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The behaviour of the ST segment in everyday life was studied by ambulatory
electrocardiography in 1 1 1 normal volunteers. Fifteen were excluded because of abnormal exercise
responses (10 subjects) and significant postural ST segment shifts (five subjects). This left 62 men
and 34 women, mean (SD) age 40 5 (12-6) years (range 20-67 years). Ambulatory monitoring of
leads CM5 and CC5 for 24 hours was followed by a maximal treadmill exercise test. The tapes of
the ambulatory monitoring were analysed by a computer aided system. The computer printed
trend plots of the ST segment (measured both at the J point and at J + 60 ms) to detect episodes of
ST segment elevation and depression, which were confirmed by visual analysis of real time printouts. Twelve subjects showed "ischaemic" ST segment depression and nine subjects showed ST
segment elevation. Eight people with ambulatory ST segment changes were studied during
exercise by radionuclide ventriculography and thallium-201 imaging scans. Although seven of the
eight thallium studies were normal, radionuclide ventriculography showed functional impairment
in five cases. Seven of the 10 subjects with abnormal exercise tests were similarly investigated and
their results followed the same pattern, with normal thallium images in six and functional
impairment in four. Ambulatory electrocardiography was repeated in 20 people after a median of
20 days. The ST segment changes were reproducible.
ST segment changes of an apparently ischaemic nature occur even in a carefully defined normal
population but they do not necessarily represent latent clinically significant coronary artery
disease. This indicates that ST segment changes seen in patients with known obstructive coronary
artery disease should be interpreted with caution.
SUMMARY

Horizontal and downsloping depression of the ST
segment of the electrocardiogram is a well established marker of myocardial ischaemia' that may or
may not be accompanied by angina.25 A wide variety
of physiological events67 and drugs can, however,
produce ST segment changes identical to those
interpreted as indicating myocardial ischaemia.
Ambulatory monitoring of the electrocardiogram
for periods of ST segment depression has been
widely used for the detection and quantification of
ischaemia." Some direct recording systems produce
low frequency phase distortion, however, which
mimics ischaemic ST depression8 and the criteria

used to assess the magnitude and duration of
ischaemic ST change remain empirical.
The results of previous studies on "normal"
populations were contradictory. Possible reasons for
this include biased selection of subjects,910 lack of
physical screening,' and failure to exclude "vasoregulatory" and postural ST segment changes.'01
We studied ambulatory ST segment deviation in a
carefully selected normal population to define the
variety, duration, and repeatability of ST segment
deviation during 24 hours of normal activity.
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We selected 116 people from the local population by
taking every tenth record card from the index files of
three local general practices. We excluded cards
indicating any history or symptoms suggestive of
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analyser generated a superimposed electrocardiographic display with three bright spots, one.of which was
manually located on the PR segment to identify the
isoelectric point. The second spot was positioned at
the J point. The third spot wgs automatically located
60 ms after the J point, or 80 ms if the heart rate fell
below 105 beats per minute. The electrocardiogram
was continuously scanned which enabled the Pathfinder to flag artefacts and exclude extrasystoles; the
operator could also intervene to indicate any artefacts
missed by the automatic system. The signals from the
RECORDING OF AMBULATORY TAPES
Pathfinder were processed by the computer which
Orthostatic tests for postural ST segment shifts in stored 20 s average values of ST and heart rate on
the supine, prone, lateral, sitting, and standing diskette, together with the time, patient event marks,
positions; the Valsalva manoeuvre; and 60 s of arrhythmia flag, and a marker of artefact detected
hyperventilation were performed with a Computer- either automatically or by the operator. The recorded
Assisted System for Exercise (Marquette Electronics quartz crystal clock ensured accurate timing on each
Inc.) and we obtained a digital recording of the ST tape.
shift to the nearest 0-1 mm. All subjects were then
After we completed the tape scan we retrieved the
fitted with an Oxford Medilog MR 20 frequency ST data from the diskette and plotted them as a 24
modulated recorder with the bipolar leads CM5 hour trend together with heart rate, event marks, and
(negative electrode at the manubrium and exploring an indication of horizontal or downsloping ST
electrode at LV5) and CC5 (negative electrode at segment. Artefact was automatically indicated by
RV6 and exploring electrode at LV5). We were lifting of the plotter pen so that misleading data did
careful with skin preparation and electrode not appear on the plot. Separate plots were obtained
placement and fixing. The electrodes were held in for trends of the J point and of the (J + 60 ms) levels to
place by a close-fitting elastic vest. The subjects were confirm all suspected downsloping ST depression
instructed to use the marker button for timing events episodes. Where (J + 80 ms) values had been stored
such as smoking, driving, and other important these were converted to (J + 60 ms) values by inter-

activities.

polation.
Two independent observers performed further
visual analysis by printing out on paper at 25 mm/s all
episodes of significant or nearly significant ST
change, both depression and elevation, seen on the
trend plots. A significant episode was defined as > 1
mm of horizontal or downsloping ST segment
depression persisting for at least 60 ms after the J
point and maintained for > 1 minute. Nearly significant episodes were defined as 0-5-1-0 mm of
horizontal or downsloping depression maintained for
> 1 minute. For the repeatability study a less
stringent criterion was used to obtain more episodes.
Here a significant episode was defined as > 0 5 mm of
ST depression at J + 60 ms maintained for > 1
minute. The tapes were also examined for T wave
changes; a doubling of the T wave height from the
ANALYSIS OF AMBULATORY TAPES
resting value was considered as "peaking". Episodes
a
of
All the tapes were analysed by an updated version
computer system reported from our laboratory8 and of T wave flattening and inversion were also assessed.
also visually by two independent observers.
The computer system, which was based on a VALIDATION
modified Pathfinder II analyser (Reynolds Medical, For every subject the tape analyser was validated
UK) and a MINC 11/23 computer (Digital Equip- against the Marquette exercise system by simultanment Corp.), processed both leads simultaneously, eously recording with the same electrodes a two lead
measured ST level at the J point and at J + 60 or exercise electrocardiogram (CM5/CC5) both on the
J + 80 ms, excluded artefact and extrasystoles, and Medilog tape and on the exercise system. The tape
captured patient event marks. The Pathfinder analyser was then used to derive values for one
Volunteers were monitored for 24 hours during
normal daily activities, and then they performed a
symptom-limited graded treadmill exercise test with
the same leads and a standard protocol.'2 An abnormal response was defined as horizontal or downsloping ST depression of > 1 mm that persisted for at
least 80 ms (heart rate < 105/min) or 60 ms (heart
rate > 105/min) after the J point. The exercise
electrocardiogram leads were simultaneously recorded on the Medilog to enable a retrospective validation of each ambulatory tape.
Twenty volunteers underwent a second 24 hour
ambulatory recording with the same equipment after
an interval of 1-225 (median 20) days.
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Normal ST segment
cardiovascular disease. Informed written consent
was obtained from all volunteers, and the project was
approved by the hospital ethics committee.
The subjects were screened by physical examination, a 12 lead electrocardiogram, and a questionnaire
on their personal and family histories. Five who were
taking medication or had a history suggestive of
cardiovascular disease were excluded. We studied
the remaining 111.
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data separately (group B, fig 1). The remaining 96
subjects (62 men and 34 women) (aged 45-6 (12 4))
made up group A (fig 1).

RADIONUCLIDE INVESTIGATIONS

SUBGROUP OF SUBJECTS WITH NORMAL
EXERCISE RESPONSE (GROUP A, FIG 1)

We asked volunteers who showed abnormal ST
segment depression during ambulatory monitoring
or during the exercise test to consent to radionuclide
angiography and exercise thallium-201 imaging.
Equilibrium radionuclide angiography was performed at rest and during supine graded ergometric
exercise.'3 14 The blood pool was labelled in vivo with
stannous pyrophosphate and 740 MBq of technetium-99m. Imaging was carried out with a mobile
digital small field of view gammacamera (Elscint) in a
modified left anterior oblique view (best septal) with
a 10° to 150 caudal tilt. We divided the averaged
cardiac cycle into 32 frames per cycle at rest and 24
frames per cycle during exercise to provide a high
resolution time-activity curve from which the left
ventricular ejection fraction was calculated by a
semiautomatic algorithm.'4 We defined failure to
increase the ejection fraction by 5% in the presence
of abnormal wall motion as an abnormal response to
exercise. The peak filling rate was calculated as the
slope of a 100 ms segment of the time-activity curve
around the point of maximal slope before diastasis.'
We performed thallium-201 imaging after a symptom limited exercise test.'2 A physician who was
unaware of the results of the other investigations
analysed all the radionuclide studies.
STATISTICAL ANALYSIS

Data were expressed as mean (SD). The figures show
the standard error of the mean. Analysis of variance
was performed for the repeat tapes; for convenience
all components of variance were redefined as components of variability by taking the square root.

Results
We studied 72 men and 39 women (aged 20-67 years)
(table 1). We excluded five people because they
showed more than 0 5 mm ST depression in response
to orthostatic testing; a further 10 showed a positive
response to exercise testing and we analysed their
Table 1

Age and sex distribution of )1) subjects

Age range

Men

Women

Total

20-29
30-39

16
17
14
15
10

13
6
8
9
3

29
23
22
24
13

40-49
50-59

60-67

Validation of ambulatory tapes (table 2)
We obtained clean exercise recordings from 94 of the
96 subjects for both the Marquette exercise system
and the Medilog recorder. In 50, the two systems
agreed to within 0 5 mm in both leads throughout
exercise. Analysis of differences (table 2) showed a
mean (SD) discrepancy of 0-09 (0-2) mm on lead
CM5 and 0-07 (0 2) mm on lead CC5 over a total of
915 one minute mean values. The Marquette system
read slightly more positive than the tapes on lead
CM5 and more negative on lead CC5. In 41 subjects,
agreement was maintained within 1 mm, except at
peak exercise in eight. This group of 41 showed mean
(SD) discrepancies of 0-09 (0-44) mm on CM5 and
0- 17 (0-43) mm on CC5 over 777 observations. When
the eight peak exercise results were excluded the
remaining 33 showed discrepancies of 0 11 (0-37)
mm on CM5 and 0 11 (0-36) mm on CC5 over a total
of 622 one minute mean values. Again, the Marquette
system read more positive than the tapes on lead
CM5 and more negative on lead CC5. The remaining
three tapes showed disagreements of more than 3 mm
that were traced to Q and S wave identification errors
in the Marquette system. No significant errors were
detected in the tape analyser.

Ambulatory ST depression (groups A2 and A3,fig 1)
Twelve subjects (12 3%0) had episodes of significant
ST depression (figs 2 and 3). Four women and one
man were aged < 40 years (mean 28-2 (4 9)). The
remaining five men and two women were aged > 40
(mean 51-4 (7-2)). A total of 31 episodes of ST
depression were recorded. There was a range of one
to eight episodes per subject (mean 2-5 (2-2)). All 31
episodes were detected in CM5 but only eight were
detected in lead CC5. Episodes lasted from one to 32
min (mean 10 0 (9-5) min), with ST segment depression of -0 1 to -2-8 mm. The mean heart rate
during the episodes was 122- 1 (21-5) beats/min
(range 80 to 160) (fig 4). All episodes occurred during
the daytime and none occurred during sleep. The
subjects' diaries provided information corresponding to the time of ST depression for 15 of the 31
episodes. Seven episodes were associated with car
driving, two with heavy lifting, two with cycling, two
with brisk walking, one with getting dressed in the
moming, and one occurred at rest. Four of these 15
episodes were associated with tobacco smoking. The
subjects had not made diary entries for the remaining
episodes.
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minute average ST and heart rate that were compared with corresponding one minute averages
extracted from the Marquette data by a special
retrieval program.
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116 subjects
- History unsatisfactory a Excluded
n=5
111 Normal subjects
(72M,39F)
Group C
Ambulatory monitoring
Repeat monitoring
n=11 1
n=20
Postural testing

I

1

ST shift >0.5mm
n=5
Excluded

ST shift <05mm
n=106
Maximal exercise testing

1-

Abnormal response
n=10 (8M: 2F)
Group B
Examination of
24hr tape results

Normal response
n=96 (62M; 34F)
Group A
Examination of
24hr tape results

I
Group Al
ST normal

Group A2
ST depression

on(y
n=78

n=9

Group A3
ST depression
and elevation

Group A4
ST elevation
only

n!3

n=6

TI scan
TI scan
TI scan
TI scan
* ERNA
* ERNA
* ERNA
ERNA
n=1 (table 3)
n=6
n=7 (table 4)
Fig 1 Subject selection and pattern of study. All branches except repeat monitoring are mutually exclusive. ERNA, exercise
radionuclide angiography; Tl, thallium.
*

Ambulatory ST elevation (groups A3 and A4,fig 1)
In most people there was a slight (0 2-0{6 mm)
upward shift of the baseline at night. Nine people (six
men, three women, aged 21-63 years) showed a more
pronounced upward shift in baseline of 0-8-1-2 mm.
The upward trend in the baseline followed the
downward trend in the heart rate (fig 5).
Nine (9.30o) of the 96 subjects had 28 short
distinct episodes of abnormal ST segment elevation
10 to 2-5 mm above the prevailing baseline. They
were all men aged 25-57 years. Five were aged < 40
years (mean 30 4 (5 6)) and four were > 40 (mean
52 2 (3 7)). The episodes continued for a mean of
25 3 (22- 1) min (fig 6). The heart rate ranged from 34
to 78 beats/min (mean 58 1 (13 5)) and remained
unchanged during the episodes.

ST elevation and depression (group A3,fig 1)
Three subjects (all men) who showed ST segment
depression during the day also had episodes of ST
segment elevation at night.
T wave changes
Seventeen individuals showed peaking of the T
wave, which was associated with slow heart rates and
ST elevation (fig 5). We saw T wave flattening or
inversion or both in 17 subjects without ST depression. Four of the subjects with ST depression had
associated T inversion (fig 3). Two subjects had both
peaking and flattening ofthe T wave. In all, 32 (33 %)
subjects showed T wave changes not associated with
significant ST shift.
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Table 2 Validation of ambulatory tape v CASE system: analysis of differences
CASE-tape, 1 min mean ST(J) values

CM5
Mean difference (mm)
SD
No of observations
Mean difference (mm)
SD
No of observations
Mean difference (mm)
SD
No of observations

Mean difference (mm)
SD
No of observations
Mean difference (mm)
SD
No of observations

CC5

Group I (agreement within 05 mm throughout exercise) n = 50
-0-073
0-089
0-187
0-193
915
900
Group 2 (agreement within O m5m except around peak exercise) n=16
-0 009
0-143
0-297
0 354
255
278
Group 3 (agreement within I mm throughout exercise) n= 17
-0-183
0-079
0-38
0-38
365
344
Group 4 (agreement within I mm except around peak exercise) n = 8
-0 437
0-048
0-583
0-634
157
155
All subjects (n = 91)
-0-121
0-092
0-329
0-329
1692
1677

Heart rate (beats/min)
-0-02
3-66
984
0-66
3 91
300
0 39
3-14
378

-1 09
4-121
168
0-075
3-68
1830

CASE, Marquette computer-assisted system for exercise.

Results of radionuclide testing (tables 3 and 4)
Eight of the 18 subjects who showed ST changes on
ambulatory monitoring despite a normal exercise test
had radionuclide ventriculograms and thallium scanning during exercise. These were six of the nine who
had shown ambulatory ST depression alone (group
A2), one of the six who had shown ST elevation alone
(group A4), and one of the three who had shown both
ST depression and elevation (group A3).
The ventriculograms showed evidence of functional impairment in five; left ventricular ejection
fraction fell during exercise in two subjects and the
resting peak filling rate was at the lower end of normal"' 16 in four. One of these (a woman of 33) also
had an abnormal thallium scan showing a small
reversible perfusion defect near the upper interventricular septum. The remaining seven exercise
thallium scans were normal, as defined both by the
absence of a photon-deficient area and by quantitative washout.
SUBGROUP OF SUBJECTS WITH ABNORMAL
EXERCISE RESPONSE (GROUP B, FIG 1)

Ten people (eight men, two women, aged 42-65
years) had an abnormal exercise response on the
treadmill; none complained of chest discomfort and
the end point was always fatigue. Five had 16
episodes of ST depression during ambulatory monitoring that lasted for 3-5 minutes at heart rates of
100-160 beats/min and one had ST elevation at night
(heart rate 50/min). We obtained radionuclide ventriculograms during exercise in seven of the 10
subjects and showed functional impairment in four;
the left ventricular ejection fraction did not increase

in any of these four and the resting peak filling rate
was low in two. Exercise thallium scans performed in
six of these subjects were normal, however (table 4).
REPEAT TAPE ANALYSIS (GROUP C, FIG 1)

We analysed 40 tapes from this subgroup of 20
subjects.
ST baseline levels: repeatability (table 5)
For both leads the difference between day and night
was significantly greater than the difference between
recordings (p < 0-001); this means that the
noctumal shift must be taken into account when
computer analysis is performed. Analysing day and
night separately, the component of variability within
subjects between recordings was significantly less
(p < 0-001) than that between subjects both for
daytime and for night, indicating good individual
repeatability of baselines.
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ST depression: repeatability (table 6)
A total of 136 episodes of 0-5 mm ST depression at
J + 60 ms *vere detected in lead CM5. The
repeatability was good for the total number of
episodes detected (F = 3-5; p < 0-001), the
maximal ST depression (F = 2-6; p = 0-03), and
the heart rate at maximal ST depression (F = 7-2;
p < 0-001). The average duration of episodes was
poorly repeatable because the component of
variability between recordings was similar to that
between subjects. A similar result was seen for lead
CC5, where 87 episodes were detected.
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Fig 2 ST segment trend chart showing horizontal depression in CM5 at 9.25 h and 14.23 h.

ST elevation: repeatability
Episodes of ST elevation were too infrequent in this
subgroup of 20 subjects to permit a proper analysis of
variance. ST elevation occurred on both recordings
in only two subjects in lead CC5 and in only one
recording in lead CM5.

Discussion
Ambulatory tape recorders were first introduced for
the detection of cardiac arrhythmias'7 but since then
they have also been used to detect episodes of
myocardial ischaemia. Investigations of the recorder
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Fig 3 Trend chart showing "ischaemic" ST depression in a young man at 8.55 h during brisk walking.

performance, particularly ST-T fidelity, led to the
introduction of frequency modulated recorders for
the accurate detection of ST segment shifts.8-'819
Reports of "silent myocardial ischaemia"2' and its
potential dangers5 21 continue to increase despite the
fact that exercise ST deviation is a poor predictor of

,
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obstructive coronary artery disease22 and that ST
changes can be produced by public speaking,23 a hot
sauna,7 gastroscopy,24 mitral valve prolapse,25
neurocirculatory asthenia,26 and car driving.27 It is
not clear whether these changes are caused by
ischaemia or other mechanisms.
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Fig 4 Histograms showing the maximal heart rate,
maximal ST depression, and duration of the episodes in
individual subjects (mean (SEM) ).

Before we can draw conclusions about the degree
and incidence of "silent myocardial ischaemia" from
ambulatory tape recordings we need to know the
behaviour of the ST segment in normal subjects
under ambulant conditions. The results of several
studies were conflicting, with reports of significant
ST segment depression in 000,28 2-5%,11 83%,9 and
300010 of subjects and of ST segment elevation in
003,28 50%,1" 230%,9 and 000 10 of subjects respectively.
Several factors could have contributed to this wide
variation in results. The most obvious is subject
selection; in addition to a pronounced occupational
bias in three of the studies,"' the group studied by
Armstrong et al " was older than that of Quyyumi et
al or Deanfield et al." In the last two studies, ST
elevation was associated with the younger subjects,
but important ST depression had no clear association
with age. In the present study we attempted to
minimise bias by selecting subjects randomly from a
general population and including those aged from 20
to 70 years.
Method differences may also have contributed to
the spread of results. Two studies used Avionics
direct mode recorders,'0' whereas we, Quyyumi et
al, 9 and Deanfield et al " used frequency modulated
recorders to avoid possible distortion of the ST-T
segment. Armstrong et al made recordings on lead

CH6,'° whereas the other studies used CM5 as the
lateral lead. Two groups used CM2 as an auxiliary
lead and found it to be less sensitive than CM5 for the
detection of ST-T changes.9"' In common with
Armstrong et al,'0 we recorded CC5 as an auxiliary
lead. We found it less sensitive than CM5 for
detecting ST depression but more sensitive for
detecting ST elevation.
In the four earlier studies, the reported incidence
of ambulatory ST changes included subjects with
postural and exercise induced ST depression.
Moreover, orthostatic and exercise tests were
performed only on subgroups of volunteers chosen
either at random,'0 or by age" or because of
significant ambulatory ST changes.9 In the present
study screening of all subjects before the study
ensured that the 12 subjects with significant
ambulatory ST depression and the nine with ST
elevation were free of orthostatic or exercise induced
ST segment changes. Such screening would have
substantially altered the results of the previous
studies, particularly that of Armstrong et al.'"
Finally (and perhaps most importantly), though
the previous studies all used the same definition of
significant ST segment depression, the criteria for
episodes were not the same. In particular, Deanfield
et al excluded any episodes in which baseline
instability caused the ST depression to appear intermittent." This strict criterion may account for the
low incidence of ST depression reported by that
group, since in our study almost all episodes of ST
depression were accompanied by tachycardia and
some baseline instability. Because we were using
computer averaged measurements we were confident
of the objectivity of our baseline and of the threshold
values for detection of episodes. In addition, both
observers also had to agree on the visual scoring of
each electrocardiographic strip printout before it was
accepted as a genuine episode.
There is disagreement about the duration of
episodes of ST segment elevation and depression.
Our findings agree with previous reports that ST
elevation usually occurs at night and at relatively low
heart rates. Whereas some workers reported episodes
of ST elevation lasting several hours,91' we saw well
defined bursts of ST elevation lasting only a few
minutes. This disagreement may arise because other
workers did not take into account the slow noctural
upward baseline shift. We did not find any episodes
of ST depression during sleep; all were related to
increased heart rates during activities like jogging,
cycling, car driving, and smoking recorded on the
subjects' diary cards. The incidence of T wave
changes in our study accorded with that of
Armstrong et al,'0 whereas others have reported T
wave changes in over half their subjects."
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Fig 5 24 hour trend chart showing a gradually rising baseline at night, most apparent in
elevation superimposed. These occurred during sleep at a heart rate of 53-SS beats/min.

False positive exercise responses in normal people

are well documented29 3 but we were careful to
separate out all subjects with positive exercise responses because they might have occult obstructive

coronary disease. Despite our stringent exclusion
criteria we saw significant ambulatory ST segment

CM5, with distinct episodes of ST

elevation and depression in 90o and 120,, of our

subjects respectively. Coronary arteriography was
not warranted in these symptom free healthy volunteers, but where possible people with abnormal ST
segment depression were investigated by exercise
thallium imaging and exercise radionuclide ven-
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Fig 6 Histograms showing the heart rate, maximal ST
elevation, and duration of the episodes in all subjects with ST

elevation.

triculography. We found no evidence of significant
"occult" obstructive coronary artery disease. Although the ventriculograms detected some impairment of function, our final reference standard of
normality was the thallium scan, since this has the
greatest diagnostic and prognostic sensitivity for
coronary artery disease.3" 32
One 33 year old woman had a

reversible perfusion
defect in the redistribution phase of the thallium scan

in the region of the upper interventricular septum.
Her radionuclide angiogram was normal and she was
symptom free; we therefore did not think that
coronary angiography was justifiable. This woman
has remained symptom free for a further two years.
In people with ST segment elevation, coronary
vasospasm may have contributed to our findings.
But we did not consider it ethical to proceed
to provocative testing with cold pressor" or
ergometrine maleate,3453 since both tests would
require coronary arteriography and are of unproven
value particularly in symptom free "normal"
subjects. These subjects remained symptom free
during the two year follow up.
It is interesting that the results of radionuclide
testing were broadly the same in people with an
abnormal exercise electrocardiographic response and
in those with normal exercise responses but ST
depression on ambulatory monitoring. In both
groups the thallium scans were normal (with one
possible exception), while approximately half the
ventriculograms showed evidence of functional
impairment. This group may represent a very early
stage of coronary artery disease; only long term
follow up will confirm or refute this notion.
"False positive" ambulatory ST changes have
been described by several workers, but because of
method limitations it has been impossible to separate
genuine ST deviations from artefact. The ST
changes observed in our study are unlikely to be
artefactual because we validated the accuracy of each
individual recording and also took the nocturnal
change in the baseline into account in the tape
analysis. The subjects who were restudied showed
consistent ST baseline levels and repeatable ST
changes. A total of 22 subjects showed ST segment
abnormalities either during exercise or during
monitoring; we were able to perform exercise
thallium scans in 14, and 13 of these were normal. In

Table 3 Results of radionuclide testing in eight people who had shown ST changes during ambulatory recording (groups A2,
A3, A4,fig 1)
L VEF ',)

Case
No

Sex

1
2
3
4

F

D

5

F
M
M
M

D
D+E
D
E

6
7
8

ST
change

Rest

F
F

D
D

F

D

55
54
50

PFR (ED Vls)

Wall motion score

Exercise

Rest

Exercise

Rest

Exercise

score

49
46
68

1-2

3-2

55
41

2-1

5-7

0
1
0

0
1
0

59
75

1-98
23

0
0
0
0
0

0
0
0
0
0

0
0
Reversible
septal defect
0
0
0
0
0

Normal*
Normal*

Normal*

Normal*
51
69

Normal*

601

7-6
Normal*

Thallium

*Data could not be recovered because of disk corruption; however, all values were reported as normal at the time of acquisition.
LVEF, lcft ventricular ejection fraction; D, ST depression present on ambulatory recording; E, ST elevation present on ambulatory
recording; PFR, peak filling rate; EDVjs, end diastolic volumes per second.
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Table 4 Results of radionuclide testing in seven out of ten people who had shown a positive electrocardiographic response
during exercise (group B,fig 1)
PFR (ED Vls)

LVEF (% )

Wall motion score

Case
No

Sex

Rest

Exercise

Rest

Exercise

Rest

Exercise

Thallium
score

9
10
11
12
13
14
15

F
F
M
M
M
M
M

64
61
68
69
65
66
61

59
62
80
76
73
62
57

2-0
2-7
2-6
2-6
3-4
2-7
2-4

4-8
76
4-2
6-8
6-3
2-3
5-8

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
-

LVEF, left ventricular ejection fraction; PFR, peak filling rate; EDV/s, end diastolic volumes per second.

Table 5 Analysis of variance: STbaseline values in 20 people with recordings on two occasions
No

mean

as

a

F= (as/a)2

df
of as

df
of a

p

20
20

-0-13
+0-31

0-40
0-55

0-14
0-15

8-16
13 44

19
19

39
39

<0-001
<0 001

17
17

+0 05
+022

0-20
0-22

0-08
0 11

6-25
400

16
16

33
33

<0-001

Overall
Variable
CM5 baseline:
Day (mm)
Night (mm)
CC5 baseline:
Day (mm)
Night(mm)

<0001

Comparison of mean values for day and night.
CM5: SE of the difference = 0-046, t = (0-31 + 0-13)/0-046 = 9-56, df= 38, p < 0-001.
CC5: SE of the difference = 0-032, t = (0 22 - 005)/0032 = 5-31, df= 32, p < 0-001.
as, component of variability between subjects; a, component of variability between recording occasions; df, degrees of freedom.

Table 6 Analysis of variance: episodes of ST depression in 20 people with recordings on two occasions
Overall

Variable

CM5:
Total episodes
Episodes on both
recordings
Maximal ST
depression (mm)
Heart rate at maximal
ST depression (beats/min)
Average duration (min)
CC5:
Total episodes
Episodes on both
recordings
Maximal ST
depression (mm)
Heart rate at maximal ST
depression (beats/min)
Average duration (min)

No
20

mean

3-4

as
3-0

F= (as/a)2

a
1-6

3 51

df
of as

df
of ar

p

19

39

<0 001
0-02

11

5-5

2-5

1-5

2 89

10

21

11

-0-98

0-24

0-15

2-56

10

21

0 03
<0 001
NS
<0 001

11
11

120-1
22-2

17-5
85

6-5
84

7-25
1-02

10
10

21
21

20

2-2

2-7

1-3

4-31

19

39

9

4-2

30

1-4

4-86

8

17

0 003

11-75

8

17

<0 001

3-28
1-36

8
8

17
17

0-02
NS

9

-0-84

9
9

125-9
24-0

0-24

20-1
13 8

0 07
11 1
11-8

as, component of variability between subjects; a, component of variability between recording occasions; df, degrees of freedom.
these subjects we felt confident that important with caution.
obstructive coronary artery disease had been
excluded.236 37 The cause of these shifts in ST This study was partially supported by the British
segment at all ages and in both sexes remains to be Heart Foundation. We thank Ms C Dore for
statistical assistance.
established.
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