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Continuous 24-hour recordings of the electrocardiogram during everyday activities were obtained in 8o subjects
with praecordial symptoms, who had normal 12-lead resting electrocardiograms and negative Master two-step
tests. The ages of the subjects varied between 4I and 76 years (average 54-7). Forty-three were men and
37 were women, with similar age distribution in each of the sexes. In 37 patients ischaemic ST-T changes
were observed during various phases of the day, the incidence being higher among men (55_5%), than women
(37.8%). Follow-up examinations 6 to I2 months later in these 37 patients revealed that i patient had had a
myocardial infarction, 7 others had developed pathological changes in the resting electrocardiogram, and in I6
patients the praecordial symptoms had become worse. In the 43 subjects in whom the 24-hour monitoring
was negative, none developed ischaemic attacks, deterioration in clinical symptomatology, or changes in the
resting electrocardiogram during the 6 to I2 month folloup period. We conclude that 24-hour monitoring of
the electrocardiogram under normal everyday activity is a reliable and convenient method for detecting
ischaemnic changes at an early stage.
The clinical symptoms and physical findings in
patients suspected of having ischaemic heart disease
are variable, and frequently insufficient for establishing a diagnosis (Short and Stowers, 1972).
Pathological changes in the resting electrocardiogram are of paramount importance in making a firm
diagnosis of this condition. A normal resting electrocardiogram does not, however, disprove the presence
of the disease (Harlan et al., I967; Master, I972).
Changes in the ST-T segment, the Master two-step
test, or other multistage ergometric exaninations
increase diagnostic accuracy (Bellet and Roman,
I967). In this study we used the method of
continuous monitoring of the electrocardiogram
during 24 hours for the detection of ST-T changes
in 8o patients who had praecordial symptoms, normal resting i2-lead electrocardiogram, and a negative Master test. Six to I2 months later all patients
were interviewed again and a resting electrocardiogram performed.
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Subjects and methods
The continuous 24-hour electrocardiogram was performed on an ambulatory basis through the 'Cardiac
Station for Diagnosis and Follow-up' (Stem and
Tzivoni, I973b). During an i8-month period we examined 410 patients with praecordial pain, arrhythmia,
or other cardiac symptoms. Eighty of the patients who
fufilled the following criteria comprised the material for
this study.
i) Praecordial symptoms, typical or atypical of angina
pectoris.
2) Age above 40 years.
3) Normal 12-lead electrocardiogram.
4) Negative two-step Master test.
There were 43 men between 4I and 76 years of age
(average 54 7) and 41 women between 4I and 75 years
(average 54 8).
All patients were equipped with the portable Electrocardiocorder Model El of the Holter system. The electrodes were attached to the chest of the examinees as
follows: the exploring electrode was placed over the
conventional Vs position, the 'negative' electrode over
the right sternal border at the fourth interspace, and the
1 Avionics, Los Angeles, Calif.
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ground electrode over the manubrium sterni. This location produces a complex resembling the conventional Vs
and is the most sensitive for ST-T changes (Blackburn
and Katigbak, I964). In order to exclude orthostatic
changes a control electrocardiogram was recorded in
each patient in the supine and erect position. During the
day of the monitoring the patients were instructed to
continue their usual everyday activities and to maintain a
meticulous diary, noting all physical efforts, emotional
changes, times of meals, bowel movements, excessive
changes in temperature, the time of going to sleep,
possible dreams or nightmares, and time of rising in the
morning. An improved method for interpretation of the
magnetic tapes was used (Tzivoni and Stem, 1972).
The monitoring was regarded as positive if there was
deviation of I mm or more for at least
sec in the ST
segment, either downwards with a plane or sagging deformity, or upwards (Lloyd-Thomas, I96I; Simonson,
I970), and/or major inversion of the T wave; this last
change, however, if appearing alone is not generally
regarded as a fully reliable index of ischaemia (Master,
Field, and Donoso, 1957).
Follow-up examinations were done in each patient 6
to I2 months later. The patients were again interviewed
for change in symptomatology, hospital admissions, etc.,
and a resting 12-lead electrocardiogram was obtained.
oi

Results
Negative 24-hour recording
Forty-three examinees (I9 men and 24 women) did
not have any pathological change in the ST segment or in the T wave (Table i). The average age
of the men was 52 8 and that of the women was
53.7. Nine of them gave a history of typical angina
pectoris, while 34 had atypical chest pain. The
follow-up examination 6 to I2 months later showed
improvement in symptomatology in i6 patients,
persistent complaints in 24 patients, and worsening
in 3 patients. Routine I2-lead electrocardiograms
remained normal in all 43 patients (Table 2). None
of them was admitted to hospital for a cardiac cause
during the follow-up period.

TABLE I

Positive and negative 24-hour
men and women

monitoring in

Positive

Men
Women
Total

Negative
24-hour
monitoring

Total

24-hour
monitoring
24
'3
37

I9
24
43

43
37
80

Positive 24-hour recording
Thirty-seven patients (24 men and I3 women) had
abnormalities in the ST segment and/or T wave
(Table i). The average age of the men was 56-3
years and of the women 53.4 years. Twenty-one of
them gave a history of typical angina pectoris,
while i6 had atypical chest pain. The pathological
ST-T changes were observed in the 37 patients
during normal daily activities, and did not require
exceptional effort. Twenty-four of the patients
experienced praecordial symptoms during the monitoring period, which were accompanied by pathological ST-T changes; in these patients ST-T
changes were detected also during asymptomatic
periods. In the other I5 patients no praecordial
symptoms occurred during the monitoring period
but, in spite of this, ST-T changes were documented. The ST-T changes were more frequent
during the hours of activity, and were observed only
during physical effort, such as climbing steps (5
patients), during emotional stress, either at work or
at home (6 patients), or where effort and emotion
were combined (8 patients). In the others, no precipitating factor could be detected for the ST-T
changes which in some patients lasted for several
minutes and in most of them for periods longer than
30 minutes. In most of the patients (i8 cases)
changes in both the ST segment and in the T waves

TABLE 2 Results of follow-up examinations and repeat electrocardiograms in patients with negative and
positive 24-hour monitoring
Follow-up examinations 6 to 12 months later

Symptomatology

Resting electrocardiogram

Improvement

No change

i6

24

13

8

Deterioration

No change

Pathological
ST-T changes

3

43

None

i6

30

7

43 patients with negative 24-hour

electrocardiographic monitoring

37 patients with positive 24-hour
electrocardiographic monitoring
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observed (Fig. i and 2). In 9 patients isolated
ST depression (Fig. 3), in 4 patients ST elevation
(Fig. 4), and in 6 patients major T wave inversion
was found (Fig. 5) (Table 3). In all but 3 patients
the ST-T changes were observed at a heart rate
below ioo/min. In these 3 patients the change in the
ST-T segment was confined to periods with heart
were

rates of

ioo

to

I40/min.

Follow-up interview 6 to I2 months later revealed
no change of symptomatology in 8 patients, improvement in 13, and deterioration in i6. Seven of the
patients revealed pathological changes in the
resting I2-lead electrocardiogram, 2 were admitted

to hospital because of praecordial pain, without infarction, and i of this group developed myocardial

infarction.

Details of ST-T changes in 37 patients
during 24-hour monitoring

TABLE 3

No. of patients

ST depression and T wave inversion
ST depression
ST elevation
Major T wave inversion

i8
9
4
6
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FIG. i Representative electrocardiogram during most parts of the monitoring period (top)
and during praecordial discomfort lasting I5 minutes (bottom).
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FIG. 2 Representative electrocardiogram recorded during the greater part of the day (top)
and S T- T changes occurring without physical effort lastingfor 2 hours (bottom).
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FIG. 3
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Representative electrocardiogram at rest (top) and slow walking (bottom).

Representative electrocardiogram in a patient with chronic right bundle-branch
block, during most parts of the monitoring period (top) and during chest pain while walking
(bottom) (reproduced with permission of the American Heart Journal (I973), 86, 50I.).

FIG. 4

Discussion

However, the value of this test has recently
been questioned (Bellet and Roman, I967) and more
advanced and complicated effort tests have been
at rest.

The early detection of ischaemic heart disease is of
importance and has for many years been the advocated (Bellet et al., I967; Sowton et
I967;
subject of numerous investigations. The implica- Reynolds et al., I967). All these methodsal.,
have the
tions of recognizing the disease at an early stage are common denominator of being performed during a
not only preventive and therapeutic but also epi- relatively short time and under
hospital or laboratory
demiological, social, and economic. The Master conditions. The continuous 24-hour recording
of
test was the first advance towards diagnosis of the the electrocardiogram in active people,
reported in
disease in those who had a normal electrocardiogram this study, provides evidence that dynamic changes
utmost
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Representative electrocardiogram during most of the monitoring period (top) and
major T wave inversion accompanied by praecordial pain lasting for
minutes

(bottom).

electrocardiogram do occur under the condiphysiological efforts and everyday stresses
in many patients who have a normal resting electrocardiogram and a negative Master test. In a previous study a good correlation was demonstrated
between the ST-T changes revealed by dynamic
electrocardiogram monitoring and the results of a
multistage bicycle ergometric test (Wolf, Tzivoni,
and Stem, '974).
Earlier investigators used the Holter system
mainly for detection of transient arrhythmias
(Gilson, Holter, and Glassock, 1964; Gorday et al.,
i965; Stem et al., 1970), whereas reports on its use
for recording ST-T changes are scanty (Bellet
in the

dions

et

al.,

of

1968; Silverman and Flamm,

I97I;

Norland

and Semler,

1964). The application of this system
for evaluation of ST-T changes was possibly
hindered because the accuracy of faithfully reproducing this segment was questioned by Hinkle and
co-workers (1967). Recently, the reliability of the
more

advanced model of the

Electrocardiocorder

reproduction of the ST-T segment was proved
by comparing the electrocardiograms of patients,

for

which is the maximal duration of the ST segment.

They were found to be similar (Golding et al., 973).
Moreover, no artificial ST-T segment deviations
were

out

seen

in 40

subjects below the

cardiovascular disease who

continuous 24-hour

age Of 40 with-

were

monitoring (Stem

examined
and

by
Tzivoni,

I973a).
In

the

material

presented here, 43 of the 8o
no pathological ST-T changes
during the 24-hour period. These results correlate
well
with the follow-up examination of these
patients 6 to 12 months later, which showed improvement or disappearance of symptoms in most
of them, and no ischaemic event in any of them;
examinees revealed

repeated electrocardiograms of
remained

normal.

In

these

all

contrast,

among

subjects
the

37

patients in whom ST-T changes were disclosed by
the 24-hour monitoring, during the 6 to 12 months'
follow-up period, i patient developed acute myocardial infarction, in
16 patients the praecordial
symptoms became worse, and in 7 of them pathological changes appeared in their resting electrocardiogram. Possibly a longer follow-up period will

with normal and abnormal traces, recorded

demonstrate the difference between the

through
through

strikingly. The disadvantage of the
method of dynamic electrocardiography is the lack
of quantitation of the effort performed, but it has
the advantage that the examinee is not exposed to

a

conventional

directly
electrocardiograph and

the Electrocardiocorder E and its

repro-

duction system

(Stem and Tzivoni, 1972). Additional support was supplied by exmng the step
response

of

a

curves

conventional

of the Holter-Avionics system and

electrocardliograph

up to

200 msec,

even

two

groups

more

exertion

to

which he is

involved in exercise

not

tests

used, and it lacks the risk

(Ladimer,

1972). More-
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over, during the monitoring period additional inormation, such as the occurrence of arrhythmias,
conduction disturbances, etc. can also be obtained.
This method also provides a unique opportunity for
detecting transient elevation of the ST segment of
the Prinzmetal type (Golding et al., 1973), usually
not detected by exercise tests.
The average age of the subjects with a negative
24-hour recording was similar to that of the patients
with the ischaemic abnormalities. The age distribution of men and women was similar in both
groups. Interestingly, women comprised the majority in the 'negative' group, while in the group
with the 'positive' 24-hour recording the men were
in the majority. In other words, in the same age
group and with similar praecordial symptomatology,
women had ischaemic changes less frequently than
men. This is in accordance with the well-known
higher incidence of arteriosclerotic coronary disease
in men.
The technical assistance of Mrs. Batia Glassman is

acknowledged.
References
Bellet, S., and Roman, L. (I967). Comparison of the double
two-step test and the maximal exercise treadmill test:
studies in coronary-prone subjects. Circulation, 36, 238.
Bellet, S., Roman, L., Kostis, J., and Slater, A. (I968). Continuous electrocardiographic monitoring during automobile driving: studies in normal subjects and patients
with coronary disease. American Journal of Cardiology,
22,

856.

Beliet, S., Roman, L. R., Nichols, G. J., and Muller, 0. F.
(I967). Detection of coronary-prone subjects in a normal
population by radioelectrocardiographic exercise test:
follow-up studies. American Journal of Cardiology, 19, 783.
Blackburn, H., and Katigbak, R. (1964). What electrocardiographic leads to take after exercise? American Heart
journal, 67, I84.
Corday, E., Bazika, V., Lang, T. W., Poppelbaum, S., Gold,
H., and Bernstein, H. (I965). Detection of phantom
arrythmias and evanescent electrocardiographic abnormalities; use of prolonged direct electrocardiocording.
Journal of the American Medical Association, 193, 417.
Gilson, J. S., Holter, N. J., and Glassock, W. R. (1964).
Clinical observations using the electrocardiocorderAVSEP continuous electrocardiographic system. Tentative
standards and typical patterns. American Journal of Card-

iology, 14, 204.
Golding, B., Wolf, E., Tzivoni, D., and Stem, S. (I973).
Transient S-T elevation detected by 24 hour ECG monitoring during normal daily activity. American HeartJournal
86, 50I.

Harlan, W. R., Graybiel, A., Mitchell, R. E., Oberman, A.,
and Osborne, R. K. (I967). Serial electrocardiograms:
their reliability and prognostic validity during a 24-yr.
period. Journal of Chronic Diseases, 20, 853.
Hinkle, L. E., Meyer, J., Stevens, M., and Carver, S. T.
(I967). Tape recording of the ECG of active men; limitations and advantages of the Holter-Avionics instruments.
Circulation, 36, 752.
Ladimer, I. (I972). Professional liability in exercise testing for
cardiac performance. American Journal of Cardiology, 30,
753Lloyd-Thomas, H. G. (I96I). The exercise electrocardiogram
in patients with cardiac pain. British Heart J'ournal, 23,
56i.
Master, A. M. (I972). Exercise testing for evaluation of
cardiac performance. American Journal of Cardiology, 30,
7I8.

Master, A. M., Field, L. E., and Donoso, E. (I957). Coronary
artery disease and the 'two-step exercise test'. New York
State Journal of Medicine, 57, I05I.
Norland, C. C., and Semler, H. J. (I964). Angina pectoris
and arrhythmias documented by cardiac telemetry.
Journal of the American Medical Association, I90, II5.
Reynolds, E. W., Muller, B. F., Anderson, G. J., and Muller,
B. T. (I967). High-frequency components in the electrocardiogram. A comparative study of normals and patients
with myocardial disease. Circulation, 35, 195.
Short, D., and Stowers, M. (1972). Earliest symptoms of coronary heart disease and their recognition. British Medical
Journal, 2, 387.
Silverman, M. E., and Flamm, M. D., Jr. (I971). Variant
angina pectoris. Anatomic findings and prognostic implications. Annals of Internal Medicine, 75, 339.
Simonson, E. (1970). Electrocardiographic stress tolerance
tests. Progress in Cardiovascular Diseases, 13, 269.
Sowton, G. E., Balcon, R., Cross, D., and Frick, M. H. (I967).
Measurement of the angina threshold using atrial pacing.
Cardiovascular Research, I, 30I.
Stem, S., Ben-Schachar, G., Tzivoni, D., and Braun, K.
(I970). Detection of transient arrhythmias by continuous
long-term recording of electrocardiogram of active subjects. IsraelJournal of Medical Sciences, 6, 103.
Stem, S., and Tzivoni, D. (I972). The reliability of the HolterAvionics system in reproducing the ST-T segment.
American HeartJournal, 84, 427.
Stern, S., and Tzivoni, D. (I973a). Dynamic changes in the
ST-T segment during sleep in ischaemic heart disease.
American Journal of Cardiology, 32, 17.
Stern, S., and Tzivoni, D. (1973b). Continuous 24-hour ECG
monitoring in a 'Cardiac Station'. Harefuah, 84, 436.
Tzivoni, D., and Stern, S. (1972). Improved method of operating the Holter-Avionics ECG recording system. American HeartJournal, 83, 846.
Wolf, E., Tzivoni, D., and Stern, S. (I974). Comparison of
exercise tests and 24-hour ambulatory electrocardiographic
monitoring in detection of ST-T changes. British Heart
Journal, 36, go.

Requests for reprints to Dr. S. Stern, Hadassah University Hospital, Jerusalem, Israel.

Br Heart J: first published as 10.1136/hrt.36.5.481 on 1 May 1974. Downloaded from http://heart.bmj.com/ on January 7, 2023 by guest. Protected by copyright.

486 Stern and Tzivoni

