
Control of the CV System



Cardiac Output and Oxygen Uptake
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Cardiac Output and Oxygen Consumption



Challenges to the CV System



CV System: Parallel Connection





Smooth Muscle Cells





Smooth Muscle Contraction









Membrane Potential and Artery Tone





Autoregulation in canine hindlimb



Dynamics of Autoregulation



Autoregulation in Kidney



Exercise and Blood Flow



Autoregulation in Hypoxemia



Reactive Hyperemia



Extrinsic Control
of the

Cardiovascular System



Elements of a Control System

Communication system



Autonomic 
Nervous 
System



Schema of the Autonomic NS



Adrenergic Receptors

α−receptors: vasoconstriction, 
intestinal relaxation, pupillary
dilation

β1− receptors: cardiac increased 
HR, contractility

β2− vascular relaxation (dilation), 
bronchial dilation
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Effectors

Effectors



Effector: Resistance

Rabbit ear vascular
bed with increasing
Sympathetic stimulation



A-electrical stimulation
of symp. fibers to muscle
B-elect. stim of adrenals
C-Epinephrine
D-Norepinephrine



Effector: Venous tone (ZPFV)



Venoconstriction



Sympathetic Stimulation of 
Peripheral Circulation Only



Effector: Heart Rate 
Vagal Slowing



Effector:
Heart Rate

Sympathetic
Acceleration



Effector: Heart Rate



Dynamics of HR Control



Effector: Contractility



Contractility Increase





Sensors

Sensors



Sensor: Pressure



Sensor: Blood Gases



Sensor: Volume

Atrial stretch receptors



Sensors of internal and external 
environment

• Pain
• Temperature
• Environmental stimuli interpreted by cortex 

(real or imagined)
– Anxiety
– Anger
– Fear
– etc.



Control Logic

Control
Logic



Control System
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Central Control Logic:  Baroreceptor 
Reflex



Baroreceptor Reflex



Baroreceptor and Standing



Control Failures



Valsalva Maneuver



Other Control Mechanisms

• Circulating blood volume : renal/hormonal 
controls

• Remodeling of CV components 
(hypertrophy, atrophy)

• Up- and down-regulation of receptors
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