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Cardiac output (HR, Stroke Vol)

Arterial pressure - MAP
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Integrative control of the cardiovascular function
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Cardiovascular regulation:

regulation of arterial pressure and 

cardiac output

A. Local (intrinsic) regulation

B. Systemic (extrinsic) regulation

Heart activity

Vascular tone

CV integration  



A. Local/intrinsic regulation

Heart activity & CO regulation

1. intrinsic control of Heart Rate

2. intrinsic control of Stroke Volume

Changes in EDV & ESV  

Frank-Starling low of the heart

Inotropic factors and [Ca2+]i role 

Ca2+ regulation factors

Staircase phenomenon, etc

Other +/- inotropic factors

Microcirculation regulation of arterial 
pressure

Short-term regulation

1. Myogenic autoregulation

2. Metabolic factors, chemical 
messengers, endothelial factors

Long-term regulation

Atmospheric O2, angiogenesis...

B. Systemic regulation of 

MAP and CO 
Short-term regulation of arterial 

pressure 

MAP & its regulation by nervous 

reflexes 

Regulation of Cardiac output (CO)

Matching of venous return and CO

Intermediate ad long-term control 

of the circulation

Integrated CV regulation

- interaction among different CV 

control systems

- response to acute stress

- response to exercise

- response to hemorrhage 

1. Humoral regulation

2. Renal-body fluid control system

Cardiovascular System Regulation



Heart activity regulation
Intrinsic control of Heart Rate
Å The pacemaker inward, depolarizing current (If): 

in SA and AV nodal cells and in Purkinje fibers, 

through a nonspecific cation channel HCN 

(hyperpolarization activated, cyclic nucleotide 

gated) that conducts both K+ and Na+

Å HCN channels have the unusual ñfunnyò 

property that they do not conduct at positive 

potentials but are activated by hyperpolarization 

at the end of phase 3. The activation is slow 

(100 ms), and the current does not inactivate.

Å Diastolic potentials: between ī70 and ī50 mV in 

SA and AV nodal cells, and between ī90 and 

ī65 mV in Purkinje fibers

Å The If current is not the only current that 

contributes to pacemaker activity; in SA and AV 

nodal cells, ICa and IK also contribute significantly 

to the phase 4 depolarization.

A. Local Regulation

Inward or depolarizing membrane 

currents interact with outward or 

hyperpolarizing membrane currents to 

establish regular cycles of spontaneous 

depolarization and repolarization.

SAN cells are stable oscillators whose 

currents are varying with time



Heart activity regulation

Frank-Starling low of the heart: within physiological limits, the 
heart pumps all the blood that returns to it

- Preload: the wall tension that corresponds to ED pressure     
Ą venous return

- skeletal mm pump & respiratory pump

- sympathetic constriction of veins

Ą EDV - length of sarcomere at beginning of contraction 

- Afterloadïblood pressure - total peripheral resistance

- Inotropic state of the heart

A. Local Regulation
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Frank-Starling law of the heart

The more blood there is in the ventricle at the beginning of 

contraction (EDV), the greater the stroke volume will be. 

Stroke volume is proportional to force.



A. Local Regulation

Heart activity regulation
Ca2+ role: Ca2+ homeostasis

- membrane transport systems for Ca2+
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