Topic 9: Blood Pressure Control

CARDIAC OUTPUT: AFFECTED BY 4 FACTORS
VENOUS RETURN
· Also called the preload

· This is the flow of blood to the heart from the venous system.

· It is affected by any of the factors that will vary this blood return – contractile state of the capacitance vessels (mainly venous), amount of fluid in the system and the heart’s pumping ability.

· The Frank-Starling law is very important here (see below). 

HEART RATE

· CO = SV x HR

· The more beats per minute, the more blood pumped out of the heart.

· This would mean more venous return – a higher preload.

· At the higher rates however, there is reduced diastolic filling time and actual CO increase becomes minimal. 

· The HR is determined by the equilibrium between the basal tones of the PNS and the SNS. 

CARDIAC CONTRACTILITY

· The Frank-Starling law relates myocardial fibre length or the volume of the heart, to the force or pressure or contractility developed by the ventricle.

· This comes about because the increased ventricular stretch alters the overlap of the actin and myosin filaments to allow for more optimal force development. 

· When the sarcomeres are stretched beyond optimal length, less force development is possible. Refer Fig. 23-1 pg. 361 Berne & Levy 4th Ed. 
· Contractility is controlled by the equilibrium between the basal tones of the PNS and the SNS. 

PERIPHERAL RESISTANCE

· Also called afterload.

· This is the resistance to the flow of blood out of the heart. When the ventricular pressure is higher than the aortic pressure blood can leave the heart – this level is the afterload. 
· The main contributors are the muscular arterioles. 

· CO = SV x HR; with a high afterload, it is harder for the heart to push blood out of the ventricles ( less blood leaves the heart in a contraction ( the stroke volume is lower. 

· Then the ventricle will compensate by pumping harder because of the increased stretch on the myocardium from this pooling blood.
· The stroke volume will then be restored, but at a higher ventricle pumping pressure (and therefore a higher systolic BP).
REGIONAL BLOOD FLOW CONTROL (AUTOREGULATION)
NEURAL
· Vascular system under central control (a neurohormonal control system) to maintain BP and distribute blood

· SNS innervates almost all vascular beds, with varying densities of innervation.

· The densest innervation is to pre-capillary resistance vessels (muscular arterioles). 

· Increased SNS firing ( increased NA release ( increased vasoconstriction of all beds barring cerebral and coronary. 

· Some SNS nerves are cholinergic and cause vasodilation.
· PNS releases ACh ( rapid vasodilation. 
MYOGENIC

· Response of a vessel to stretch and changes in perfusion pressure.

· Purely mechanical. 

· Increased perfusion pressure ( vessels distend ( opens stretch sensitive ion channels ( reflex contraction

· Decreased perfusion pressure ( less distension on walls ( closure of some previously opened ion channels ( relaxation of vessel ( increased flow restoring perfusion pressure. 

METABOLIC

· Buildup of metabolites that result from a cell being active causes vasodilatation of local vessels.

· Increased blood flow washes out metabolites ( provides negative feedback to decrease flow again. 

ENDOTHELIAL CONTROL

· Endothelium releases factors for local dilatation and constriction

· EDRF (endothelial derived relaxing factor) is now known as NO, nitric oxide.

· NO diffuses from the endothelium to act on the guanylate cyclase system

· This is inside smooth muscle cells; causes an increase in cGMP.

· This inhibits contractile elements causing relaxation of the smooth muscle cell. 

· Endothelin is also synthesized by the endothelium and causes constriction. 

BLOOD PRESSURE
There are two time periods for controlling blood pressure. 
SHORT TERM:

· Moment to moment control is by the baroreceptor mechanism.
· Baroreceptors are stretch receptors located in the walls of the carotid sinus and the aortic arch.

· The carotid sinus baroreceptors respond to BP increases and decreases, and project to the NTS in the medulla (nucleus of the solitary tract) via CN IX.
· The aortic arch baroreceptors respond to BP increases only, and project to the NTS via CN X.

· The NTS compares the actual BP (info from baroreceptors) with the set point value.

· If the BP is high ( causes a decrease in SNS and increase in PNS activity.

· If the BP is low ( causes an increase in SNS activity.
· The NTS sends axons to and receives fibres from numerous areas of the brainstem.

· PNS efferents from the NTS project to the nucleus ambiguus, and when stimulated (when the BP is high), causes a slowing of HR and decreases CO, and thus decreases BP.
· SNS efferents from the NTS project to the RVLM (rostral ventrolateral medulla), and when stimulated (when the BP is low), lead to vasoconstriction of arteries and veins (increasing TPR and preload), increased SNS to heart (increasing SV, HR and thus, CO), and increasing SNS to kidneys (causing increased renin secretion).

· High BP ( baroreceptors increase firing rate to NTS ( NTS increases PNS firing to nucleus ambiguus, and decreases SNS firing to RVLM ( increased nucleus ambiguus activity, decreased RVLM activity ( leads to decreased HR & CO, vasodilation, and decreased renin secretion ( DECREASED BP AGAIN.  (The nucleus ambiguus also has an added twist, in that it activates the CVLM, which in turn inhibits the activity of the RVLM further.)

· Low BP ( baroreceptors decrease firing rate to NTS ( NTS increases SNS firing to RVLM ( increased RVLM activity ( increased SNS activity ( vasoconstriction of arteries and veins (increases TPR and preload), increased SV, HR and thus increased CO of heart, increased renin secretion from kidneys ( INCREASED BP AGAIN.  
WE HIGHLY RECOMMEND YOU LOOK AT OUR DIAGRAMS: 
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· Cardiopulmonary receptors are found in the atria, ventricles and pulmonary blood vessels.

· They regulate total blood volume – they are stretch receptors. 

· When atrial and ventricular pressures increase due to increased cardiac filling or increased blood volume, the cardiopulmonary receptors increase their firing. 

· They project to the NTS. They cause renal effects.

· Blood volume increase ( increased cardiopulmonary receptor firing ( stimulates NTS ( inhibits ADH release.

LONG TERM:

· There are two mechanisms contributing to longterm BP control: pressure diuresis and the RAA system. 
· Pressure diuresis is a mechanical system.

· Increased BP ( increased perfusion pressure to the kidneys ( increased GFR ( increased filtered load ( more salt and water loss through urine ( decrease in perfusion pressure. 
· You should know the RAA system by now. Go away and learn it again, just for fun. Well, not for fun. For marks. 

· Oh, ok. Here is it is.

· Decreasing renal arterial perfusion pressure ( increased renin secretion from the JGA ( increased Ang-I ( ACE in lung capillaries convert Ang-I to ANG –II.
· Angiotensin II has three actions: 1. Most importantly it is a potent vasoconstrictor of the peripheral arteries, increasing TPR. 

· Vasoconstricts renal arterioles; at high levels, the afferent is constricted more than the efferent. Decreases GFR ( decreased filtered load ( retention of salt and water ( increase in blood volume ( increased BP ( restoration of renal arterial perfusion pressure. 

· 2. Increases aldosterone and ADH secretion ( conserves salt and water and leads to an increase in the excretion of potassium and hydrogen ions.
· 3. It also stimulates the AV3V region of the brain causing an increase in thirst. 
· There are other hormonal factors that take part in longterm control (e.g. thyroxine, corticosteroids, etc. but their role is small.)
