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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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Figure 12
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Figure 13
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APPARATUS FOR RECORDING AND
ANALYSING A SURFACE
ELECTROCARDIOGRAM (ECG) FOR
DISTINGUISHING A PHYSIOLOGICAL
SIGNAL FROM NOISE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims priority
to PCT Patent Application No. PCT/GB2015/052192 filed
on 29 Jul. 2015, which is based upon and claims priority to
GB Patent Application No. 1414335.8 filed on 13 Aug.
2014, the collective disclosure of which being hereby incor-
porated by reference in its entirety.

BACKGROUND

[0002] Previous research has shown that the risk of sudden
death due to cardiac arrhythmias can be predicted by observ-
ing the shape of recorded endocardial electrograms in
response to pacing.

[0003] The diagnostic change in electrograms consists of
small deflections in the recorded electrogram following
early stimulation of the heart. The heart is stimulated with
apparatus that generates a stimulation sequence at one site in
the heart and records electrograms from other sites within
the heart.

[0004] The above technique has been used to form intra-
ventricular conduction curves in which the delay of each
potential within an electrogram following an early stimula-
tion of the heart is plotted against the interval between the
stimulus and the last stimulus of a constant rate sequence of
stimuli. Typically this involves between 230 and 250 early
stimuli with the interval at which each early stimulus is
applied is reduced by one millisecond on each occasion.
These curves have characteristic shapes that can be analyzed
to estimate the risk of sudden death. This technique is
described in GB2439562.

[0005] In previous research using this technique, the dis-
eases that affect the heart have been assumed to uniformly
affect all of the tissue within the heart. In the case of patients
that have recovered myocardial infarction, the abnormalities
are confined to the tissue that surrounds the infarct. While it
is possible to make detailed endocardial recordings in that
region, such a technique is too complex for routine use,
because for example, the need for multiple left ventricular
electrodes.

[0006] A surface electrocardiogram (ECG) consists of
potentials measured on the torso surface, these represent the
weighted sum of all of the currents active within the hear.
Surface ECGs are commonly used for diagnostic purposes.

[0007] The small deflections following an early stimulus
can be detected using a surface ECG recording although the
detected deflections are extremely small. Therefore a pro-
cess needs to be carried out to distinguish these small
deflections from noise.

[0008] A common technique is to average the signals to
accentuate small potentials from the noise.

[0009] It is well known that some patients have small
delayed potentials discernible in their average ECG during
sinus rhythm and this has some association with the risk of
sudden death.
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BRIEF SUMMARY

[0010] According to a first aspect of the invention there is
provided apparatus for recording and analyzing a surface
electrocardiogram (ECG) for distinguishing a physiological
signal from noise; the apparatus comptrising:

[0011] a) means to pace the heart in a pacing sequence
comprising a number of stimuli with a constant interval
followed by an early stimulus, in which the interval between
the early stimulus and the preceding constant rate stimulus
is smaller than the interval between the constant rate stimuli;
[0012] b) means to repeat the pacing sequence multiple
times with the same interval between the early stimulus and
the preceding constant rate stimulus;

[0013] c) means to repeat the pacing sequence multiple
times with a different interval between the early stimulus and
the preceding constant rate stimulus;

[0014] d) means to create surface electrocardiogram
records during the repeated pacing sequences in b) and c),
[0015] e) means to average the surface electrocardiogram
records corresponding to each of the early stimuli paced in
b); and

[0016] f) means to average the surface electrocardiogram
records corresponding to each of the early stimuli paced in
).

[0017] The apparatus thereby provides the ability to deter-
mine changes in intraventricular conduction thereby build-
ing a conduction curve that is analogous to that obtained
using endocardial measurements.

[0018] In a preferred embodiment, the apparatus com-
prises means to compare the averaged recorded surface
electrocardiograms taken from ¢) and f) and to display the
differences thereby displaying a conduction curve.

[0019] A surface electrocardiogram shows physiological
variability in its shape as a consequence of respiration, blood
pressure control cycles etc. In order to compensate for this,
it is preferred that there is at least one sensing endocardial
cardiac electrode and means for using a signal sensed by the
at least one sensing endocardial cardiac electrode to com-
pensate for delays and/or distortion of the surface electro-
cardiogram.

[0020] Preferably the at least one sensing endocardial
cardiac electrode is used to derive an interval between the
pacing stimulus provided by a pacing electrode and the onset
of activation of myocardium in a region proximate to the
pacing electrode. The variation in this interval represents
stimulus to tissue latency and its measure allows alignment
of the surface electrocardiogram signals to a common timing
reference. Thus it is also preferred that the interval derived
for each stimulus is used to align the surface ECG record
corresponding to that stimulus to a common time reference.
[0021] By aligning of the surface ECG signals improved
resolution of its features will be obtained following averag-
ing as misaligned signals will tend to degrade detection of
small potentials.

[0022] So that the conduction time between electrodes will
be short as compared to the stimulus to tissue latency, it is
preferred that the distance between the pacing electrode and
the at least one sensing endocardial cardiac electrode is
substantially 1 cm or less.

[0023] Itis further preferable that the apparatus comprises
a first sensing cardiac electrode that is proximate to a pacing
electrode and a second sensing cardiac electrode that is
remote to the pacing electrode.
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[0024] Tt is preferred that the pacing electrode, first sens-
ing cardiac electrode, and where applicable second sensing
cardiac electrode are located within the right ventricle of the
heart. Thereby avoiding additional complexity of left ven-
tricular catheterisation.

[0025] The apparatus may also comprise means to deter-
mine an interval between a signal from the first sensing
electrode resulting from the activation of myocardial tissue
proximate the first electrode and a second signal from the
second sensing electrode resulting from activation of myo-
cardial tissue proximate the second electrode. This interval
represents conduction velocity throughout the heart and may
be used to time stretch or time compress the surface elec-
trocardiogram records so that each record is the same length.
This has the effect also of increasing resolution of the
averaged surface ECG signal as a result of better alignment
of the potentials when averaging takes place.

[0026] The interval between potentials as sensed by the
proximate electrode and remote electrode is measured, pref-
erably by cross correlation. (Variations in the interval may
be caused by physiological effects such as respirations,
fluctuations in blood pressure etc.) This allows stretching of
the individual surface ECG records for each response to the
early stimuli so as to become of equal length.

[0027] The timings of pacing stimuli are derived from a
clock with a frequency of 1 KHz resulting in 1 ms time
resolution. This frequency may result in stimuli that are
coherent with mains frequency interference and its harmon-
ics. Therefore the noise in the surface ECG may not be truly
random and so not eliminated by averaging. To overcome
this, it is preferred that a pseudo-random time jitter is
introduced into the constant rate stimuli. More preferably
the pseudo-random time jitter is introduced into the first
constant rate stimulus of each pacing sequence. This will
decouple the pacing sequence from AC noise.

[0028] A first assumption behind averaging is that each
physiological signal being averaged is identical. A second
assumption is that the measurements reflect a pure electro-
physiological process, however, where there is progressive
cardiac ischemia conduction within the heart with be
affected as the pacing proceeds that will alter the morphol-
ogy of the surface ECG and in particular the responses
associated with the constant rate stimuli.

[0029] In order to identify progressive changes in shape of
the response to constant rate stimuli, it is preferred that each
ECG record is divided into sub records and the change in
signal power (the square of the signal amplitude) is deter-
mined each a new record added to the average record. If the
signal power fails to decline as new records are added it will
indicate progressive change in the ECG morphology and
non stationarity of the averaging process which is indicative
of ischemia.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying figures in which like reference
numerals refer to identical or functionally similar elements
throughout the separate views, and which together with the
detailed description below are incorporated in and form part
of the specification, serve to further illustrate various
embodiments and to explain various principles and advan-
tages all in accordance with the present disclosure, in which:
[0031] FIG. 1 is a schematic of apparatus to stimulate a
heart, make a surface ECG, and subsequently analyze the
resulting data;
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[0032] FIG. 2 is a schematic illustrating the electrodes
used to pace the heart and take recording from within the
heart and from the torso surface;

[0033] FIG. 3 is an antero-posterior projection of the
hearts showing the relative positions of the pacing electrode
and sensing electrodes;

[0034] FIG. 4 is a schematic of the stimulation sequence
used to pace the heart;

[0035] FIG. 5 is a schematic indicating alignment of
surface ECG responses for different coupling intervals being
averaged;

[0036] FIG. 6 is a simulated high-pass filtered surface
electrocardiogram signal;

[0037] FIG. 7 is the surface ECG signal of FIG. 6 with
added noise;
[0038] FIG. 8 is an averaged ECG signal (similar to FIG.

7) illustrating the cancelling out of noise;

[0039] FIG. 9 is a schematic showing pseudo-random
jitter in a first constant rate stimulus in a sequence;

[0040] FIG. 10 is a schematic illustrating misalignment
between successive potentials following an extra stimulus;
[0041] FIG. 11 illustrate recorded endocardial electro-
grams following a constant rate stimulus;

[0042] FIG. 12 is a plot showing delays of endocardial
potentials following successive constant rate stimuli;
[0043] FIG. 13 illustrates the process of cross correlating
signals from proximate and remote recording electrodes to
derive the delay between them;

[0044] FIG. 14 shows alignment of two signals using
stimulus to tissue latency;

[0045] FIG. 15 illustrates time compression and time
dilation of electrograms to give a consistent length signal,
[0046] FIG. 16 show the results of averaging a non-
stationary signal;

[0047] FIG. 17 shows the segmentation of a signal into
successive sub-records;

[0048] FIG. 18 shows the power in selected sub records
varying as the number of averages increases for a stationary
signal; and

[0049] FIG. 19 a similar plot to FIG. 18 for the non-
stationary signal illustrated in FIG. 17.

DETAILED DESCRIPTION

[0050] As required, detailed embodiments are disclosed
herein; however, it is to be understood that the disclosed
embodiments are merely examples and that the devices,
systems and methods described herein can be embodied in
various forms. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a basis for the claims and as a representative
basis for teaching one of ordinary skill in the art to variously
employ the disclosed subject matter in virtually any appro-
priately detailed structure and function. Further, the terms
and phrases used herein are not intended to be limiting, but
rather, to provide an understandable description. Addition-
ally, unless otherwise specifically expressed or clearly
understood from the context of use, a term as used herein
describes the singular and/or the plural of that term.

[0051] The terms “a” or “an”, as used herein, are defined
as one or more than one. The term “plurality”, as used
herein, is defined as two or more than two. The term
“another”, as used herein, is defined as at least a second or
more. The terms “including” and “having,” as used herein,
are defined as comprising i.e., open language. The term
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“coupled,” as used herein, is defined as “connected,”
although not necessarily directly, and not necessarily
mechanically. “Communicatively coupled” refers to cou-
pling of components such that these components are able to
communicate with one another through, for example, wired,
wireless or other communications media. The term “com-
municatively coupled” or “communicatively coupling”
includes, but is not limited to, communicating electronic
control signals by which one element may direct or control
another. The term “configured to” describes hardware, soft-
ware or a combination of hardware and software that is
adapted to, set up, arranged, commanded, altered, modified,
built, composed, constructed, designed, or that has any
combination of these characteristics to carry out a given
function. The term “adapted to” describes hardware, soft-
ware or a combination of hardware and software that is
capable of, able to accommodate, to make, or that is suitable
to carry out a given function.

[0052] With reference to FIG. 1 there is shown apparatus
comprising a recording, pacing and an analysis system. The
system comprises an array of thoracic surface electrodes 1
that sense potentials from torso surface 2, illustrated in FIG.
2. The sensed potentials are amplified by a multichannel
amplifier system 3 and digitized with an analogue to digital
converter 4 and the digital signals stored in a memory 5. The
heart 6 is stimulated with a pacing system 7 having an
electrode 8 placed within the heart. Further electrodes 9
placed at alternative positions within the heart, as shown in
FIG. 3 sense potentials from within the heart 6. The endo-
cardial electrodes 8, 9 are inserted via catheters 14 into the
right ventricle. The potentials sensed by electrodes 9 are
amplified by amplifier 10, digitized by an ADC 11 and stored
in memory 5. The stimulation of the heart and recording of
the sensed potentials are controlled by a computer program
12. Following a recording process, the recorded data in
memory 5 is analyzed by a further program 13.

[0053] FIG. 3 shows the pacing electrode 8 positioned at
a tip of a catheter 15A used to stimulate the heart 6 and a
second electrode 9A mounted on the same catheter 15A
within 1 ¢cm of the pacing electrode 8 for recording a
response. A second recording electrode 9B on a second
catheter 15B is positioned in the right ventricle of the heart
6 as far as possible from the pacing electrode 8. In addition
to pacing electrode 8 a further pacing electrode (not shown)
can be used to stimulate the high right atrium to avoid fusion
beats.

[0054] The heart 6 is paced with a pacing sequence
comprising a number of constant rate stimuli (S1) followed
by an extra stimulus S2. The S1-S2 interval is smaller than
the S1-S1 interval. FIG. 4 illustrates four of these sequences
showing in this instance two S1-S2 intervals in the
sequences S1-S2A, S1-S2B, S1-S2A, S1-82B, . . . . Alter-
natively the sequence may be delivered as S1-S2A, S1-S2A,
... S1-82B, S1-82B, . . . FIG. 4 shows these sequences
repeated twice but in practice it is preferred that they are
repeated several hundred times. The number of repeats may
be determined by the convergence of the signal.

[0055] Although only two intervals are shown, in practice
eight intervals used to achieve a study in a practical length
of time. However, more intervals may be used where time
allows.
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[0056] FIG. 5 illustrates the process of averaging each
recorded signal in response to S2 stimuli following the same
S1-S2 interval; in this case the intervals A and B as shown
in FIG. 4.

[0057] Each recorded signal of interval A 20 are aligned in
time using the pacing stimulus 21 within the recording. The
aligned recorded signals are then summed to form an
average signal 22 of interval A. The same process is also
performed on each recorded signal 23 of interval B to create
an average recorded signal of interval B 24. The averaging
process reduces the noise by the square root of the number
of averages for a Gaussian noise. It is also known that the
averaging process acts as a low-pass filter that acts selec-
tively on the noise.

[0058] FIGS. 6, 7 and 8 illustrate an ideal process showing
a simulated high-pass filtered surface ECG signal 30. Two
hundred records the signal shown in FIG. 6 are creates to
represent records taken following S2 stimuli, pseudo-ran-
dom noise 1s added to each record 31, one of which is shown
in FIG. 7. These are then averaged to give the signal 32
shown in FIG. 8, where the small potentials 33 in the
terminal portion are discernible.

[0059] In practice, this process will be degraded in a
number of ways rendering small potentials indiscernible.
These ways and their remedies described.

[0060] A fundamental assumption is that that noise is
unrelated to the signal being detected. Conventionally
stimuli are calculated in 1 ms intervals and are timed using
a 1 KHz clock. This may create synchronization of the
pacing process with mains AC noise or its harmonics. This
is overcome, as illustrated in FIG. 9 by imposing a pseudo-
random jitter 40 in the interval between the S2 stimulus and
S1 stimulus following it. The subsequent stimuli in the
sequence following the S1 stimulus maintain the same
interval from each other such that in effect all the stimuli
within a sequence are jittered by the same amount. This will
decouple the pacing sequence from periodic signals in the
noise.

[0061] Another problem is that signals following a S2
stimulus may be misaligned as a consequence of physiologi-
cal processes such as respiration. FIG. 10 shows the mis-
alignment of potentials between two recorded signals 50, 51
by an interval 52 caused by said physiological processes.

[0062] This misalignment results in small potentials being
not added together and so will not be detected in the
averaged signal 32.

[0063] FIG. 11 shows two intracardiac electrograms 60 62
recorded by remote electrode 9B following an S1 stimulus.
The electrograms 60 62 have been aligned using the Sl
stimulus as the reference point. Notwithstanding this align-
ment, it can seen that there remains miss-alignment between
the significant potentials 61 63 of the signals 60 62.

[0064] The first potential 61A in signal 60 following a Sl
stimulus precedes the first potential 63A in signal 62. This
distance 64 between the first potentials 61A 63A and Sl
stimulus represents the signal to tissue latency. The differ-
ence in time between the first potentials 61A 63A from the
S1 stimulus the represents variation in signal to tissue
latency 64A.

[0065] Similarly the potential 61B in signal 60 precedes
the equivalent potential 63B in signal 62 by a greater interval
65 than the stimulus to tissue latency indicating time dilation
of signal 62 with respect to signal 60.
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[0066] FIG. 12 shows the delays 61 and 63 measured for
successive S1 stimuli and each potential 61 63 is plotted as
the ordinate against the time at which the stimulus occurred.
The mean interval between the S1 stimulus and the first
potentials 61A 63A are shown by line 70. Similarly the mean
interval between the S1 stimulus and the potentials 61B is
shown by line 71. This variation will degrade detection of
potentials of short duration.

[0067] Line 72 is an interpolated version of data points
61A 61B. It has a periodicity of approximately 11.5 per
minute that likely to be due to respiration. The degree of
variation in stimulus to tissue latency and time dilation of the
electrogram are comparable to the width the small potentials
that one would wish to detect in the electrocardiogram and
therefore this degree of signal variation is likely to degrade
the results of signal averaging, It should be noted this effect
is highly variable between patients.

[0068] This problem can be minimized by using intracar-
diac reference electrograms.

[0069] FIG. 13 illustrates electrograms 80 81 taken from
the proximate and remote sensing electrodes 9A 9B respec-
tively. The stimulus to tissue latency 64 marked AT1 is
determined from the proximate electrode signal 80. The two
electrograms 80 81 are cross-correlated to give the cross-
correlation function 82 showing a peak when the two are
most correlated. The delay 83 of this peak AT2 gives the
delay between the electrograms 80 81. The mean delay of
AT?2 for all records at a particular S1-S2 interval is deter-
mined.

[0070] Provided that AT2 for an individual record is close
to the mean AT2 of all records, it indicates that there has
been no significant stretch in the individual record, and any
misalignment is therefore due to stimulus to tissue latency.
[0071] FIG. 14 shows two misaligned signals 90 91 from
a surface ECG. The misalignments shown as 92 are due to
stimulus to tissue latency. The signal 91 is shifted by the
difference in stimulus to tissue latency from the mean,
AT1*64 derived using the endocardial electrograms so that
it aligns with the signal 90.

[0072] FIG. 15 shows two surface ECG records 100 101
in response to the same interstimulus interval, showing
different stimulus to tissue latency and time dilation A
further signal 102 shows mean stimulus to tissue latency and
time dilation. After correction of signals 100 101 for the
stimulus to tissue latency, thereby aligning their first poten-
tial with that of record 102, record 100 is compressed
according to the interval AT2 103 derived for that record 100
and record 101 stretched using AT2 104 derived for that
record, so that both records 100 1001 have a AT2 that
corresponds to the mean AT2 for record 102. The stretching
and compression is achieved by frequency domain interpo-
lation and resampling on a constant time interval.

[0073] A portion 105 of each signal is believed to contain
small physiologically derived signals and a later portion 106
is assumed to contain only noise.

[0074] We measure the sum of the power in the signals in
the physiological region 105 and the noise region 106.
[0075] In practice stretching and compression may by
assuming that the degree of requirement of length change of
an individual signal is a function of AT2 that may be
described by a few parameters, thereby allowing some
degree of non-linearity in the stretching.

[0076] An objective function is defined which is the power
in the assumed portion of the averaged signals following
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time stretching/compression divided by the power consid-
ered to be noise that is similarly stretched/compressed.
Therefore the parameters of the stretching/compressing pro-
cess may be determined by maximizing this function using
conventional numerical methods.

[0077] During a protracted pacing run myocardial isch-
emia may be provoked. It is known that that ischemia causes
increased conduction delays and local block leading to
lengthening and additional potentials in local endocardial
electrograms which may be reflected in the surface ECG.
This may be detected by identifying non-stationarity in the
responses to S1 stimuli that should remain constant.

[0078] FIG. 16 show a stimulated averaged signal derived
from signals in response to an S1 stimulus having non-
stationary potentials assumed to be caused from ischemia.

[0079] The effects of non-stationarity can be detected by
segmenting each individual record 112 into sub-records 113
as shown in FIG. 17. The average signal power (squared
amplitude) in each sub record is calculated.

[0080] FIG. 18 shows the logarithm of the power in each
sub record 114 for a stationary signal as each record added
to the average record. After roughly two hundred records
have been averaged, the power in each sub record
approaches a stable value 114A.

[0081] FIG. 19 shows the results for a non stationary
signal assumed to be caused by ischemia. The sub records
115 close to the end of the assumed physiological portion of
the signal deviate with increasing number of averages as
potentials in that sub record increase or diminish. The final
sub records 115A that are assumed to be noise only do not
change.

[0082] The Abstract is provided with the understanding
that it is not intended be used to interpret or limit the scope
or meaning of the claims. In addition, in the foregoing
Detailed Description, various features are grouped together
in a single embodiment for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter lies in less than all features of a single
disclosed embodiment. Thus the following claims are
hereby incorporated into the Detailed Description, with each
claim standing on its own as a separately claimed subject
matter.

[0083] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description
herein has been presented for purposes of illustration and
description, but is not intended to be exhaustive or limited
to the examples in the form disclosed. Many modifications
and variations will be apparent to those of ordinary skill in
the art without departing from the scope of the examples
presented or claimed. The disclosed embodiments were
chosen and described in order to explain the principles of the
embodiments and the practical application, and to enable
others of ordinary skill in the art to understand the various
embodiments with various modifications as are suited to the
particular use contemplated. It is intended that the appended
claims below cover any and all such applications, modifi-
cations, and variations within the scope of the embodiments.
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[0084] Although specific embodiments of the subject mat-
ter have been disclosed, those having ordinary skill in the art
will understand that changes can be made to the specific
embodiments without departing from the scope of the dis-
closed subject matter. The scope of the disclosure is not to
be restricted, therefore, to the specific embodiments, and it
is intended that the appended claims cover any and all such
applications, modifications, and embodiments within the
scope of the present disclosure.

1. Apparatus to determine changes in intraventricular
conduction and thereby build a conduction curve; the appa-
ratus comprising a recording, pacing and an analysis system
for recording and analyzing a surface electrocardiogram
(ECG) for distinguishing a physiological signal from noise,
the recording, pacing and an analysis system arranged and
configured to:

a) pace the heart in a pacing sequence comprising a
number of stimuli with a constant interval followed by
an early stimulus, in which the interval between the
early stimulus and the preceding constant rate stimulus
is smaller than the interval between the constant rate
stimuli;

b) repeat the pacing sequence multiple times with the
same interval between the early stimulus and the pre-
ceding constant rate stimulus;

c) repeat the pacing sequence multiple times with a
different interval between the early stimulus and the
preceding constant rate stimulus;

d) create surface electrocardiogram records during the
repeated pacing sequences in b) and c)

e) average the surface electrocardiogram records corre-
sponding to each of the early stimuli paced in b); and

) average the surface electrocardiogram records corre-
sponding to each of the early stimuli paced in c).

2. Apparatus according to claim 1 arranged and config-
ured to compare the averaged recorded surface electrocar-
diogram taken from e) and f) and to display the differences.

3. Apparatus according to claim 1 comprising at least one
sensing cardiac electrode and means for using a signal
sensed by the at least one sensing cardiac electrode to
compensate for delays and/or distortion of the surface elec-
trocardiogram.

4. Apparatus according to claim 3 wherein the at least one
sensing cardiac electrode is used to derive an interval
between the pacing stimulus provided by a pacing electrode
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and the onset of activation of myocardium in a region
proximate to the pacing electrode (which represents stimulus
to tissue latency).

5. Apparatus according to claim 4 wherein the interval
derived in claim 4 for each stimulus is used to align the ECG
record corresponding to that stimulus to a common time
reference.

6. Apparatus according to claim 4 wherein the distance
between the pacing electrode and the at least one sensing
cardiac electrode is substantially 1 cm or less.

7. Apparatus according to claim 3 comprising a first
sensing cardiac electrode that is proximate to a pacing
electrode and a second sensing cardiac electrode that is
remote to the pacing electrode.

8. Apparatus according to claim 7 arranged and config-
ured to determine an interval between a signal from the first
sensing electrode resulting from the activation of myocardial
tissue proximate the first electrode and a second signal from
the second sensing electrode resulting from activation of
myocardial tissue proximate the second electrode

9. Apparatus according to claim 8 wherein the interval
between the signal from the first sensing electrode and the
second signal from the second sensing electrode, is used to
time stretch or time compress the individual surface elec-
trocardiogram records so that each individual surface elec-
trocardiogram record is the same length.

10. Apparatus according to claim 1 arranged and config-
ured to introduce a pseudo-random time jitter into the
constant rate stimuli.

11. Apparatus according to claim 10 arranged and con-
figured to introduce a pseudo-random jitter into the first
constant rate stimulus of each pacing sequence.

12. Apparatus according to claim 1, arranged and config-
ured for determining the changes in duration of a response
to stimuli over the course of the pacing sequences recorded
in d) and e).

13. Apparatus according to claim 12 arranged and con-
figured to create surface electrocardiogram records follow-
ing constant rate stimuli, to divide each electrocardiogram
record into sub-records, determine the power of the potential
in each sub-record and to determine how the power changes
in each sub-record as successive electrocardiogram records
are added to form an averaged surface electrocardiogram
record.
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