Usingvariable success and tend to require specialized
equipment, making them difficult in routine practice. epicardial monophasic action potentials in isolated

rabbit hearts, Zabel et al.6 correlated this QT intervalAnother possibility is QT interval analysis, which
stems from the fact that individuals with long QT variation with the degree of homogeneity in ventricu-

lar repolarization. This correlation would suggestsyndromes are known to be at high risk of sudden
cardiac death. Taking this principle one step further, that QT dispersion is at best a surrogate marker,

rather than an accurate measure of ventricular repo-it is possible that the variation of QT intervals within
an ECG in more routine patients may also contain larization. In reality, the repolarization process is

nondipolar, and hence there is only one end-of-prognostic information. ‘QT interval dispersion’ is at
present undergoing vigorous assessment for this pur- repolarization (where?) and the onset of repolariza-

tion is nearer to the T-wave peak within apose. Several years ago, Campbell et al.1 enthusiastic-
ally called it the ‘electrophysiological Holy Grail’. surface ECG (see below).7
The number of studies indexed in the Medline on QT
dispersion has risen 34-fold since its description
in 1990. There is therefore a need to synthesize this Methodological issues
information and discuss whether this technique could
be adopted in clinical practice. QT dispersion measurement

QT dispersion is simply defined as the difference
between the longest (QTmax) and the shortest
(QTmin) QT intervals within a 12-lead ECG. As farDevelopment and physiological basis
as possible, each of the twelve QT intervals shouldof QT dispersion
be individually measured to determine the values of
these two extreme indices. Since the QT interval onA Dutch physician, Willem Einthoven (1860–1927)

introduced the ECG ‘PQRST’ designations we use its own may vary according to the heart rate, it may
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be corrected using Bazett’s formula to give rise to interval lengthens with slower paper speeds, as well
QTc intervals, and the difference between QTcmax as the ECG gain and hence the T-wave amplitude.16

and QTcmin is the QTc dispersion. It is uncertain how to strike a fine balance, but most
In measuring a QT interval, the beginning of the studies used a paper speed of 25 mm/s, at a speed

Q-wave is easily identifiable, as is the end of the T- the standard 12-lead ECG is recorded in clinical
wave under normal circumstances. Difficulties arise practice.
when the morphology of the T-wave is abnormal, or
when a U-wave is present. This has led to differing Heart rate correction
definitions of T-wave measurement, causing some

Bazett’s formula17 QTc=QT/√(RR), which wasconfusion. Thus, the end of the T-wave has been
described about eight decades ago, is most widelyvariously defined as at the intersection of an extrapol-
used for QT interval heart-rate correction. Moreated line of the downward slope to the isoelectric
recently however, the validity of this formula hasline, at the return of the T-wave to the isoelectric
come into question.18,19 Some20,21 have argued thatline, and the nadir between the T- and U-waves.
the fact that QTc following heart rate correction stillNonetheless, the latter two T-wave end-definitions
correlates with the heart rate suggest that this formulaare most commonly used in practice. The T-end
does not fully correct for the heart rate, but providedinterval, the interval between T-wave peak to its
that the heart rate is <100 beats/min, this formulaend,8 and the JT interval, or the difference
is generally acceptable. This is because there is abetween QT interval and QRS duration, have been
tendency for this formula to overcorrect at highersuggested as alternatives to the QT interval, but these
heart rates.22 An alternative linear correction formulameasurements do not overcome the controversy of
has been suggested23 for correction, especially forT-wave end definition. The QaT interval, or the
higher heart rates. More and more researchers areinterval between the Q-wave and the T-wave peak,
now abandoning the need to correct QT dispersionis obviously attractive as it precludes the need to
for heart rate.11,24,25 Perhaps heart rate correction isdefine where the T-wave should end. However, this
more relevant when individual QT intervals aremeasurement lacks the prognostic value established
compared, in particular the QTcmax, which in itselfon the QT interval dispersion.
has prognostic value.26 Despite this controversy,
several studies27 including the Rotterdam study14 (seeLead correction
below) compared five commonly applied correction

A dilemma arises when the QT intervals are not methods. All gave similar results, and this included
measurable in all 12 leads, and it is not possible to Bazett’s formula. A recently proposed QT interval
tell whether any of the omitted leads contain the correction on an individual basis based on exercise-
extreme QT values necessary for QT dispersion. To induced heart rate changes holds promise.22
overcome this problem, Day et al.9 proposed that
this bias might be correctable by dividing the Reproducibility
resulting QT dispersion by the square root of the

The major problem with the manual measurementnumber of missing leads, and that a minimum of six
of QT intervals using an electronic digitizing pad isleads should be measurable. Another suggestion was
the poor inter-observer reproducibility, making com-to assess only a set of standardized leads,10 instead
parisons between centres invalid. In one study,11 theof correcting for random lead adjustment. Some
inter-observer relative error for QT dispersion wasinvestigators11,12 suggest that some leads are more

likely to contain the extreme QT values, and if reported to be as high as 25–35%. This limitation
omitted, will significantly affect the resulting QT may be overcome with automated systems of the
dispersion. It is still unresolved whether the chest future, however. In the meantime, research is mainly
leads reflect electrical differences more closely than done with all measurements made by a single
the limb leads.13 The current consensus is to use observer, as intra-observer reproducibility is generally
only ECGs with at least eight measurable leads, good. The issue of reproducibility needs to be fully
bearing in mind that only two limb leads are addressed before QT dispersion is ever likely to enter
necessary to mathematically derive the other four clinical practice.20

limb leads.14 Missing lead correction has not gained
wide acceptance, but further studies are required to Population studies of QT dispersion
settle this issue.

What constitutes a normal level of QT dispersion is
still being debated. The average normal value of QTPaper speed dispersion in normal subjects was ∏40 ms in 13
studies and �40 ms in eight studies.28 PerhapsQT interval measurements are more reproducible

with faster paper speed recordings.15 Conversely, QT the QT dispersion in normal subjects should be
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∏50 ms.20 In the large Rotterdam study14 (n=5812), myocardial ischaemia is induced using atrial
pacing, QT dispersion increases only in subjects withapparently healthy older subjects aged �55 years

followed up over a mean period of 4 years with significant coronary heart disease, and not in normal
controls.43,44 Our group have extended this observa-QTc dispersion >60 ms (vs.<39 ms) had a two-

fold increase in sudden cardiac death. The prognostic tion, and reported that a QT dispersion rise of
<16 ms during exercise has a 95% negative predict-value of QTc dispersion in this study was similar to

that of ECG left ventricular hypertrophy (LVH) in ive value in excluding significant coronary artery
disease.45 In women, where routine exercise ECG ispredicting cardiac death. Another study from

Denmark (n=3455) involving subjects aged 30–60 associated with a high rate of false positives, adding
an extra criterion of having a QT dispersion duringyears followed up over 13 years, reported that QT

dispersion �80 ms when compared with <30 ms exercise>60 ms to ST-segment depression increases
the specificity for coronary heart disease to 100%.46(or QTc dispersion �90 ms vs. <40 ms) independ-

ently predicted a four-fold rise in cardiac death.29 A Interestingly, beta-blockade blunts exercise-
related QT dispersion increase in subjects withfurther population-based study involving over 3000

adults and children suggested that QT dispersion ischaemic heart disease.3,47 Thus, exercise QT disper-
sion may be a valid additional diagnostic criterion∏50 ms indicated normality; age or gender having

no impact on this definition.13 only if drugs are withdrawn, and should be inter-
preted with caution when concurrent drug adminis-
tration occurs. This is an area of great interest with
obvious important clinical implications; how best toClinical applications of QT dispersion
measure QT dispersion, and how anti-anginal drugs

Hypertension affect this index during exercise.

One quarter of the adult population has hypertension,
and sudden cardiac death is prevalent in this popula-
tion.30 The presence of LVH suggests poor prognosis, Myocardial infarction
and is predictive of this adverse outcome.31,32

Myocardial infarction is a difficult area in which toInterestingly, QT dispersion relates to the resting
measure QT dispersion, because the ECG is abnormalsystolic, but not the diastolic blood pressure, and is
and changing rapidly. It is unclear when best toincreased in LVH.33,34 Galinier et al.35 reported a
measure QT dispersion following acute myocardialfollow-up study of 214 apparently healthy hypertens-
infarction (AMI). The labile nature of QT dispersionives where 1 in 20 died suddenly over a 2-year
during AMI has been well documented.48 At leastperiod. Patients with QT dispersion >80 ms were
one study49 reported that QT dispersion measuredfive times more likely to suffer this fate. Attempts
2–3 days following an AMI was of no long-termhave thus been made to assess the effects of anti-
prognostic value. Delaying this measurement to 4hypertensive agents on QT dispersion.36–38 ACE
weeks later, however, does help although it is stillinhibitors37 on their own, or in combination with
not very useful.50,51 Some studies8,13,15,51–53 reportcalcium channel blockers,38,39 and the new angio-
that an increased QT dispersion post-AMI predictedtensin II receptor blocker, irbesartan,40 have all been
ventricular fibrillation, although the subject numbersshown to reduce QT dispersion. The last study was
in these studies were generally small.the only randomized controlled trial to date, and

However, it is possible that changes in QT disper-also the first to demonstrate a relationship between
sion over time within an individual give usefulthe change in systolic blood pressure with treatment
information. During AMI, a fall in QT dispersionand the reduction in QT dispersion. This finding may
occurs following successful thrombolysis,54–56 with anot be surprising, as we have further demonstrated
parallel reduction in arrhythmic risk, although thesethat experimental blood pressure elevation with
findings are not universal.57–59 Successful revascu-phenylephrine infusion in normal human volunteers
larization, as evidenced by positron emission tomo-increases QT dispersion independently of heart rate
graphy indicating myocardial viability, relates to achanges.41 It has not been established whether the
reduction in QT dispersion.60 Similar findings havereduction in QT dispersion with treatment relates
been reported with successful coronary angiopla-to LVH regression38,39 and whether this is paralleled
sty.61,62 Interestingly, QT dispersion increases inby an improved outcome.
response to restenosis following coronary angiopla-
sty,62 with a subsequent reduction of this indexIschaemic heart disease
following repeat intervention. QT dispersion may
thus be a useful index to assess procedural success.QT dispersion predicts ischaemia-related cardiac

dysrhythmias in patients with ischaemic heart dis- Also, QT dispersion may help to identify patients
with chest pain who are at risk of AMI.63ease.42 Under controlled circumstances where
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dispersion have been reported in patients with sys-Heart failure
temic sclerosis,87 rheumatoid arthritis,88 and Behçet’s

Seventy-five percent of patients with congestive heart disease.89
failure (CHF) eventually suffer sudden cardiac Athletes with symptomatic ventricular tachycardia
death.64 The precipitating event in most cases is have increased QT dispersion.90 Hence, this simple
likely to be cardiac dysrhythmia, and this relates to technique may be useful as a test in sports to identify
left ventricular function.65 Thus, QT dispersion, being individuals at-risk of sudden cardiac death, including
an index of cardiac dysrhythmia, may be useful as those with undiagnosed hypertrophic obstructive car-
a prognostic guide. Although we reported a link diomyopathy.91–94 This method of screening however
between QT dispersion and sudden death in CHF66 has not been tested systematically. More recently,
and others confirmed this finding,67,68 not all studies increased QT dispersion has been demonstrated in
agree.50,69–71 It is worth commenting that these vari- patients with Duchenne muscular dystrophy95 and
able results in CHF may be because CHF patients chronic obstructive pulmonary disease.96
have very abnormal ECGs, and this worsens the
methodological problems in measuring QT dis-
persion. Limitations

However, as with MI patients described above,
QT dispersion can only be measured in good-changes in QT dispersion within an individual may
quality ECG recordings, and this also excludesgive more meaningful information. It is at least
patients with bundle branch block, atrial flutter/intriguing that the three treatments which improve
fibrillation, and patients with pacemakers in situ whomortality in CHF (ACE inhibitors, beta blockers and
are probably at risk of cardiac death. Also, to date,spironolactone) all improve QT dispersion within
most reported studies are observational and retro-individuals.72,73

spective in nature. There have not been any prospect-
ive interventional studies to assess whetherDiabetes
increased QT dispersion is a modifiable risk factor

Diabetes is a very potent risk factor for cardiovascular with the potential to alter outcome, as has been
disease.74,75 This risk is multiplied in the presence of demonstrated with blood pressure and cholesterol
other factors such as microalbuminuria,76 hyperten- lowering.
sion,77 smoking,78 and hyperlipidaemia.79 For these
reasons, the diabetic population also has a high
incidence of sudden deaths, and QT dispersion does Conclusions
predict this outcome.26,80,81 This is true for both types

Over the past 10 years, QT dispersion as a measureof diabetes, insulin-dependent or not.82,83 The study
of cardiac electrical heterogeneity has been shownwe have reported26 ascribed a very high predictive
to be of prognostic value in many common medicalvalue of increased QT dispersion >78 ms in pre-
conditions. However, there are genuine methodologi-dicting cardiac death with 100% sensitivity and 90%
cal difficulties in measuring QT intervals in ECGsspecificity (odds ratio 9.0) in 182 patients with non-
which are frankly abnormal. For this reason, QTinsulin-dependent diabetes followed up for a mean
dispersion is of less value to cardiologists, whoseperiod of 10.3 years. In comparison, microalbuminu-
patients nearly always have very abnormal ECGs. QTria had an odds ratio of 1.8 in predicting cardiac
dispersion is of much more value in patients withdeath in the same study. Others have confirmed our
less overt cardiac disease and more normal ECGs,findings.80 QT dispersion may have performed par-
for example in patients with diabetes, peripheralticularly well in diabetics because their ECGs tend
vascular disease, transient ischaemic attacks, hyper-to be much more normal than CHF or MI patients.
tension, etc. Such patients are more likely to be seen
by physicians than cardiologists.Other common diseases

Few tests are ever useful in every clinical situation,
and it would be our prediction that QT dispersionQT dispersion�60 ms (92% sensitivity, 81% specifi-

city) predicts cardiac death in patients with peripheral will establish itself in populations of patients with
normal or mildly abnormal ECGs but not in patientsvascular disease in the absence of overt ischaemic

heart disease. Patients on the cardiac transplant with very abnormal ECGs to start with. Another use
for QT dispersion could be to shed light on thewaiting list with a raised QT dispersion (>120 ms)

have a 4.5-fold increase in mortality prior to trans- mechanisms of cardiac death, i.e. if we can establish
what spectrum of cardiac abnormalities are over-plantation.84 Patients with mitral valve prolapse have

increased QT dispersion, and this may explain why represented in patients with raised QT dispersion,
then we will also be establishing which cardiacventricular dysrhythmias are prevalent in this group

of subjects.85,86 In addition, increases in QT and QTc abnormalities are most associated with a later cardiac
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mortality in the elderly: the Rotterdam Study. Circulationdeath. Once we know this, we will be able to see
1998; 97:467–72.how reversible (or not) these abnormalities are likely

15. van de Loo A, Arendts W, Hohnloser SH. Variability of QTto be.
dispersion measurements in the surface electrocardiogram
in patients with acute myocardial infarction and in normal
subjects. Am J Cardiol 1994; 74:1113–18.

Acknowledgements 16. Murray A, McLaughlin NB, Bourke JP, Doig JC, Furniss SS,
Campbell RW. Errors in manual measurement of QT

Philip Sahu and Bushra Rana are supported by a intervals. Br Heart J 1994; 71:386–90.
grant from the Scottish Office and Home Health

17. Bazett HC. An analysis of the time relations of the
Department. We would like to acknowledge the electrocardiograms. Heart 1920; 7:353–70.
major role of the late Professor R.W.F. Campbell in

18. Sarma JS, Sarma RJ, Bilitch M, Katz D, Song SL. An
developing this whole concept. exponential formula for heart rate dependence of QT

interval during exercise and cardiac pacing in humans:
reevaluation of Bazett’s formula. Am J Cardiol 1984;
54:103–8.References

19. Macfarlane PW, Lawrie TDV. Comprehensive
1. Campbell RWF. QT dispersion may reflect vulnerability to electrocardiology: theory and practice in health and disease.

ventricular fibrillation. Br Med J 1996; 312:878–9. New York, Pergamon Press, 1989.
2. Waller AD. A demonstration on man of electromotive 20. Statters DJ, Malik M, Ward DE, Camm AJ. QT dispersion:

changes accompanying the heart’s beat. J Physics 1887; problems of methodology and clinical significance. J
8:229. Cardiovasc Electrophysiol 1994; 5:672–85.

3. Day CP, McComb JM, Campbell RW. QT dispersion: an 21. Macfarlane PW, Lawrie TDV. The normal electrocardiogram
indication of arrhythmia risk in patients with long QT and vectrocardiogram. In: Macfarlane PW, Lawrie TDV,
intervals. Br Heart J 1990; 63:342–4. eds. Comprehensive Electrocardiology. Oxford, Pergamon,

1989:407–57.4. Kuo CS, Munakata K, Reddy CP, Surawicz B. Characteristics
and possible mechanism of ventricular arrhythmia 22. Davey P. A new physiological method for heart rate
dependent on the dispersion of action potential durations. correction of the QT interval. Heart 1999; 82:183–6.
Circulation 1983; 67:1356–67.

23. Hodges M, Salerno D, Erlinen D, Bazett’s QT correction
5. Higham PD, Hilton DJ, Aitcheson JD. QT dispersion: A reviewed: evidence that a linear QT correction for heart rate

measure of underlying dispersion of ventricular recovery? is better. J Am Coll Cardiol 1983; 1:694[Abstr].
Eur Heart J 1993; 14:86[abstr].

24. Malik M, Camm AJ. Mystery of QTc interval dispersion. Am
6. Zabel M, Portnoy S, Franz MR. Electrocardiographic indexes J Cardiol 1997; 79:785–7.

of dispersion of ventricular repolarization: an isolated heart
25. Zabel M, Wolfgang J. Rate dependence of the QT intervalvalidation study. J Am Coll Cardiol 1995; 25:746–52.

and of QT dispersion: comparison of atrial pacing and7. Rautaharju PM. QT and dispersion of ventricular
exercise testing. Circulation 1997; 96(Suppl I):I-325[Abstr].repolarization: the greatest fallacy in electrocardiography in

26. Naas AA, Davidson NC, Thompson C, et al. QT and QTcthe 1990s. Circulation 1999; 99:2477–8.
dispersion are accurate predictors of cardiac death in newly8. Perkiomaki JS, Koistinen MJ, Yli-Mayry S, Huikuri HV.
diagnosed non-insulin dependent diabetes: cohort study. BrDispersion of QT interval in patients with and without
Med J 1998; 316:745–6.susceptibility to ventricular tachyarrhythmias after previous

27. Lepeschkin E. Modern electrocardiography. Baltimore,myocardial infarction. J Am Coll Cardiol 1995; 26:174–9.
Williams and Wilkins, 1951.9. Day CP, McComb JM, Matthews J, Campbell RW.

Reduction in QT dispersion by sotalol following myocardial 28. Surawicz B. Will QT dispersion play a role in clinical
infarction. Eur Heart J 1991; 12:423–7. decision-making? [editorial; comment]. J Cardiovasc

Electrophysiol 1996; 7:777–84.10. Hnatkova K, Malik M, Kautzner J, Gang Y, Camm AJ.
Adjustment of QT dispersion assessed from 12 lead 29. Elming H, Holm E, Jun L, et al. The prognostic value of
electrocardiograms for different numbers of analysed the QT interval and QT interval dispersion in all-cause and
electrocardiographic leads: comparison of stability of cardiac mortality and morbidity in a population of Danish
different methods. Br Heart J 1994; 72:390–6. citizens. Eur Heart J 1998; 19:1391–400.

11. Kautzner J, Yi G, Camm AJ, Malik M. Short- and long-term 30. Hypertension prevalence and the status of awareness,
reproducibility of QT, QTc, and QT dispersion treatment and control in the United States. Final report of
measurement in healthy subjects. Pacing Clin Electrophysiol the Sub-committee on Definition and Prevalence of
1994; 17:928–37. the 1984 Joint National Committee. Hypertension 1985;

7:457–68.12. Li Z, Vincent GM. Sympathetic modulation affects
repolarisation disparity in long QT syndrome and normals: 31. Kannel WB, Gordon T, Castelli WP, Margolis JR.
QTp/Qte changes during exercise and beta-blockade. J Am Electrocardiographic left ventricular hypertrophy and risk of
Coll Cardiol 1994; (Feb Special Issue) 37A:000–000. coronary heart disease. The Framingham study. Ann Intern

Med 1970; 72:813–22.13. Macfarlane PW, McLaughlin SC, Rodger JC. Influence of
lead selection and population on automated measurement 32. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP.
of QT dispersion. Circulation 1998; 98:2160–7. Prognostic implications of echocardiographically

determined left ventricular mass in the Framingham Heart14. de Bruyne MC, Hoes AW, Kors JA, Hofman A, van
Bemmel JH, Grobbee DE. QTc dispersion predicts cardiac Study. N Engl J Med 1990; 322:1561–6.



P. Sahu et al.430

33. Ichkhan K, Molnar J, Somberg J. Relation of left ventricular patients with sustained ventricular arrhythmias? Br Heart J
1994; 71:511–14.mass and QT dispersion in patients with systematic

hypertension. Am J Cardiol 1997; 79:508–11. 52. Zaputovic L, Mavric Z, Zaninovic-Jurjevic T, Matana A,
34. Clarkson PB, Naas AA, McMahon A, MacLeod C, Struthers Bradic N. Relationship between QT dispersion and the

AD, MacDonald TM. QT dispersion in essential incidence of early ventricular arrhythmias in patients with
hypertension. Q J Med 1995; 88:327–32. acute myocardial infarction. Int J Cardiol 1997; 62:211–16.

35. Galinier M, Balanescu S, Fourcade J, et al. Prognostic value 53. Higham PD, Furniss SS, Campbell RW. QT dispersion and
of ventricular arrhythmias in systemic hypertension. J components of the QT interval in ischaemia and infarction.
Hypertens 1997; 15:1779–83. Br Heart J 1995; 73:32–6.

36. Tomiyama H, Doba N, Fu Y, et al. Left ventricular geometric 54. Moreno FL, Villanueva T, Karagounis LA, Anderson JL.
patterns and QT dispersion in borderline and mild Reduction in QT interval dispersion by successful
hypertension: their evolution and regression. Am J thrombolytic therapy in acute myocardial infarction. TEAM-
Hypertens 1998; 11:286–92. 2 Study Investigators. Circulation 1994; 90:94–100.

37. Gonzalez-Juanatey JR, Garcia-Acuna JM, Pose A, et al. 55. Endoh Y, Kasanuki H, Ohnishi S, Shibata N, Hosoda S.
Reduction of QT and QTc dispersion during long-term Influence of early coronary reperfusion on QT interval
treatment of systemic hypertension with enalapril. Am J dispersion after acute myocardial infarction. Pacing Clin
Cardiol 1998; 81:170–4. Electrophysiol 1997; 20:1646–53.

38. Karpanou EA, Vyssoulis GP, Psichogios A, et al. Regression
56. Karagounis LA, Anderson JL, Moreno FL, Sorensen SG.

of left ventricular hypertrophy results in improvement of QT
Multivariate associates of QT dispersion in patients with

dispersion in patients with hypertension. Am Heart J 1998;
acute myocardial infarction: primacy of patency status of

136:765–8.
the infarct-related artery. TEAM-3 Investigators. Third trial of

39. Mayet J, Shahi M, McGrath K, et al. Left ventricular Thrombolysis with Eminase in Acute Myocardial Infarction.
hypertrophy and QT dispersion in hypertension. Am Heart J 1998; 135:1027–35.
Hypertension 1996; 28:791–6.

57. Leitch J, Basta M, Dobson A. QT dispersion does not predict
40. Lim PO, Nys M, Naas AA, Struthers AD, Osbakken M, early ventricular fibrillation after acute myocardial

MacDonald TM. Irbesartan reduces QT dispersion in infarction. Pacing Clin Electrophysiol 1995; 18:45–8.
hypertensive individuals. Hypertension 1999; 33:713–18.

58. Zabel M, Klingenheben T, Franz MR, Hohnloser SH.
41. Yee MK, Lim PO, Ogston SA, Struthers AD. Effect of Assessment of QT dispersion for prediction of mortality or

phenylephrine with and without atropine on QT Dispersion arrhythmic events after myocardial infarction: results of a
in healthy normotensive men. Am J Cardiol 1999; prospective, long-term follow-up study [see comments].
85:69–74. Circulation 1998; 97:2543–50.

42. Cin VG, Celik M, Ulucan S. QT dispersion ratio in patients
59. Fiol M, Marrugat J, Bergada J, Guindo J, Bayes de Luna A.

with unstable angina pectoris (a new risk factor?). Clin
QT dispersion and ventricular fibrillation in acute

Cardiol 1997; 20:533–5.
myocardial infarction. Lancet 1995; 346:1424.

43. Sporton SC, Taggart P, Sutton PM, Walker JM, Hardman SM.
60. Schneider CA, Voth E, Baer FM, Horst M, Wagner R,Acute ischaemia: a dynamic influence on QT dispersion.

Sechtem U. QT dispersion is determined by the extent ofLancet 1997; 349:306–9.
viable myocardium in patients with chronic Q-wave

44. Stierle U, Giannitsis E, Sheikhzadeh A, et al. Relation myocardial infarction. Circulation 1997; 96:3913–20.
between QT dispersion and the extent of myocardial

61. Kelly RF, Parillo JE, Hollenberg SM. Effect of coronaryischemia in patients with three-vessel coronary artery
angioplasty on QT dispersion. Am Heart J 1997; 134:399–disease. Am J Cardiol 1998; 81:564–8.
405.

45. Struthers AD, Davidson NC, Naas A, Pringle T, Pringle S.
62. Yunus A, Gillis AM, Traboulsi M, et al. Effect of coronaryQT dispersion and triple-vessel coronary disease. Lancet

angioplasty on precordial QT dispersion. Am J Cardiol1997; 349:1174–5.
1997; 79:1339–42.

46. Stoletniy LN, Pai RG. Value of QT dispersion in the
63. Shah CP, Thakur RK, Reisdorff EJ, Lane E, Aufderheide TP,interpretation of exercise stress test in women. Circulation

Hayes OW. QT dispersion may be a useful adjunct for1997; 96:904–10.
detection of myocardial infarction in the chest pain center.47. Roukema G, Singh JP, Meijs M, Carvalho C, Hart G. Effect
Am Heart J 1998; 136:496–8.of exercise-induced ischemia on QT interval dispersion [see

comments]. Am Heart J 1998; 135:88–92. 64. Gradman A, Deedwania P, Cody R, et al. Predictors of total
mortality and sudden death in mild to moderate heart48. Gabrielli F, Balzotti L, Bandiera A. QT dispersion variability
failure. Captopril-Digoxin Study Group. J Am Coll Cardioland myocardial viability in acute myocardial infarction. Int J
1989; 14:564–70.Cardiol 1997; 61:61–7.

65. Cleland JG, Dargie HJ, Ford I. Mortality in heart failure:49. Glancy JM, Garratt CJ, Woods KL, de Bono DP. QT
clinical variables of prognostic value. Br Heart J 1987;dispersion and mortality after myocardial infarction. Lancet
58:572–82.1995; 345:945–8.

66. Barr CS, Naas A, Freeman M, Lang CC, Struthers AD. QT50. Davey PP, Bateman J, Mulligan IP, Forfar C, Barlow C,
dispersion and sudden unexpected death in chronic heartHart G. QT interval dispersion in chronic heart failure and
failure. Lancet 1994; 343:327–9.left ventricular hypertrophy: relation to autonomic nervous

system and Holter tape abnormalities. Br Heart J 1994; 67. Galinier M, Vialette JC, Fourcade J, et al. QT interval
71:268–73. dispersion as a predictor of arrhythmic events in congestive

heart failure. Importance of aetiology. Eur Heart J 1998;51. Pye M, Quinn AC, Cobbe SM. QT interval dispersion: a
non-invasive marker of susceptibility to arrhythmia in 19:1054–62.



QT dispersion 431

68. Pye MP, Farrell TG, Cobbe SM. QT interval dispersion in 83. Lengyel C, Varkonyi T, Boda K, Fazekas T. Increase of
the QT interval dispersion in diabetes mellitus. Orv Hetilpatients with sustained ventricular tachycardia or

fibrillation. Eur Heart J 1992; 13(Suppl):221 [abstr]. 1997; 138:337–41.

84. Pinsky DJ, Sciacca RR, Steinberg JS. QT dispersion69. Doi Y, Takada K, Mihara H, et al. QT dispersion in acute
myocardial infarction with special reference to left measured at the time of weight lifting is a powerful predictor

of who will die awaiting heart transplant. J Am Coll Cardiolventriculographic findings. Jpn Heart J 1995; 36:573–81.
1994; 25:142A.70. Mortara AL, Priori S, Cantu F. Autonomic nervous system

dysfunction but not dispersion of ventricular repolarisation 85. Vloka ME, Hutchinson LA, Ehlert FA. Abnormal QT
dispersion in patients with mitral valve prolapse. Circulationhas prognostic implication in chronic heart failure. J Am

Coll Cardiol 1997; 29:175[Abstr]. 1995; 92:I-214 [abstr].

86. Tieleman RG, Crijns HJ, Wiesfeld AC, Posma J, Hamer HP,71. Pedretti RFE, Catalano OI, Ballardini L. QT interval
dispersion is not useful for predicting arrhythmic events in Lie KI. Increased dispersion of refractoriness in the absence

of QT prolongation in patients with mitral valve prolapsemyocardial infarction survivors with left ventricular
dysfunction. Eur Heart J 1996; 30:252[abstr]. and ventricular arrhythmias [see comments]. Br Heart J

1995; 73:37–40.72. Barr CS, Naas AA, Fenwick M, Struthers AD. Enalapril
reduces QTc dispersion in mild congestive heart failure 87. Sgreccia A, Morelli S, Ferrante L, et al. QT interval and QT

dispersion in systemic sclerosis (scleroderma). J Intern Medsecondary to coronary artery disease. Am J Cardiol 1997;
79:328–33. 1998; 243:127–32.

88. Goldeli O, Dursun E, Komsuoglu B. Dispersion of73. Bonnar CE, Davie AP, Caruana L, et al. QT dispersion in
patients with chronic heart failure: beta blockers are ventricular repolarization: a new marker of ventricular

arrhythmias in patients with rheumatoid arthritis. Jassociated with a reduction in QT dispersion. Heart 1999;
81:297–302. Rheumatol 1998; 25:447–50.

89. Goldeli O, Ural D, Komsuoglu B, Agacdiken A, Dursun E,74. Panzram G. Mortality and survival in type 2 (non-insulin-
dependent) diabetes mellitus [published erratum appears in Cetinarslan B. Abnormal QT dispersion in Behcet’s disease.

Int J Cardiol 1997; 61:55–9.Diabetologia 1987 May; 30(5):364]. Diabetologia 1987;
30:123–31. 90. Jordaens L, Missault L, Pelleman G, Duprez D, De

Backer G, Clement DL. Comparison of athletes with life-75. Morrish NJ, Stevens LK, Head J, Fuller JH, Jarrett RJ, Keen H.
A prospective study of mortality among middle-aged threatening ventricular arrhythmias with two groups of

healthy athletes and a group of normal control subjects. Amdiabetic patients (the London Cohort of the WHO
Multinational Study of Vascular Disease in Diabetics) II: J Cardiol 1994; 74:1124–8.
Associated risk factors [published erratum appears in 91. Dritsas A, Sbarouni E, Oakley CM. Is QT interlead
Diabetologia 1991 Apr; 34(4):287]. Diabetologia 1990; variability an arrhythmogenic marker? Br Heart J 1992;
33:542–8. 68:116.

76. Mogensen CE. Microalbuminuria predicts clinical 92. Dritsas A, Sbarouni E, Gilligan D, Nihoyannopoulos P,
proteinuria and early mortality in maturity-onset diabetes. N Oakley CM. QT-interval abnormalities in hypertrophic
Engl J Med 1984; 310:356–60. cardiomyopathy. Clin Cardiol 1992; 15:739–42.

77. Hypertension in Diabetes Study (HDS): II. Increased risk of 93. Dritsas A, Puri S, Davis G, Oakley CM. QT dispersion is
cardiovascular complications in hypertensive type 2 increased in hypertrophic cardiomyopathy compared with
diabetic patients. J Hypertens 1993; 11:319–25. secondary ventricular hypertrophy. Eur Heart J 1992;

14:212[abstr].78. Muhlhauser I. Cigarette smoking and diabetes: an update.
Diabet Med 1994; 11:336–43. 94. Miorelli M, Buja G, Turrini P, Melacini P, Nava A.

Correlation between QT dispersion and signal-averaging79. Heyden S, Heiss G, Bartel AG, Hames CG. Sex differences
in coronary mortality among diabetics in Evans County, electrocardiogram in hypertrophic cardiomyopathy patients

with and without complex ventricular arrhythmias andGeorgia. J Chronic Dis 1980; 33:265–73.
sudden death. N Front Arrhythm 1993; IX:121–4.80. Sawicki PT, Kiwitt S, Bender R, Berger M. The value of QT

interval dispersion for identification of total mortality risk in 95. Yotsukura M, Yamamoto A, Kajiwara T, et al. QT dispersion
in patients with Duchenne-type progressive muscularnon-insulin-dependent diabetes mellitus. J Intern Med 1998;

243:49–56. dystrophy. Am Heart J 1999; 137:672–7.

96. Sarubbi B, Esposito V, Ducceschi V, et al. Effect of blood81. Dineen SS, Gerstein H. Microalbuminuria and mortality in
NIDDM: a systemic overview of the literature. Diabetes gas derangement on QTc dispersion in severe chronic

obstructive pulmonary disease: evidence of an electropathy?1995; 44(suppl 1):124A.
Int J Cardiol 1997; 58:287–92.82. Sawicki PT, Dahne R, Bender R, Berger M. Prolonged QT

interval as a predictor of mortality in diabetic nephropathy.
Diabetologia 1996; 39:77–81.


