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Background

T-wave alternans is an electrocardiographic pattern in which the morphology of the T-wave alternates on an every other beat basis.  TWA visible in the electrocardiogram is a rare finding associated with a variety of pathophysiologic conditions1-6 which are in turn associated with increased risk of ventricular arrhythmias such as acute ischemia, Prinzmetal’s angina, electrolyte abnormalities, and the long QT syndrome.  The advent of advanced signal processing methods have made it possible to measure microvolt T-wave alternans,8 which cannot be detected by visual inspection of the electrocardiogram.  Microvolt T-wave alternans (TWA) was demonstrated in animal studies to be a powerful predictor of susceptibility to ventricular tachycardia and fibrillation7.  Electrophysiologic mapping studies9-11 demonstrated that TWA is caused by localized alternation in the duration of the action potential.  Localized action potential alternans in turn leads to spatial dispersion of recovery leading to fractionation of depolarization wave fronts and the development of reentrant arrhythmias - ventricular tachycardia and fibrillation (see Figure 1). 
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A substantial body of clinical literature has now been developed on the use of TWA to identify patients at risk of ventricular arrhythmias and sudden cardiac death.  Below we summarize some of the key clinical studies12-17, 21,22.

Patients at high Risk including Patients Undergoing EP Study

Rosenbaum DS, Jackson LE, Smith JM, Garan H, Ruskin JN, Cohen RJ.  Electrical Alternans and Vulnerability to Ventricular Arrhythmias.  N Engl J Med 1994; 330: 235-41.
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This study involved 83 patients undergoing invasive electrophysiologic study (EPS) for clinical indications.  Kaplan-Meier survival analysis revealed that at 20 months of follow-up 81% of the patients who had tested positive for microvolt T-wave alternans had had a ventricular tachyarrhythmic event (sudden death, cardiac arrest, electrocardiographically documented sustained ventricular tachycardia, or ventricular fibrillation) whereas only 6% of patients who tested negative had had such an event.  In this study TWA was equivalent to invasive electrophysiologic testing as a predictor of ventricular tachyarrhythmic events  (Figure 2).
Hohnloser SH, Klingenheben T, Yi-Gang L, Zabel M, Peetermans J, Cohen RJ.  T-wave alternans as a Predictor of Recurrent Ventricular Tachyarrhythmias in ICD Recipients.  J Cardiovascular Electrophysiol 1998; 9: 1258-68.

This study compared microvolt T-wave alternans to 9 other measures of arrhythmic risk in 95 patients receiving implantable cardioverter defibrillators (ICDs) for clinical indications.  This population was chosen because the event rate was expected to be high and the ICD served as a 24 hour per day monitor for documenting ventricular tachyarrhythmic events.  Of all ten measures only T-wave alternans (p < 0.006) and, to a lesser extent, left ventricular ejection fraction (p < 0.04) were statistically significant univariate predictors of appropriate ICD discharge (Figure 3).  EP testing failed to achieve statistical significance as a predictor of events.
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Gold MR, Bloomfield DM, Anderson KP, et al.  A Comparison of T-wave alternans, Signal Averaged Electrocardiography and Programmed Ventricular Stimulation For Arrhythmia Risk Stratification.  J Am Coll Cardiol, Vol 36, No 7, Dec 2000 :2247-53 

In this multi-center study conducted for FDA regulatory approval, of 313 patients undergoing electrophysiology study, microvolt T-wave alternans was a highly significant predictor of ventricular tachyarrhythmic events.  The relative risk of TWA for arrhythmic events was 10.9 compared to 7.1 for electrophysiologic testing (Figure 4).
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Figure 2


Patients with Left Ventricular Dysfunction
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. The Lancet 2000; 356:651-52.

This is a study of 107 patients with New York Heart Association class II and III congestive heart failure but with no prior history of sustained ventricular arrhythmias.  In this population of patients, T-wave alternans was a highly significant predictor of ventricular tachyarrhythmic events (p < 0.0036) whereas none of the other six measures of arrhythmic risk achieved statistical significance.  Not only did T-wave alternans identify a high risk group, but it also identified a very low risk group - in fact, no ventricular tachyarrhythmic events occurred among the T-wave alternans negative patients (Figure 5).
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Adachi K, Ohnishi Y, Shima T, Yamashiro K, Takei A, Tamura N, Yokoyama M.  Determinant of Microvolt T-wave Alternans in Patients with Dilated Cardiomyopathy.  J Am Coll Cardiol 1999; 34: 374-80.

This paper examined the ability of T-wave alternans to predict the occurrence of spontaneous ventricular tachycardia or fibrillation in 58 patients with non-ischemic dilated cardiomyopathy.  T-wave alternans was highly correlated with the occurrence of spontaneous ventricular tachycardia or fibrillation (p < 0.001).  This patient population is important clinically because invasive electrophysiologic testing is generally not regarded a useful predictor of spontaneous ventricular tachyarrhythmias in this population.
Hennersdorf MG, Perings C, Niebch V, Vester EG, Strauer B.  T Wave Alternans as a Risk Predictor in Patients with Cardiomyopathy and Mild-to-Moderate Heart Failure.  PACE 2000; 23: 1386-1391.

This study evaluated 60 patients with cardiomyopathy but nearly normal ejection fractions, in whom absence of coronary artery disease was documented angiographically.  TWA was positive in twelve of the patients; sixteen patients had had sustained ventricular tachyarrhythmic events.  Eighty-three percent of TWA positive patients had had a ventricular tachyarrhythmic event versus 12.5% of TWA negative patients, p < 0.00001. Three patients had ventricular tachyarrhythmic events during six month follow-up, all of whom had had a positive TWA test.  In a subset of patients studied with electrophysiologic testing, a statistically significant correlation was found between inducibility of tachyarrhythmia and a positive TWA test.
Patients with Prior Myocardial Infarction
Ikeda T, Sakata T, Takami M, Kondo N, Tezuka N, Nakae T, Noro M, Enjoji Y, Abe R, Sugi K, Tamaguchi T.  Combined Assessment of T-wave alternans and Late Potentials Used to Predict Arrhythmic Events After Myocardial Infarction.  J Am Coll Cardiol 2000;35:722-30.

This study involved 102 patients who underwent determination of TWA, signal averaged ECG and left ventricular ejection fraction after myocardial infarction.  The endpoint was a ventricular tachyarrhythmic event.  T-wave alternans was a highly significant predictor of events (p < 0.006) and had the highest relative risk (16.8) compared to signal averaged ECG (5.7) and left ventricular ejection fraction (4.7).  T-wave alternans had a sensitivity of 93% compared to 53% and 60% for the other measures.  At the end of 12 months of follow-up 28% of the patients with T-wave alternans had had events (Figure 6). 
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Clinical Guidelines
Constantini O, Drabek C, Rosenbaum DS.  Can Sudden Cardiac Death Be Predicted from the T Wave of the ECG?  PACE 2000; 23 1407-1416

[image: image10.wmf]100%

80

60

40

20

0

100%

80

60

40

20

0

Negative

Positive

Negative

 

Positive

0

4

8

12

16

20

0

4

8

12

16

20

Months

Months

Arrhythmia-free Survival (%)

Alternans Test

EP Study

Rosenbaum et al, 1994

Figure 2

This review article discusses the use of TWA as a risk stratifier for sudden cardiac death in patients with ischemic and non-ischemic cardiomyopathy.  The authors present suggested treatment pathways based on TWA results (Figure 7) for these populations.  The authors conclude that based on the MUSTT trial, the risk of sudden cardiac death in patients with a negative EP study remains significant and that these patients may benefit from a TWA study to further assess their risk leading to consideration of an ICD implantation if the TWA test is positive.  This conclusion is based on a review of multiple TWA clinical trials in which patients with a positive test have approximately 25% risk of VT or death within 12 months.  The authors also concluded that in patients with non-ischemic disease, TWA may become the risk stratifier of choice given the inadequacy of EP testing in predicting sudden cardiac death in this population and that a positive TWA test be considered as an indication for ICD implantation.

comparison of TWA with invasive EPS
Review of a number of prospective studies conducted in a variety of clinically relevant patient populations, indicates that occurrence of ventricular tachyarrhythmic events in patients with a positive TWA test is equivalent to the ventricular tachyarrhythmic event rate among patients with a positive EPS.  The event rate among patients with a negative TWA test is at least as low, and in many cases lower, than the event rate among patients with a negative EPS (see Tables 1 and 2).
	Table 1

Event Rates among TWA+ and EP+ Patients

	Study
	Patient Population
	Follow-Up (months)
	TWA+
	EP+

	Rosenbaum, et al

NEJM,1994 12
	EP
	20
	81%
	~81%

	Ikeda, et al

JACC, 2000 15
	Post MI
	12
	28%
	

	Gold MR, et al FDA,

1999 JACC, in press 17
	EP
	13
	23%
	25%

	Gold MR, et al FDA,

1999 JACC, in press 17
	Known or Suspected Ventricular Arrhythmia (EP)
	13
	26%
	25%

	Bloomfield, et al

Circ, 1999 (abs) 18
	Syncope 

(EP)
	13
	19%
	21%

	Klingenheben, et al

Lancet, 2000 16
	CHF
	18
	21%
	

	Klingenheben, et al

PACE, 1999 (abs) 19
	DCM
	6
	21%
	

	Buxton, et al

NEJM, 2000 20
	Prior MI, EF ( 0.40,

NSVT
	24
	
	18%


	Table 2

Event Rates among TWA- and EP- Patients

	Study
	Patient Population
	Follow-Up (months)
	TWA-
	EP-

	Rosenbaum, et al

NEJM,1994 12
	EP
	20
	6%
	~6%

	Ikeda, et al

JACC, 2000 15
	Post MI
	12
	2%
	

	Gold MR, et al FDA,

1999 JACC, in press 17
	EP
	13
	2%
	5%

	Gold MR, et al FDA,

1999 JACC, in press 17
	Known or Suspected Ventricular Arrhythmia (EP)
	13
	3%
	8%

	Bloomfield, et al

Circ, 1999 (abs) 18
	Syncope 

(EP)
	13
	3%
	6%

	Klingenheben, et al

Lancet, 2000 16
	CHF
	18
	0%
	

	Klingenheben, et al

PACE, 1999 (abs) 19
	DCM
	6
	0%
	

	Buxton, et al

NEJM, 2000 20
	Prior MI, EF ( 0.40,

NSVT
	24
	
	12%


Conclusion
TWA is an effective non-invasive predictor of risk of ventricular tachyarrhythmias and sudden death, with an efficacy that appears at least comparable to invasive electrophysiologic testing.
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Figure 6. Arrhythmia-free survival in 102 post myocardial infarction patients based on TWA classification.  Ikeda et al, 2000.





� EMBED PhotoDeluxeBusiness.Image.1 \s ���




































































Figure 4





� EMBED Word.Picture.8  ���





� EMBED PowerPoint.Slide.8  ���





Figure 4





� EMBED PowerPoint.Slide.8  ���





� EMBED PowerPoint.Slide.8  ���





� EMBED PowerPoint.Slide.8  ���








PAGE  
3

[image: image11.wmf]0

10

20

30

40

50

60

70

80

90

100

0

2

4

6

8

10

12

14

16

18

Months

Event Free Survival

EP +

EP -

0

10

20

30

40

50

60

70

80

90

100

0

2

4

6

8

10

12

14

16

18

Months

Event Free Survival

TWA +

TWA -

Alternans Test

EP Study

P<0.006

P<0.23

Hohnloser et al, 1998

Figure 3

[image: image12.png]Event-Free (%)

20]  P=00002 1 TWA positive
7 TWA negative

0o 2 4 6 8 10 12
Follow-up (Months)



[image: image13.wmf]0

3

6

9

12

15

18

60

70

80

90

100

33

30

27

21

16

14

11

TWA-

TWA-

52

45

40

32

30

26

24

TWA+

TWA+

P = 0.0036

Months

Arrhythmia-Free Survival

Figure 5.  

Klingenheben 

et al, 2000.

[image: image14.wmf]Ischemic Cardiomyopathy

Non-Ischemic Cardiomyopathy

Group A

Group C

Group B

Group D

EF

£

 40 and

Class II/III 

CHF

NSVT

Other risk factors

TWA

TWA

TWA

No Rx

No Rx

No Rx

No Rx

EPS

EPS

ICD

ICD

ICD

ICD

EF

£

 40 and

EF

£

 40 and

EF

£

 40 and

Class II/III 

CHF

-

-

-

-

-

+

+

+

+

+

TWA

No Rx

ICD

-

+

Figure 7

_1027752203.ppt


Mechanism Linking TWA to

Ventricular Arrhythmias

Long APD  Short APD Long APD Short APD

Action Potential Alternans Leads

to T-Wave Alternans

Long APD Region

Short APD Region

Spatially Discordant Alternans Leads to

Dispersion of Recovery,

Wave Front Fractionation, and Reentry

Figure 1












_1034084964.ppt


Hohnloser et al, 1998

Figure 3

Alternans Test

EP Study





P<0.006

P<0.23





0


10


20


30


40


50


60


70


80


90


100


0 2 4 6 8 10 12 14 16 18


Months


Event Free Survival


EP +


EP -


0


10


20


30


40


50


60


70


80


90


100


0 2 4 6 8 10 12 14 16 18


Months


Event Free Survival


TWA +


TWA -


UNKNOWN-0.xls

Chart1


			0			0


			0.5952380952			0.0330687831


			0.5952380952			0.0330687831


			0.6944444444			0.0661375661


			0.6944444444			0.0661375661


			0.958994709			0.0992063492


			0.958994709			0.0992063492


			1.0251322751			0.1322751323


			1.0251322751			0.1322751323


			1.9510582011			0.1653439153


			1.9510582011			0.1653439153


			2.414021164			0.2645502646


			2.414021164			0.2645502646


			3.2076719577			0.462962963


			3.2076719577			0.462962963


			3.7367724868			0.5621693122


			3.7367724868			0.5621693122


			4.1997354497			0.9259259259


			4.5304232804			0.9259259259


			4.5304232804			1.2566137566


			7.0767195767			1.2566137566


			7.6058201058			1.3558201058


			7.6058201058			1.3558201058


			8.5978835979			2.0833333333


			8.5978835979			2.0833333333


			8.9947089947			2.1825396825


			9.4246031746			2.1825396825


			9.6560846561			2.2486772487


			9.8544973545			2.2486772487


			10.846560847			2.7116402116


			11.706349206			2.9431216931


			11.706349206			3.2076719577


			13.624338624			3.2738095238


			14.252645503			3.2738095238


			14.252645503			3.6044973545


			14.781746032			4.1005291005


			15.211640212			4.1005291005


			15.83994709			4.5304232804


			15.83994709			4.5304232804


			16.104497354			4.5304232804


			16.633597884			4.8941798942


			16.832010582			6.2169312169


			16.931216931			6.3822751323


			18			6.8783068783


			18.882275132			6.8783068783


						6.9113756614


						8.5317460317


						8.5317460317


						9.0608465608


						9.2261904762


						9.4576719577


						10.218253968


						10.218253968


						10.813492063


						11.276455026


						12.235449735


						12.632275132


						12.92989418


						13.161375661


						13.392857143


						13.425925926


						14.153439153


						16.369047619


						16.435185185


						17.03042328


						18


						22.255291005





EP +


EP -


Months


Event Free Survival


100


100


100


100


97.142857143


98.113207547


97.142857143


98.113207547


94.285714286


96.226415094


94.285714286


96.226415094


91.428571429


94.339622642


91.428571429


94.339622642


88.571428571


92.452830189


88.571428571


92.452830189


85.714285714


90.566037736


85.714285714


90.566037736


82.857142857


88.679245283


82.857142857


88.679245283


80


86.79245283


80


86.79245283


77.142857143


84.905660377


77.142857143


84.905660377


77.142857143


83.018867925


74.175824176


83.018867925


74.175824176


79.245283019


74.175824176


79.245283019


71.085164835


75.471698113


71.085164835


75.471698113


67.994505495


73.58490566


67.994505495


73.58490566


67.994505495


71.698113208


67.994505495


71.698113208


67.994505495


69.811320755


67.994505495


69.811320755


67.994505495


69.811320755


63.994828701


69.811320755


63.994828701


69.811320755


63.994828701


67.758046615


59.728506787


67.758046615


59.728506787


67.758046615


59.728506787


65.640607658


59.728506787


65.640607658


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


61.079969905
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58.534971159


58.534971159


58.534971159


58.534971159


58.534971159


55.608222601
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55.608222601


55.608222601


55.608222601





ep


			Months			negMon			Months			posMon


			0			100			0			100


			0.5952380952			100			0.0330687831			100


			0.5952380952			97.142857143			0.0330687831			98.113207547


			0.6944444444			97.142857143			0.0661375661			98.113207547


			0.6944444444			94.285714286			0.0661375661			96.226415094


			0.958994709			94.285714286			0.0992063492			96.226415094


			0.958994709			91.428571429			0.0992063492			94.339622642


			1.0251322751			91.428571429			0.1322751323			94.339622642


			1.0251322751			88.571428571			0.1322751323			92.452830189


			1.9510582011			88.571428571			0.1653439153			92.452830189


			1.9510582011			85.714285714			0.1653439153			90.566037736


			2.414021164			85.714285714			0.2645502646			90.566037736


			2.414021164			82.857142857			0.2645502646			88.679245283


			3.2076719577			82.857142857			0.462962963			88.679245283


			3.2076719577			80			0.462962963			86.79245283


			3.7367724868			80			0.5621693122			86.79245283


			3.7367724868			77.142857143			0.5621693122			84.905660377


			4.1997354497			77.142857143			0.9259259259			84.905660377


			4.5304232804			77.142857143			0.9259259259			83.018867925


			4.5304232804			74.175824176			1.2566137566			83.018867925


			7.0767195767			74.175824176			1.2566137566			79.245283019


			7.6058201058			74.175824176			1.3558201058			79.245283019


			7.6058201058			71.085164835			1.3558201058			75.471698113


			8.5978835979			71.085164835			2.0833333333			75.471698113


			8.5978835979			67.994505495			2.0833333333			73.58490566


			8.9947089947			67.994505495			2.1825396825			73.58490566


			9.4246031746			67.994505495			2.1825396825			71.698113208


			9.6560846561			67.994505495			2.2486772487			71.698113208


			9.8544973545			67.994505495			2.2486772487			69.811320755


			10.846560847			67.994505495			2.7116402116			69.811320755


			11.706349206			67.994505495			2.9431216931			69.811320755


			11.706349206			63.994828701			3.2076719577			69.811320755


			13.624338624			63.994828701			3.2738095238			69.811320755


			14.252645503			63.994828701			3.2738095238			67.758046615


			14.252645503			59.728506787			3.6044973545			67.758046615


			14.781746032			59.728506787			4.1005291005			67.758046615


			15.211640212			59.728506787			4.1005291005			65.640607658


			15.83994709			59.728506787			4.5304232804			65.640607658


			15.83994709			54.751131222			4.5304232804			63.523168701


			16.104497354			54.751131222			4.5304232804			63.523168701


			16.633597884			54.751131222			4.8941798942			63.523168701


			16.832010582			54.751131222			6.2169312169			63.523168701


			16.931216931			54.751131222			6.3822751323			63.523168701


			18			54.751131222			6.8783068783			63.523168701


			18.882275132			54.751131222			6.8783068783			61.079969905


									6.9113756614			61.079969905


									8.5317460317			61.079969905


									8.5317460317			58.534971159


									9.0608465608			58.534971159


									9.2261904762			58.534971159


									9.4576719577			58.534971159


									10.218253968			58.534971159


									10.218253968			55.608222601


									10.813492063			55.608222601


									11.276455026			55.608222601


									12.235449735			55.608222601


									12.632275132			55.608222601


									12.92989418			55.608222601


									13.161375661			55.608222601


									13.392857143			55.608222601


									13.425925926			55.608222601


									14.153439153			55.608222601


									16.369047619			55.608222601


									16.435185185			55.608222601


									17.03042328			55.608222601


									18			55.608222601


									22.255291005			55.608222601








ep


			0			0


			0.5952380952			0.0330687831


			0.5952380952			0.0330687831


			0.6944444444			0.0661375661


			0.6944444444			0.0661375661


			0.958994709			0.0992063492


			0.958994709			0.0992063492


			1.0251322751			0.1322751323


			1.0251322751			0.1322751323


			1.9510582011			0.1653439153


			1.9510582011			0.1653439153


			2.414021164			0.2645502646


			2.414021164			0.2645502646


			3.2076719577			0.462962963


			3.2076719577			0.462962963


			3.7367724868			0.5621693122


			3.7367724868			0.5621693122


			4.1997354497			0.9259259259


			4.5304232804			0.9259259259


			4.5304232804			1.2566137566


			7.0767195767			1.2566137566


			7.6058201058			1.3558201058


			7.6058201058			1.3558201058


			8.5978835979			2.0833333333


			8.5978835979			2.0833333333


			8.9947089947			2.1825396825


			9.4246031746			2.1825396825


			9.6560846561			2.2486772487


			9.8544973545			2.2486772487


			10.846560847			2.7116402116


			11.706349206			2.9431216931


			11.706349206			3.2076719577


			13.624338624			3.2738095238


			14.252645503			3.2738095238


			14.252645503			3.6044973545


			14.781746032			4.1005291005


			15.211640212			4.1005291005


			15.83994709			4.5304232804


			15.83994709			4.5304232804


			16.104497354			4.5304232804


			16.633597884			4.8941798942


			16.832010582			6.2169312169


			16.931216931			6.3822751323


			18			6.8783068783


			18.882275132			6.8783068783


						6.9113756614


						8.5317460317


						8.5317460317


						9.0608465608


						9.2261904762


						9.4576719577


						10.218253968


						10.218253968


						10.813492063


						11.276455026


						12.235449735


						12.632275132


						12.92989418


						13.161375661


						13.392857143


						13.425925926


						14.153439153


						16.369047619


						16.435185185


						17.03042328


						18


						22.255291005





EP +


EP -


Months


Event Free Survival


100


100


100


100


97.142857143


98.113207547


97.142857143


98.113207547


94.285714286


96.226415094


94.285714286


96.226415094


91.428571429


94.339622642


91.428571429


94.339622642


88.571428571


92.452830189


88.571428571


92.452830189


85.714285714


90.566037736


85.714285714


90.566037736


82.857142857


88.679245283


82.857142857


88.679245283


80


86.79245283


80


86.79245283


77.142857143


84.905660377


77.142857143


84.905660377


77.142857143


83.018867925


74.175824176


83.018867925


74.175824176


79.245283019


74.175824176


79.245283019


71.085164835


75.471698113


71.085164835


75.471698113


67.994505495


73.58490566


67.994505495


73.58490566


67.994505495


71.698113208


67.994505495


71.698113208


67.994505495


69.811320755


67.994505495


69.811320755


67.994505495


69.811320755


63.994828701


69.811320755


63.994828701


69.811320755


63.994828701


67.758046615


59.728506787


67.758046615


59.728506787


67.758046615


59.728506787


65.640607658


59.728506787


65.640607658


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


63.523168701


54.751131222


61.079969905


61.079969905


61.079969905


58.534971159


58.534971159


58.534971159


58.534971159


58.534971159


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601


55.608222601





twa


			Months			negSur			Months			PosSur


			0			100			0			100


			0.7541			100			0.0656			100


			1.6393			100			0.0656			98.039


			1.7377			100			0.8525			98.039


			1.7377			98.81			0.9508			98.039


			2.8525			98.81			0.9508			96.038


			3.2459			98.81			1.0492			96.038


			3.2459			97.605			1.0492			94.038


			3.5082			97.605			1.377			94.038


			3.6066			97.605			1.6066			94.038


			3.7377			97.605			1.8033			94.038


			3.7705			97.605			1.8033			91.948


			3.8361			97.605			2.7213			91.948


			3.9016			97.605			2.8852			91.948


			3.9344			97.605			3.0164			91.948


			4.0328			97.605			3.3115			91.948


			4.0656			97.605			3.3443			91.948


			4.1311			97.605			3.3443			89.649


			4.3279			97.605			3.4098			89.649


			4.5246			97.605			3.4098			87.35


			4.623			97.605			3.5082			87.35


			4.9836			97.605			3.7705			87.35


			5.0164			97.605			3.7705			84.99


			5.0164			97.605			3.9672			84.99


			5.0492			97.605			4.1967			84.99


			5.082			97.605			4.1967			84.99


			5.082			97.605			4.7541			84.99


			5.1475			97.605			5.1803			84.99


			5.1803			97.605			5.4426			84.99


			5.2131			97.605			5.5738			84.99


			5.2459			97.605			5.7377			84.99


			5.3443			97.605			5.8033			84.99


			5.6721			97.605			5.8033			81.954


			5.9344			97.605			5.9672			81.954


			6.0328			97.605			6.2295			81.954


			6.1967			97.605			6.3607			81.954


			6.3934			97.605			6.459			81.954


			6.7541			97.605			6.6885			81.954


			6.7869			97.605			7.7049			81.954


			6.8197			97.605			7.7049			78.229


			7.0164			97.605			7.9016			78.229


			7.082			97.605			8.0328			78.229


			7.1148			97.605			8.0328			74.318


			7.5082			97.605			8.2951			74.318


			7.5082			97.605			8.2951			74.318


			7.8361			97.605			8.3934			74.318


			8.5246			97.605			8.4918			74.318


			8.8197			97.605			9.2131			74.318


			9.082			97.605			9.3115			74.318


			9.2459			97.605			9.6393			74.318


			9.6393			97.605			10.2951			74.318


			10.1639			97.605			11.1803			74.318


			10.4918			97.605			11.4098			74.318


			10.6885			97.605			11.7377			74.318


			10.6885			97.605			11.7705			74.318


			10.7869			97.605			11.9344			74.318


			11.1475			97.605			11.9672			74.318


			11.2459			97.605			12			74.3177


			11.2459			97.605


			11.3443			97.605


			11.377			97.605


			11.4098			97.605


			11.5082			97.6045


			11.5738			97.6045


			11.6393			97.6045


			11.8361			97.6045


			12			97.6045
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UNKNOWN-1.xls

Chart1


			0			0


			0.7275132275			0.0330687831


			0.7275132275			0.0330687831


			0.9259259259			0.1653439153


			0.9259259259			0.1653439153


			2.4801587302			0.5952380952


			2.5793650794			0.5952380952


			2.8108465608			1.0251322751


			3.6044973545			1.0251322751


			3.7367724868			1.0582010582


			3.7367724868			1.0582010582


			4.3981481481			1.2235449735


			4.3981481481			1.2235449735


			7.9695767196			1.2566137566


			7.9695767196			1.2566137566


			9.4246031746			1.9510582011


			9.4576719577			1.9510582011


			9.7883597884			2.1825396825


			9.7883597884			2.1825396825


			12.632275132			2.2486772487


			13.392857143			2.2486772487


			13.624338624			3.2076719577


			14.153439153			3.2076719577


			14.781746032			3.2076719577


			15.046296296			3.2738095238


			16.832010582			3.2738095238


			16.931216931			4.5304232804


			17.03042328			4.5304232804


			18			4.8611111111


						6.1507936508


						6.9113756614


						8.5317460317


						8.5317460317


						8.5978835979


						8.5978835979


						8.9947089947


						9.0608465608


						9.8544973545


						10.813492063


						10.846560847


						10.846560847


						11.706349206


						11.706349206


						12.235449735


						13.425925926


						13.558201058


						13.558201058


						13.558201058


						15.83994709


						15.83994709


						16.435185185


						16.468253968


						18


						22.255291005





TWA +


TWA -


Months


Event Free Survival


100


100


100


100


96.153846154


94.444444444


96.153846154


94.444444444


92.307692308


91.666666667


92.307692308


91.666666667


92.307692308


88.888888889


92.307692308


88.888888889


92.307692308


86.111111111


92.307692308


86.111111111


87.692307692


83.333333333


87.692307692


83.333333333


83.076923077


80.555555556


83.076923077


80.555555556


78.461538462


77.777777778


78.461538462


77.777777778


78.461538462


75


78.461538462


75


73.230769231


72.222222222


73.230769231


72.222222222


73.230769231


69.444444444


73.230769231


69.444444444


73.230769231


66.666666667


73.230769231


66.666666667


73.230769231


66.666666667


73.230769231


63.768115942


73.230769231


63.768115942


73.230769231


60.869565217


73.230769231


60.869565217


60.869565217


60.869565217


60.869565217


57.487922705


57.487922705


54.106280193


54.106280193


54.106280193


54.106280193


54.106280193


54.106280193


54.106280193


54.106280193


48.695652174


48.695652174


48.695652174


48.695652174


41.739130435


41.739130435


41.739130435


33.391304348


33.391304348


33.391304348


33.391304348


33.391304348





ep


			Months			NegSur			Months			PosSur


			0			100			0			100


			1.04918			100			0.0656			100


			1.04918			99.057			0.0656			97.872


			1.63934			99.057			0.0984			97.872


			1.83607			99.057			0.0984			95.745


			1.83607			98.104			0.5574			95.745


			2			98.104			0.7541			95.745


			2.42623			98.104			0.8525			95.745


			2.42623			97.142			0.9508			95.745


			2.65574			97.142			0.9508			93.465


			2.65574			96.181			1.7705			93.465


			2.72131			96.181			1.7705			91.185


			2.85246			96.181			1.8033			91.185


			2.88525			96.181			1.8033			88.906


			3.01639			96.181			2.3934			88.906


			3.40984			96.181			2.3934			86.626


			3.40984			95.179			3.2459			86.626
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Figure 5.  Klingenheben et al, 2000.
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This slide compares the abilities of T-wave alternans and EP testing as predictors of arrhythmia-free survival.  



Patients who were T-wave alternans negative had a 95% arrhythmia-free survival rate at 20 months, whereas those patients who were T-wave alternans positive had only a 20% arrhythmia-free survival rate.  The results are almost identical to the results for EPS shown on the right.










