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QT Dynamicity: Clinical and Prognostic Implications 
Antoni Bayes de Luna 

 
Evaluation of  ventricular repolarization parameters has been for years considered as one of the 

major concern in contemporary electrocardiology. Such assessment includes both simple 

description of QT interval duration as well as evaluation of its dynamic behaviour (1-12). QT 

interval reflects entire ventricular repolarization. Prolonged or too short QT, as well as increased 

QT dispersion reflecting increased heterogeneity of myocardium intervals have been described as 

risk factors for development of malignant arrhythmia and an increased risk of sudden death (13-

15). Nevertheless, the prognostic value of static repolarization parameters remains controversial.  

It is known, that QT interval may be influenced by various factors as heart rate, sympathovagal 

balance, metabolic status or drugs  (16-20). Tendency to tachycardia preceding malignant 

arrhythmias as well as an abrupt prolongation of QT interval were reported in sudden death victims 

(21-23). Evaluation of repolarization process limited to merely QT interval duration in a standard 

surface ECG may not correspond to what happens in the period directly proceeding malignant 

arrhythmias. Therefore, evaluation of QT adaptation to changes in heart rate has gained more 

importance in sudden death risk stratification. Furthermore, as repolarization process may be 

influenced by variety of drugs leading to unfavourable proarrhythmic effects more and more 

attention is paid to QT dynamicity in the process of drugs safety evaluation (24,25). Advances in 

Holter technology in recent years allowed for continuous tracking of RR intervals and 

corresponding QT intervals and brought an increased interest in the analysis of dynamic behaviour 

of repolarization.  

 

Methods to assess repolarization dynamics 
There exist different methods to assess repolarization dynamicity. The most widely used method 

estimates QT/RR slope. QT dynamicity is then measured by the slope of the linear regression 

between QT and RR intervals. Measurement is performed separately for both QT apex (QTa) and 

QT end (QTe).  In contrast to QT adaptation this method refers rather to flexibility of QT and in 

terms of time is a matter of seconds. This parameter currently may be measured in standard 

commercial Holter equipment therefore QT and RR values may be linearly correlated over 24 

hours. Increased QT/RR values indicate excessive lengthening of QT at slow rates or excessive 

shortening at fast rates. Both of these mechanisms may significantly contribute to sudden death. 

Steeper QT/RR indicates decreased vagal tone and increased sympathetic activity reflecting the 

higher vulnerability of myocardium to arrhythmias. At the cellular level sympathetic stimulation 
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prolongs ventricular refractoriness.  Therefore, increased QT slope represents increased 

vulnerability of myocardial substrate to its modulation by autonomic nervous system (12,19,20,26). 

 

There is no consensus on so called “normal values” of QT/RR dynamicity and a significant inter- 

and intravariability have been reported (27,28). Consequently, abnormal QT/RR parameters are 

routinely expressed as those from upper quartile having on mind that steeper QT/RR slope reflects 

excessive shortening of QT with fast rate and/or excessive lengthening of QT with slow rates.  

 

Our group developed a method of describing abnormal behaviour of QT interval expressed as the 

percentage of abrupt QT interval prolongation over predetermined threshold detected on 24 h 

Holter monitoring named as QT peaks (10,11). Peaks of QTc lengthening were defined as the 

presence of intermittent QTc values longer than a determined cut-off point (500 ms). Furthermore 

we considered that clusters existed when the peaks were grouped and lasted at least 1 minute. 

Transitory QT lengthening may express a temporal imbalance of the autonomic nervous system 

that may lead to heterogeneity of the ventricular refractory periods and may predispose to the 

development of reentry phenomena. Our algorithm also allowed to detect peaks of excessive QT 

dispersion defined as the presence of QTd>100 ms. 

 

Jensen et al (26) decribed a novel QT dynamics parameter called as QT/RR variability ratio (VR) 

defined as the ratio between the standard deviation of all QT intervals and the standard deviation 

of all RR intervals.  

 

Clinical covariates of QT dynamicity 

In normal conditions, QT interval is modulated by variety of factors, like heart rate, circadian 

rhythm, autonomic nervous system or hormones.  

 

QT dynamicity is known to be influenced by variety of clinical covariates. Relationship between 

QT/RR dynamicity and age was reported in healthy subjects (29). Similarly, gender related 

differences in repolarization were reported, showing that women tend to present higher QT/RR 

slopes (29-31). This might support the theory that QT dynamicity is influenced not only by 

autonomic nervous tone but also by other factors like hormones.  

 

QT/RR slope was found to be a strong marker of existing cardiac pathology. Abnormal QT 

dynamicity was found in different populations including patients with long QT syndrome, ischaemic 

heart disease, dilated and hypertrophic cardiomyopathy, congestive heart failure, obstructive sleep 
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apnea or diabetes (32-38). On the other hand lower values of QTa/RR slopes were observed in 

patients with idiopathic ventricular fibrillation (39). 

 

Impaired dynamicity of repolarization may be related to the degree of left ventricular dysfunction as 

well as may progress with severity of symptoms in patients with heart failure (34,40). This is also 

supported by our experience based on a large population of patients with heart failure included into 

MUSIC study (Muerte Subita e Insuficiencia Cardiaca = Sudden Death in Heart Failure) (41). 

 

The night/day variation in QT/RR slope was reported and explained both by differences in heart 

rate as well as by different sympatho-vagal status (26,29,30). Such circadian changes are 

abolished in patients with heart failure showing the loss of circadian modulation attributed probably 

to impairment of autonomic nervous system in these patients (16,34).  

 

QT dynamicity joints together all pathophysiological factors known to modulate QT interval such as 

heart rate, sympathovagal tone, metabolic status and drugs and therefore puts together 

repolarization and autonomic nervous system assessment. Abnormal repolarization dynamicity is 

considered as a marker of myocardial vulnerability contributing to increased risk of arrhythmic 

events and sudden death. 

 

In respect to QT peaks, we documented that patients with dilated cardiomyopathy in comparison 

with healthy subjects present higher number of QTc peaks (over 500ms) as well as QTd peaks 

(over 100ms). These parameters were significantly higher in DCM patients after adjustment for 

age, sex, and heart rate variability (42) . In postinfarction patients we observed a specific circadian 

rhythm of QT dynamicity with a significantly higher incidence of QTc peaks between 11 pm and 11 

am (10)  

 

Prognostic value of QT dynamicity 
Dynamicity of QT may be considered as a marker or as a trigger for malignant arrhythmias and/or 

sudden death. A few case reports showed abrupt  changes in QT/RR values before onset of 

malignant ventricular arrhythmias (22,23). This may indicate that an abrupt increase in QT/RR 

slope steepness may be a trigger for terminal rhythm disturbance. On the other hand abnormal 

behaviour of repolarization dynamicity may be considered as a marker of increased risk of death. 

Abnormal values of QT/RR slope were found to predict cardiac events in various populations, 

mainly in postinfarction patients (33,37,43,44,45). Furthermore, such a pattern of dynamic 

repolarization was a stronger predictor of sudden death than all-cause mortality suggesting 
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stronger relationship of this risk marker to increased vulnerability of myocardium to ventricular 

arrhythmias. Milliez et al. (45) in a substudy from EMIAT Trial found that steeper QT/RR predicted 

arrhythmic events in postinfarction patients. Similarly, Chevalier et al. (44) showed that in early 

postinfarction period increased QT/RR slope is an independent risk predictor of sudden death. The 

hazard ratio for daytime QTe/RR slope (over 0.18) was 3 times higher than to prediction of total 

mortality. Similar pattern was observed in a study of Pathak et al. (37) who found that increased 

QTe/RR slope assessed over 24 hours was predictive for sudden death in patients with chronic 

heart failure due to ischemic (43%) or idiopathic (57%) cardiomyopathy with mean LVEF 28%.   

 

We observed that increased number of peaks of prolonged QTc interval is a marker of life-

threatening arrhythmias in postinfarction patients (10). The prognostic value of QT peaks in 

patients with heart failure remains to be established. 

 

QT/RR variability ratio independently predicted all-cause mortality in postinfarction patients in a 

study of Jensen et al. (26)   

 

QT dynamics and drug safety 
Apart from being used in sudden death risk stratification, evaluation of repolarization parameters 

has become one of the main policies in the process of drugs safety assessment (24,25). 

Nevertheless, little data exists on the influence of drugs on QT dynamicity and the published 

results are contradictory. Studies evaluating QT/RR as a risk predictor frequently exclude patients 

on amiodarone and beta blockers for risk stratification. The effects of beta blockers on ventricular 

repolarization are conflicting. Beta blockers were found to reduce or to show no effect on QT/RR 

slope (46,47).  Verapamil was documented to significantly shorten QT intervals at lower heart rates 

(48). Drugs class III like amiodarone and dofetilide were reported to influence QT/RR slopes 

(49,50).   

 

Further directions in QT dynamicity assessment 
Evaluation of QT/RR slope has become one of the most popular method, however various forms of 

dynamic behaviour of QT interval exist. 

 

There is an increasing interest in the analysis of dynamic changes in repolarization parameters. 

Apart from QT dynamicity relating QT interval duration with heart rate changes more and more 

attention is paid to morphological changes in T wave described as QT variability or T wave 

alternans (51,52).  Berger et al. (51)  developed an algorithm to quantify changes in repolarization 
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duration and morphology. Increased beat-to-beat changes in repolarization duration and 

morphology predisposes to electrical instability of myocardium and may favor initiation and 

maintenance of reentry arrhythmias. Microvolt T wave alternans, reflecting beat-to-beat 2:1 

changes in the amplitude and sometimes the polarity of repolarization is another well-known 

marker of arrhythmic events.  

 

Summing up, dynamic assessment of QT interval enables to evaluate the complex 

interaction between variety of factors known to influence ventricular repolarization. 

Abnormal dynamicity of repolarization constitutes an important marker of underlying 

pathology of the heart and/or autonomic nervous system and is documented as a strong 

risk predictor of increased mortality. Of note, impaired dynamicity of repolarization is of 

special interest in prediction of arrhythmic events and sudden death. 
 



 

www.scd-symposium.org 

 
References 
 

1. Elming H, Brendorp B, Kober L, Sahebzadah N, Torp-Petersen C. QTc interval in the 

assessment of cardiac risk. Card Electrophysiol Rev. 2002;6:289-94.  

2. Karjalainen J, Reunanen A, Ristola P, Viitasalo M. QT interval as a cardiac risk factor in a 

middle aged population. Heart. 1997;77:543-8 

3. Locati E, Schwartz PJ. Prognostic value of QT interval prolongation in post myocardial 

infarction patients. Eur Heart J. 1987, Suppl A:121-6.  

4. Fu GS, Meissner A, Simon R. Repolarization dispersion and sudden cardiac death in 

patients with impaired left ventricular function. Eur Heart J. 1997;18:281-9.  

5. Trusz-Gluza M, Wozniak-Skowerska I, Giec L, Szydlo K. Dispersion of the QT interval as a 

predictor of cardiac death in patients with coronary heart disease. Pacing Clin 

Electrophysiol. 1996;19(11 Pt 2):1900-4.  

6. Gang Y, Ono T, Hnatkova K, Hashimoto K, Camm AJ, Pitt B, Poole-Wilson PA, Malik M; 

ELITE II investigators. QT dispersion has no prognostic value in patients with symptomatic 

heart failure: an ELITE II substudy. Pacing Clin Electrophysiol. 2003;26(1 Pt 2):394-400 

7. Fauchier L, Douglas J, Babuty D, Cosnay P, Fauchier JP. QT dispersion in nonischemic 

dilated cardiomyopathy. A long-term evaluation. Eur J Heart Fail. 2005;7(2):277-82. 

8. Zareba W, Bayes de Luna A. QT dynamics and variability. 

Ann Noninvasive Electrocardiol. 2005;10(2):256-62. 

9. Maison-Blanche P, Coumel P. Changes in repolarization dynamicity and the assessment of 

the arrhythmic risk. Pacing Clin Electrophysiol. 1997;20(10 Pt 2):2614-24 

10. Homs E, Marti V, Guindo J, Laguna P, Vinolas X, Caminal P, Elosua R, Bayes de Luna A. 

Automatic measurement of corrected QT interval in Holter recordings: comparison of its 

dynamic behavior in patients after myocardial infarction with and without life-threatening 

arrhythmias. 

Am Heart J. 1997;134(2 Pt 1):181-7. 

11. Marti V, Guindo J, Homs E, Vinolas X, Bayes de Luna. Peaks of QT lenghtening measured 

in Holter recording as a marker of life-threatening arrhythmia in postmyocardial infarction 

patients. Am Heart J 1992;124:234-235 

12. Merri M, Alberti M, Moss AJ. Dynamic analysis of ventricular repolarization duration from 24 

hour Holter recordings. IEEE Trans Biomed Eng 1993;40:1219-25 

13. Antzelevitch C. Cardiac repolarization. The long and short of it. 

Europace. 2005 Sep;7 Suppl 2:3-9 



 

www.scd-symposium.org 

14. Schwartz PJ, Priori SG, Spazzolini C, Moss AJ, Vincent GM, Napolitano C, Denjoy I, 

Guicheney P, Breithardt G, Keating MT, Towbin JA, Beggs AH, Brink P, Wilde AA, 

Toivonen L, Zareba W, Robinson JL, Timothy KW, Corfield V, Wattanasirichaigoon D, 

Corbett C, Haverkamp W, Schulze-Bahr E, Lehmann MH, Schwartz K, Coumel P, Bloise R. 

Genotype-phenotype correlation in the long-QT syndrome: gene-specific triggers for life-

threatening arrhythmias. Circulation. 2001;103(1):89-95. 

15. Bjerregaard P, Gussak I. Short QT syndrome. Ann Noninvasive Electrocardiol. 

2005;10(4):436-40 

16. Pellerin D, Maison Blanche P, Extramiana F, Hermida JS, Leclerq JF, Leenhardt A, Coumel 

P. Autonomic influences on ventricular repolarization in congestive heart failure. J 

Electrocadiol 2001;34:35-40 

17. Catuli D, Maison-Blanche P, Fayn J, Rubel P, Larroque P, Vacheron A; Coumel P,. 

Analysis of frequency-dependence of ventricular repolarization by the Holter method in 

young adults. Influence of the autonomic nervous system on the rate dependence of T. 

Arch Mal Coeur Vaiss 1997;90:927-34 

18. Maison-Blanche P, Coumel P. Changes in repolarization dynamicity and the assessment of 

the arrhythmic risk. Pacing Clin Electrophysiol. 1997;20(10 Pt 2):2614-24 

19. Coumel P, Fyan J, Maison-Blanche P, Rubel P. Clinical relevance of assessing QT 

dynamicity in Holter recordings. J Eletrocardiol 1994;27 suppl:62-66 

20. Locati E. QT interval duration and adaptation to heart rate. In: Zareba W, Maison-Blanche 

P, Locati E (eds). Noninvasive Electrocardiology in clinical practice. Futura Publ Comp, 

Armonk New York 2001:71-96 

21. Bayes de Luna A, Coumel P, Leclerq JF. Ambulatory sudden death:mechanisms of 

production of fatal arrhythmia on the basis of data from 157 cases. Am Heart J 

1989;117:151-9 

22. Singh JP, Sleight P. Kardos A, Hart G. QT interval dynamics and heart rate variability 

preceding a case of cardiac arrest . Heart 1997;77:375-7 

23. Sredniawa B, Jarski P, Musialik-Lydka A, Kalarus Z. QT dynamics and the risk of sudden 

arrhythmic cardiac death in ischemic heart disease. PACE 2004;27 (PtI):827-28 

24. Moss AJ, Zareba W, Benhorin J, Couderc JP, Kennedy H, Locati-Heilbron E, Maison-

Blanche P. ISHNE guidelines for electrocardiographic evaluation of drug-related QT 

prolongation and other alterations in ventricular repolarization: task force summary. A report 

of the Task Force of the International Society for Holter and Noninvasive Electrocardiology 

(ISHNE), Committee on Ventricular Repolarization. Ann Noninvasive Electrocardiol. 

2001;6(4):333-41.  



 

www.scd-symposium.org 

25. Belardinelli L, Shryock JC, Wu L, Song Y. Use of preclinical assays to predict risk of drug-

induced torsades de pointes. Heart Rhythm. 2005;2(2 Suppl):S16-22 

26. Jensen BT, Larroude CE, Rasmussen LP, Holstein-Rathlou NH, Hojgaard MV, Agner E, 

Kanters JK. Beat-to-beat QT dynamics in healthy subjects. Ann Noninvasive Electrocardiol 

2004;9:3-11 

27. Malik M, Farbom P, Batchvarov V, Hnatkowa K, Camm AJ. Relationship between QT and 

RR intervals is highly individual among healthy subjects :implications for heart rate 

correction of the QT interval. Heart 2002;87:220-8 

28. Batchvarov V, Malik M. Individual patern of QT/RR relatonship . Card Electrophysiol Rev 

2002;6:282-8 

29. Extramiana F, Maison-Blanche P; Badilini F et al. Circadian modulation of QT-rate 

dependence in healthy volunteers :gender and age differences : J Electrocardiol 

1999 ;32 :33 

30. Sredniawa B, Musialik-Lydka A, Jarski P, Kalarus Z, Polonski L. Circadian and sex-

dependent QT dynamics. Pacing Clin Electrophysiol 2005;28 suppl 1:S 211-6 

31. Stramba- Badiale M, Locati E, Martinelli A, Courville J, Schwartz PJ. Gender and the 

relationship between ventricular repolarization and cardia ccycle lenght during 24-hour 

Holter recordings. Eur Heart J 1997;18:1000-6 

32. Merri M, Moss AJ, Benhorin J, Locati EH, Alberti M, Badilini F. Relation between ventricular 

repolarization duration and cardiac cycle lenght during 24 hour Holter recordings. Findings 

in normal patients and patients with long QT syndrome. Circulation 1992;85:1816-21 

33. Extramiana F, Neu¡yroud N, Huikuri H, Koistinen J, Coumel P, Maison-Blanche P. QT 

interval and arrhythmic risk asssessmet after myocardial infarction. Am J Cardiol 

1999;83:266-269 

34. Faber TS, Grom A, Schopflin M, Brunner M, Bode C, Zehender M. Beat-to-beat 

assessment of QT/RR ratio in severe heart failure and overt myocardia ischemia:a measure 

of electrical integrity in diseased hearts. Pacing Clin Electrophysiol 2003;26:836-42 

35. Savelieva I, Yap YG, Yi G, Guo XH, Hnatkowa K, Camm AJ, Malik M. Relation of 

ventricular repolarization to cardiac cycle lenght in normal subjects, hypertrophic 

cardiomyopathy and patients with myocardial infarction. Clin Cardiol 1999;22:649-54 

36. Valensi PE, Johnson NB, Maison-Blanche P, Extramiana F, Motte G, Coumel P. Influence 

of autonomic neuropathy on heart rate dependence of ventricular repolarization in diabetic 

patients. Diabetes Care 2002;25:918-23 



 

www.scd-symposium.org 

37. Pathak A, Curnier D, Fourcade J, Roncalli J, Stein PK, Hermant P, Bousquet M, 

Massabuau P, Senadr JM, Montastruc JL; Galinier M. QT dynamicity : a prognostic factor 

for sudden death in chronic heart failure. Eur J Heart Fail 2005;7:269-275 

38. Roche F, Gaspoz JM, Court-Fortune I, Costes F, Geyssant A, Duverney D, Pichot V, 

Barthelemy JC. Alteration of QT rate dependence reflects cardiac autonomic imbalance in 

patients with obstructive sleep apnea syndrome. Pacing Clin Electrophysiol. 2003;26(7 Pt 

1):1446-53. 

39. Fujiki A, Suago M, Nishida K, Sakabe M, Tsuneda T, Mizumaki K; Inoue H. Repolarization 

abnormality in idiopathic ventricular fibrillation: assessment using 24-hour QT-RR and QTa-

RR relationship . J Cardiovasc Electrophysiol 2004;15:59-63 

40. Lang CC, Neilson JM, Flapan AD. Abnormalities of the repolarization characteristics of 

patients with heart failure progress with symptom severity. Ann Noninvasive Electrocardiol. 

2004;9(3):257-64. 

41. Cygankiewicz I, Zareba W, Cino JM. Juanatey JR, Bardaji A, Macaya C, Fabregat J, Bayes 

de Luna. Clinical ad ECG covariates of QT/RR slope in congestive heart failure patients. J 

Am Coll Cardiol 2005, 45, suppl A, 94A  

42. Alonso JL, Martinez P, Vallverdu M, Cygankiewicz I, Pitzalis MV, Bayes Genis A, Cinca J, 

Rizzon P, Caminal P, Zareba W, Bayes de Luna A Dynamics of ventricular repolarization in 

patients with dilated cardiomyopathy versus healthy subjects. Ann Noninvasive 

Electrocardiol 2005;10:121-8 

43. Jensen BT, Abildstrom SZ, Larroude CE, Agner E, Torp-Pedersen C, Nyvad O, Ottesen M, 

Wachtell K, Kanters JK. QT dynamics in risk stratification after myocardial infarction. Heart 

Rhythm. 2005;2(4):357-64. 

44. Chevalier P, Burri H, Adeleine P, Kirkorian G, Lopez M, Leizorovicz A, Andre-Fouet X, 

Chapon P, Rubel P, Toubul P. QT dynamicity and sudden death after myocardial infarction 

:results of long term follow up study. J Cardiovasc Electrophysiol 2002;14:227-233 

45. Milliez P, Leenhardt A, Maison Blanche P, Vicaut E, Badilini F, Siliste C, Benchetrit C, 

Coumel P on behalf of EMIAT Investigators. Usefulness of ventricular repolarization 

dynamicity in patients with ischemic cardiomyopathy (from the European Myocardial Infarct 

Amiodarone Trial). AM J Cardiol 2005;95:821-26  

46. Extramiana F, Maison-Blanche P, Tavernier R, Joardens L, Leenhardt A, Coumel P. 

Cardiac effects of chronic oral blockade :lack of agreement between heart rate and QT 

interval changes . Ann Noninvasive Electrocardiol 2002;7:379-88 

47. Cappato R. Alboni P. Pedroni P, Gilli G, Antonioli GE. Sympathetic and vagal influences on 

rate dependent changes of QT interval in healthy subjects. Am J Cardiol 1991;68:1188-93 



 

www.scd-symposium.org 

48. Fauchier L, Babuty D, Poret P, Autret ML, Consay P, Fauchier JP. Effects of verapamil on 

QT interval dynamicity. AM J Cardiol 1998 ;83 :807-8 

49. Smetana P, Pueyo E, Hnatkowa K, Batchvarov V, Laguna P, Malik M. Individual patterns of 

dynamic QT/RR relationship in survivors of acute myocardial infarction and their 

relationship to antiarrhythmic efficacy of amiodarone. J Cardiovasc Electrophysiol 

2004;15:1147-54 

50. Lande G, Maison-Blanche P, Fayn J, Ghadanfar M, Coumel P, Funck-Brentano C. Dynamic 

analysis of dofetilide-induced changes in ventricular repolarization. Clin Pharmacol Ther. 

1998;64(3):312-21. 

51. Berger RD, Kasper EK, Baughman KL, Marban E,Calkins H, Tomaselli GF. Beat-to-beat 

QT interval variability. Novel evidence for repolarization lability in ischemic and nonischemic 

dilated cardiomyopathy. Circulation 1997;96:1557-65 

52. Klingenheben T, Zabel M, D'Agostino RB, Cohen RJ, Hohnloser SH Predictive value of T-

wave alternans for arrhythmic events in patients with congestive heart failure. Lancet. 

2000;356:651-2. 

 

 

 

 


