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Day to day variation in 3 orthogonal lead
electrocardiogram parameters after
acute myocardial infarction

H. T. Cawood, S. Hillis, P. W. Macfarlane, and T. D. V. Lawrie
From the University Department of Medical Cardiology, Royal Infirmary, Glasgow

Serial 3 orthogonal lead electrocardiograms were recorded on 67 patients with acute myocardial infarction.
For each series of electrocardiograms, the day to day changes and the changes with respect to the initial
computer measurements of selected ST-T segment amplitudes and vector orientations were investigated. The
results indicated that the degree of rotation of ST-T vectors, which corresponded with a report of sequential
change by a panel of cardiologists, was outside the upper limit of normal day to day variation. From the
results, diagnostic criteria for use in the automated detection of sequential electrocardiographic changes after
myocardial infarction were established.

The evolution of ST-T changes in the I2 lead
electrocardiogram after acute myocardial infarction
is well known. These sequential changes are fre-
quently of importance in confirming the diagnosis,
especially in doubtful cases. Similar ST-T changes
can be demonstrated in the 3 orthogonal lead electro-
cardiogram.
While cardiologists interpret sequential ST-T

changes on a subjective basis, precise criteria must
be formulated if the detection of these changes is to
be carried out by digital computer. To this end, a
study was initially made of the day to day and beat
to beat variation of normal 3 orthogonal lead
electrocardiograms so that normal ranges of varia-
tion could be determined (Cawood et al., I974). The
present study was then undertaken to establish
criteria for detecting serial ST-T changes after
acute myocardial infarction for use by a digital
computer programme for electrocardiogram
interpretation.

Subjects and methods
A total of 67 patients, consisting of 52 men ranging in
age from 37 to 74 years (mean age 53 ± 9) and i5 women
ranging in age from 49 to 91 years (mean age 67± I),
was selected for this study. On the basis of clinical, bio-
chemical, and electrocardiographic evidence, each
patient was diagnosed as having sustained an acute myo-
cardial infarction. None of their electrocardiograms
showed conduction abnormalities of the complete
bundle-branch block type.
Received 25 April 1974.

On each patient, 3 and 12 lead electrocardiograms
were recorded on several occasions during their hospital
stay. The number of cardiograms recorded varied
according to the length of stay of each patient but was at
least three. Different cardiographers recorded the serial
electrocardiograms using unmarked electrode positions.
A panel ofthree experienced cardiologists reported the

I2 lead electrocardiograms while the 3 lead electrocardio-
grams were interpreted by computer using a programme
described elsewhere (Macfarlane, I97I; Macfarlane et
al., 1972). The provisional diagnosis of myocardial
infarction was made by routine hospital procedures
involving many physicians so that strict criteria for the
I2 lead electrocardiographic interpretation of myo-
cardial infarction could not be used at that stage. How-
ever, the cardiologists who subsequently reviewed the 12
lead electrocardiograms used conventional criteria for
confirmation of the diagnosis. A complete list can be
found elsewhere (Macfarlane, I969b).
At the beginning of the study, there were no border-

line values established for significant day to day changes
in ST-T parameters in the 3 lead electrocardiogram. It
was, therefore, of importance for the cardiologists to
indicate whether or not they subjectively regarded a
significant change to be present on the basis of either 3
or 12 lead electrocardiographic appearances.
The criteria used by the computer programme for the

detection of myocardial infarction using the modified
axial 3 orthogonal lead electrocardiogram system
(Macfarlane, I969a) were as follows (in abbreviated
form).

i) Inferior myocardial infarction
(Q/R)y > I/3 and
i80 <0-03 sec QRSF vector< s°
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1232 Cawood, Hillis, Macfarlane, and Lawrie

ii) Anterolateral myocardial infarction
(Q/R)x > 1/3 and
900 < 0'03 sec QRST vector < 2900

iii) Anteroseptal myocardial infarction
(Qz>0-03 sec and Qz>O-I mV) or

((R/S)z<o i and Rz<o-ii mV
and I80o<0-03 sec QRST<3300)

QRSF and QRST denote the projection of the QRS
vector onto the frontal and transverse planes, respec-
tively. The o o3 sec QRS vector is the vector recorded
o003 sec after QRS onset. The anteroseptal lead Z is
directed anteriorly positively so that a Q wave in the
anteroseptal lead (denoted Qz) compares with a Q wave
in V2. Similarly a Q wave in the inferior lead Y (denoted
Qy) can be compared to a Q wave in aVF, and a Q wave
in the anterolateral leadX (denoted Qx) can be compared
to a Q wave in lead I.
ST elevation of more than o-o6 mV in the inferior or

anterolateral leads, or more than o-o8 mV in the antero-
septal lead, was used as an indication that the infarct was
acute.
Widespread myocardial infarction was diagnosed when

the above criteria were met in each lead. Anterior myo-
cardial infarction was reported when abnormalities in
both the anteroseptal and anterolateral leads were
present.

For each set of serial recordings, the variation in
measurement of the following ST-T wave parameters
was studied.

i) The amplitude of the 5/8, 6/8 time normalized
ST-T vector components in leads X and/or Y
and/or Z.

ii) The maximum T wave amplitude in leads X
and/or Y and/or Z.

iii) The orientation of the projection of maximum
spatial T vector, the 5/8 and 6/8 ST-T time
normalized vectors onto the frontal (XY) and/or
right sagittal (ZY) and/or transverse (XZ) planes.

The variation of QRS components is not included in
the present report.

For each patient's series of electrocardiograms the
variation in the T wave scalar and vector components
was calculated for the leads and reference planes appro-
priate to the type of infarction detected, e.g. for inferior
myocardial infarction, the variation in ST-T segment
amplitude was computed for the inferior lead Y alone
and the change in T vector orientation was measured
using the projection of the ST-T vectors onto the
frontal plane. Similarly for anteroseptal myocardial
infarction, the T wave amplitude in lead Z and the ST-T
vector orientations in the transverse plane were studied.
The latter were also used in anterior myocardial infarc-
tion.
To determine the day to day variation in electro-

cardiographic parameters after acute myocardial infarc-
tion, average measurements for individual electrocardio-
grams were first computed by a technique in which each
electrocardiogram was interpreted by the computer three
times, with a different complex being analysed on each
occasion (Cawood et al., 1974). Thus for each individual
electrocardiogram, the mean value of a set of three

measurements was obtained for each parameter. There-
after day to day changes were calculated using the mean
value for each parameter calculated on each day. In
addition, the changes of the second and subsequent
electrocardiograms with respect to the first electro-
cardiogram were also studied.
Means, standard deviations, and total ranges of the

day to day variation and the variation with respect to the
initial electrocardiogram were calculated. The direction
of the change was also taken into account, e.g. increased
and decreased amplitude changes were treated separately
as were clockwise and counterclockwise rotations of the
selected vectors.

Results
Care must be taken with the mathematical treatment
of angular data where the mean of several values has
to be calculated. Several authors (e.g. Downs et al.,
I966; Downs, Liebman, and MacKay, I97I) have
discussed statistical techniques for dealing with this
problem. In the present study, however, the analysis
has been more concerned with the change in vector
angle than any other statistical measurement, though
this too can present difficulties, e.g. if a vector
swings initially counterclockwise through 450 then
I200, I60°, and finally i85° (see Fig. i), it might be
thought that a result indicating a counterclockwise
swing of I85' was wrong since it can be seen from
the diagram (Fig. I) that this rotation is equivalent
to a clockwise change of I75°. This illustrates the
problem in presenting data on vector rotation, and
was partly the reason why the vector rotations have
been divided into two groups - those in a clockwise
direction and those in a counterclockwise direction.
The mean changes together with total ranges in

selected scalar amplitude and vector orientations are

Day 4

1850

175a
Day 2

FIG. I An illustration of vector rotation through
i850 in a counterclockwise fashion. Consideration of
only the first and last measurements would have led to
a result of I750 change in a clockwise manner.
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ECG variation after myocardial infarction 1233

presented in Tables I-4. Only those vectors ulti-
mately selected for use in the formulation of criteria
are shown while only the change in maximum T
wave amplitudes is given for brevity, since no scalar
measurements proved of value as discussed below.
Both the increase and decrease in amplitude changes
are presented together with clockwise and counter-
clockwise changes in vector orientations.

Widespread myocardial infarction
The results for the six patients whose electrocardio-
grams showed sequential changes after widespread
myocardial infarction are presented in Tables iA
and iB. Of importance is the fact that the mean

changes in the maximum T vector orientations are
much greater than the upper limit of normal varia-
tion presented separately (Cawood et al., I974). The
predominant direction of rotation was clockwise in
both frontal and transverse planes.

Anterior myocardial infarction
The results for the I4 patients with anterior myo-
cardial infarction are presented in Tables 2A and 2B.
The mean changes in vector angles are considerably
outside the normal ranges as are the mean decreases

in T wave amplitudes with respect to the initial
measurements.

Inferior myocardial infarction
The results for the 2i patients with sequential
electrocardiographic changes after inferior myo-
cardial infarction are presented in Tables 3A and 3B.
As expected there was a considerable swing of the T
vector in the frontal plane and a decrease (i.e.
inversion) in T wave amplitude after the acute stage
of the illness.

Anteroseptal myocardial infarction
Tables 4Aand 4B show the changes in selected ST-T
parameters in the anteroseptal lead and transverse
plane for the ii patients with anteroseptal myo-
cardial infarction. On occasions, the mean day to
day change is within normal limits whereas the
mean change with respect to the initial measurement
is outside the upper limit of normal.

Serial electrocardiograms without sequential
changes
There were I5 patients in this study whose serial
electrocardiograms did not show any sequential

TABLE iA Widespread myocardial infarction (with respect to day I): mean ± standard deviation together with
range of variation with respect to initial measurement of selected ST-T vector angles and scalar amplitudes

Max TF Max TT 6/8 ST-TF 6/8 ST-TT TX TY TZ

Clockwise 115± 66 io6 ±74 85 ±29 76 ±24 Increased 0o4±006 0- I3 ±009 o-o6±0-02
rotation (0) I5- -I95 6--I77 3I->I50 55-+I12 amplitude 0-05-*0-2I 0-02-+0-22 o-o4--*o-o8

(mV)

Counter- 36±I7 36 ±3 36 +26 7I+45 Decreased 0-27±0-22 O029±O0I7 0-34±0-30
clockwise I2-+50 33->39 6-+56 I--I5I amplitude 0-02-÷o-64 0-0I-+0-53 0-03-+o-86
rotation (0) (mV)

Note: TF, TT denote the projection of the maximum T vector onto the frontal and transverse planes, respectively, whereas
Tx, Ty, and Tz denote the maximum T wave amplitude in leads X, Y, and Z, respectively. Similar terminology is used for the
6/8 ST-T time normalized components.

TABLE iB Widespread myocardial infarction (day to day): mean±standard deviation together with complete
range of day to day variations of selected ST-T vector angles and scalar amplitudes

Max TF Max TT 6/8 ST-TF 6/8 ST-TT TX TY TZ

Clockwise 65 ±67 58 ±68 52 ±48 36 ± 32 Increased o-i8 +o-o9 o-o8 + 0-7 0-04 ±0-03
rotation (0) I->170 3-1i65 0-÷iI5o o->io6 amplitude 0-07-o-029 0-OI-+0-22 o-oi--0oo8

(mV)
Counter- 32+45 30±43 3I ±38 56±54 Decreased 0-I4±0-13 0-20±0-I7 0-22+0-24

clockwise I-÷ii8 3--I03 2-÷85 3--*151 amplitude O-OI->047 0-02-40 53 O-OI-*0 74
rotation (0) (mV)
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1234 Cawood, Hillis, Macfarlane, and Lawrie

change in the opinion of the panel of cardiologists
who reviewed the 3 and I2 lead electrocardiograms.
The details relating to these patients are not pre-
sented but further reference is made in the discus-
sion below.

Discussion
The ranges of normal variation of selected P, QRS,
and ST-T segment parameters are presented in the
accompanying paper (Cawood et al., I974). While
these results indicate the parameters which show the

TABLE 2A Anterior myocardial infarction (with respect to day I): mean + standard deviation together with
complete range of day to day variations of selected ST-T vector angles and scalar amplitudes

Max TF 6/8 ST-TT TX TZ

Clockwise rotation (0) 98+64 I2I + 54 Increased amplitude (mV) 0o09±005 o0I2±0'T1
2--I73 4-*I93 0o04-015 001-0-26

Counterclockwise rotation (0) I2+6 3I+27 Decreased amplitude (mV) 0o48 ±0-30 021T± 019
3-*20 II-*67 0-02-I-I6 00I-070

TABLE 2B Anterior myocardial infarction (day to day): mean ± standard deviation together with complete
range of day to day variations of selected ST-T vector angles and scalar amplitudes

Max TT 618 ST-TT TX TZ

Clockwise rotation (0) 59 64 58 ± 60 Increased amplitude (mV) O-II +0-04 0-07 ± o-o8
o-+i66 o->i88 oo6-0oI6 0--0-26

Counterclockwise rotation (0) I2+6 I6±I4 Decreased amplitude (mV) o-z6 + 0-25 013 ± OI3
I-*20 2-+53 0-02->I-22 O0I-0O49

TABLE 3A Inferior myocardial infarction (with respect to day r): mean ± standard deviation together with
complete range of variation with respect to initial measurement of selected ST-T vector angles and scalar
amplitudes

Max TF 6/8 ST-TT TY

Clockwise rotation (0) 76 ± 73 40 ± 34 Increased amplitude (mV) OI7 ±o18
0-*I7I i-iiz8 0-02-0-54

Counterclockwise rotation (0) 74±54 53±42 Decreased amplitude (mV) 0-3I ±024
x-+I84 2-+162 OOI-+I 03

TABLE 3B Inferior myocardial infarction (day to day): mean±standard deviation together with complete
range of day to day variation of selected ST-T vector angles and scalar amplitudes

Max TF 6/8 ST-TF TY

Clockwise rotation (0) 50 + 66 44 ± 38 Increased amplitude (mV) 0-I2 +-17
O-÷176 O-Io30 o-+o62

Counterclockwise rotation (0) 48 ± 50 48± 52 Decreased amplitude (mV) 0-27 ± 022
2--*I67 i-+i85 0-02-*0-89
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ECG variation after myocardial infarction 1235

TABLE 4A Anteroseptal myocardial infarction (with respect to day I): mean + standard deviation together
with complete range of variation with respect to initial measurement of selected ST-T vector angles and scalar
amplitudes

Max TT 6/8 ST-TT TZ

Clockwise rotation (°) 6i ±46 60± 37 Increased amplitude (mV) 0o04±0 04
0-*I34 4->I32 O-OI-+I2

Counterclockwise rotation (°) 88 ± 77 42 + 3I Decreased amplitude (mV) O-I9±0-I6
3->i83 8-*87 O-OI*05i

TABLE 4B Anteroseptal myocardial infarction (day to day): mean±standard deviation together with complete
range of day to day variations of selected ST-T vector angles and scalar amplitudes

Max TT 6/8 ST-TT TZ

Clockwise rotation (0) 43 ±43 4I ±36 Increased amplitude (mV) o-o6 ± o o8
0-I50 3->I20 0-+026

Counterclockwise rotation (0) 43±54 35±46 Decreased amplitude (mV) O-I5±0-II
6- 177 2- I70 005-+0*46

least day to day and beat to beat variation, they can-

not give any indication as to which parameters are

the best discriminators with respect to the detection
of serial changes after myocardial infarction. The
results from the current study were, therefore, com-
pared with the normal ST-T variation data in order
that criteria for the detection of sequential changes
after myocardial infarction could be formulated.

It was found, using the 't' test, that the mean

changes in vector orientations both with respect to
initial measurements and on a day to day basis were

statistically significantly different (P <o.os) from the
normal mean changes in almost all cases. On the
other hand many of the mean changes in amplitude
of scalar measurements were not significantly
different from normal at the o0o5 significance level.
Such results suggested that vector rather than scalar
data be used to formulate criteria which must be
based on a knowledge of the normal ranges and in

particular the maximal variation, defined in the
accompanying paper as the maximum of the normal
day to day and beat to beat variation (Cawood et al.,
I974).

It was found that a change (either day to day or
otherwise) in maximum T vector orientation out-
side the maximal variation in the appropriate plane
was present in most patients who were regarded by
the panel of cardiologists as having evidence of
sequential electrocardiographic changes. In series
where terminal T wave changes occurred, the 6/8
ST-T vector was sometimes found to rotate through
a number of degrees outside the appropriate normal
maximal variation and was on occasions the only
indication of sequential change. This suggested that
both the maximum T and 6/8 ST-T vector be used
in the formulation of criteria for the detection of
sequential changes.

Table 5 shows the proposed diagnostic criteria

TABLE 5 Proposed diagnostic criteria for detection of segmental ST-T changes in
serial 3 lead electrocardiograms derivedfrom modified axial lead system

Location of myocardial infarction Clockwise or counterclockwise rotation

Max TF Max TT 6/8 ST-TF 618 ST-TT

Inferior 30° 70
Anteroseptal - 30 70'
Anterior (or anterolateral) 300 - 700
Widespread 300 300 70° 70°

Note: A change exceeding the critical value in any one parameter would be sufficient. A dash (-)
signifies that the parameter indicated is not considered in a particular case, e.g. for the detection of
a sequential change after inferior myocardial infarction, a change of over 30' in TF or over 70' in
6/8 ST-TF is required. The other two parameters are not considered in this particular case.
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1236 Cawood, Hillis, Macfarlane, and Lawrie

for the detection of serial changes using the modified
axial lead system. Only ST-T vector parameters
were selected as previously indicated. Scalar para-
meters such as ST junction amplitude were not
included for two reasons. First, ST-T amplitude
measurements did not exhibit any advantage over
the use of vector rotations, except when the T wave
changed polarity as discussed below. Secondly, the
inclusion of ST junction amplitude into diagnostic
criteria was made in a separate fashion, e.g. a reduc-
tion in ST elevation from above the upper limit of
normal amplitude (not change) to below would be
reported by the computer programme as ST im-
provement. The amount of reduction in amplitude
need not be specified.
By using the criteria established in Table 5, it was

found that a report of sequential changes could be
made for 96 per cent (i.e. 5o) of the 52 electro-
cardiographic series which were regarded by cardio-
logists as showing a sequential change. In one of
the remaining patients, who had an inferior myo-
cardial infarction, the T waves were inverted in lead
Y at the time of the first recording. However, there
was initially pronounced ST elevation (in the inferior

Day 1 2
May 31 June 3

Anterolateral
lead X

lead) which diminished during the series so that ST
improvement as measured by the computer was
apparent. This was regarded as a sequential change.
In the remaining patient, who also had an inferior
myocardial infarction, the T waves in the inferior
lead were upright, but of low amplitude. In a
subsequent recording, the T waves exhibited
shallow inversion even though the maximum T
vector or 6/8 ST-T vector did not move through a
significant number of degrees. This, however, was
regarded as a sequential change. Thus, the computer
can be programmed to regard a change in polarity of
the T wave between successive recordings as a
sequential change.

Evidence of myocardial infarction in the antero-
lateral lead alone was not encountered. It is pro-
posed, however, that the criteria for sequential
change after anterolateral myocardial infarction be
the same as for anterior myocardial infarction (Table
5), since T vector rotation in the transverse plane
would be common to both.
The reason for recording not only day to day

change but the change with respect to day i is
evident from a study of Fig. 2 which shows a series

3 4 5 b
7 8 11 16

Inferior

I,

Inferior < > _ +
lead Y

Anteroseptal
lead Z --v- - . V-0~

3300(day5)

_~3500 (day 4 )
;i3~570(day 3)

230 ( day I
day 2)

FIG. 2 A series of electrocardiograms recordedfrom a 48-year-old man. The change in ST-T
configuration in the inferior lead Y after myocardial infarction corresponds to a counterclockwise
rotation of the projection of the maximum spatial T vector onto the frontal plane as shown in the
diagram.
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ECG variation after myocardial infarction 1237

of electrocardiograms from a patient with inferior
myocardial infarction. The day to day change never
exceeds the critical value of 300 whereas the change
between day i and day 4 is 330 enabling the report
of sequential change to be made. The remaining
tracings from days 5 and 6 confirm the change first
detected on day 4. This type of result influenced the
format of storing electrocardiographic interpreta-
tions on a computer disc for automated comparison
of serial electrocardiograms, as discussed elsewhere
(Macfarlane, Cawood, and Lawrie, 1974).

It goes without saying that the mean day to day
change was almost always less than the mean change
with respect to day i for this series of patients. It
should be noted, however, that the latter includes
one value common to the former, viz. the change
between day i and day 2. Hence, the lower limit of
many of the ranges is commion to both sets of
results.

It is not possible to associate a specific direction
in which T vectors rotate for each location of infarc-
tion. Fig. 3 shows that the direction of rotation of
the T vector is dependent upon the initial conditions.
If the T waves are upright in both the lateral (X)

Day i Day 2

Antero -
lateral
lead X

Inferior
lead Y

A

x

Day I

y

and inferior (Y) leads before the development of T
wave inversion in the inferior lead as a result of
inferior myocardial infarction, then the direction of
rotation of the T vector is counterclockwise. On the
other hand, if the T wave in the lateral lead X is
inverted and the T wave in the inferior lead Y is
upright before sequential changes ensue in the
inferior lead then the direction of rotation is clock-
wise. A similar consideration applies for antero-
septal or anterior myocardial infarction.
There were I5 patients in the series whose tracings

were not regarded as showing a sequential change in
the opinion of the panel. With the criteria presented
in Table 5, a report of sequential change could not
be made.
The results presented in this paper have been

incorporated into our computer programme for
interpretation of electrocardiograms and have
already been tested in extensive clinical use. They
are only the first of a set of criteria indicative of
sequential change which have been used to date. It is
hoped that in due course other criteria for the
establishment of sequential change after pulmonary
embolism or other cause will also be incorporated.

Day I Day 2

B -

Day2,

x

Day I

y
FIG. 3 A) Counterclockwise rotation of the projection of the maximum spatial T vector in the
frontal plane. This results from the development of T wave inversion in the inferior lead Y in
association with an upright Twave inversion in the anterolateral lead X. B) Clockwise rotation of
the projection of the maximum spatial T vector in thefrontal plane. This arisesfrom the develop-
ment of T wave inversion in the inferior lead Y in the presence of an inverted T wave in the
anterolateral lead X.
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1238 Cawood, Hillis, Macfarlane, and Lawrie

These criteria will rely mainly on the normal limits
of day to day variation, as is evident from this paper,
but the best diagnostic parameter for each abnormal-
ity remains to be selected. It is felt, however, that
the present addition to the programme constitutes a
significant advance in the technique of automated
electrocardiograms of interpretation.
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