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Cardiovascular regulation during exercise
Niels H. Secher
Department of Anesthesia, The Copenhagen Muscle Research Center,
Rigshospitalet,

University of Copenhagen, Denmark.

During exercise the circulation is challenged by the ability to balance a marked
increases in vascular conductance as muscle blood flow increases with the ability to
maintain arterial blood pressure. Central in the regulation of arterial pressure is the
arterial baroreceptors, which regulated blood pressure beat to beat by controlling
sympathetic nerve activity via integrating various signal in the nucleus tractus
solitarius (NTS). The signals that NTS integrates include besides the influence from the
arterial baroreceptors, neural influence from the working skeletal muscles (the muscle
pressor reflex), influence from other parts of the brain (central command) probably
dominated by signals from the cortex and the insula area, besides influence from
variation in the central blood volume. In other words, the arterial baroreceptors may be
viewed as the instrument that the NTS uses to control the set blood pressure.

In response to exercise these various neural influences reset the arterial baroreceptors
to control an elevated heart rate and blood pressure and two strategies can be defined to
defend the elevation in blood pressure. The ideal strategy is that the circulation is able
to secure the increase in blood pressure by elevation of cardiac output. On the other
hand, if the increase in cardiac output is not large enough to elevate blood pressure to
the set level, then blood pressure is defended by peripheral vasoconstriction that
primarily affects the splachnic blood flow and flow to the kidneys, but also affects skin
blood flow, flow the working skeletal muscles and even to the brain. Such
manifestations of restricted peripheral flow are important especially during whole body
exercise, where the challenge to blood pressure control is the largest. Thus, during
whole body exercise flow to the exercising muscles is lower than what is established
when the investigated limb is working in isolation and the restriction in muscle blood
flow is demonstrated to be by enhanced sympathetic activity. However, a restricted flow
to both working skeletal muscles and to the brain manifests especially in diseases
associated with a reduced ability to enhance cardiac output, i.e. with a failing heart.

A significant effect of endurance training is to elevate blood volume primarily by
enhancing plasma volume. The likely mechanism involves that the central blood volume

is reduced many hours after exercise because the muscle blood volume remains elevated



in the recovery and hormonal variables restrain urine production, while thirst
compensates for the reduced central blood volume. Also total hemoglobin increases may
be in response to arterial desaturation during intense whole body exercise and may be
also because of the reduced kidney blood flow. Whatever the mechanism, both the
increase in plasma and red cell volume enhances preload to the heart and makes it
possible for the heart to increase it output. Thus following training the cardiovascular
response to upright exercise approaches that seen during supine exercise with
attenuated heart rate and blood pressure responses.

While the training induced enlarged central blood volume readily explains heart rate
both at rest and during exercise, several mechanisms may be involved in attenuating
the blood pressure response to exercise. Besides attenuation by the enlarged central
blood volume, also enhanced muscle blood flow is likely to attenuate the muscle
pressure reflex and thereby the upward resetting of the arterial baroreceptors.
Furthermore, habituation to the exercise mode makes the need for central command
smaller, further reducing resetting of the arterial baroreceptors

Also the influence of training on cerebral blood flow and oxygenation is complex.
Cerebral blood flow is influenced primarily by the arterial carbon dioxide tension. Thus
it is significant for maintained cerebral blood flow that the exponential increase in
ventilation with increasing exercise intensity is delayed as the ability to perform more
work is enhanced. In other words, only at a higher workload manifests a reduction in
cerebral blood flow as the arterial carbon dioxide tension decreases. Yet, at exhaustion
the calculated cerebral capillary and mithochondrial oxygen tension decreases and at
least indirect evidence point to that exhaustion may be coupled to this reduction in

cerebral oxygenation.
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