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Practice Physiology Vivas

Cardiovascular Physiology
Katie Mills
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Draw a cardiac action potential
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Phases
· 0 = Opening of sodium channels

· 1 = closure of sodium channels, and chloride influx

· 2 = Slower, prolonged opening of voltage-gated calcium channels

· 3 = Closure of calcium channels, potassium efflux through potassium channels

· 4 = Restoration of resting potential

Draw a pacemaker potential
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· IK = Potassium efflux causes repolarisation

· IKdelay = Efflux decreases, and membrane starts depolarising

· Depolarisation is due to calcium channels

· ICaT (Transient) finishes the prepotential

· ICaL (Long-lasting) forms the main impulse

· Action potentials are due to calcium, not sodium

· Prepotentials occur mostly in the SA and AV nodes

· There are latent pacemakers in other parts of the conduction system, which take over if SA / AV nodes are depressed or blocked

· Atrial / Ventricular muscles do not have prepotentials, and fire spontaneously only in disease processes

Draw and explain a cardiac pressure / volume loop
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Ventricular filling (1)
· 70% occurs passively during diastole.

· Atrial systole propels additional blood into the ventricles

· Contraction pinches off the orifices of venous inflow and limits regurgitation

Isovolumetric contraction (2)
· Increased pressure with no change in muscle fibre length, as the ventricle contracts against closed valves.

· It lasts until the pressure exceeds the aortic / pulmonary pressure (80mmHg / 10mmHg).

· The AV valves bulge into the atria, increasing the atrial pressure

Ventricular Ejection (3)
· Slows as systole progresses

· Pressures rise to a maximum (120mmHg / 25mmHg), then drop off.

· Ejection fraction usually approximately 65% (ie. End diastolic volume = 130mL, stroke volume = 70-90mL)

Isovolumetric relaxation (4)
· Rapid drop in pressures with no change in volume.

· Lasts until pressure less than atrial pressure, then AV valves open and ventricular filling begins again.

Draw and describe the cardiac cycle over time, showing ventricular pressure, atrial pressure, aortic pressure, and ventricular volume.


[image: image4]
Describe the factors controlling cardiac output
· Cardiac output = HR x SV

Heart Rate

· Sympathetic vs Parasympathetic supply (eg. Anxiety, exertion)

· Arrhythmias

· Drugs

· Endocrine (Thyroid, Pregnancy)

· Atrial stretch

Stroke Volume
· End Diastolic Volume – End Systolic Volume

· End Diastolic Volume

· Ventricular size

· Filling Pressure (Venous return and atrial contraction)

· Filling time

· Ventricular compliance

· End Systolic Volume

· Proportional to myocardial fibre shortening

· Preload – Frank-Starling (see below)

· Contractility – increased by sympathetic supply, Drugs (eg. Digoxin); decreased by hypercapnia, hypoxia, drugs

· Afterload (Total Peripheral Resistance)

Frank-Starling Curve
· Contractility is dependent on muscle fibre length

· This length is relative to end-diastolic volume (preload)
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Describe the mechanisms of cardiovascular regulation
· Aims of cardiovascular regulation

· Increased blood supply to active tissues

· Thermoregulation

· Maintain blood flow to heart & brain in times of hypovolaemia

· Mechanisms that are adjustable

· Cardiac output (see above)

· Arteriolar resistance

· Venocapacitance

· Mechanisms of resistance control

· Autoregulation

· Local vasodilator metabolites

· Substances secreted by endothelium

· Circulating vasoactive substances

· Neural

· Venocapacitance control

· Circulating vasoactive substances

· Neural

Autoregulation
· Intrinsic contractile response of smooth muscle to stretch – maintains regular blood flow

Vasodilator Metabolites
· With decreased blood flow, there is an accumulation of these metabolites, causing vasodilation

· Acidosis

· Decreased oxygen tension

· Increased CO2 tension

· Increased osmolality

· Increased temperature

· Increased potassium

· Lactate

· Histamine

Local Vasoconstriction
· Cell injury causes serotonin release from platelets

· Decreased temperature

Substances secreted by endothelium
· Prostacyclin

· Platelet aggregation inhibition

· Vasodilation

· Thromboxane A2

· Platelet aggregation

· Vasoconstriction

· Endothelium-Derived Relaxing Factor = Nitric oxide

· Relaxes smooth muscle via cGMP production

· Released in response to

· ACh

· Bradykinin

· VIP

· Substance P

· Platelet aggregation

· Endothelins

· Potent vasoconstrictor

· Increases Prostacyclin, Thromboxane A2

· Positive inotrope / chronotrope

· Released in response to

· Adrenaline

· Thrombin

· Blood vessel stretch

Hormonal Regulation (Systemic)
· Vasodilators

· Kinins

· VIP

· ANP

· Vasoconstrictors

· Vasopressin

· Noradrenaline

· Adrenaline

· Angiotensin II

Neural Regulation
· All vessels except capillaries and venules receive a sympathetic nerve supply, causing vasoconstriction

· Arterioles also receive a cholinergic supply, causing vasodilation

· The vasoconstrictors have a tonic discharge

· The vasomotor centre is the main control of BP

· Baroreceptors

· Chemoreceptors

Describe the neural regulation of the cardiovascular system
· All vessels except capillaries and venules receive a sympathetic nerve supply, causing vasoconstriction

· Arterioles also receive a cholinergic supply, causing vasodilation

· The vasoconstrictors have a tonic discharge

· The heart has vagal (decreased HR) and sympathetic (increased HR, contractility) input

· Vagal tone > Sympathetic

Vasomotor Centre
· Main control of BP

· Consists of groups of neurons in the medulla oblongata

Direct stimulation
· CO2

· Causes vasoconstriction and tachycardia due to vasomotor centre, but peripheral effect is vasodilation – therefore no change in BP

· Hypoxia

· Raised ICP

· Decreases blood supply, causing local hypoxia and hypercarbia.  This increases vasomotor discharge, increasing BP (Cushing reflex).  This increases the blood supply to the medulla, causing bradycardia.

· Excitatory inputs

· From cortex via the hypothalamus (eg. Tachycardia due to anger)

· From pain pathways and muscles

· From carotid and aortic chemoreceptors

· Inhibitory inputs

· From the cortex via the hypothalamus

· From the lungs (Inflation causes vasodilation)

· From carotid, aortic and cardiopulmonary baroreceptors

Baroreceptors
· Found in

· Carotid sinus

· Aortic arch

· Cardiopulmonary (right and left atria)

· They are stretch receptors

· Message travels to the medulla via cranial nerves IX and X

· When stimulated, they increase the vagal supply to the heart, and decrease the sympathetic supply to vasoconstrictors

· They do not respond at very low or very high pressures

· They respond to

· Sustained increase / decrease in BP (but baroceptor resetting occurs in chronic hypertension)

· Increase / Decrease pulse pressure

· Fluctuations in BP

· Atrial Stretch Receptors

· Type B receptors discharge with increased atrial volume (eg. Increased venous return) – cause decreased BP, BUT increased HR (unlike carotid and aortic arch receptors)

· Decreased ECF volume causes decreased firing of atrial stretch receptors – this increases vasopressin and increases sympathetic activity

· Bainbridge Reflex – Increased HR due to atrial stretch receptors

· Left Ventricular Receptors

· Decrease BP and HR

· Pulmonary Receptors

· Decrease BP and HR

Chemoreceptors
· Stimulated by hypoxia

· Cause vasoconstriction, plus tachycardia

What causes tachycardia?
· Decreased baroreceptor firing

· Increased Atrial stretch receptor activity (Bainbridge reflex)

· Inspiration (via atrial stretch receptor)

· Excitement / Anger

· Pain / Exercise

· Hypoxia

· Adrenaline / Noradrenaline

· Thyroxine

· Fever

What causes bradycardia?
· Increased baroreceptor activity

· Expiration

· Fear / Grief

· Pain in trigeminal nerve

· Raised ICP

What causes vasoconstriction?
· Increased Noradrenaline / Catecholamines

· Increased Angiotensin II

· Increased AVP

· Local serotonin

· Decreased temperature

· Endothelin-1

· Neuropeptide Y

· Sodium-Potassium ATPase inhibitor

What causes vasodilation?
· ANP

· Cholinergic activity

· Histamine

· Kinins

· Substance P

· VIP

· Nitric oxide

· Hypoxia

· Hypercarbia

· Acidosis

· Lactate

· Potassium

· Adenosine

· Increased temperature

What factors affect cerebral blood flow?
· Arterial pressure

· Venous pressure

· ICP

· Blood viscosity

· Arteriolar constriction / dilatation

· Hypercarbia causes vasoconstriction

· Hypoxia causes vasodilation

· Autoregulation maintains normal blood flow at systemic pressures of 65-140mmHg.  This plateau extends if there is sympathetic stimulation (vasoconstriction)
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Describe the Monro-Kellie doctrine
· The total volume of blood, spinal fluid, and brain must remain constant

· If there is raised ICP, there is decreased blood flow

Describe the Cushing reflex
· Raised ICP causes decreased blood flow, which stimulates vasomotor centre

· This increases BP, decreases HR, and decreases RR

Describe the variations in coronary blood flow during the cardiac cycle
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· During systole – Left ventricular pressure > Aortic pressure.  Therefore no flow to sub endocardial muscle

· During diastole – Aortic pressure > Left ventricular pressure.  Therefore flow continues.

· Decreased blood flow in

· Tachycardia (decreased diastolic time)

· AS (increased pressure gradient between the LV and aorta)

· CCF (increased venous pressure causes decreased coronary perfusion pressure)

Describe the control of coronary blood flow
· Affected by

· Pressure changes

· Chemical factors

· Neural factors

· Autoregulation

Chemical Factors
· Decreased blood flow due to

· Oxygen

· Increased blood flow due to

· CO2

· Acidosis

· Potassium

· Lactate

· Prostaglandins

· Adenosine

Neural Factors
· Alpha receptors cause vasoconstriction

· Beta receptors cause vasodilation

· Vagal discharge (ie ACh) causes vasodilation

Discuss the classification of shock
· Shock is inadequate tissue perfusion with a relatively or absolutely inadequate cardiac output

· 4 types

· Hypovolaemic

· Distributive

· Cardiogenic

· Obstructive

Describe the stages of hypovolaemic shock
Rapid Compensatory Mechanisms
· Decreased baroreceptor stretch causes increased sympathetic output

· Vasoconstriction

· Tachycardia

· Venoconstriction causes increased filling pressure of the heart.

· It is most marked in the splanchnic area, increasing blood in the systemic circulation.

· Vasoconstriction (general, except heart and brain)

· Kidneys

· Efferent constriction > Afferent constriction

· Decreased GFR, Increased renal plasma flow

· Shunting of blood through the medulla (avoiding the cortex)

· Sodium retention

· Uraemia

· +/- ATN

· Increased Noradrenaline

· Increased Adrenal secretion

· Increased Sympathetic discharge

· BUT little effect in vasoconstriction.  Stimulates reticular formation, causing restlessness, apprehension

· Hypoxia (secondary to anaemia) and acidosis stimulate carotid and aortic chemoreceptors

· Causes tachypnoea, vasoconstriction

· Increased plasma renin activity

· Increased Angiotensin II (thirst, vasoconstriction)

· Increased Aldosterone (Sodium / Water retention)

· Increased ADH

· Vasoconstriction

· Sodium / Water retention

· Decreased capillary pressure – mobilises interstitial fluid into vascular space

Long-term Compensatory Mechanisms
· Plasma volume is restored in 12-72 hours

· Rapid entry of preformed albumin from the extravascular system

· Plasma proteins are replaced by hepatic synthesis in 3-4 days

· Erythropoietin increases

· Increased Reticulocyte count (peaks at 10 days)

· Normal Haematocrit in 4-8 weeks

· Increased 2,3-DPG in red blood cells (increased oxygen supply to tissues)

Refractory Shock
· Spasm of precapillary sphincters and venules (especially in the splanchnic region)

· Causes tissue damage

· Later – sphincters dilate while venules are still constricted

· Blood enters the capillaries but stagnates (while tissue damage continues)

· Increased capillary pressure causes leakage of fluid into the interstitium

· Neutrophils release free radicals, and cause further tissue damage

· Positive feedback mechanisms in refractory shock

· Cerebral ischaemia causes vasomotor depression.  This decreases HR, and vasodilates, causing further decrease in cerebral blood flow

· Hypotension and tachycardia cause myocardial ischaemia, which causes myocardial depression.  This further decreases myocardial blood flow.

What changes in HR and BP occur during the Valsalva Manoeuvre?
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· Phase 1

· Increased intrathoracic pressure

· Increased LV venous return from pulmonary vascular bed, causing increased cardiac output (Frank Starling curve)

· Increased pressure on aorta

· Causes brief increase in BP.

· No change in HR

· Phase 2

· Decreased venous return causes decreased cardiac output, and so decreased BP

· Sensed by baroreceptors – causes tachycardia and vasoconstriction.

· In a healthy adult, compensation may return BP to normal by the end of the manoeuvre

· Phase 3

· Release of increased intrathoracic pressure

· Increased pooling in pulmonary vessels – causes decreased cardiac output

· Decreased pressure on aorta

· Causes brief drop in BP

· No change in HR

· Phase 4

· Return of normal venous return – increased cardiac output

· This occurs against a constricted vascular bed (due to Phase 2).  Therefore there is an increased BP

· This is sensed by baroreceptors, causing a bradycardia, and vasodilation
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