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What is the Frank-Starling mechanism? Describe its physiological significance.
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Chapter 9, pp. 119-120

Chapter 20, pp. 245-246
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What is the normal resting cardiac output in adults, and what are the main factors that

influence it? Briefly describe how each factor affects cardiac output.
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Internal work refers to the energy the heart consumes to stretch and rearrange its internal structures,
including sarcomeric proteins, connective tissue, and the ventricular wall. Most of this energy is used
to overcome the elastic and viscous properties within the myocardium and is therefore proportional to
wall stress. When wall stress increases, more energy is spent on internal work, much of which is
dissipated as heat during relaxation, reducing overall cardiac efficiency.

By contrast, when wall stress is lower, a greater proportion of the total energy can be converted into
useful external work—mnamely, the ejection of blood. Therefore, reducing wall stress through
therapeutic strategies that lower afterload (such as vasodilators or afterload-reducing agents) improves
cardiac efficiency. These interventions decrease the energy wasted as heat and allow more of the heart’s
limited energy reserves to be used for effective pumping. This is particularly beneficial in conditions
such as heart failure or ischemic heart disease, where myocardial energy supply is already compromised.
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Stroke work represents the external mechanical work performed by the ventricle to eject blood against
a pressure. It is the product of stroke volume and the mean ejection pressure, and it constitutes the
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major portion of the heart’s useful work.

Kinetic work, in contrast, is the energy required to impart velocity to the blood as it leaves the ventricle.
Although it usually accounts for less than 5% of total stroke work in the left ventricle, it becomes
more significant when stroke volume or ejection velocity is high, such as in aortic regurgitation or
severe anemia. Most of this kinetic energy is later converted into pressure as blood decelerates in the
circulation, so it also contributes to effective pumping.

Internal work refers to the energy expended to stretch, rearrange, and overcome the elastic and viscous
forces within the myocardium itself. Unlike stroke or kinetic work, much of internal work is lost as
heat during relaxation, reducing cardiac efficiency. However, part of the potential energy stored in
elastic elements can be recovered during ejection, so lowering afterload can improve efficiency by
reducing unnecessary internal work.

In an ideal heart, it is important to maintain stroke work, the energy used to eject blood against arterial
pressure, at its maximum level while minimizing kinetic work, the energy required to impart velocity
to the blood. Furthermore, by reducing internal work—such as that used for deformation of elastic and
viscous elements and for calcium reuptake—and thereby minimizing the portion lost as heat, the overall
energy efficiency of the heart can be improved. A state in which these three forms of energy are
optimally balanced represents the ideal cardiac function that achieves high mechanical efficiency.



