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AB ST RA CT

Topic: A review on the cardiac function during exercise.
Aim: To do a review on the benefits and mechanism of cardiac function during exercise.
Objective: As there are many positive outcomes on our health due to the alterations in
cardiac function during exercise, this topic has gained importance.
Background: Cardiac function is altered during exercise. Cardiac output is the amount of
blood that each ventricle pumps per minute. Cardiac output increases during exercise
because the heart is trying to meet the muscles need for increased levels of oxygen. This is
essential for the muscles to keep going. The maximum cardiac output during exercise is an
indication of a healthy heart.
Reasons: This study is to create awareness about the good effects of exercise on cardiac
function.
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permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION
Human heart has the ability to meet the changing demands of
circulation i.e. changing preload (venous return) and afterload
(arterial impedance) by changing its ability to empty and fill
[1]. The cardiac function differs during exercise and at rest[2].
During exercise there is an increased demand for oxygen from
the tiring muscles [3] and to meet this demand, the heart beats
faster (increased heart rate) and the amount blood pumped per
beat (stroke volume) is increased [3,4]. This leads to the
increase in cardiac output i.e. the product of heart rate and
stroke volume [4]. Exercise, a common physiological stress,
can elicit cardiovascular abnormalities that are not present at
rest, and it can be used to determine the adequacy of cardiac
function [5].
Cardiac function at rest in healthy individuals
In a healthy individual at rest, the values of various cardiac
measures are as follows:
At rest, inspiratory unloading progressively decreased stroke
volume index in healthy individuals [11]. Stroke volume
index or SVI is the volume of blood pumped by the heart with
each beat (in millimetres) divided by the body surface area
(square meters). At rest, a typical systolic blood pressure in a
healthy individual ranges from 110-140mmHg and 6090mmHg for diastolic blood pressure [9]
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Measure
End-diastolic volume
End systolic volume
Stroke volume
Ejection fraction
Heart rate
Cardiac output

Right ventricle
Left ventricle
144 mL(± 23mL)[6]
142 mL (± 21 mL)[7]
50 mL (± 14 mL)[6]
47 mL (± 10 mL) [7]
94 mL (± 15 mL) [6]
95 mL (± 14 mL) [7]
66% (± 6%)[6]
67% (± 4.6%)[7]
60–100 bpm[8]
60–100 bpm[8]
In athletes 28-40 bpm [9] In athletes 28-40 bpm[9]
4.0–8.0 L/minute[10]
4.0–8.0 L/minute[10]

Cardiovascular adaptations to exercise
Cardiac output during exercise increases greatly owing to the
relatively high heart rates that are achieved during exercise.
Heart rate increases proportionately with workload until heart
rates close to maximal are attained. It is remarkable that
exercise heart rates six to seven times resting values are not
associated with a fall in stroke volume, which is maintained
byincreased venous return, and increased myocardial
contractibility. Despite the great changes in cardiac output,
increases in blood pressure during exercise are maintained
within relatively smaller limits, as both pulmonary and
systemic vascular resistance to blood flow is reduced.
Redistribution of blood flow to the working muscles during
exercise also contributes greatly to the efficient delivery of
oxygen to sites of greatest need. [12]
Cardiac function during exercise in healthy individuals
Before exercise even begins heart rate increases in
anticipation. This is known as the anticipatory response. It is
mediated through the releases of a neurotransmitters called
epinephrine and norepinephrine also known as adrenaline and
noradrenaline [13]. After the initial anticipatory response,
heart rate increases in direct proportion to exercise intensity
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until a maximum heart rate is reached. Maximum heart rate is
estimated with the formula 220-age. But this is only an
estimation, and not particularly accurate. The only direct
method for determining maximum heart rate is to exercise at
increasing intensities until a plateau in heart rate is found
despite the increasing work rate. [14] Stroke volume can
increase as much as 150-220 ml/beat [9]. Stroke volume may
increase only up to 40-60% of maximal capacity after which it
plateaus. Beyond this relative exercise intensity, stroke
volume remains unchanged right up until the point of
exhaustion [15,16]. Cardiac output increases proportionally
with exercise intensity - which is predictable from
understanding the response of heart rate and stroke volume to
activity.During intense exercise this can increase to 2040L/min [13]. At rest 15-20% of circulating blood supplies
skeletal muscle. During vigorous exercise this increases to 8085% of cardiac output. Blood is shunted away from major
organs such as the kidneys, liver, stomach and intestines. It is
then redirected to the skin to promote heat loss [9]. During
exercise systolic pressure, the pressure during contraction of
the heart (known as systole) can increase to over 200mmHg
and levels as high as 250mmHg have been reported in highly
trained, healthy athletes [9]. Diastolic pressure on the other
hand remains relatively unchanged regardless of exercise
intensity.

forming the basis of the echo principle [20].
Echocardiography uses standard two-dimensional, threedimensional, and Doppler ultrasound to create images of the
heart [21]. It can provide a wealth of helpful information,
including the size and shape of the heart (internal chamber
size quantification), pumping capacity, and the location and
extent of any tissue damage [22]. It also helps physicians to
calculate cardiac output, ejection fraction and diastolic
function [23]. Echocardiography performed immediately after
exercise has shown to be useful to assess the prognosis of
degenerative MR [24].

Cardiac function at rest and during exercise in patients with
ischemic heart disease

Human body has a great ability to change its mechanisms to
adjust the body to changing environments and conditions and
thus maintain homeostasis. One such frequently changing
mechanism is the functioning of heart. The heart functions in
different ways in rest and during exercise. This difference
helps physicians to find any abnormality associated with
heart.

Although coronary angiography defines regions of potential
ischemia in patients with Coronary Artery disease, accurate
assessment of the presence and functional importance of
ischemia requires appraisal of regional and global left
ventricular function during stress. In a study done by Jeffrey
et al, the results are as follows: in 11 patients with coronary
disease who had normal regional and global ventricular
function at rest, new regions of dysfunction developed during
exercise (P<0.001), and in 10, global ejection fraction
dropped 7 to 47 per cent [17]. In a study done by K T Weber
et al, among 40 patients with heart failure of varying severity,
it was found that increase in severity of heart failure
progressively decreased exercise capacity (from 1157 +/- 154
to 373 +/- 157 seconds) and maximum VO2 (23 +/- 3.2 to 8.4
+/- 1.5 ml/min/kg). These decreases corresponded with the
reduced maximum cardiac output and stroke volume during
exercise. [18]

Stress echocardiography
Echocardiography performed after exercise is called
stressechocardiography. This is done to compare the structural
differences before and after exercise. The patient is subjected
to stress in the form of exercise or chemically (usually
dobutamine). After the target heart rate is achieved, 'stress'
echocardiogram
images
are
obtained.
The
two
echocardiogram images are then compared to assess for any
abnormalities in wall motion of the heart [25]. This is used to
detect obstructive coronary artery disease [26]. This is usually
accompanied by treadmill test (ECG) [25].
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