Clinical Applications

Frequently Asked Questions

1. Who can I test? 

(see FDA indication slide, clinical indications slide)
· The FDA cleared indications for Microvolt T-Wave Alternans (MTWA) testing are quite broad.  FDA indications state “the presence of  T-Wave Alternans in patients with known, suspected or at risk of ventricular tachyarrhythmia predicts increased risk of a cardiac event (VT or sudden death).” 

· Compelling clinical data indicates that patients with the following conditions may benefit from Microvolt T-Wave Alternans testing:

· Patients with a history indicating increased risk of ventricular (e.g. syncope, presyncope, palpitations, non-sustained VT, family history, VT or VF associated with a transient or reversible cause)

· Left ventricular dysfunction (left ventricular ejection fraction ( 40%, heart failure, cardiomyopathy) 

· Prior myocardial infarction (particularly during the first year after myocardial infarction – note: MTWA testing should not be done during the first month  post MI because MTWA is labile during the immediate post MI period)

· Patients undergoing EPS.

2. Should I test my patients with:

Syncope, presyncope or palpitations?

(see Syncope substudy slide, brochure)
· MTWA has been shown to be an excellent tool to rule in or out a patient’s risk of SCD in the syncope population. 

· Bloomfield et al demonstrated that MTWA predicted events with a relative risk of 7.1 in patients with syncope and presyncope. (see Syncope substudy slide)

· This is a significant population that is presently under-served.  Each year more than half of the 1.1 million patient visits for syncope do not result in identification of the cause of  the syncope.  Over 200,000 of those have abnormal ECGs or a history of CAD.  Yet, despite a 6 % one-year mortality and 4% incidence of SCD, only 20,000, or 1 in 10 patients are referred to EP study. 

· Only 10% of patients hospitalized for syncope receive EP study (Stetson et al).

One year mortality in patients hospitalized for syncope is 13% (Gretchel et al).

Congestive heart failure?


(see Frankfurt CHF study slide, brochure)

· MTWA has been shown to be an excellent tool to rule in or out a patient’s risk of SCD in the CHF population (including patients with ischemic and non-ischemic heart disease).

· Klingenheben et al demonstrated MTWA to be a highly significant predictor of VT events (21% in 18 months) in patients with CHF (none of the other six measures of arrhythmic risk achieved statistical significance in the study).  MTWA not only identified a high-risk group, but it also identified a very low-risk group – in fact no VT events occurred among the MTWA negative patients.

· This is a significant population that is presently undeserved.  There are 2 million new cases of CHF each year.  Patients with NYHA Class II to IV heart failure have a two-year mortality of 20-40%.  More than 40% of these deaths are sudden. 

Previous MI?

(see Ikeda Post MI slide, brochure)
· MTWA has been shown to be an excellent tool to rule in or out a patient’s risk of SCD in the post-MI population.

· Ikeda et al demonstrated MTWA to be a highly significant predictor of VT events with a relative risk of 16.8 in the post-MI population.  At the end of 12 month follow-up, 28% of the patients with a positive MTWA test had had an event, compared to less than 2% of patients with negative MTWA.

· These patients should not be tested until at least four weeks post event and within one year of the event.

· There are 5 million new incidence of reported myocardial infarction each year.  Sudden death mortality in these post-MI patients remains high despite advances in treatment.  Six to ten percent will die within two years following hospital discharge. More than half of these deaths will be sudden and unexpected. 

Non-ischemic dilated cardiomyopathy?

(see non ischemic DCM slide, brochure)
· Clinical study results presented at NASPE by Hohnloser’s group (J. W. Goethe University, Frankfurt) revealed that in 56 non-ischemic dilated cardiomyopathy patients (DCM) tested, Microvolt T-Wave Alternans was a significant predictor of ventricular tachyarrythmic events. 

· Recognizing that EPS and other risk stratification methods have not generally been successful in evaluating DCM patients, Microvolt T-Wave Alternans is being used to help stratify this population at highest risk. 

Children?

(see Cheung paper)

· At present most of the published literature has been focused on adult populations.  However, there is keen interest in using the test on children.  MTWA testing is being actively used at a number of children hospitals including Boston, Philadelphia, and Metrohealth in Cleveland.  

· In a recent paper published in JCE, Cheung et al concluded MTWA testing is feasible in children ( 8 years – none of the normal children had a positive MTWA test.

· The incidence of SCD for patients at 25 years after repair of tetralogy of Fallot was 4%.  Identification of children at increased risk of VT after surgery for congenital heart disease may prove valuable.

Hypertrophic Cardiomyopathy?

· The incidence of  MTWA is elevated in patients with hypertrophic cardiomyopathy and in these patients correlates well with the presence of other risk factors which identify patients at increased risk of sudden death. Prospective follow-up data in these patients are not yet available.

Long QT Syndrome?

· The incidence of MTWA is elevated in patients with long QT syndrome and anecdotally has been  associated with occurrence of arrhythmias in these patients. Prospective follow-up data in these patients are not yet available.

Brugada syndrome?

· The incidence of MTWA is elevated in these patients, but to date MTWA has not been demonstrated to predictive of ventricular arrhythmias in this population suggesting that ventricular arrhythmias in these patients may be more related to abnormalities of depolarization than abnormalities of repolarization. 
(see Ikeda Brugada paper).
RV Dysplasia?

· The incidence of MTWA is elevated in patients with patients with RV dysplasia. Prospective follow-up data in these patients are not yet available.

Athletes?

· Prof. Furlanello ( Milan), Dr Michelucci ( Florence) and others reports indicate that MTWA can help identify cardiac abnormalities predisposing to ventricular arrhythmias in athletes referred for evaluation of worrisome symptoms (syncope, presyncope, palpitations).
Bundle branch block or long QRS?

· Yes, all of our studies to date have included bundle branch block patients.  We have gotten excellent results in each of these studies and there is no reason for us to believe Microvolt T-Wave Alternans is contraindicated in these patients.  
· This said, given the large number of patients needed, no specific study or subgroup analysis has been reported on this specific population.
Atrial fibrillation?

· Patients with atrial fibrillation are contraindicated for MTWA testing.

· The signals derived from patients with atrial fibrillation make extremely difficult to establish an iso-electric reference point and control noise in order to make an accurate measurement of MTWA, and the high degree of RR interval variability also may interfere with the MTWA measurement.  Nonetheless, there have been reports of MTWA being measured successfully during ventricular pacing.

3. What do I do with a patient that test MTWA positive?

· Depending on the patient’s specific history, physicians are choosing to optimize medical therapy, refer for EPS or in certain circumstances implant ICDs.

(Note: Optimizing medical therapy may include diagnosing and treating any active ischemia;  the use of betablockers, ACE inhibitors, aldosterone antagonists (spironolactone) anti-arrhythmic agents (amiodarone, sotalol); correcting electrolyte imbalances, and cessation of smoking. Once optimized, physicians are then testing their patients again.)

More specifically, what do I do with a patient who tests MTWA positive with:

History indicating increased risk of sustained ventricular arrhythmias (syncope, presyncope, palpitations, NSVT, family history, VT or VF associated with transient or reversible cause)?

(see Guidelines, Review , Chapter)

· Consistent with the guidelines and published recommendations, we are seeing physicians refer most of these patients who also have coronary artery disease for EPS.  In patients in whom it is not known whether or not they have CAD, diagnostic evaluation to determine whether CAD is present may be indicated as well. 

· In such patients without coronary artery disease, for example patients with non-ischemic dilated cardiomyopathy, EPS may not provide useful prognostic information.  Such patients, particularly those with left ventricular dysfunction, may be considered for ICD or anti-arrhythmic therapy.  Further diagnostic evaluation with the use of a loop recorder may also be considered.

· VT or VF associated with an acute or reversible cause such as MI or acute ischemia may be due to underlying scar and not corrected by revascularization.  MTWA testing may be used after revascularization or > 4 weeks after MI to determine if there is remaining risk of recurrent VT or VF.  Those with a positive may be referred for EPS.

· EPS is indicated under MADIT/MUSTT criteria (NSVT, CAD, LVEF ( 40%); however, in many cases there is reluctance on the part of the referring physicians or patient to undergo EPS.  A positive test will provide further support for EPS.

· Only 16% of patients that meet indications for ICD are referred to an EP for consultation.  In qualitative market research, commissioned by Cambridge Heart, cardiologist surveyed consistently stated that they would be far more likely to refer their patients for EPS based on a non-invasive test they could administer that demonstrated results achieved by MTWA.

Left Ventricular Dysfunction (heart failure, cardiomyopathy (ischemic or non-ischemic), left ventricular ejection fraction (40%)?

· Consistent with the guidelines and published recommendations, we are seeing physicians refer most of these patients who also have coronary artery disease for EPS. 

· In a non-ischemic cardiomyopathy patient, where EPS can not reliably assess risk, physicians may first determine whether optimization of standard medical therapy suppresses MTWA on repeat testing.  If MTWA persists, particularly in patients with an additional risk factor, physicians are often choosing to implant an ICD. 

Prior Myocardial Infarction

· We are seeing physicians test their post MI patients (> four weeks and < one year post event) and refer those testing MTWA positive for thallium stress testing or cardiac catheterization to rule out active ischemia.  If warranted they will treat the ischemia and retest the patient for MTWA.  If again positive, the patient is being referred to EPS and possible ICD therapy.
4. What do I do with a patient that tests MTWA positive and EPS negative? 

(Note: EPs will most often ask this question because they are impressed with the event data compared to EPS.  This however leaves them with a dilemma because no prophylactic ICD therapy trial using MTWA has been completed to support an ICD implant on MTWA results alone.  This question can be best answered in a dialogue in which you are asking the EP a number of questions to understand his/her attitude about EPS and aggressiveness of treatment.)

· First, based on the strong positive predictive value of the MTWA test, we are seeing a positive MTWA test guide the aggressiveness of the stimulation protocol and interpretation of ambiguous EPS results.  If unable to induce monomorphic VT using their regular protocol, the positive MTWA may influence the EP to increase the number of sites or extrastimuli in an effort to induce.  In the presence of  non-specific results such as rapid monomorphic VT (“ventricular flutter”) or polymorphic VT/VF, the positive MTWA may influence the interpretation of the EP study to call it positive.

· When there are discordant results where the MTWA is positive and EPS is negative, the decision to implant an ICD or optimize medical therapy is determined by the clinical judgement of the physician based upon the history of the patient and his/her indices of risk. In the Multicenter trial the concordance rate of MTWA and EPS was 76%.

· The decision to implant an ICD is never made based on the MTWA test alone nor should it be.  We are however seeing a growing number of physicians implanting ICDs based on convincing evidence from the MUSTT trial that patients with a negative EP study may still be at significant risk of an event despite a negative EP study.  A positive MTWA provides adjunctive evidence to justify the implant.

· We are seeing patients with non-ischemic DCM, mild left ventricular dysfunction (EF<40) and at least one additional risk factor (i.e. NYHA III, syncope, NSVT) and MTWA positive results receive ICDs despite non-inducibility in the EP lab. 

5. How reproducible are the results?

· Immediate and long-term reproducibility data on Microvolt T-Wave Alternans is currently under investigation.  Our experience suggests that reproducibility in the high-risk populations is approximately 90% and is expected to be even higher in the lower risk populations where Microvolt T-Wave Alternans results are more often negative.
6. How does MTWA compare to other non-invasive tests? SAECG?

(see Non-invasive test comparison slide)
· In every direct comparison to other non-invasive risk stratifiers, including SAECG, MTWA performed substantially better. (see Non-invasive test comparison slide)

· Moreover, the data suggests that MTWA has a similar positive predictive value to EPS and an even better negative predictive value.

7. What role will MTWA play if MADIT II or SCD-HeFT demonstrate ICD therapy improves survival in patients with clinical heart failure or low LVEF?

· First, we won’t know the results of these trials for some time.  MADIT II continues to enroll patients and by design will only end once statistical significance is achieved so it is difficult to project when it will conclude.  SCD-HeFT enrollment is expected to conclude some time this year but there is may still be months of follow up before results are made public.  
· There is a MTWA substudy in SCD-HeFT which we fully expect will demonstrate that by further risk stratifying these patients with MTWA you identify those patients that will most benefit by the therapy.
· Assuming the studies show a benefit, it is unlikely that payers/society will support expensive ICD therapy for the 2 million new patients each year that present with compromised left ventricular function.  Furthermore, we know that today only 16% of the patients that meet current indications receive ICDs.  We also know that, despite convincing evidence, betablockers are only prescribed to 50% of the patients that would benefit from them. 
· Assuming MADIT II and SCD-HeFT are positive, we anticipate that MTWA will play a critical roll in risk stratifying those patients that would most likely benefit from ICD therapy. 
8. What are the mechanisms of Microvolt T-Wave Alternans? 

(see mechanism slide)

· Recent evidence from animal models suggests that Microvolt T-Wave Alternans occurs at a cellular level and is related to localized regions of ventricular tissue in which there is beat-to-beat alternation in action potential duration.    

· The alternation in action potential duration leads to localized regions with delayed recovery on an every other beat basis.
· These islands of tissue with delayed recovery can caused the fractionation of depolarization wavefronts leading to the development of reentry.
9. How often should I test my patients for MTWA?

· Recently published data has followed patients between 12 and 18 months.  Recognizing that the patient’s underlying clinical state is evolving, it is recommended to retest patients every 12 to 18 months.
10. Am I justified in not doing an EPS in patients with a negative MTWA test?

(Note: The cardiologist or EP is likely asking this question to determine how comfortable he/she can be sending the patient home without further testing)

· Because the likeliness of an event in MTWA negative patients is extremely low, we are seeing physicians rule out the need for an EP study in these patients.   

· Studies with CHF or patients with previous MI showed event rates of around  and patients with previous MI showed event rates of around 1.5% with up to 18 month follow up.

· Based on these results physicians and patients feel reassured their risk of having an event is very low and they are comfortable not pursuing the EPS.

11. What is your false positive rate in a normal population?

· Caref et al demonstrated that in a study of normal patients without a history of cardiac disease that exercise induced MTWA is very rare.  Of the 79 patients reported in the study, only one patient tested MTWA positive. 

12. Are there any completed prospective randomized prophylactic treatment trials with MTWA?

· At the present time there are no completed randomized trials that demonstrate that prophylactic treatment with ICDs in patients identified at risk on the basis of a positive MTWA test results in a reduction of mortality or arrhythmic events.

· There is a MTWA substudy in SCD-HeFT.  We expect the substudy will demonstrate that MTWA stratifies those CHF patients who are at highest risk for an event.  It is not expected to be powered to demonstrate the efficacy of the ICD base on MTWA.

· A prospective randomized multi-center prophylactic treatment trial, ABCD (Alternans Before Cardioverter Defibrillator) is ongoing and is expected to demonstrate the therapeutic benefits of ICDs based on a positive MTWA test.  Follow up is not expected to complete until mid 2003. 

13. We learned from CAST (Cardiac Arrhythmia Suppression Trial) the importance of therapeutic trials.  Is there value in testing patients for MTWA now prior to completing ABCD?

· Absolutely, MTWA has been demonstrated to be a powerful predictor of arrhythmic events in a variety of populations including syncope, heart failure and post-MI.  Studies in these populations demonstrate a 20-28% event rate in 12 to 18 months for those testing positive and less than a 2% event rate for those testing negative.  
·  Based on the compelling published literature a significant increase in arrhythmic events in patients testing positive for the MTWA test, there is solid justification to optimize medical therapy which are proven to be effective in these populations or refer these patients for further testing.
· Unlike Class Ic anti-arrhythmic agents (encainide, flecainide) used in CAST that had not been proven to reduce mortality, ICD therapy has been demonstrated to increase survival in a high risk population with very low morbidity.
· Currently there are ICDs being implanted in patients that are known to be of high risk (i.e. non-ischemic DCM) that are not inducible in the EP lab.  MTWA testing offers additional information to use in conjunction with other compelling patient history to help guide appropriate use of ICD therapy. 







