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AUTOMATED INTERPRETATION OF T-WAVE 
ALTERNANS RESULTS 

[0001] This application claims priority from US. Provi 
sional Application No. 60/183,335, titled “Automated Inter 
pretation of T-Wave Alternans Results” and ?led Feb. 18, 
2000, Which is incorporated by reference in its entirety. 

TECHNICAL FIELD 

[0002] The invention is directed to interpretation of alter 
nans results derived from an electrocardiogram (ECG) 
Waveform. 

BACKGROUND 

[0003] Alternans, a subtle beat-to-beat change in the 
repeating pattern of an (ECG) Waveform can be indicative of 
electrical instability of the heart and increased susceptibility 
to sudden cardiac death. Alternans results in an ABABAB . 

. . pattern of variation of Waveform shape betWeen succes 
sive beats in an ECG Waveform. The level of variation has 
been found to be a useful characteriZation of an individual’s 
cardiac electrical stability, With increasing variation being 
indicative of decreasing stability. 

[0004] While an ECG Waveform typically has an ampli 
tude measured in millivolts, an alternans pattern of variation 
With an amplitude on the order of a microvolt may be 
clinically signi?cant. Accordingly, the alternans pattern may 
be too small to be detected by visual inspection of the 
electrocardiogram and often must be detected and quanti?ed 
electronically. Such electronic detection and quanti?cation 
of the alternans pattern is further complicated by the pres 
ence of noise in the ECG Waveforms, as the noise may result 
in beat-to-beat variations that have a larger magnitude than 
the alternans pattern of variation. 

[0005] Also, noise in the ECG Waveform can mimic the 
presence of alternans Where none exists. For example, if a 
patient is breathing at one half of the heart rate, the respi 
ration may introduce a harmonic signal having the ABA 
BAB . . . pattern of alternans. Motion that repeats With some 

periodicity, such as that resulting from exercise, can create 
noise With a similar pattern. 

[0006] There are several knoWn methods for measuring 
the level of alternans present in an electrocardiogram (ECG). 
Examples include the methods described in Us. Pat. Nos. 
4,802,491 and 5,265,617, Which are incorporated by refer 
ence. Devices measuring alternans may print an alternans 
trend report shoWing the level of alternans in the individual 
ECG leads for the duration of the ECG recording, along With 
other reference signals such as measures of heart rate, noise, 
abnormal beats, and artifacts. An example of an alternans 
trend report is described in Us. Pat. No. 5,935,082, Which 
are incorporated by reference. 

SUMMARY 

[0007] In one general aspect, interpreting alternans data 
includes accessing alternans data and automatically evalu 
ating the alternans data to produce one or more interpreta 
tion parameters based on the alternans data. The interpreta 
tion parameters are used to generate interpretation results 
related to the alternans data. Finally, the interpretation 
results are made accessible for examination. 
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[0008] Implementations may include one or more of the 
folloWing features. For example, accessing the alternans 
data may include receiving the alternans data from an 
electrocardiogram system or reading stored alternans data 
from a storage medium. Accessing the alternans data also 
may include calculating the alternans data from electrocar 
diogram data. 

[0009] The alternans data may include alternans measures 
and also may include a reference signal associated With a 
factor that affects the quality of the alternans measures or the 
generation of the alternans. For example, With respect to the 
quality of the alternans measures, the reference signal may 
include a signal that masks or mimics the presence of 
alternans. The reference signal also may include a measure 
of noise that exists in the alternans data. Signals that may 
affect the generation of alternans include, for example, a 
measure of the patient’s heart rate or respiratory activity. 

[0010] The interpretation parameters may include a mea 
sure of a highest heart rate in the alternans data or a highest 
heart rate at Which sustained alternans is de?nitely not 
present. Other examples include a measure of a heart rate 
above Which sustained alternans exists and beloW Which 
sustained alternans does not exist, or an indication of the 
existence or nonexistence of sustained alternans. 

[0011] Automatically evaluating the alternans data may 
include automatically evaluating a measure of alternans that 
is indicative of the presence of sustained alternans. For 
example, the measure of alternans may include a measure of 
a voltage or of an area associated With the alternans. 
Likewise, the measure of the alternans may include a 
measure of a poWer spectrum of the alternans or a dynami 
cally estimated magnitude of the alternans, obtained, for 
example, by complex demodulation of the electrocardio 
gram. Ameasure of noise associated With the alternans, e.g., 
a measure of a standard deviation of the noise, also may be 
indicative of sustained alternans. Other examples include 
measures of a temporal duration of the alternans, of gaps in 
the alternans, or of a measure of the alternans based upon 
evaluation of time reversed alternans data. 

[0012] Automatically evaluating the alternans data may 
include, for example, automatically using a ?rst search to 
search the alternans data for sustained alternans. After using 
the ?rst search, a different search also may be used to search 
the alternans data for sustained alternans. The different 
search may be used, for example, When the ?rst search does 
not ?nd sustained alternans in the alternans data or When a 
determination is made that the ?ndings of the ?rst search are 
suspect as a result of a poor quality of the alternans data. 

[0013] Automatically evaluating the alternans data also 
may include evaluating the data provided by an individual 
electrocardiogram lead or evaluating a combination of adja 
cent precordial electrocardiogram leads. 

[0014] The interpretation results that are generated may 
include the interpretation parameter and/or a clinical inter 
pretation regarding the existence of sustained alternans in 
the alternans data. The clinical interpretation may, for 
example, positively indicate the existence of sustained alter 
nans, negatively indicate the existence of sustained altern 
ans, or indicate that the existence of sustained alternans is 
indeterminate. 

[0015] Using the interpretation parameter to calculate the 
interpretation results may include using the interpretation 
parameter to traverse a decision tree to produce the inter 



US 2001/0029338 A1 

pretation results based on the alternans data. Another 
example includes comparing the interpretation parameter to 
a heart rate threshold to produce the interpretation results 
based on the alternans data. 

[0016] The interpretation results may be made accessible 
for examination by, for example, graphically displaying the 
alternans measure, the reference signal, and the interpreta 
tion results. The interpretation results also may be made 
accessible by storing the alternans measure, the reference 
signal, and/or the interpretation results in a human or 
machine readable format. In any event, the alternans mea 
sure and the reference signal may be displayed using a 
common time axis and the interpretation results may be 
graphically associated to an associated feature of the alter 
nans measure and/or the reference signal. A message 
describing the interpretation results also may be included. 

[0017] The alternans trend report is evaluated by a trained 
physician, Who assigns a clinical interpretation of “positive, 
”“negative” or “indeterminate” to the alternans result. The 
alternans trend data may be dif?cult to interpret, especially 
When the alternans exists in the presence of noise or abnor 
mal ECG beats. Ultimately, the physician must exercise 
subjective judgment based on his or her oWn experience and 
training to determine Whether the alternans is signi?cant and 
sustained, and to estimate the values of Onset HR (the heart 
rate at the onset of sustained alternans), Max Neg. HR (the 
highest heart rate at Which alternans is de?nitively not 
present), and other parameters. The accuracy and reliability 
of the interpretation of the trend data therefore varies from 
physician to physician as a function of experience and 
training. This inter-reader variability diminishes the predic 
tive value of the alternans test and is avoided by the 
automatic interpretation. 

[0018] These general and speci?c aspects may be imple 
mented using a method, a system, or a computer program, or 
any combination of system, methods, and computer pro 
grams. 

[0019] Other features and advantages Will be apparent 
from the folloWing description, including the draWings, and 
from the claims. 

DESCRIPTION OF DRAWINGS 

[0020] FIG. 1 is a schematic block diagram of an auto 
mated system for interpretation of T-Wave alternans results. 

[0021] 
beat. 

FIG. 2 is a graph of an ECG Waveform for a single 

[0022] FIG. 3 is a placement diagram for the placement of 
ECG electrodes on a patient. 

[0023] FIG. 4 is a table illustrating the location and type 
of the electrodes of FIG. 3 and de?ning the input signals that 
are recorded from those electrodes. 

[0024] FIG. 5 is a schematic ?oW diagram illustrating a 
systematic method for determining the presence of sustained 
alternans in ECG data. 

[0025] FIG. 6 is a schematic ?oW diagram illustrating a 
systematic method for making a clinical interpretation based 
on alternans results. 

[0026] FIG. 7 is a schematic ?oW diagram illustrating a 
method for making a clinical interpretation based on alter 
nans results that indicate that sustained alternans is present 
and that may be used in implementing the method of FIG. 
6. 
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[0027] FIG. 8 is a schematic ?oW diagram illustrating a 
method for making a clinical interpretation based on alter 
nans results that indicate that sustained alternans is absent 
and that may be used in implementing the method of FIG. 
6. 

[0028] FIG. 9 illustrates a sample T-Wave alternans trend 
report including clinical interpretation results produced by 
the system of FIG. 1. 

[0029] FIG. 10 is a table containing illustrative clinical 
interpretation messages that correspond to each terminal 
node of the decision tree represented in FIGS. 7-8. 

DETAILED DESCRIPTION 

[0030] FIG. 1 illustrates an analysis system 1000 that 
automatically interprets alternans results. The analysis sys 
tem 1000 may access and analyZe, for example, alternans 
measures 1005 and other signals 1010 Which are referred to 
together as alternans data 1015. The alternans data 1015 may 
be provided by an electrocardiogram (ECG) system 1020 
that may be included in the system 1000. The system 1000 
analyZes the alternans data 1015 to generate interpretation 
results 1025. 

[0031] The system 1000 may present the interpretation 
results 1025 to a physician or other operator of the system 
1000 by, for example, displaying them on a monitor (not 
shoWn) or by generating a printed representation of them 
using a printer (not shoWn). 

[0032] Referring to FIG. 2, an ECG Waveform for a single 
beat is typically referred to as a PQRST complex. Brie?y, 
the P Wave appears at initiation of the beat and corresponds 
to activity in the atria, While the QRST complex folloWs the 
P Wave and corresponds to ventricular activity. The QRS 
component represents the electrical activation of the ven 
tricles, While the T-Wave represents their electrical recovery. 
The ST segment is a relatively quiescent period. It has been 
found that the T-Wave is the best interval of the ECG 
complex for detecting alternans. That is, a level of variation 
in the T-Waves of alternating beats is the best indicator of the 
electrical stability of the ventricles , Which are the main 
pumping chambers of the heart. 

[0033] For clarity of exposition, it is helpful to discuss the 
ECG system 1020 and the generation by the ECG system 
1020 of the alternans results 1015. A clear understanding of 
various signals that may be included in the alternans results 
1015 is useful in comprehending subsequent analysis by the 
system 1000 of the alternans results 1015. 

[0034] An ECG signal measured at a body surface may be 
represented by modeling the heart as a three-dimensional 
dipole source that produces an electrical signal that varies 
based on the distance from the heart in the X, Y and Z 
directions. Thus, the voltage detected by an electrode M that 
is located relative to the dipole at a coordinate given by the 
vector (xM,yM,ZM) Will be: 

[0035] Use of the dipole vector model of the heart has lead 
to the development of clinical systems that measure the X, 
Y and Z components of the dipole source through a linear 
combination of several electrodes. The most common 
knoWn XYZ systems are the Frank lead system and the 
Bipolar system. In clinical practice, another common system 
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of electrodes is the twelve lead system. The tWelve lead 
system places greater emphasis on the electrodes on the left 
chest near the heart. 

[0036] The ECG system 1020 may include fourteen elec 
trodes that are placed on the patient as illustrated in FIG. 3. 
This arrangement combines the electrodes of the Frank and 
standard 12 lead systems. The signals produced by the 
electrodes, along With their types, are illustrated in FIG. 4. 
Seven of the electrodes are conventional ECG electrodes 
having a single terminal (and producing a single signal), 
While the other seven electrodes are multi-segment elec 
trodes having four terminals (and producing up to four 
signals). 

[0037] The ECG system 1020 may periodically sample the 
signals. When recording a signal, the ECG system 1020 uses 
an isoelectric point of the signal as a Zero voltage reference. 
The ECG system 1020 measures the isoelectric point during 
the PQ interval betWeen the P Wave and QRS complex. The 
PQ interval is a good approximation to a Zero ECG level 
because there is no major electrical activity in the heart at 
that time. 

[0038] After acquiring the signals, the ECG system 1020 
processes the signals to produce an ECG Waveform for 
further analysis or display. While an ECG Waveform typi 
cally has a QRS amplitude measured in millivolts, an 
alternans pattern of variation With an amplitude on the order 
of a microvolt may be clinically signi?cant. Accordingly, the 
ECG system 1020 must produce the ECG Waveform With 
extreme accuracy to permit effective detection of alternans. 
Achievement of this accuracy is complicated by the pres 
ence of noise in the electrode signals. The noise may result 
in beat-to-beat variations in the ECG Waveform that have a 
larger magnitude than the alternans pattern of variation. 

[0039] Noise in the ECG Waveform can mask the presence 
of alternans. The noise also can mimic the presence of 
alternans Where there is none. For example, if a patient is 
breathing at one-half of the heart rate, the respiration may 
introduce a harmonic signal having the ABABAB . . . pattern 

of alternans. In addition, motion that repeats With some 
periodicity, such as that resulting from exercise, can create 
noise With a similar pattern. Furthermore, noise resulting 
from different sources, such as respiration and electrode 
noise, can interact and produce neW periodicities, one of 
Which may mimic or mask alternans. 

[0040] The ECG system 1020 may be con?gured to reduce 
the noise in the ECG Waveforms before producing measures 
of alternans. For example, the ECG system 1020 may 
combine one or more ECG signals and one or more other 

signals in a Way that causes the noise content of the signals 
to combine destructively While preserving the ECG content. 

[0041] The ECG system 1020 may obtain thirty-tWo sig 
nals from the fourteen leads illustrated in FIG. 3. These 
thirty-tWo signals may be used by the ECG system 1020 to 
produce a set of loW-noise ECG signals (e.g., V1, V2, V3, 
V4, V5, and V6). The ECG system 1020 then may use the 
set of loW-noise ECG signals to produce loW noise vector 
signals (VM, X, Y, Z) using, for example, a vector enhance 
ment technique. In some instances, the ECG system 1020 
may produce other combinations of loW-noise ECG signals. 
The ECG system 1020 also may associate a high noise ?ag 
With the ECG signals. The ECG System 1020 may set the 
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high noise ?ag if noise in the vector magnitude ECG lead 
VM is greater than HIGH_NOISE_THRESHOLD, a value 
of about 1.8 pV, and if the noise level plus the alternans level 
in VM is greater than NOISE_ALT_THRESHOLD, a value 
of about 2.5 pV. 

[0042] The ECG system 1020 then may generate alternans 
measures 1005 based on the loW-noise ECG signals. For 
example, the ECG system 1020 may generate alternans 
measures 1005 through poWer spectrum (Fourier) analysis 
of the signals. Alternatively, time domain analysis may be 
employed, such as, for example, complex demodulation, 
estimation by subtraction, least squares estimation, auto 
regressive estimation, and/or auto-regressive moving aver 
age estimation. 

[0043] The ECG system 1020 also may generate measures 
of a group of reference signals 1010 that represent factors 
that may affect the quality of the alternans measures 1005. 
The reference signals 1010 may include measures of the 
heart rate, the relative number of bad or abnormal beats, the 
noise level, the exercise rate (When exercise is used to 
stimulate the heart), the respiratory activity, and variations in 
the heart rate. The reference signals 1010 may be generated 
by the ECG system 1020 using techniques similar to those 
employed in generating alternans measures 1005. 

[0044] Using the generated measures of the alternans 1005 
and other reference signals 1010, the ECG system 1020 may 
generate a T-Wave alternans trend report shoWing the level 
of T-Wave alternans in the individual ECG leads for the 
duration of the ECG recording, along With other reference 
signals such as measures of heart rate, noise, abnormal beats, 
and artifacts. An example of a T-Wave alternans trend report 
is described in the incorporated US. Pat. No. 5,935,082, 
hereinafter incorporated by reference in its entirety. 

[0045] Referring back to FIG. 1, the system 1000 includes 
an evaluation system 1030 con?gured to access and evaluate 
the alternans results 1015 and to produce interpretation 
parameters 1035 based on the alternans results 1015. The 
system 1000 also includes an interpretation system 1040 
con?gured to access the interpretation parameters 1035 and 
to produce a clinical interpretation 1045 based on the 
interpretation parameters 1035. 
[0046] The evaluation system 1030 takes as its input the 
alternans measures 1005, such as, for example, alternans 
levels in the individual ECG leads for points along the 
time-course of the ECG recording. The evaluation system 
1030 also takes reference signals 1010 along the time-course 
of the recording, such as, for example, ECG noise levels, 
heart rate, variation in heart rate, respiration, noise level 
relative to alternans level, and a list of abnormal beats. The 
evaluation system 1030 applies a set of de?nitions and rules 
to the input data (explained in more detail beloW and With 
respect to FIG. 5), such as, for example, Onset HR value and 
time 1050, Max HR value and time 1055, Max Neg. HR 
value and time 1060, and Sustained Alternans (Present/ 
Absent/Present at Rest) 1065. 

[0047] Prior to proceeding With the description of the 
interpretation parameters it is helpful to de?ne a number of 
fundamental terms that are relied upon in the description of 
the interpretation parameters. 

[0048] A smoothed heart rate is a heart rate obtained by 
applying to a heart rate signal a smoothing function, such as, 
for example, a loW-pass ?lter. 
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[0049] An interval may be de?ned as an intervening 
period of time in a time signal (e.g., a heart rate signal), and 
the signal may be broken into multiple non-overlapping 
uniform intervals, such as, for example, intervals of 60 
seconds. 

[0050] A clean interval may be de?ned as an interval in 
Which there are not signi?cant bad/ abnormal beats, noise, or 
leads-off conditions for at least a time period of MIN_ 
CLEAN_INT of the interval duration (e.g., 50 seconds for a 
60 second interval). 

[0051] An interval heart rate is the loWest of all of the 
smoothed heart rates in the interval. 

[0052] A negative interval is a clean interval that does not 
begin or end With bad beats, noise, or alternans. Addition 
ally, in a negative interval, alternans must account for no 
more that MAX_NEG_ALT of the interval duration (e.g., 10 
seconds for a 60 second interval). 

[0053] The minimum clean heart rate may be de?ned as 
the loWest interval heart rate of all of the clean intervals. 

[0054] Returning again to the interpretation parameters, 
the Onset HR 1050 may be determined as a heart rate 
threshold above Which signi?cant alternans is consistently 
present and beloW Which signi?cant alternans is not consis 
tently present. Where multiple sustained alternans are 
revealed, the Onset HR 1050 may be selected as the loWest 
detected heart rate threshold above Which signi?cant alter 
nans is consistently present and beloW Which signi?cant 
alternans is not consistently present. The Onset HR time 
may be de?ned as the start time of the onset heart rate 
interval. 

[0055] The Max HR 1055 may be determined as the 
highest of all one-minute interval heart rates in the ECG 
record. The Max HR time may be determined as the time 
associated With the midpoint of the one-minute interval With 
Which the Max HR 1055 is associated. 

[0056] The Max Neg. HR 1060 may be determined by 
examining all of the negative intervals prior in time to the 
Onset HR interval. The Max Neg. HR 1060 then may be 
selected as the highest interval heart rate from among the 
examined negative intervals. The Max Neg. HR time is 
de?ned as the time associated With the midpoint of the 
one-minute interval to Which the Max Neg. HR 1060 is 
associated. HoWever, if the Max Neg. HR 1060 corresponds 
to the interval immediately prior to the interval associated 
With the Onset HR 1050, then the Max Neg. HR 1060 is 
changed to be equal to the Onset HR 1050 and the Max Neg. 
HR time is set equal to the Onset HR time. 

[0057] Sustained alternans may be determined to be “Pre 
sent,”“Absent” or “Present at Rest.” A determination of 
“Present” indicates generally that sustained alternans has 
been detected While a determination of “Absent” indicates 
that sustained alternans has not been detected. A determi 
nation of “Present at Rest” indicates that sustained alternans 
has been detected at a resting heart rate. 

[0058] FIG. 5 illustrates a search method 5000 for deter 
mining Whether or not sustained alternans exists in heart rate 
data. The search procedure may include different search 
algorithms, such as, for example, a basic Onset HR search 
(Type I), a high heart rate exception search (Type II), a skip 
recovery search (Type III), a post Max HR search (Type IV), 
and a reverse Onset HR search (Type V). 
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[0059] The search procedure 5000 begins by performing 
the Type I search (step 5005). If sustained alternans is 
determined to exist (step 5010) a further determination is 
made as to Whether an Onset HRil determined by the Type 
I search is a blocked onset (step 5015). An Onset HR is a 
blocked onset (blocked onset heart rate) When an initial 
BLOCK_EPOCH_CHECK (e.g., about 7) epochs of heart 
rate data are examined and the majority of the examined 
epochs are found to contain bad beats, high noise, or 
leads-off conditions. If the Onset HRil is not a blocked 
onset, then Onset HRil is selected as Onset HR (step 5020) 
and the search method 5000 returns a determination of 
“Present” (step 5025) unless the Onset HR is less than a 
resting heart rate threshold (step 5030). The resting heart 
threshold is de?ned as the minimum clean heart rate +/—RE 
ST_ALT_THRESH, Which, in one implementation, has a 
value of 2 BPM. If the Onset HR is less than a resting heart 
rate threshold then the search method 5000 returns a deter 
mination of “Present at Rest” (step 5035). If, hoWever, the 
Onset HRil is a blocked onset (step 5015), or if sustained 
alternans is not determined to exist by the Type I search (step 
5010), then a Type II search is performed (step 5040). 

[0060] If the Type II search (step 5040) determines that 
sustained alternans exists (step 5045), then a further deter 
mination is made as to Whether an Onset HRi2 determined 
by the Type II search is a blocked onset (step 5050). If the 
Onset HRi2 is not a blocked onset, then Onset HRi2 is 
selected as the Onset HR (step 5055) and the search method 
5000 returns a determination of “Present” (step 5025) unless 
the Onset HR is less than the resting heart rate threshold 
(step 5030). If the Onset HR is less than the resting heart rate 
threshold (step 5030), then the search method 5000 returns 
a determination of “Present at Rest” (step 5035). If, hoW 
ever, the Onset HRi2 is a blocked onset (step 5050), or if 
sustained alternans is not determined to exist by the Type II 
search (step 5045), then a Type III search is performed (step 
5060). 
[0061] The Type III search proceeds in essentially the 
same manner as the Type II search described above. If the 
Type III search (step 5060) is determined to have produced 
a blocked onset (step 5065), Onset HRi3, or if sustained 
alternans is not determined to exist by the Type III search 
(step 5070), then a Type IV search is performed (step 5075). 

[0062] If the Type IV search (step 5075) determines that 
sustained alternans exists (step 5080), then a further deter 
mination is made as to Whether an Onset HRi4 determined 
by the Type IV search is a blocked onset (step 5085). If the 
Onset HRi4 is not a blocked, onset then Onset HRi4 is 
selected as the Onset HR (step 5090), and the search 
procedure returns a determination of “Present” (step 5025) 
unless the Onset HR is less than the resting heart rate 
threshold (step 5030). If the Onset HR is less than the resting 
heart rate threshold (step 5030), then the search procedure 
returns a determination of “Present at Rest” (step 5035). 

[0063] If the Type IV search does not determine that 
sustained alternans exists (step 5080), then the Type V 
search may be performed (step 5095) if any of Onset HRil, 
Onset HRi2, or Onset HRi3, is a blocked onset (step 
5100). OtherWise, if none of these is blocked onset (step 
5100), then the search method 5000 returns a determination 
of “Absent” (step 5105). If the Onset HRi4 determined by 
the Type IV search is a blocked onset, then a Type V search 
is performed (step 5100). 
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[0064] If the Type V search (step 5100) does not determine 
that sustained alternans exists (step 5110), then the search 
method 5000 returns a determination of “Absent” (step 
5105). If, however, sustained alternans are determined to 
exist by the Type V Search (step 5110), then the search 
method 5000 selects betWeen one or more blocked Onset 

HR values and Onset HRiS (step 5115). For example, 
Onset HRiS may be selected as the Onset HR if Onset 
HRiS is less than or equal to the loWest blocked onset heart 
rate minus OFF_BLOCK_THRESH, a value of about 5 
BPM. OtherWise, the loWest blocked onset heart rate may be 
selected as the Onset HR. The search method 5000 returns 
a determination of “Present” (step 5025) unless the Onset 
HR is less than the resting heart rate threshold (step 5030). 
If the Onset HR is less than the resting heart rate threshold 
(step 5030), then the search procedure returns a determina 
tion of “Present at Rest” (step 5035). 

[0065] The search algorithms used by the search method 
5000 (e.g., search Types I-V of steps 5005, 5040, 5060, 
5075, and 5095) are generally similar. For ease of descrip 
tion, the Type I search is discussed in detail and descriptions 
of redundant aspects of the search Types II-V are omitted for 
brevity. 
[0066] The Type I search may, in general, be performed 
sequentially for each signal (e.g., VM-VZ, V1-V6), With a 
?nding of sustained alternans in any one signal resulting in 
a determination that sustained alternans exists. The Type I 
search also may process a signal by partitioning the signal 
into sequential epochs of data, Where an epoch may be 
de?ned as a set of 128 consecutive heart beats in an ECG 
signal. 
[0067] The Type I search is based on the understanding 
that the occurrence of T-Wave alternans is heart rate depen 
dent. T-Wave alternans may appear above a threshold heart 
rate and last until the heart rate drops beloW the threshold. 
The threshold is patient speci?c and is normally in the range 
of about 80-110 BPM. Nevertheless, other threshold heart 
rate ranges may be more appropriate depending on the 
patient population and the physician’s understanding of the 
subject patient. 

[0068] The Type I search identi?es the loWest heart rate, 
Which is called the Onset HR, at Which T-Wave alternans 
occurs for greater than half of the time period for Which the 
heart rate of the patient is above or equal to the Onset HR. 
Nevertheless, dips in the heart rate of the patient of up to 
HR_DIP_ALLOW, a value of about 10 BPM, are alloWed in 
order to prevent slight heart rate dips from disqualifying 
otherWise sustained alternans. 

[0069] Additional conditions must be satis?ed With 
respect to the epochs of heart rate data that occur subsequent 
to the epoch associated With the Onset HR. First, the 
normaliZed alternans fraction, de?ned as the ratio of total 
alternans area (described hereafter) to the product of the 
V_ALT_THRESHOLD, a value of about 1.9 V, and total 
segment duration, must be at least equal to ALT_ 
FRAC_THRESH, a value of about 0.68. Second, there must 
be there must exist at least one continuous minute of heart 
rate data above the Onset HR during Which alternans exists 
for at least MIN_SUST_ALT_DUR1, a value of about 50 
seconds. Third, the ?rst epoch With a heart rate greater than 
or equal to Onset HR should exhibit alternans. Fourth, gaps 
in the alternans that are greater than MAX_GAP, a value of 
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about 15 seconds, should satisfy one of the folloWing 
criteria: the gap must be shorter than the preceding interval 
of alternans; or the gap must be shorter than the product of 
the cumulative sum of all preceding alternans interval 
lengths and CUMUL_COEFF, Where CUMUL_COEFF is 
typically a value of about 0.75. Fifth, the ?rst epoch With a 
heart rate greater than or equal to Onset HR should have 
alternans. Finally, there should be at least one epoch con 
taining alternans that is free of artifacts for patient heart rates 
greater than or equal to the Onset HR. 

[0070] The total alternans area, used to determine the 
normaliZed alternans fraction above, may be calculated as 
the inner/dot product of an associated clipped alternans level 
and the duration of the alternans segments. In one imple 
mentation, the clipped alternans level is determined as 
folloWs. First, the clipped alternans level is set to 2.2 pV if 
the alternans level is greater than 2.2 pV. Second, When the 
alternans level is less than or equal to 2.2 pV and is greater 
than or equal to 1.2 pV, then the clipped alternans level is set 
to the alternans level. Third, if the alternans level is less than 
1.2 pV, then the clipped alternans level is set to Zero. Finally, 
if the alternans K-score is less than 3, the clipped alternans 
level is set to Zero. The alternans K-Score is the ratio of the 
alternans level to the standard deviation of the alternans 
noise. 

[0071] The Type I search reports that there are sustained 
alternans When sustained alternans are detected and the 
listed conditions are satis?ed. OtherWise, the Type I search 
reports that there are no sustained alternans. 

[0072] The Type II search is based on the understanding 
that, in certain situations, the T-Wave alternans decreases or 
disappears at high heart rates. Under these circumstances, 
the Type I search might not ?nd T-Wave alternans at all heart 
rates above the Onset HR. Therefore, the Type II search 
ignores time periods for Which the heart rate is above a 
certain disease dependent rate. 

[0073] The Type II search is essentially similar to the Type 
I search With the addition of tWo more conditions. The ?rst 
condition is that alternans should exist during at least 
MIN_ALT_PER of the time the smoothed heart rate is equal 
to or above the Onset HR, and should exist during the time 
that the smoothed heart rate is less than MAX_HR_LIMIT, 
a disease dependent value that typically is about 120 BPM. 
The second condition is that at least about tWo continuous 
minutes of the heart rate data must exhibit alternans for at 
least MIN_SUST_ALT_DUR2, a value of about 110 sec 
onds. The Type II search reports that sustained alternans 
exist When sustained alternans are detected and the listed 
conditions are satis?ed. OtherWise, the Type II search 
reports that sustained alternans do not exist. 

[0074] The Type III search is based on the understanding 
that patients exhibit highly varying heart rate pro?les during 
recovery. In many cases, the heart rate decreases very 
rapidly and masks the measurement of T-Wave alternans. 
Therefore, this search avoids using the recovery time data. 
Again, the Type III search is essentially similar to the Type 
I search. It is different in that all segments after the exercise 
stage are ignored. The Max HR is calculated based upon the 
truncated heart rate data set. 

[0075] The Type IV search is designed to detect sustained 
alternans in situations Where the heart rate of the patient 
peaks before the end of the exercise period. The Type IV 
search ?rst veri?es that there is a total alternans duration of 
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at least about 2 minutes. If so, then the Type IV search 
veri?es that there is also at least one continuous interval of 
alternans of a duration of at least MIN_SUST_ALT_DUR5, 
a patient population dependent value that typically is about 
110 seconds. The Type IV search is performed once includ 
ing all of the epochs of heart rate data and then again but 
excluding the epochs of heart rate data With noise, bad beats, 
or leads-off. The Type IV search drops the condition that 
alternans occurs for most of the time period for Which the 
patient heart rate is above the Onset HR. 

[0076] The Type V search is designed to search heart rate 
data Where the appearance/measurement of T-Wave altern 
ans is delayed because of occurrences of bad beats and high 
noise. The bad beats and high noise can complicate the 
accurate measurement of the Onset HR that is crucial to the 
correct determination of sustained alternans. Hence, the 
Type V search reverses the heart rate data timeline and the 
Onset HR is determined from the recovery end of the heart 
rate data. The Type V search is performed only if the Onset 
HR determined in searches Type 1-4 has been labeled a 
blocked onset. 

[0077] FIG. 6 illustrates a method 6000 that may be used 
by the interpretation system 1040 to derive a clinical inter 
pretation 1045 associated With the alternans results 1015. 
The method 6000 provides a decision tree that the interpre 
tation system 1040 may apply to the interpretation param 
eters 1035 to determine a clinical interpretation 1045 of 
“positive”, “negative”, or “indeterminate.” As described 
above, the interpretation parameter sustained alternans 1065 
may take a value of “Present,”“Absent,” or “Present at 
Rest.” When sustained alternans 1065 is “Present,” the 
“Present” path analysis 6010 is performed, and When sus 
tained alternans 1065 is “Absent,” the “Absent” path analy 
sis 6020 is performed. When sustained alternans 1065 is 
“Present at Rest,” a clinical interpretation 1045 of “Positive” 
is returned (step 6030). 

[0078] FIG. 7 illustrates an analysis How 6010 suitable for 
use as the “Present” path analysis How of the method 6000 
of FIG. 6. When sustained alternans 1065 is “Present” and 
the Onset HR is at or beloW a ?rst threshold (Pos HRT) (step 
7005), such as, for example, about 110 beats-per-minute 
(BPM), then an automatic clinical interpretation of “posi 
tive” is produced (step 7010). If the Onset HR is above Pos 
HRT (step 7005) and the Max Neg. HR is greater than or 
equal to a second threshold (Neg HRT) (step 7015), such as, 
for example, about 105 BPM, then an automatic clinical 
interpretation of “negative” is produced (step 7020). If Max 
Neg. HR is less than Neg HRT (step 7015), an automatic 
clinical interpretation of “indeterminate” is produced (step 
7025). 
[0079] FIG. 8 illustrates an analysis How 6020 suitable for 
use as the “Absent” path analysis How of the method 6000 
of FIG. 6. When Sustained Alternans is “Absent,” if Max 
Neg. HR is greater than or equal to Neg HRT (step 8005), 
then an automatic clinical interpretation of “negative” is 
produced (step 8010). HoWever, Where Max Neg. HR is less 
than Neg HRT (step 8005), and Max HR is greater than or 
equal to a third threshold (Max HRT) (step 8015), such as, 
for example, about 110 BPM, then an automatic clinical 
interpretation of “negative” is produced (step 8020) if Max 
HR minus Max Neg. HR is less than or equal to about 5 
BPM (step 8025). If Max HR minus Max Neg. HR is greater 
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than about 5 BPM (8025), then an automatic clinical inter 
pretation of “indeterminate” is produced (step 8030). More 
over, Where Max Neg. HR is less than Neg. HRT (step 
8005), and Max HR also is less than Max HRT (step 8015), 
then an automatic clinical interpretation of “indeterminate” 
is produced (step 8035). 

[0080] Finally, the system presents the interpretation 
results 1025. The interpretation results 1025 may include a 
visual representation of the alternans measures 1005 along 
With the reference signals 1010, the automatic clinical 
interpretation 1045, and an explanation of a diagnostic 
process folloWed to arrive at the automatic clinical interpre 
tation 1045. The interpretation results 1025 may be pre 
sented in a Way that permits a physician to ef?ciently revieW 
the interpretation results 1025 and to decide to either accept 
or override the automatic clinical interpretation 1045 as 
appropriate. 

[0081] FIG. 9 illustrates an alternans trend report 9000 
produced by the system 1000. In one implementation, the 
interpretation results 1025 of the automated system 1000 are 
annotated on report 9000, as shoWn in FIG. 9. In this 
implementation, the trend report 9000 displays the Onset 
HR 1050, Max Neg. HR 1060, and the Max HR 1055, along 
With a message 9005 describing the clinical interpretation. 

[0082] Referring to FIG. 10, a unique interpretation mes 
sage may be printed that corresponds to a terminal node in 
the decision trees of FIGS. 6-8. The various terminal nodes 
of FIGS. 6-8 are labeled to correspond to messages A 
through H of FIG. 10. For example, a terminal node of FIG. 
7 is labeled to correspond to message B of FIG. 10, and also 
is the clinical interpretation message 9005 represented by 
report 9000. 

[0083] Report 9000 may be displayed on a monitor (not 
shoWn) or produced in printed form by a printer (not shoWn). 
Report 9000 also may be produced in other Ways. For 
example, report 9000 may be produced as an electronic ?le 
that is accessible at a later time to permit visual inspection 
of the alternans measurements relative to the reference 
signals at that time. 

[0084] The report 9000 includes an informational segment 
9010. This segment identi?es the title of the report (“Alter 
nans Precordial Trend Summary”), the patient (by name and 
identi?cation number), the testing/exercise protocol that 
resulted in the alternans measurements, and the date and 
time at Which the measurements Were produced. 

[0085] Report 9000 may include alternans measurements 
for the V1-V6 leads. These measurements are identi?ed as 

eV1 (9015), eV2 (9020), eV3 (9025), eV4 (9030), eV5 
(9035), and eV6 (9040). 

[0086] Alternans measurements for the vector leads (e.g., 
eVM, eX, eY and eZ) (not shoWn) also may be presented. 
The “e” preceding the name of each signal indicates that the 
signal has been enhanced using the noise reduction tech 
niques noted above. The alternans measurements are dis 
played With respect to a grid having vertical sections that 
each correspond to 2 microvolts of alternans and horiZontal 
sections that each correspond to a period of one minute. 
Time segments for Which the alternans ratio is greater than 
or equal to a threshold value are indicated by dark gray 
shading 9045. In report 9000, the threshold equals three. 
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[0087] Time segments for Which values of the reference 
signals are Within ranges that have been determined to be 
acceptable may be indicated by a black line (not shown) 
along the horizontal axis. The black line may indicate that 
the time segments are free of artifacts that Would prevent the 
alternans measures corresponding to the time segments from 
being representative of actual alternans. 

[0088] Report 9000 also includes a number of reference 
signals. Starting at the top of the report, the ?rst reference 
signal is the heart rate 9050 in beats per minute (BPM). 
Measures of both the mean heart rate 9055 and the instan 
taneous heart rate 9060 are provided. It is knoWn that 
alternans may be detected more easily When the heart rate is 
elevated. Accordingly, inclusion of the heart rate permits an 
operator to determine Whether high levels of alternans have 
occurred in periods in Which they Would be expected. 

[0089] Next, report 9000 includes a measure 9065 of the 
percentage of bad beats (i.e., beats that are more than 10% 
premature or beats having shapes that differ from the shape 
of a normal beat by more than 10%). Periods for Which more 
than a predetermined percentage of the beats are bad are 
indicated by light gray shading. In report 9000, the prede 
termined percentage is 10%. Black lines are not displayed 
along the horiZontal axes of the alternans measurements for 
periods in Which the percentage of bad beats exceeds the 
predetermined percentage. 

[0090] Report 9000 next includes a measure 9070 of 
vector magnitude noise as measured, for example, in the 
eVM lead (the eVM signal is not displayed in the Report 
9000). Noise levels above a threshold level are indicated by 
light gray shading. High noise may obscure alternans and 
results in a false negative determination. 

[0091] The noise measure 9070 is folloWed by the alter 
nans measurements 9015-9040. After the alternans measure 
ments, report 9000 identi?es stages of the protocol for Which 
the alternans measurements are generated. The stages are 
identi?ed by labels 9075 and corresponding dashed vertical 
lines 9080. The protocol illustrated in report 9000 begins 
With the patient in a supine position, as indicated by the label 
“Supine.” After ?ve minutes, the patient begins physical 
exertion, indicated by the state “1” label. At about nine 
minutes into the protocol, the patient’s level of exercise 
increases. This is indicated by the stage “2” label. Finally, at 
about eleven minutes and 30 seconds into the protocol, the 
patient begins a recovery period. This is indicated by the 
“recovery” label. 

[0092] Report 9000 also includes information correspond 
ing to segments (i.e., a group of 128 beats) automatically 
identi?ed by the system 1000 as satisfying a set of selection 
requirements, such as, for example, selection by the system 
operator of the segment, and/or determination by the system 
1000 that the segment is associated With a designated 
parameter (e.g., MaxNegHR). TWo segments are illustrated 
in report 9000. The ?rst, indicated by a vertical line 9085, 
indicates an association With MaxNegHR and, in report 
9000, occurs at about 3 minutes and 10 seconds into the 
protocol. The second segment is indicated by a vertical line 
9090 and indicates an association With Onset HR. In report 
9000, the second segment occurs at about 5 minutes and 
tWenty-?ve seconds into the protocol. 

[0093] To obtain additional information regarding a seg 
ment the system may alloW the system operator to select a 
segment. The system then may, for example, provide addi 
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tional data at the upper left corner of each alternans mea 
surement (not shoWn). The additional data may include, for 
example, numbers that correspond, respectively, to the alter 
nans voltage, the alternans ratio, and the alternans noise 
level for the selected segment. 

[0094] Report 9000 also may include the rate of exercise 
(not shoWn). When a bicycle is used to perform exercise, the 
rate of exercise may be displayed in rotations per minute 
relative to the heart rate. Repetitive movement at one half of 
the heart rate can result in a peak in the signal poWer 
spectrum that may mimic alternans. Accordingly, an exer 
cise rate that differs from 1/3 or Z/3 of the heart rate by 7% (i.e., 
does not fall in the ranges from 26% to 40% or from 60% 
to 74% of the heart rate) for 8% or more of the beats in any 
group of 128 beats (and does not equal Zero) may be shaded 
in light gray. Black lines Will not be displayed along the 
horiZontal axes of the alternans measurements for periods in 
Which the exercise measure is shaded gray. 

[0095] Also, report 9000 may display a measure of respi 
ration (not shoWn). The respiration measure may indicate the 
presence and amplitude of a peak in the respiration Wave 
form at 0.25 cycles per beat. The respiration measure may be 
expressed using the poWer spectrum analysis or time domain 
analysis methods as discussed above. Periods for Which the 
amplitude of the peak exceeds a threshold value may be 
indicated by light gray shading. Black lines Will not be 
displayed along the horiZontal axes of the alternans mea 
surements for periods in Which the respiration measure is 
shaded gray. 

[0096] Report 9000 also may include a reference signal 
referred to as HR Delta (not shoWn). HR Delta may corre 
spond to the difference betWeen the highest and loWest 
instantaneous heart rates in a 128 beat interval. Rapidly 
varying heart rates can result in false alternans measure 
ments. Accordingly, the HR Delta measure may be shaded 
gray for periods in Which HR Delta exceeds a threshold 
level. Black lines Will not be displayed along the horiZontal 
axes of the alternans measurements for periods in Which HR 
Delta is shaded gray. 

[0097] Other measures of heart rate variability also may be 
used. For example, it has been found that a loW frequency 
?uctuation in the heart rate tends to break up a pattern of 
alternans and increase the difficulty of detecting alternans. 

[0098] Other embodiments are Within the scope of the 
folloWing claims. 

What is claimed is: 
1. A method of interpreting alternans data comprising: 

accessing alternans data; 

automatically evaluating the alternans data to produce one 
or more interpretation parameters based on the altern 
ans data; 

using the interpretation parameter to generate interpreta 
tion results related to the alternans data; and 

making the interpretation results accessible for examina 
tion. 

2. The method of claim 1 Wherein accessing alternans data 
comprises receiving the alternans data from an electrocar 
diogram system. 
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3. The method of claim 1 wherein accessing alternans data 
comprises reading stored alternans data from a storage 
medium. 

4. The method of claim 1 Wherein accessing alternans data 
comprises calculating the alternans data from electrocardio 
gram data. 

5. The method of claim 1 Wherein the alternans data 
comprise alternans measures. 

6. The method of claim 5 Wherein the alternans data 
further comprise a reference signal associated With a factor 
that may affect the quality of the alternans measures. 

7. The method of claim 6 Wherein the reference signal 
masks the presence of alternans. 

8. The method of claim 6 Wherein the reference signal 
mimics the presence of alternans. 

9. The method of claim 6 Wherein the reference signal 
includes a measure of noise in the alternans data. 

10. The method of claim 5 Wherein the alternans data 
further comprise a reference signal associated With a factor 
that may affect generation of alternans. 

11. The method of claim 10 Wherein the reference signal 
includes a measure of the patient’s heart rate. 

12. The method of claim 10 Wherein the reference signal 
includes a measure of the patient’s respiratory activity. 

13. The method of claim 1 Wherein the interpretation 
parameters comprise a measure of a highest heart rate in the 
alternans data. 

14. The method of claim 1 Wherein the interpretation 
parameters comprise a measure of a highest heart rate at 
Which sustained alternans is de?nitely not present. 

15. The method of claim 1 Wherein the interpretation 
parameters comprise a measure of a heart rate above Which 
sustained alternans exists and beloW Which sustained alter 
nans does not exist. 

16. The method of claim 1 Wherein the interpretation 
parameters comprise an indication of the existence or non 
existence of sustained alternans. 

17. The method of claim 1 Wherein automatically evalu 
ating the alternans data comprises automatically evaluating 
a measure of alternans indicative of the presence of sus 
tained alternans. 

18. The method of claim 17 Wherein the measure of the 
alternans comprises a measure of a voltage associated With 
the alternans. 

19. The method of claim 17 Wherein the measure of the 
alternans comprises a measure of an area associated With the 
alternans. 

20. The method of claim 17 Wherein the measure of the 
alternans comprises a measure of noise associated With the 
alternans. 

21. The method of claim 20 Wherein the measure of the 
noise associated With the alternans comprises a measure of 
a standard deviation of the noise. 

22. The method of claim 17 Wherein the measure of the 
alternans comprises a measure of a temporal duration of the 
alternans. 

23. The method of claim 17 Wherein the measure of the 
alternans comprises a measure of a poWer spectrum of the 
alternans. 

24. The method of claim 17 Wherein the measure of the 
alternans comprises a dynamic estimation of a magnitude 
related to the alternans. 

25. The method of claim 24 Wherein the dynamic esti 
mation comprises a complex demodulation. 
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26. The method of claim 17 Wherein the measure of the 
alternans comprises a measure of gaps in the alternans. 

27. The method of claim 17 Wherein the measure of the 
alternans comprises a measure of the alternans based upon 
evaluation of time reversed alternans data. 

28. The method of claim 1 Wherein automatically evalu 
ating the alternans data comprises automatically using a ?rst 
search to search the alternans data for sustained alternans. 

29. The method of claim 28 further comprising automati 
cally using a different search to search the alternans data for 
sustained alternans after using the ?rst search to search the 
alternans data for sustained alternans. 

30. The method of claim 29 Wherein the different search 
is used to search the alternans data for sustained alternans 
after the ?rst search does not ?nd sustained alternans in the 
alternans data. 

31. The method of claim 29 Wherein the different search 
is used to search the alternans data for the sustained alter 
nans after a determination is made that the ?ndings of the 
?rst search are suspect as a result of a poor quality of the 
alternans data. 

32. The method of claim 1 Wherein automatically evalu 
ating the alternans data comprises evaluating the alternans 
data provided by an individual electrocardiogram lead. 

33. The method of claim 1 Wherein automatically evalu 
ating the alternans data comprises evaluating a combination 
of adjacent precordial electrocardiogram leads. 

34. The method of claim 1 Wherein the interpretation 
results include the interpretation parameter. 

35. The method of claim 1 wherein the interpretation 
results include a clinical interpretation regarding the exist 
ence of sustained alternans in the alternans data. 

36. The method of claim 35 Wherein the clinical inter 
pretation is either positive, negative, or indeterminate. 

37. The method of claim 1 Wherein using the interpreta 
tion parameter comprises using the interpretation parameter 
to traverse a decision tree to produce the interpretation 
results based on the alternans data. 

38. The method of claim 1 Wherein using the interpreta 
tion parameter comprises comparing the interpretation 
parameter to a heart rate threshold to produce the interpre 
tation results based on the alternans data. 

39. The method of claim 1 Wherein making the interpre 
tation results accessible comprises graphically displaying 
the alternans measure, the reference signal, and the inter 
pretation results. 

40. The method of claim 39 Wherein graphically display 
ing further comprises displaying the alternans measure and 
the reference signal using a common time axis. 

41. The method of claim 40 Wherein graphically display 
ing further comprises graphically associating the interpre 
tation results to an associated feature of the alternans mea 
sure and/or the reference signal. 

42. The method of claim 41 Wherein graphically display 
ing further comprises providing a message describing the 
interpretation results. 

43. The method of claim 1 Wherein making the interpre 
tation results accessible comprises storing the alternans 
measure, the reference signal, and/or the interpretation 
results in a human or machine readable format. 

44. A system for interpreting alternans data comprising: 

accessing means for accessing alternans data; 
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evaluation means for automatically evaluating the alter 
nans data and producing one or more interpretation 
parameters based on the alternans data; 

generation means for generating interpretation results 
related to the alternans data using the interpretation 
parameter; and 

output means for making the interpretation results acces 
sible for examination. 

45. The system of claim 44 Wherein the accessing means 
comprises a receiving means for receiving the alternans data 
from an electrocardiogram system. 

46. The system of claim 44 Wherein the alternans data 
comprise alternans measures. 

47. The system of claim 46 Wherein the alternans data 
further comprise a reference signal associated With a factor 
that may affect the quality or generation of the alternans 
measures. 

48. The system of claim 44 Wherein the evaluation means 
comprises a ?rst search means to automatically search the 
alternans data for sustained alternans. 

49. The system of claim 48 further comprising a different 
search means to automatically search the alternans data for 
sustained alternans after the ?rst search means has searched 
the alternans data for sustained alternans. 

50. The system of claim 49 Wherein the different search 
means searches the alternans data for sustained alternans 
after the ?rst search means does not ?nd sustained alternans 
in the alternans data. 

51. The system of claim 49 Wherein the different search 
means searches the alternans data for the sustained alternans 
after a determination means determines that the ?ndings of 
the search of the ?rst search means are suspect as a result of 
a poor quality of the alternans data. 

52. The system of claim 44 Wherein using the interpre 
tation parameter comprises using the interpretation param 
eter to traverse a decision tree to produce the interpretation 
results based on the alternans data. 

53. The system of claim 44 Wherein the output means 
makes the interpretation results accessible by graphically 
displaying the alternans measure, the reference signal, and 
the interpretation results. 

54. The system of claim 53 Wherein graphically display 
ing further comprises graphically associating the interpre 
tation results to an associated feature of the alternans mea 
sure and/or the reference signal. 

55. The system of claim 54 Wherein graphically display 
ing further comprises providing a message describing the 
interpretation results. 

56. A computer program stored on a computer readable 
medium or a propagated signal for interpreting alternans 
data, the computer program comprising: 

an accessing code segment that causes a computer to 
access alternans data; 

an evaluation code segment that causes the computer to 
automatically evaluate the alternans data and produce 
one or more interpretation parameters based on the 
alternans data; 
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a generation code segment that causes the computer to 
generate interpretation results related to the alternans 
data using the interpretation parameter; and 

an output code segment that causes the computer to make 
the interpretation results accessible for examination. 

57. The computer program of claim 56 Wherein the 
accessing code segment comprises a receiving code segment 
that causes the computer to receive the alternans data from 
an electrocardiogram system. 

58. The computer program of claim 56 Wherein the 
alternans data comprise alternans measures. 

59. The computer program of claim 58 Wherein the 
alternans data further comprise a reference signal associated 
With a factor that may affect the quality or generation of the 
alternans measures. 

60. The computer program of claim 56 Wherein the 
evaluation code segment comprises a ?rst search code 
segment that caused the computer to automatically search 
the alternans data for sustained alternans. 

61. The computer program of claim 60 further comprising 
a different search code segment that causes the computer to 
automatically search the alternans data for sustained alter 
nans after the ?rst search code segment has caused the 
computer to search the alternans data for sustained alternans. 

62. The computer program of claim 61 Wherein the 
different search code segment causes the computer to search 
the alternans data for sustained alternans after the computer 
under the control of the ?rst search code segment does not 
?nd sustained alternans in the alternans data. 

63. The computer program of claim 61 Wherein the 
different search code segment causes the computer to search 
the alternans data for the sustained alternans after a deter 
mination code segment causes the computer to determine 
that the search ?ndings of computer made under the control 
of the ?rst search code segment are suspect as a result of a 
poor quality of the alternans data. 

64. The computer program of claim 56 Wherein using the 
interpretation parameter comprises using the interpretation 
parameter to traverse a decision tree to produce the inter 
pretation results based on the alternans data. 

65. The computer program of claim 5 6 Wherein the output 
code segment causes the computer to make the interpretation 
results accessible by graphically displaying the alternans 
measure, the reference signal, and the interpretation results. 

66. The computer program of claim 65 Wherein graphi 
cally displaying further comprises graphically associating 
the interpretation results to an associated feature of the 
alternans measure and/or the reference signal. 

67. The computer program of claim 66 Wherein graphi 
cally displaying further comprises providing a message 
describing the interpretation results. 


