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Chapter 7

Microvolt T-Wave Alternans during 
exercise and pacing are not comparable.
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Abstract

Introduction: The absence of Microvolt T-Wave Alternans (MTWA) identifies a group of patients 
who are at low risk for ventricular arrhythmia (VA) or sudden cardiac death (SCD). However, in 
exercised assessed MTWA, 20-40% of all test results are indeterminate. We hypothesised that 
MTWA during pacing would yield less indeterminate results.

Methods: Thirty patients with ischemic cardiomyopathy and prior dual chamber ICD implantation 
were enrolled. All patients underwent sequential MTWA testing using an exercise (E), atrial-paced 
(A) and atrioventricular-paced (AV) protocol. 

Results: The number of indeterminate tests was lower during pacing (A:17%; AV:3%) compared to 
exercise (37%) (E vs A: p=0,015, E vs AV: p=<0,001). When positive and indeterminate test results 
were grouped as non-negative, the concordance rates between E and A, E and AV, and A and AV 
were 60% (k=0.17), 57% (k=0.058), and 70% (k= 0.348). If indeterminate results were excluded, 
agreements were 60% (k=0.19), 50% (k=0,129) and 67% (k=0,33) respectively.

Conclusion: Indeterminate test results are less common during pacing. However, there is a low 
concordance rate between test results using different protocols. This necessitates further study to 
determine the predictive value of each method in high risk patients with ischemic cardiomyopathy.

Kraaier K, Verhorst PMJ, van der Palen J, van Dessel PFHM, Wilde AAM, Scholten MF.
Europace. 2009;11(10):1375-80
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Methods

Patient population
Thirty patients with ischemic cardiomyopathy with a previously implanted dual-chamber ICD 
according to the current guidelines were selected from the outpatient ICD clinic. Patients with a 
dual chamber device were chosen because of the ability to perform both atrial and atrioventricular 
pacing with use of the ICD device. Patients continued their medication, including betablocking 
agents and amiodarone, and therefore represent a “real world” population. Between the three 
measurement protocols, medication remained unchanged. Patients with atrial fibrillation, atrial 
flutter, excessive ventricular ectopy, or pacemaker-dependency were excluded. All patients gave 
informed consent. 

Protocol
All the MTWA tests were measured with the HearTWave system II (Cambridge Heart Inc., Bedford, 
Massachusetts, USA) using the spectral analysis method. After careful skin preparation high-
resolution electrodes were placed on the standard precordial positions and in an orthogonal (X,Y,Z) 
configuration. Exercise and pacing protocols were conducted consecutively and in random order. 
 Exercise protocol: The workload was gradually increased to achieve a constant heart rate. 
During 2.5 minutes a heart rate between 100 and 110 beats per minute (bpm) was attained. 
Subsequently the heart rate had to be kept between 110 and 120 bpm for 1.5 minutes. To avoid the 
patients’ pedal rate interfering with the expected bandwidth of the measured signal, the patients 
were instructed to hold a pedalling rate of 1/3 or 2/3 of the heart rate. 
 Pacing stimulation protocol: For each pacing mode MTWA was assessed during paced heart 
rates at 110bpm. Atrial paced data were recorded if a 1:1 atrioventricular conduction was achieved. 
For sequential atrial and ventricular pacing, the atrioventricular-delay was fixed at 120ms, to 
guarantee 100% ventricular stimulation. Data was recorded for 5 minutes. Before start of the 
recording, the heart rate had to be stable at 110bpm for at least 30 seconds in order to avoid rapid 
changes in heart rate which can interfere with the data analysis. 
 Classifying tests: The MTWA tests were read and interpreted by two physicians, and a third 
physician was asked in case of disagreement. Each MTWA report was classified as positive, 
indeterminate, or negative using accepted criteria.(15) A test was defined positive if the T-Wave 
alternans voltage was ≥ 1.9μV for at least 1 minute with an onset heart rate <110 bpm or at rest in 
any of three orthogonal leads (X, Y or Z), or in two adjacent precordial leads. If the recording did 
not meet the positive criteria and the heart rate was >105 bpm at least for one minute, the T-Wave 
alternans test was defined negative. An MTWA test was considered indeterminate if the test did 
not meet the criteria for being classified as positive or negative. Positive and indeterminate MTWA 
test results were grouped as nonnegative according to results of previous studies.(16;17)

Introduction

At present, the most important criterion to select candidates for implantable cardioverter 
defibrillator (ICD) implantation for primary prevention in patients with ischemic cardiomyopathy is 
a left ventricular ejection fraction (LVEF) ≤30-35%.(1) However, several studies have shown that this 
risk factor is not very specific, since only a small percentage of the ICD recipients will experience a 
life threatening ventricular arrhythmia (VA) requiring antitachypacing or shock therapy.(2-6) 

 In the search for more specific risk factors the use of Microvolt T-Wave Alternans (MTWA) 
might be an additional non-invasive tool to stratify risk for VA and sudden cardiac death (SCD).
(7;8) The use of MTWA has been approved by The United States Food and Drug Administration for 
noninvasive prediction of life threatening VA.(9) MTWA is a heart rate dependent measurement 
of subtle changes in the amplitude of the T-Wave, which occur every alternate beat. The 
pathophysiological mechanism behind the phenomenon of T wave alternans is not yet elucidated. 
It is hypothesized that MTWA results of beat-to-beat alternation of membrane repolarization by 
APD restitution or calcium cycling.(10) MTWA probably reflects temporal heterogeneity or dispersion 
in ventricular repolarisation, which can lead to formation of re-entry circuits and therefore 
lead to VA.(11) Especially the high negative predictive value (>90%) makes it a possible tool for 
identification of a group of patients, who probably will not benefit from ICD implantation.(8;12) This 
concept however, has been questioned recently.(13) 

 MTWA is usually assessed during exercise testing. However, a certain percentage of patients 
cannot perform this test (for example; patients with atrial fibrillation, recent surgery (<1 month) 
or inability to exercise). In addition, 20-40% of all performed tests, the results will be classified 
as indeterminate.(11;14) This percentage can be lowered by immediately repeat testing in patients 
with an indeterminate test result due to technical reasons (for example excessive signal noise), 
however for patients with indeterminate results due to patient related factors (such as frequent 
ectopic beats or inability to reach target heart rate) there is no good alternative yet. Using a 
pacing protocol (by means of a temporary pacing lead) to measure MTWA, it must be possible to 
reduce the amount of patients not able to perform the standard exercise protocol and to reduce 
the number of indeterminate tests. During atrial pacing, the depolarization and repolarisation of 
the ventricles will not differ from exercise. Because in patients with atrial fibrillation or AV block, 
an atrial pacing protocol is not possible; ventricular pacing can be an option, therefore we also 
investigated a ventricular pacing protocol. To substitute the standard test, paced MTWA results 
need to be comparable to results assessed during exercise.
 We therefore compared the results of MTWA measurement methods in a high risk population 
during exercise (E), atrial pacing (A) and atrioventricular pacing (AV). 
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Results 
 

Patient characteristics
30 patients were studied. The clinical characteristics of the patients are shown in Table 1. The 
indication for a dual chamber device in most patients was the suspected need for better SVT/VT 
discrimination by the device by the implanting physician. In one patient a second degree AV block 
was found during implantation. In three patients a first degree AV block was present. 11 patients 
experienced episodes of atrial fibrillation in the past. During follow-up 22 patients were not paced 
at all by the device. 5 Patients were atrial paced in 3-41% of all beats. Only 3 patients were AV 
sequentially paced (varying 4-25% of all beats).

Table 1: Baseline characteristics

Patients 30
Man/Woman 24/6
Age (years) 64±10
NYHA functional class

I  3 (10)
II 25 (83)
III  2 (7)

Indication ICD implantation
Primary prevention 18 (60)
Secondary prevention 12 (40)

% Atrial pacing (median, (range)) 0 (0-56)
% Ventricular pacing (median, (range)) 0 (0-24)
Time MI to test, months (median, (range)) 71 (0-288) 
Baseline ejection fraction (%) 28 (11)
Medication

Beta-adrenergic-blockers 29 (97)
Amiodarone  6 (20)
ACE-i or ARB 28 (93)
Statin 27 (90)

Continuous variables given as mean±standard deviation; other data are number of patients (% of the group).
ICD = implantable cardioverter defibrillator; NYHA = New York Heart Association; MI = myocardial infarction; 
ACE-I = angiotensin converting enzyme inhibitor; AT II = angiotensin receptor blocker

Statistical analysis
Continuous variables were expressed as mean ± standard deviation or as median with range for 
not normally distributed variables. The concordance of MTWA test results during exercise and the 
two pacing modes was calculated, using the Cohen kappa statistic. To compare the three groups of 
MTWA tests on differences in categorical variables, binominal analyses were performed. Data were 
analysed using SPSS 15.0 software (SPSS Inc., Chicago, IL). To compare groups; Student T-tests and 
Mann-Whitney U tests were used to compare continuous variables, and Chi square tests and Fisher 
exact tests were used to compare categorical variables.
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Comparison of MTWA measurement using exercise, A and AV pacing 
Both pacing protocols were performed in all patients. During atrial pacing, MTWA was positive, 
negative and indeterminate in 13 (43%), 12 (40%) and 5 (17%) patients, respectively. Indeterminate 
test results were due to occurrence of AV block (n=3), atrial block (n=1) and frequent premature 
atrial contractions during atrial pacing (n=1). In the patients using amiodarone, 2 tests were 
indeterminate, 1 due to AV block, and 1 due to frequent premature atrial contractions. During 
atrioventricular pacing, MTWA was positive in 20 (67%), negative in 9 (30%) and indeterminate in 
1 patient (3%) due to excessive noise (Table 3).
 The number of indeterminate tests was lower during the pacing protocols compared to the 
exercise protocol (A p=0,015, AV p=<0,001). Positive tests occur significantly more frequent in the 
pacing mode (A p=0,012, AV p<0.001).

Results during exercise testing
Exercise protocol was performed in all patients. Of all the exercise tests: MTWA was positive in 
7 patients (23%), negative in 12 patients (40%) and indeterminate in 11 patients (37%). Reasons 
for indeterminate test results were insufficient increase of the heart rate (n=7), exercise related 
sinus block (n=1) and excessive noise (n=3). There were no statistically significant differences in 
baseline characteristics between patients with an indeterminated test and patients with a positive 
or negative test (table 2).

Table 2: Clinical characteristics during exercise testing

Indeterminated result Positive or Negative 
result

p

Patients 11 19
Man/Woman 7/4 17/2 0.16

Age (years) 64 (11) 65 (9) 0.97
NYHA functional class 0.46

I 2 (18) 1 (5)
II 8 (73) 17 (90)
III 1 (9) 1 (5)

Indication ICD implantation 1.00
Primary prevention 7 (63) 11 (58)
Secondary prevention 4 (26) 8 (42)

Time MI to test, months (median, (range)) 41 (0-288) 112 (0-283) 0.16
Baseline ejection fraction (%) 26 (9) 30 (11) 0.39
Medication

Beta-adrenergic-blockers 11 (100) 18 (95) 1.00
Amiodarone 3 (27) 3 (16) 0.64

Continuous variables given as mean±standard deviation; other data are number of patients (% of the group).
ICD = implantable cardioverter defibrillator; NYHA = New York Heart Association; MI = myocardial infarction; 
ACE-I = angiotensin converting enzyme inhibitor; AT II = angiotensin receptor blocker.
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Figure 1: Example of the three concordant MTWA tests. 
From top till bottom: heart rate (HR) profile, ectopy (% bad beats), noise level and alternans magnitude magnitude 
(microvolts µV) in the vector magnitude (VM) and orthogonal leads (X,Y,Z) demonstrates no significant sustained 
alternans during bicycle exercise testing, atrial pacing and atrial-ventricular pacing (from left to right). 

Table 3: Concordance of MTWA test results

A Pacing MTWA AV Pacing MTWA AV Pacing MTWA

Pos Neg Indet Pos Neg Indet Pos Neg Indet

Ex
er

ci
se

 Pos 4 2 1 5 1 1

A 
Pa

ci
ng

 Pos 10 2 1

Neg 5 6 1 8 4 – Neg 6 6 –
Indet 4 4 3 7 4 – Indet 4 1 –

A=atrial, AV=atrio-ventricular, Pos=positive, Neg=negative, Indet=indeterminate, MTWA = Microvolt T-Wave 
Alternans. 

Concordance
When positive and indeterminate MTWA test results were grouped together as non-negative, the 
concordance rates between E and A, E and AV and between the two pacing tests are 60% (k=0.17), 
57% (k=0.058), and 70% (k= 0.348). When patients with indeterminate results on either test were 
excluded, the concordance rate was respectively 60% (k=0.19 n=17), 50% (k=0,129 n=18) and 67% 
(k=0,33 n=24) (Table IV). An example of concordant test is shown in figure 1.

Table 4: Percentage of concordance between different methods

Non-Negative vs Negative Positive vs Negative

E – A pacing 60% (k=0.17) 60% (k=0.19)

E – AV pacing 57% (k=0.06) 50% (k=0.13)

A-pacing – AV pacing 70% (k=0.35) 67% (k=0.33)

E=exercise, A=atrial, AV=atrial-ventricular, MTWA=Microvolt T-Wave Alternans. The non-negative group includes 
the indeterminate and the positive results. For the Positive versus Negative group, all indeterminate results are 
excluded. 
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Influence of sympathetic activation and vagal withdrawal
During exercise, there is sympathetic activation and vagal withdrawal which possibly might 
influences MTWA outcome, and probably influences its prognostic value.(24) Among patients, the 
amount of workload to achieve the target heart rate differs considerably. Therefore, not all patients 
will experience the same sympathetic activation and vagal withdrawal. Using a pacing protocol, 
it is possible to standardise and exclude the exercise variabilities. However, in reaching the 
target heart rate using a pacing protocol, the sympathetic nervous system is not activated, which 
hypothetically may influence the amount of MTWA. More research needs to be done to evaluate 
the prognostic value of the paced MTWA compared to the exercise MTWA.

Study limitations
In view of the small sample size, the specific patient cohort, and the pacing protocol used in this 
study, care must be taken to generalize the findings to a larger population. We have chosen to test 
in a real world population, therefore medication was continued which may influence the results 
of the MTWA tests, for example due to difficulties in reaching target heart rate or by lowering 
amplitude of the MTWA. Oral beta-blockers, have probably no effect on the amplitude of MTWA as 
was shown in a group of 387 patients with coronary heart disease, LVEF ≤40% and non-sustained 
VT, by use of an atrial pacing protocol, there was no difference in the percentage of positive, 
negative and indeterminate test results, nor was the predictive value affected.(25) However, the use 
of beta-blockers may increase the prevalence of indeterminate tests results may be increased due 
to inadequate chronotrope response. Little information is available on the role of amiodarone on 
MTWA. In a secondary prevention study, the percentage of positive tests was significantly lower 
in the group on amiodarone.(26) Because in our study each patient served as their own control 
when comparing the three different MTWA measurement methods, the influence of medication is 
considered constant during all the tests.
 At this moment no conclusions can be made about the prognostic value of the several MTWA 
methods in this study cohort, because a complete follow-up of our patients is not available at 
this moment. In literature, only the comparison of MTWA measured with exercise versus atrial 
pacing has been reported.(27) A group of 251 patients underwent MTWA testing, 144 using exercise 
and 178 patients using an atrial pacing protocol. During a mean follow up of 499±395days, only 
exercise was a significant predictor of the combined endpoint of incidence of death, sustained 
VT and appropriate ICD therapy. Atrial pacing induced MTWA had no prognostic value for these 
endpoints. No data in literature was found, concerning the value of atrioventricular stimulated 
MTWA. 
 With the choice for a pacing protocol with a fixed heart rate it is possible that the percentage 
of indeterminate tests is larger due to loss of 1:1 conduction at Wenckebach point of the chosen 
frequency. Probably, a pace protocol with stepwise increasing heart rate can lower this percentage.

Discussion
                                                                                                                              

MTWA is a potentially promising technique for identification of patients who will or will not 
benefit from an ICD implantation. The problem with assessing MTWA during exercise is twofold. 
Firstly, many high-risk patients are incapable of reaching an adequate level of exercise, for example 
due to recent surgery, disability, or severe symptomatic heart failure. Secondly, a significant 
amount of the exercise MTWA tests show indeterminate results. It has been suggested to classify 
indeterminate tests as non-negative, and combine them with the positive tests.(16) Statistically 
this does not change the negative predictive accuracy of the test.(8) However, within the group with 
indeterminate results, the reasons for this result vary, and Chan et al showed, that reclassifying all 
those tests as non-negative may not be correct.(17) 

 Therefore, a different technique to measure MTWA more accurately may be helpful. One 
possible technique is pacing. With the use of a pacing protocol, MTWA testing will turn into a 
minimal invasive test in patients without a previously implanted device. 

Concordance between different protocols and comparison with literature
In our study, a low concordance in test results was found between the different protocols. 
In literature, only a limited number of studies compared MTWA during exercise and pacing 
previously. In a substudy of the CARISMA trial, Raatikainen et al assessed MTWA during exercise, 
atrial, and ventriculoatrial pacing.(18) After exclusion of all indeterminate results, the concordance 
rate was 71% (k=0.53, N=43) between exercise and ventriculoatrial pacing, 79% (k=0.54, N=43) 
between exercise and atrial pacing, and 95% (k=0.89, N=57) between the two pacing modalities. 
They concluded that the concordance between the different modalities was acceptable. In our 
view, they did not correctly interpret the kappa. Kappa statistics (k) is a statistic method that can 
correct for chance agreement. Using the Landis and Koch Classification(19), the observed statistic 
correlation between exercise on one hand and both pacing modalities on the other hand must be 
interpreted as moderate, while the kappa value associated with the two pacing methods is almost 
perfect. Another limitation of this study is the patient population. Since all patients in this study 
had a recent myocardial infarction (±6 weeks), the results can not be extrapolated to patients with 
remote infarction, who constitutes the largest group of ICD recipients. 
 Hohnloser et al investigated in a secondary prevention MTWA during exercise and atrial 
pacing.(20) A concordance rate of 84% was found (P<0.001), using the Fisher’s exact test, which is 
not an accepted test to measure concordance. In this study, patients with indeterminate results 
were excluded. Rashba et al. published concordance rates between exercise and atrial pacing in 71 
patients with an overall concordance of 55%.(21) This was mainly due to a low agreement between 
the indeterminate tests (15%). When indeterminate results were excluded, an overall concordance 
rate of 73% was found. No kappa’s were mentioned. 
 In this study, we have found significantly more positive tests during A- and AV-pacing than 
during exercise. This was also described by Raatikainen et al.(22) and Salaby et al.(23) During 
ventricular pacing, changed depolarization patterns of the ventricle can be part of the explanation. 
Because during atrial pacing ventricular repolarisation remains unchanged, we cannot explain the 
observed low concordance between the atrial pacing protocol and the exercise protocol. Taking 
into account that the theoretical basis of MTWA is still poorly defined, a good explanation for these 
findings cannot be given.
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