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Congestive heart failure (CHF) is an increasingly widespread, costly and deadly disease,
frequently named as epidemia of the XXI century. The clinical spectrum of patients with CHF is
changing. Advances in modern treatment resulted in aging of population. The incidence of CHF
increases with age raising up to 10 per 1000 population in patients older than 65 years (1). Widely
spread use of revascularization procedures resulted in growing percentage of patients with
respectively preserved left ventricular function. It is estimated that patients with diastolic heart

failure may account for up to 50% of the entire CHF population (2).

Despite advancement in management of CHF patients the mortality rate remains high.
Population studies showed that approximately 50-60% of CHF patients will die within 5 years of
diagnosis (3). The prognosis worsens with advancement of heart failure and the mortality rate in
patients in NYHA class IV is as high as 50% a year. The mode of death depends mainly on the
functional class NYHA. Patients with less advanced CHF die mainly due to sudden death, while
death in NYHA class IV is related more to progression in heart failure (4,5). Therapeutic progress
is rapid, and both pharmacological and non-pharmacological therapies have been shown to
improve the prognosis of CHF patients. Therefore, prediction and prevention of cardiac events

have become the main challenge of contemporary cardiology.

Risk stratification in CHF is based on various parameters describing functional status of studied
patients. Clinical examination , echocardiography , biochemistry and electrocardiology provide
complex insight in the prognosis in CHF patients. Functional capacity expressed as NYHA class,
severity of systolic dysfunction reflected by impaired left ventricle ejection fraction and the levels
of natriuretic peptides a touted as the main risk markers (1). Even though continuous Holter ECG
monitoring is not considered as a basic diagnostic method in the diagnosis of CHF, it may serve as
a valuable tool in risk stratification. The number of ECG changes contributed to underlying
structural disease, electrical instability or imbalance in ANS may be evaluated during Holter
monitoring. Recent years brought an increased interest in an early activation of neurohumoral
system and its role in the progression of heart failure (6 ). Such influence of autonomic nervous

system on cardiovascular system may be assessed by means of Holter monitoring, that allows for
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analysis of dynamic changes in electrocardiographic parameters reflecting heart rate and
ventricular repolarization changes. The possibility of dynamic parameters evaluation and the ability
of prolonged ECG monitoring in the ambient setting when the patients are involved in their daily

activities constitute the main advantages of Holter analysis as compared to standard surface ECG.

Standard ECG risk predictors: heart rhythm, heart rate, arrhythmia.

With no doubt surface 12-leads ECG remains one of the basic diagnostic tests in the
diagnosis and prognosis of CHF patients, giving us data on the heart rhythm, heart rate frequency,
and morphological changes of subsequent ECG curve’s components. The presence of atrial
fibrillation, sinus tachycardia or wide QRS is related with worse prognosis. Nevertheless, Holter
monitoring provides broad spectrum of information inaccessible from surface ECG. Ambulatory
ECG monitoring allows for detection of paroxysmal arrhythmias, evaluation of heart rate and
frequency of arrhythmia thorough a whole day, giving insight to electrical activity of the heart during
daily activities of a patients and covering the early-morning periods of increased risk of sudden
death. Modern Holter monitoring assess also parameters reflecting the influence of the autonomic

nervous system on heart rate and repolarization.

Atrial fibrillation is markedly more prevalent in CHF patients than in general population. The
prevalence of atrial fibrillation in heart failure patients varies from 10% to 30% (7) . Heart failure
predisposes to AF and AF may worsen the prognosis of CHF patients significantly aggravating
heart failure symptoms. In some patients AF leads to the development of tachycardiomyopathy (8).
There are conflicting data whether the presence of atrial fibrillation is an independent predictor for
an increased mortality in heart failure (9-12). As both rate control and rhythm control strategies are
nowadays accepted Holter monitoring is useful for monitoring appropriate ventricular response rate
as well as to document the presence of AF crises. Paroxysmal AF that coincides with heart failure
decompensation was shown to be a predictor of worse prognosis (13). Tachycardia-related
unfavorable impact of AF on CHF has been recognized for years. The question whether
tachycardia itself or heart rate irregularity related to AF are responsible for the worsening of heart
failure also remains unclear (14), but Holter monitoring may provide information of both these AF
characteristics. Recently data appeared showing that lower and not higher rates may be
associated with worse prognosis (15)

Heart rate is probably the easiest ECG parameter to assess, however the results of
different studies evaluating its prognostic value yield conflicting results. Unfavorable tachycardia is

a common feature in CHF related to sympathetic overdrive. The adequate control of the heart rate
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is essential in all, not only AF patients with heart failure. Prolonged heart rate monitoring in
nowadays included in home-monitoring systems in CHF patients, being one of the markers of the
need for therapy modification (16). High resting heart rate is well accepted risk predictor for all-
cause mortality, but its relation to cardiac and sudden death remains controversial . Similarly, the
cut off value of high risk heart rate frequency in CHF patients remains unclear (17-19) . On the
other hand, Holter monitoring showed that not only high resting heart rate but also heart rate
ranges during 24 hours expressed by simple parameters as delta heart rate may identify patients

at risk of progressive pump failure death (20,21)

Ventricular arrhythmias are frequently observed in patients with CHF and the frequency of
their occurrence increases with the advancement of heart failure. Ventricular arrhythmias have
been documented in up to 85% of patients with severe heart failure. Complex form of ventricular
arrhythmia like pairs or episodes of ventricular tachycardia are also frequently observed (22-24).
Death due to arrhythmic events occurs mainly in patients in NYHA class IlI-lll . Relationship
between ventricular arrhythmia and sudden death is not clear, however the majority of trials show a
significant correlation between the presence of nsVT and death. In Captopril-Digoxin Multicenter
Study (25) VPB, couplets and nsVT were univariate predictors of total mortality. Frequency of nsVT
(>2 runs a day) was related with 3-fold increase in total mortality and was an independent predictor
of sudden death. In V-HeFT Il study (26) nsVT and pairs identified patients with increased mortality.
In GESICA trial (27) the presence of nsVT was associated with increased risk for all-cause
mortality and sudden death. In a study of Singh et al. nsVT was only univariate predictor of total
mortality and sudden death, however lost its predictive value after adjustment for clinical covariates
(28). There are also data demonstrating that length but not the rate of nsVT increases the risk of
major arrhythmic events (29).Spontaneous sustained ventricular tachycardia is infrequent in Holter
recordings, but if present, predicts sudden death (30) . The role of ventricular tachycardia VT in the
long term prognosis may be supported by observation from MADIT Il trial where appropriate
therapy by an ICD for VT/VF was associated with an increased risk for heart failure and non
sudden death (31)

Holter-derived risk predictors related with autonomic nervous system and repolarization
Heart rate variability

Heart rate variability (HRV) is a measure of the cyclic variation of normal-to-normal RR
intervals that reflects cardiac autonomic function and may be considered as a marker of
sympathetic and parasympathetic influence on the modulation of heart rate . Therefore, the

assessment of HRV has become one of the integral component of autonomic nervous system
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assessment in different subsets of patients, especially in those with known cardiovascular
disorders as postinfarction patients or patients with cardiomyopathies and/or heart failure.
Decrease in HRV has been for years considered as an independent and strong marker of risk for

all cause mortality or even sudden death (32) .

Congestive heart failure is characterized by signs of neurohumoral sympathetic activation.

Therefore, heart rate variability has been explored in this subset of patients in two aspects:
detection of abnormalities of autonomic nervous system balance and prognostic value of HRV in
prediction of all cause mortality and sudden death.
Patients with CHF have decreased spontaneous heart rate variability (33). Recent report showed
that even patients with diastolic heart failure present altered HRV parameters (34) . For years
reduced HRV parameters in CHF patients have been explained by sympathetic overdrive. It has
been also shown that the extent in reduction of HRV pameters correlates with the advancement of
CHF (35)

Depressed HRV consistently predict all-cause mortality or death due to progression of heart
failure. However data regarding its prognostic value in prediction of sudden death is conflicting.
First observations on prognostic value of HRV parameters both in time and frequency domain were
based on postmyocardial infarction cohorts (32). It is difficult to compare the predictive value of
HRV parameters in prognosis of CHF patients as they are analyzed by different methods and in
different time intervals. Early reports on predictive value of HRV showed that reduced HRV
parameters were related with 20-fold increased risk of death in patients awaiting heart
transplantation (36). Standard deviation of NN intervals (SDNN) is the best known, best validated
and easiest HRV parameter, however different cut off were proposed as predictive. In UK-Heart
Study a reduction in SDNN (<100ms) was associated with death due to progressive heart failure,
but failed to predict sudden death (37). The same cut off was independently related to death in
patients with heart failure due to ischemic and idiopathic etiology (38). SDNN below 67 ms was
independently related to mortality in a study of Boveda et al. (39) while SDNN below 65.3 ms was
an independent risk predictor in the CHF-STAT population (40) . Lower than 55ms SDNN identified
increased risk of mortality in patients awaiting cardiac transplantation (36) Jiang et al (41) observed
that in CHF patients SDNN<50 ms was a strong predictor of event free survival, stronger even than
LVEF, cardiothoracic ratio and premature ventricular beats. Similarly, SDNN<50 ms identified

patients at risk of progressive heart failure in patients with dilated cardiomyopathy (42).
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Even more controversies exist in terms of frequency domain components. The findings of
these studies are difficult to compare mainly due to different methodological approaches.
Decreased LF and VLF component are the most frequently reported HRV spectral measures
related with mortality in CHF patients (43,44). It was documented that different components of
spectral analysis are related to different types of death. Decreased night-time VLF was related to
progressive heart failure, while decreased night-time LF values were associated with sudden death
(45). Non-linear measures of heart rate variability were also reported as markers of mortality in
CHF patients (46-48)

Prognostic role of HRV in prediction of SCD remains controversial (37,40,48). Nevertheless,
there are data some trials that demonstrated correlation between HRV indices and sudden death.
In a study of Fauchier et al (49) reduced SDNN<100 ms was independent risk predictor of sudden

death and arrhythmic events in patients with dilated cardiomyopathy.

Heart rate turbulence

Heart rate turbulence (HRT), defined as a biphasic reaction of sinus node in response to a
premature ventricular beat, was introduced into electrocardiology in 1999, and since then has been
proved as a powerful predictor of mortality in postinfarction patients (50-53). Blunted HRT reaction
has been observed in various subgroups of patients with cardiomyopathies and heart failure
independently on the underlying etiology (54-56). Significantly altered HRT parameters were also
observed in Chagas disease, characterized by increased risk of sudden death and autonomic
nervous system impairment as well as progressive impairment of left ventricular structure (57) Only
patients with hypertrophic cardiomyopathy did not differ in terms of HRT values from control
subjects (58). It has been suggested that HRT, considered as vaguely-dependent effective
measure of baroreflex sensitivity (59, 60) and related to the advancement of heart failure, might be
used as a marker of congestive heart failure staging. Such a relationship was suggested in a study
of Lin et al. (61) who found that abnormal HRT may be restored by 3 months beta-blocker therapy

in 10 patients with congestive heart failure.

The predictive value of HRT in patients with cardiomyopathies remains controversial. The
majority of data related abnormal HRT with progression of disease (54-56). In patients with mild to
moderate heart failure turbulence slope was found to be an independent risk predictor of death due
to decompensated heart failure (56). In the Marburg Study (55) turbulence onset was found as a
significant predictor of transplant free survivals in 242 patients with idiopathic cardiomyopathy. In a

study of Koyama (54) including 50 patients with heart failure (both ischemic and idiopathic etiology)
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abnormal turbulence slope defined as >3 ms/RR was predictive for progression of heart failure
including both deaths and hospitalizations due to CHF worsening. There are contradictory results
regarding prognostic value of HRT in prediction of arrhythmic events in patients with
cardiomyopathies. Neither Grimm nor Koyama showed predictive value of HRT for prediction of
arrhytmias. Only one study in ICD patients with dilated cardiomyopathy showed significant
association of abnormal TS (defined as below 4.1 mm/RR) with arrhythmic events (62). In patients

with hypertrophic cardiomyopathy HRT failed to predict any cardiac events (58).

Repolarization dynamics

Static measures of QT duration and QT dispersion were considered as risk factors in
patients with CHF, however their predictive value was usually overwhelmed by clinical covariates
(63-67). Early neurohumoral activation with sympathetic overdrive constitutes one of the main
mechanism in the pathogenesis and development of heart failure, therefore, it seems that
parameters reflecting dynamics of ECG should improve risk stratification in CHF patients (68).
Dynamicity of repolarization has been described in different forms (69-71). Our group reported
increased increased number of peaks of prolonged QTc interval, e.g. the proportion of QTc
intervals above the prespecified threshold (QTc>500ms) as a marker of life-threatening
arrhythmias in postinfarction patients (70). Similarly to coronary patients increased percentage of
QT peaks was found in patients with dilated cardiomyopathy as compared to healthy subjects (72).
In recent years, QT/RR slope analyzed from long term Holter recordings has become a popular
method to evaluate QT adaptation to changing heart rate. Increased QT/RR slopes were observed
in patients at risk of cardiac death including postinfarction patients, long QT syndrome patients,
and patients with dilated cardiomyopathy (73-76). 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 prolongs ventricular refractoriness. Therefore,
increased QT slope represents increased vulnerability of myocardial substrate to its modulation by
autonomic nervous system (77). Increased values of QT/RR slope were found to predict cardiac
events in various populations, mainly in postinfarction patients (73,75). Pathak et al (76) found that
in a population of 175 patients with chronic heart failure due to ischemic (43%) or idiopathic (57%)
cardiomyopathy increased QTc/RR slope assessed over 24 hours was a strong, independent
predictor of sudden death.

There is an increasing interest in the analysis of QT variability in Holter recordings. Berger
et al developed a time-stretching algorithm to quantify changes in repolarization duration and

morphology. They found that patients with CHF have increased variability when compared to age-
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matched healthy subjects (78). 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. Haigney et al reported the association between QT variability
and arrhythmic events documented by ICD interrogation in MADIT Il patients (79). Microvolt T
wave alternans, reflecting beat-to-beat 2:1 changes in the amplitude and sometimes the polarity of
repolarization is a well-known marker of arrhythmic events in patients with heart failure (80-81).
There are data indicating that T wave alternans may be assessed in long term Holter monitoring
instead of traditional exercise test. The new method of modified moving average (MMA) analysis
was used to measure TWA magnitude in 24-hour Holter recordings from ATRAMI and was
documented to predict arrhythmic events (82,83). So far, this method has not been applied in a

population of CHF patients.

Conclusions

Holter monitoring has a well established position in prediction of total mortality and
progression of heart failure. It seems, that modern Holter monitoring may be a valuable tool for
investigating factors that may contribute to the mechanism of sudden death. As it is widely
accepted that structural changes reflecting myocardial substrate are better identified by means of
imaging techniques, Holter monitoring provides complementary information on myocardial
vulnerability and autonomic nervous system. Nevertheless, data regarding its prognostic value in
prediction of SCD remains controversial and the positive predictive value of majority of Holter-
based risk stratified is low. Therefore, combining of electrocardiographic stratification with
assessment of myocardial substrate may provide the complex insight into interplay between factors
contributing to death. On the other hand, negative predictive value of Holter risk markers is usually

high, therefore it may be used to identify low risk patients.

It is not likely that we will find one specific ECG risk predictor to predict total and sudden death in a
heterogeneous population of patients with congestive heart failure. Therefore, it seems that the
combination of various ECG risk markers covering different arms of SCD risk triangle may be
considered as better approach. Furthermore, changing clinical spectrum of CHF patients with rising
population of patients with preserved or relatively preserved left ventricular function, treated
according to modern guidelines requires reanalysis of the prognostic value of Holter predictors.
Summing up, in the light of conflicting results of previously published studies prediction of sudden
death in CHF patients needs further investigation. We hope that on-going MUSIC trial (Muerte

Subita e Insuficiencia Cardiaca- Sudden Death in Heart Failure), a multicenter prospective study
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on the risk predictor of sudden death in CHF patients NYHA class II-ll including over 1000 patients,

will answer some of above mentioned questions.

REFERENCES

1.

10.

11.

The Task Force for the Diagnosis and the Treatment of Congestive Heart Failure of the
European Society of Cardiology: Guidelines for the diagnosis and treatment of chronic heart
failure:executive summary (update 2005). Eur Heart J 2005;26:1115-40

Hogg K, Swedberg K, McMuray J. Heart failure with preserved left ventricular function.
Epidemiology, clinical characteristics and prognosis. J Am Coll Cardiol 2004;43:317-27

Murray JJ, Steward S. Epidemiology, aetiology, and prognosis of heart failure. Heart
2000;83:596-602

MERIT-HF Investigators. Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL
randomized intervantion Trial in congestive heart failure (MERIT-HF). Lancet 1999;353:2001-
07

Carson P, Anand I, O’Connor C, Jaski B, Steinberg J, Lwin A, Lindenfeld J, Ghali J, barnet JH,
Feldman AM, Bristow MR. Mode of death in advanced heart failure: the Comparison of Medical,
Pacing, and Defbrillator Therapies in Heart Failure (COMPANION) Trial. J Am Coll Cardiol
2005;46:2329-34

Frenneaux MP. Autonomic changes in patients with heart failure and in post-myocardial
infarction patients. Heart 2004;90:1248-55

Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Beanger AJ, Wolf PA. Independent risk
factors for atrial fibrillation in a population-based cohort. The Framingham Heart Study. JAMA
1994;271:840-44

Schoonderwoerd BA, Van Gelder IC, van Veldhuisen DJ, Tieleman RG, Grandjean JG, Bel KJ,
Allessie MA, Crijns HJ. Electrical remodeling and atrial dilation during atrial tachycardia are
influenced by ventricular rate: role of developing tachycardiomyopathy.J Cardiovasc
Electrophysiol. 2001;12:1404-10

Maggioni AP, Latini R, Carson PE, Singh SN, Barler S, Glazer R, Masson S, Cere E, Tognoni
G, Cohn JN. Val-HeFT Investigators. Valsartan reduces the incidence of atrial fibrillation in
patients with heart failure: results from Valsartan Hear Failure Trial (Val-HeFT) Am Heart J
2005:149:548-57

Ahmed A, Thornton P, Perry GJ, Allman RM, DelLong JF. Impact of atrial fibrillation on mortality
and readmission in older adults hospitalized with heart failure Eur J Heart Fail. 2004;6:421-6.
Crijns HJ, Tjeerdsma G, de Kam PJ, Boomsma F, van Gelder IC, van den Berg PM, van

Veldhuisen DJ Prognostic value of the presence and development of atrial fibrillation in

www. hf-symposium.org



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ISHNE Heart Failure World-Wide Internet Symposium

patients with advanced chronic heart failure. Eur Heart J 2000;21:1238-45

Middlekauff HR, Stevenson WG, Stevenson LW. Prognostic significance of atial fibrillation in
advanced heatrt failure. A study of 390 patients. Circulation 1991:84:40-48

Koitabashi T, Inomata T, Niwano S, Nishii M, Takeuchi I, Nakano H, Shinigawa H, Takehana
H, lzumi T. Paroxysmal atrial fibrillation coincident with cardiac decompensation is a predictor
of poor prognosis in Chronic Heart Failure. Circ J 2005;69:823-30

Melenovsky V, Hay |, Fetics BJ, Borlaug BA, Kramer A, Pastore JM, Berger R, Kass DA.
Functional impact of rate irregularity in patients with heart failure and atrial fibrillation receiving
cardiac resynchronization therapy. Eur Heart J. 2005;26:705-11.

Rienstra M, Van Gelder IC, Van den Berg MP, Boosmsma F, Hillege HL,Van Veldhuisen DJ. A
comparison of low versus high heart rate in patients with atrial fibrillation and advanced heart
failure:effects on clinical profile, neurohormones and survival. Int J Cardiol 2005 (publ ahead)
Noninvasive home telemonitoring for patients with heart failure at high risk of recurrent
admission and death: the Trans-European Network-Home-Care Management System (TEN-
HMS) study. J Am Coll Cardiol. 2005 ;45:1654-64

Mazza A, Tikhonoff V, Casiglia E, Pessina AC.Predictors of congestive heart failure mortality in
elderly people from the general population. Int Heart J. 2005 May;46(3):419-31. .

Gullestad L, Wikstrand J, Deedwania P, Hjalmarson A, Egstrup K, Elkayam U, Gottlieb S,
Rashkow A, Wedel H, Bermann G, Kjekshus J; MERIT-HF Study Group.What resting heart
rate should one aim for when treating patients with heart failure with a beta-blocker?
Experiences from the Metoprolol Controlled Release/Extended Release Randomized
Intervention Trial in Chronic Heart Failure (MERIT-HF). J Am Coll Cardiol. 2005;45:252-9.
Muntwyler J, Abetel G, Gruner C, Follath F. One-year mortality among unselected outpatients
with heart failure Eur Heart J. 2002;23:1861-6

Madsen BK, Rasmussen V, Hansen JF. Predictors of sudden death and death from pump
failure in congestive heart failure are different. Analysis of 24 h Holter monitoring, clinical
variables, blood chemistry, exercise test and radionuclide angiography. Int J Cardiol. 1997
;58:151-62

Baker RL, Koeling TM. Prognostic value of ambulatory electrocardiography monitoring in
patients with dilated cardiomyopathy. J Electrocardiol 2005,38:64-8

Singh SN, Carson PE, Fisher SG. Nonsustained ventricular tachycardia in severe heart failure.
Ciurculation 1997;97:3794-5

Wilson JR, Schwartz JS, Sutton MSJ, Ferraro N, Horowitz LN, Reichek N, Josephson ME
Prognosis in severe heart failure:relation to hemodynamic measures asn ventricular ectopic
activity J Am Coll Cardiol 1983:2:403-10

www. hf-symposium.org



ISHNE Heart Failure World-Wide Internet Symposium

24. Chacco CS, Gheorghiade M. Ventricular arrhythmias in severe heart failure: incidence,
significance and efectivhess of anti-arrhythmic therapy. Am Heart J 1985;109:497-504

25. Gradman A, Deedwania P, Cody R, Massie B, Packer M, Pitt B, Goldstein S. for the Captopril-
Digoxin Study Group. Predictors of total mortality and sudden death in mild-to moderate heart
failure. 3 Am Coll Cardiol 1989:14:564-70

26. Fletcher RD, Cintron GB, Johnson G, Orndorff J, Carson P, Cohn JN. Enalapril decreases
prevalence of ventricular tachycardia in patients with chronic congestive heart failure. The V-
HeFT Il VA Cooperative Studies Group. Circulation. 1993 Jun;87(6 Suppl):VI49-55

27. Doval HC, Nul DR, Grancelli HO, Varini HO, Soifer S, Corrado G, Dubner S, Scapin O, Perrone
SV. Nonsustained ventricular tachycardia in severe heart failure: independent marker of
increased mortality due to sudden death. GESICA-GEMA Investigators. Circulation
1996;96:3198-3208

28. Singh SN, Fisher SG, Carson PE, Fletcher RDPrevalence and significance of nonsustained
ventricular tachycardia in patients with premature ventricular contractions and heart failure
treated with vasodilator therapy. Department of Veterans Affairs CHF STAT Investigators. J Am
Coll Cardiol. 1998 ;32(4):942-7

29. Grimm W, Christ M, Maisch B. Long runs of non-sustained ventricular tachycardia on 24-hour
ambulatory eectrocardiogram predict major arrhythmic events in patints with idiopathic dilated
cardiomyopathy. Pacing Clin Electrophysiol 2005;28, suppl 1:5207-10

30. Chen X, Shenasa M, Borggrefe M, Block M, Hindricks G, Martinez Rubio A et al. Role of
programmed ventricular stimulation in patients with idiopathic dilated cardiomyopathy and
documented sustained ventricular tachyarrhythmias: inducibility and prognostic value in 102
patients. Eur Heart J 1994:15:76-82

31. Moss AJ, Greenberg H, Case RB, Zareba W, Hall WJ, Brown MW, Daubert JP, McNitt S,
Andrews ML, Elkin AD. Multicenter Automatic Defibrllator Implantation Trial [I (MADIT-II)
Research Group. Long-term clinical course of patients after termination of ventricular
tachyarrhythmia by an implanted defibrillator Circulation 2004;110:3760-5

32. Heart rate variability. Standards of measurement, physiological interpretation and clinical use.
Task Force of the European Society of Cardiology and the North American Society of Pacing
and Electrophysiology. Circulation 1996;93:1043-1065

33. Casolo G, Balli E, Taddei T, Amuhasi J, Gorc C. Decreased spontaneous heart rate variability
in congestive heart failure. Am J Cardiol 1989;64:1162-67

34. Arora R, Krummerman A, Vijayaraman P, Rosengarten M, Suryadevara V, Lejemtel T, Ferrick
KJ. Heart rate variability and diastolic heart failure. Pacing Clin Electrophysiol. 2004;27:299-
303

www. hf-symposium.org



ISHNE Heart Failure World-Wide Internet Symposium

35. Guzetti S, Cogliati C, Turiel M, Crema C, Lombardi F, Malliani A.. Sympathetic predominance
followed by functional denervation in the progression of chronic heart failure. Eur Heart J.
1995:16:1100-7

36. Binder T, Frey B, Porenta G, Heinz G, Wutte M, Kreiner G, Gossinger H, Schmidinger H,
Pacher R, Weber H.. Prognostic value of heart rate variability in patints awaiting cardiac
transplantation. PACE 1992:15:2215-20

37. Nolan J, Batin PD, Andrews R, Lindsay SJ, Brooksby P, Mullen M, Baig W, Flapan AD, Cowley
A, Prescott RJ, Neilson JM, Fox KA.Prospective study of heart rate variability and mortality in
chronic heart failure: results of the United Kingdom heart failure evaluation and assessment of
risk trial (UK-heart). Circulation. 1998;98(15):1510-6.

38. Ponikowski P, Anker SD, Chua TP, Szelemej R, Piepoli M, Adamopoulos S, Webb-Peploe K,
Harrington D, Banasiak W, Wrabec K, Coats AJ.. Depressed heart rate variability as an
independent predictor of death in chronic congestive heart failure secondary to ischemic or
idiopathic dilated cardiomyopathy. Am J Cardiol 1997:79:1645-50

39. Boveda S, Galinier M, Pathak A, Fourcade J, Dongay B, Benchendikh D, Massabuau P, Fauvel
JM, Senard JM, Bounhoure JP. Prognostic value of heart rate variability in time domain
analysis in congestive heart failure patients . J Interv Card Electrophysiol 2001;5:181-7

40. Jiang W, Hathaway WR, McNulty S, Larsen RL, Hansley KL, Zhang Y, O'Connor CM. Ability of
heart rate variability to predict prognosis i patients with advanced congestive heart failure Am J
Cardiol 1997:80:808-11

41. Bilchick KC, Fetics B, Djoukeng R et al. Prognostic value of heart rate variability in chronic
congestive heart failure (Veterans affairs survival trial of antiarrhythmic therapy in congestive
heart failure) Am J Cardiol 2002;90:24-28

42.Yi G, Goldman JH, Keeling PJ, Reardon M, McKenna WJ, Malik M. Heart rate variability
inidiopathic dilated cardiomyopahy:relation to disease severity and prognosis. Heart
1997;77:108-14

43. La Rovere MT, Pinna GD, Maestri R, Mortara A, Capomolla S, Febo O, Ferrari R, Franchini M,
Gnemmi M, Opasich C, richard PG, Traversa E, Cobelli F. Short-term heart rate variability
strongly predicts sudden death in chronic heart failure. Circulation 2003;107:565-570

44. Hadase M, Azuma A, Zen K, Asada S, Kawasaki T, Kamitani T, Kawasaki S, Sugihara H,
Matsubara H. Very low frequency power of heart rate variability is a powerful predictr of clinical
prognosis in patients with congestive heart failure. Circ J 2004,68:343-47

45. Guzetti S, La Rovere MT, Pinna GD, Maestri R, Borroni E, Porta A, Mortara A, Malliani A.
Different spectrial components of 24h heart rate variability are related to different modes of
death in congestive heart failure.. Eur Heart J 2005;26:357-362i

www. hf-symposium.org



46

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

ISHNE Heart Failure World-Wide Internet Symposium

. Guzzetti S, Mezzetti S, Magatelli R, Porta A, De Angelis G, Rovelli G, Malliani A.Linear and

non-linear 24 h heart rate variability in chronic heart failure. Auton Neurosci. 2000;86:114-9
Makikallio TH, Huikuri HV, Hintze U, Videbaek J, Mitrani RD, Castellanos A, Myerburg RJ,
Moller M; DIAMOND Study Group (Danish Investigations of Arrhythmia and Mortality ON
Dofetilide) Fractal analysis and time- and frequency-domain measures of heart rate variability
as predictors of mortality in patients with heart failure. Am J Cardiol. 2001;87:178-82.

Ho KK, Moody GB, Peng CK, Mietus JE, Larson MG, Levy D, Goldberger AL. Predicting
survival in heart failure case and control subjects by use of fully automated methods for
deriving nonlinear and conventional indices of heart rate dynamics. Circulation. 1997;96:842-8
Fauchier L, Babuty D, Cosnay P, Fauchier JP. Prognostic value of heart rate variability for
sudden death and major arrhythmic events in patients with idiopathic ilated cardiomyopathy. J
Am Coll Cardiol 1999;33:1203-7

Schmidt G, Malik M, Barthel P, Schneider R, Ulm K; Rolnitzky L, Camm AJ, Bigger JT Jr,
Schomig A. Heart rate turbulence after ventricular premature beats as a predictor of mortality
after myocardial infarction. Lancet 1999;353:1360-96

Ghuran A, Reid F, La Rovere MT, Schmidt G, Bigger JT Jr, Camm AJ, Schwartz PJ, Malik M.
Heart rate turbulence-based predictors of fatal and nonfatal cardiac arrest (The Autonomic
Tone and Reflexes After Myocardial Infarction substudy). Am J Cardiol 2002;89:184-90

Barthel P, Schneider R, Bauer A, Ulm K, Schmitt C, Schémig A, Schmidt G. Risk stratification
after acute myocardial infarction by heart rate turbulence. Circulation 2003;108:1221-26
Cygankiewicz |, Wranicz JK, Bolinska H, Zaslonka J, Jaszewski R, Zareba W. Prognostic
significance of heart rate turbulence in patients undergoing coronary artery bypass grafting. Am
J Cardiol 2003 ;91:1471-4

Koyama J, Watanabe J,Yamada A, Koseki Y, Konno Y, Toda S, Shinozaki T, Miura M, Fukuchi
M, Ninomiya M, Kagaya Y, Shirato K . Evaluation of heart rate turbulence as a new prognostic
marker in patients with chronic heart failure. Circ J 2002;66:902-907

Grimm W, Sharkova I, Christ M, , Muller HH, Schmidt G, Maisch B.. Prognostic significance of
heart rate turbulence following ventricular premature beats in patients with idiopathic dilated
cardiomyopathy. J Cardiovasc Electrophysiol 2003;14:819-824

Moore RK, Groves DG, Barlow PE, Fox KA, Shah A, Nolan J, Kearney MT. Heart rate
turbulence and death due to cardiac decompensation in patients with chronic heart failure. Eur
J Heart Fail. 2006 Feb 9; [Epub ahead of print]

Ribeiro AL, Schmidt G, Sousa MR, Lombardi F, Gomes ME, Perez AA, Barros MV, Machado
FS, Rocha MO Heart rate turbulence in Chagas disease. PACE 2003;26(Ptll1):406-410

Kawasaki T, Azuma A, Asada S, Hadase M, Kamitani T, Kawasaki S, Kuribayashi T, Sugihara

www. hf-symposium.org



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

ISHNE Heart Failure World-Wide Internet Symposium

H. Heart rate turbulence and clinical prognosis in hypertrophic cardiomyopathy and myocardial
infarction. Circ J 2003;67:601-604

Mrowka R, Persson PB, Theres H, Patzak A. Blunted arterial baroreflex causes “pathological”
heart rate turbulence. Am J Physiol Regulatory Integrative Comp Physiol 2000;279:R1171-
R1175

Lin LY, Lai LP, Lin JL, Du CC, Shau WY, Chan HL, Tseng YZ, Huang SK. Tight mechnism
correlation between heart rate turbulence and baroreflex sensitivity:sequential autonomic
blockade analysis. J Cardiovasc Electrophysiol 2002;13:427-431

Lin LY, Hwang JJ, Lai LP, Chan HL, Du CC, Tseng YZ, Lin JL Restoration of heart rate
turbulence by tritated beta blocker therapy in patients with advanced congestive heart failure:
positive correlation with enhanced vagal modulation of heart rate. J Cardiovasc Electrophysiol
2004;15:752-756

Berkowitsch A, Guettler N, Neumann T, Kurzidim K, Erdogan A, Pitschner HF. Prognostic
Significance of Heart-Rate Turbulence in ICD Patients with DCM. Proceedings The Xlith World
Congress on Cardiac Pacing & Electrophysiology; Hong Kong, February 19-22, 2003; 299-303
Brooksby P, Batin PD, Nolan J, Lindsay SJ, Andrews R, Mullen M, Baig W, Flapan AD,
Prescott RJ, Neilson JMM, Cowley AJ, Fox KAA. The relationship between QT intervals and
mortality in ambulant patients with chronic heart failure. Eur Heart J 1999;20:1335-1341

Baar CS, Naas A, Freeman M, Lang CC, Struthers AD. QT dispersion and sudden unexpected
death in chronic heart failure. Lancet 1994;343:327-9

Fauchier L, Douglas J, Babuty D, Consay P, Fauchier JPO. QT dispersion in nonischemic
dilated cardiomyopathy. A long-term evaluation. Eur J Heart Fail 2005;2:277-82

Kearney MT, Fox KAA, Lee AJ, Brooksby WP, Shah AM Flapan A, Prescott RJ, Andrews R,
Batin PD, Eckberg DL, Gall N, Zaman AG, Lindsay HS, Nolan J. Increased QT dispersion
predicted increased risk of mortaility in patients with mild-to-moderate heart failure form UK-
Heart Study. Heart 2004;90:1137-43

Gang Y, Ono T, Hnatkova K, Hashimoto K, Camm AJ, Pitt B, Poole-Wilson PA, Malik M; ELITE
Il investigators.QT dispersion has no prognostic value in patients with symptomatic heart
failure: an ELITE 1l substudy. Pacing Clin Electrophysiol. 2003 Jan;26(1 Pt 2):394-400.

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

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

www. hf-symposium.org



70

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

ISHNE Heart Failure World-Wide Internet Symposium

. Homs E, Marti V, Offfndo 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 behaviour in patients after myocardial infarction with and without life threatening
arrhythmias. Am Heart J. 1997;134;181-7

Jensen BT, Abildstrom SZ, Larroude CE, Agner E, Torp-Pedersen C, Nyvad O, Ottesen M,
Wachtell K, Kanters JKQT dynamics in risk stratification after myocardial infarction. Heart
Rhythm. 2005 Apr;2(4):357-64

Alonso JL, Martinez P, Vallverdu M, Cygankiewicz |, 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

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

Faber TS, Grom A, Schopflin M, Brunner M, Bode C, Zehender M. Beat-to-beat assessment of
QT/RR ratio in sever heart failure and overt myocardia ischemia:a measure of electrical
integrity in diseased hearts. Pacing Clin Electrophysiol 2003;26:836-42

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

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

Zareba w, Bayes de Luna A. QT dynamics and variability . Ann Noninvasive Electrocardiol.
2005 Apr;10(2):256-62

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

Haigney MC, Zareba W, Gentlesk PJ, Goldstein RE, lllovsky M, McNitt S, Andrews ML, Moss
AJ; Multicenter Automatic Defibrillator Implantation Trial Il investigatorsQT interval variability
and spontaneous ventricular tachycardia or fibrillation in the Multicenter Automatic Defibrillator
Implantation Trial (MADIT) Il patients. J Am Coll Cardiol. 2004;44:1481-7

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.

www. hf-symposium.org



81

82.

83.

ISHNE Heart Failure World-Wide Internet Symposium

. Baravelli M, Salerno-Uriarte D, Guzzetti D, Rossi MC, Zoli L, Forzani T, Salerno-Uriarte JA

Predictive significance for sudden death of microvolt-level T wave alternans in New York Heart
Association class Il congestive heart failure patients: a prospective study.Int J Cardiol.
2005;105(1):53-7

Verrier RL, Nearing BD, Kwaku KF.Noninvasive sudden death risk stratification by ambulatory
ECG-based T-wave alternans analysis: evidence and methodological guidelines. Ann
Noninvasive Electrocardiol. 2005 Jan;10(1):110-20

Verrier RL, Nearing BD, La Rovere MT, Pinna GD, Mittleman MA, Bigger JT Jr, Schwartz PJ;
ATRAMI InvestigatorsAmbulatory electrocardiogram-based tracking of T wave alternans in
postmyocardial infarction patients to assess risk of cardiac arrest or arrhythmic death. J
Cardiovasc Electrophysiol. 2003 ;14:705-11

www. hf-symposium.org



