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Cardiovascular responses between post myocardial

infarction patients with different levels of ST
segment depression during exercise
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Abstract Objective:To investigate selected cardiovascular responses of post myocardial infarction patients (PMIP)
during exercise within the context of different levels of ST segment depression. Method: Forty—six male recent PMIP
performed a graded exercise test on a motorized treadmill during which time blood pressure and heart rate were
measured and a 12 lead electrocardiogram (ECG) was monitored continuously. They were then subdivided into those
ST segment depression <1.0 mm at exercise stage Il (group 1) and those who had ST segment depression >1.0 mm

at this stage (group 2). Result: The results showed that the patients with a larger degree of ST segment depression

at the given work load exhibited higher a value of rate—pressure product (RPP).Conclusion: RPP may be of partic-

ular value in estimating the clinical response to exercise when ECG monitoring is not available.
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ST segment depression can be induced by exercise and has
come to be regarded as the clinical marker of subendocar-
dial ischemia ".However,critical ST segment depression will
not necessarily occur in all post myocardial infarction pa-
tients (PMIP) when they exercise at a given workload during
rehabilitation. The variation in response can be ascribed to
the patients’ different coronary status and general health.
This can be examined by observing the difference in cardio-
vascular variables such as heart rate(HR) and blood pressure
between patients with and without distinctive ST segment
depression during exercise. Another variable,rate —pressure
product (RPP),has a high correlation with myocardial oxygen
consumption"?’. These results should,therefore,provide greater
understanding of the relationships between electrical activity
of the heart as one indicator of myocardial oxygen demand
and physiological measures purporting to reflect the same

mechanism.

MATERIAL AND METHODS

Subjects

Forty six male recent PMIP undertook a graded exercise test
on a motorized treadmill (Marquette ,Manchester, UK). For the
purpose of this analysis they were then subdivided into
those ST segment depression <1.0mm at exercise stage II
(Group 1,N=28) and those who had ST segment depression
>1.0 mm at this stage (Group 2,N=18). None of the patients
was treated by beta-blockade therapy. The details of this
study were described to the subjects and their written,in-
formed consent was obtained. Ethical approval was provided
by the Wirral and West Cheshire Community Healthcare
Trust.
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Methods

Test protocol
The modified Bruce treadmill protocol was used for the
graded exercise test. The criteria to end the exercise test
followed the

lines W and included any abnormal electrocardiogram (ECG),

American College of Sports Medicine guide-

reaching the age—predicted heart rate maximum,any abnor-
mal blood pressure readings,a rating of perceived exertion of
17 and a respiratory exchange ratio of above 1.15. The pa-
tients were questioned throughout the study and could stop
the exercise at any time,even if the above criteria were not
evident.

Measurements

Both systolic and diastolic blood pressure (SBP and DBP)
were measured during the last minute of every exercise
stage (i.e. every 3 minutes) using a mercury sphygmo-
manometer (Baum,Copiague,USA). A 12-lead electrocardio-
gram(Marquette , Centra, Manchester, UK) was observed contin-
uously by a clinician and summary recordings which includ-
ed ST segment levels (ST) and HR made every three min-
utes. A four level angina and dyspnea scale®” was also pre-
sented immediately after the blood pressure measurement to
establish whether the subjects were experiencing any chest

pain or breathing difficulties. They were required to point to
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the appropriate descriptors on the scale should either of
these occur. RPP was calculated by multiplying HR by sys-
tolic blood pressure and divided the product by 100,
Statistics analysis

The results were expressed as means and standard deviations
(SD). A one—way analysis of variance(ANOVA) was used for
variables comparison between two groups. A probability of
P<0.05 was regarded as statistically significant. A two—tailed

test was used throughout.

RESULTS

The general information of the 46 male subjects is shown in
Table 1. All patients in the study completed a minimum of
exercise stage Il on the modified Bruce treadmill protocol,
and showed non significant differences for age,height,body
mass and time since the myocardial infarction.

The values for the physiological and clinical variables at
rest are shown in Table 2. There is a non-significant differ-
ence between the groups for each variable.

Table 3 shows the physiological response at exercise stage
II. Tt can be seen that the only non-significant difference
between the groups is for diastolic blood pressure,in spite of
having 5 mmHg higher value in the group with the ST seg-
ment depression above 1 mm.

Figures 1 to 3 show the changes of selected physiological

variables from exercise stage | to exercise stage Il. It can

be seen that for each variable the group with the higher ST
segment depression not only starts with a higher physiologi-
cal value,but increases it relatively more as the exercise
progresses. This is indicated by the steeper inclination of
the slope for Group 2 compared with Group 1. Figure 4
shows the changes of ST segment levels during exercise for
the two groups.

Table 1 The general information of the 46 male subjects
(x%s)

Time since

ST depression Height Body mass Ml

N at  stage I Age(yr) . o
(mm) (cm) (kg) (months)
Group 1 28 <1.0 62.7£6.3 174.8+7.9 75.8+7.9 3.8+0.8
Group 2 18 >1.0 61.6£6.4 172.1+9.0 77.1+94 3.7+0.9

Table 2 The values of physiological and clinical

variable at rest (x+s)
HR Systolic  Diastolic RPP ST(mm)
(beats*min™) (mmHg) (mmHg) (beats+mmHg-10?) > ™™

Group 1 86.8+10.4 137.4£19.0 80.3+10.7
Group 2 83.0+x12.4 134.4+16.3 77.4+8.4

118.9+22.9
111.5+21.8

0.0+0.1
0.0£0.1

Table 3 The values of selected physiological variables

at exercise stage II (x+s)
HR Systolic Diastolic RPP
(beats - min™) (mmHg) (mmHg)  (beats-mmHg-107)
Group 1 105.3+13.6 155.3+16.9 74.0+9.6 163.4+27.1
Group 2 121.5+153% 164.8+13.7"  79.2+10.1 200.4+29.2%

compared with Group 1.DP<0.05,@P<0.01,3)P<0.001

Figure 1 Changes of HR Figure 2 Changes of SBPFigure 3 Changes of RPP Figure 4 Changes of ST
during exercise for both during exercise for bothduring exercise for both segment levels during
groups groups groups exercise for both groups
DISCUSSION lower values for HR,SBP and RPP at both exercise stages |

Relevant ST segment depression in the electrocardiogram
(ECG) occurs when myocardial demand exceeds the ability
of the narrow coronary arterial bed to increase blood flow in
the context of an increased external workload ™. In addition
an enlarged myocardial demand would lead to increased left
ventricular ~ volume  or increased contractility associated
with increased sympathetic drive ®. This is the basis to
investigate the association between myocardial work load and
cardiac anoxia. The justification for subdividing the two
groups was because 1 mm of ST segment depression is
commonly applied as the threshold for acute ischaemia®’.
There was no a priori reason to select exercise stage Il as
the criterion for comparison. Patients who only achieved
exercise stage | on the modified Bruce protocol would be in
a very poor cardiovascular state and by stage III only about
80% of the subjects would still be exercising. Thus,stage 11
represents a compromise between compliance and cardiac
status.

It can been seen from Figures 1 to 4 that Group 1 had

and II. ST segment depression at stage Il was,of course,the
criterion for the group selection,but at stage 1 there was
already a clear difference. These data provide clear evidence
for the severity of myocardial ischaemia to be related to the
degree of cardiovascular response at a given work load. This
was reinforced by the fact that the patients in Group 1 also
showed a less inclined slope for HR,SBP,RPP increases
and ST segment depression from stage | to stage II.

The heart is normally controlled by neural,hormonal,and
intrinsic  factors and these factors can be stimulated by
exercise resulting in feedback to the cardiac regulatory
centres, rising  catecholamine level  in  blood and
increasing cardiac tesponse . Thus heart rate has been
reported to increase almost instantaneously when exercise
starts ™. This is because during exercise the heart has to
pump more blood to maintain energy supply. Increased
cardiac output can also cause a greater systolic blood
pressure which consequently results in an increased RPP

value.
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The RPP is important because it has a high correlation with
myocardial oxygen consumption !”. A higher RPP at a given
level of work indicates an inefficient cardiovascular system
which is causing the heart to make a greater effort and at
more oxygen cost to meet the demands of the work loadP.
Once myocardial demand exceeds the ability of the coronary
arterial bed to increase blood flow in the context of an in-
creased external workload,the ischaemic threshold is exceed-
ed,producing ST segment depression """, Thus a low RPP
value at a given workload is desirable when PMIP undertake
exercise.

Table 3 showed that the difference between groups in RPP
was much more significant than that of HR and SBP. This
could simply be attributed to RPP being the product of HR
and SBP. Hermida and Eng have previously shown a close
relationship between myocardial oxygen demand and RPP in
both healthy people and patients with coronary heart disease

8 This study has extended this because it

during exercise
has shown that RPP differentiates between groups with dif-
ferent levels of myocardial insufficiency as represented by
ST segment depression. RPP was the most sensitive index of
all those measured,showing no different at rest,yet a highly
significant difference (P<0.001) during exercise. This demon-
strates that for the health professional it is well worth the
effort of calculating RPP,a simple procedure once HR and
SBP are known. This is because clinically those who show
ischemia are of concern and should not exercise further or
should exercise with caution. This study has shown that
HR,SBP and RPP can all distinguish these two groups. The
unifying aspect could be general fitness or cardiovascular
status reflected in a variety of measures. As every subject is
doing an identical amount of work(i.e. stage Il treadmill) and
body mass is the same,the muscular activity must be similar
between the two groups. Thus cardiovascular condition as il-
lustrated by all the measures is clearly different between the
two groups. So this study basically shows that specific car-
diac anoxia as measured by ST segment depression is re-
flected by general cardiovascular status (HR,SBP and espe-
cially RPP). Thus the practitioner should be aware that if
RPP shows any sudden increase,200 at stage Il of the
modified Bruce treadmill protocol for example,it might be
related to underlying myocardial insufficiency. Armed with
this information a precautionary approach would be to limit
exercise to this level until further ECG evidence was avail-
able. It is recognised that few cardiac rehabilitation pro-
grammes monitor clinical ECGs regularly during exercise and
thus an alternative,easily accessible indication of myocardial
oxygen consumption such as RPP will be invaluable.
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