CARDIOLOGY PHYSIOLOGY
Part 1
Describe the adult coronary circulation

The left main and right coronary arteries originate at the base of the aorta, from the
coronary ostia, which is located behind the aortic leaflets. These two arteries lie on the
surface of the heart whereas the smaller arteries penetrate the epicardium and supply
blood to the myocardium.
The left main coronary artery arises from the posterior aortic sinus above the left coronary
cusp of the aortic valve and has two main branches, the circumflex and the left anterior
descending artery.
The circumflex artery lies in the left atrioventricular groove and supplies most of the left
atrium and the posterior and lateral parts of the left ventricle. It, also with the left anterior
descending artery, supplies the anterolateral papillary muscle. The circumflex artery has
several branches including; atrial branches and obtuse marginal branches 1, 2 and 3. In 10%
of people the circumflex supplies the posterior descending artery, this is termed ‘left
dominant circulation’. Also, in 40% of the population, the circumflex supplies the sinoatrial
node.
The left anterior descending artery, which is also known as the anterior interventricular
branch, follows the anterior interventricular sulcus down to the apex of the heart where it
often anastomoses with the terminal branches of the posterior descending artery. It
supplies the anterolateral portions of the heart, the anterior 2/3 of the interventricular
septum. Important branches include the diagonal branches, which run laterally to supply
the anterolateral wall of the LV, and the septal branches which supplies the anterior 2/3 of
the interventricular septum.
The right coronary artery arises from the anterior aortic sinus, superior to the right coronary
cusp of the aortic valve. It runs down the right atrioventricular groove to the inferior part of
the septum and supplies blood to the right atrium, right ventricle, posterior 1/3 of the

interventricular septum, SA node in 60% of people and the AV node in 90% of people. In 5060% of people the first branch of the RCA is the conus artery which often anastomoses with
a branch of the left coronary artery to form an anastomosis around the pulmonary trunk.
Other branches include the atrial branches, sinus node artery in 60% of people, ventricular
branches and posterior descending artery in 90% of people.
The majority of the venous drainage of the heart is via the coronary sinus which is located in
the atrioventricular groove on the posterior aspect of the heart. It is formed from the great
cardiac vein, middle cardiac vein, small cardiac vein, posterior vein of the left ventricle and
oblique vein of left atrium, and drains into the right atrium. A small proportion of venous
drainage is via anterior cardiac veins which drain directly into the right atrium, and also via
the thebesian veins. The thebesian veins are small valveless veins within the myocardium of
all four chambers of the heart which drain directly into each of the chambers. The thebesian
veins which drain directly into the left side of the heart contribute to physiological shunt.

Reference - http://www.biosciencenotes.com/coronary-circulation-of-the-heart/

Describe the regulation of the adult coronary circulation
Coronary blood flow at rest is approximately 200-250ml/minute or about 5% of total cardiac
output. There is also high myocardial oxygen consumption, about 8ml oxygen/minute/100g
at rest. In order to facilitate this consumption, the heart has two adaptive mechanisms:
- A dense network of capillaries with a high capillary to cardiomyocyte ratio and a
short diffusion distance which helps to ensure adequate oxygen delivery. The density
of capillaries in cardiac muscle is 3000-4000/mm2 compared to skeletal muscle 5001000/mm2.
- Very high oxygen extraction ratio of 60-75% compared to a whole body o2 extraction
ratio of 25%. Therefore, in order to increase oxygen delivery to the myocardium,
flow must increase.

Regulation of coronary blood flow is tightly coupled to oxygen demand due to the very high
basal oxygen consumption. Determinants of coronary blood flow include:
- Coronary perfusion pressure: during systole, intramuscular blood vessels are
compressed by the contracting heart and blood flow to the LV is at its lowest. During
diastole the flow resumes. Left ventricular coronary perfusion pressure is the aortic
diastolic pressure minus the left ventricular end diastolic pressure. Conditions which
decrease the aortic diastolic pressure or increase the left ventricular end diastolic
pressure will reduce coronary flow. The right ventricle and the atria have lower
pressures compared to the left ventricle and therefore coronary blood flow is not
appreciably reduced during systole.
- Perfusion time: an increase in heart rate reduces diastolic time greater than systolic
time and therefore reduces coronary blood flow
- Vessel wall diameter: influences coronary flow
The smaller arteries and arterioles are the principal sites of vascular resistance and
therefore the primary sites for regulation of blood flow. The coronary circulation displays
exquisite autoregulation over a wide range of perfusion pressures. Factors influencing this
include:
- Metabolic factors
o Local vasodilators play a significant part in regulating coronary artery flow
but the exact mechanisms remain poorly understood. Important vasodilators
are thought to be adenosine, nitric oxide, hydrogen ions, potassium,
prostacyclin and lactate.
o Hypoxemia causes an increase in coronary blood flow through the release of
adenosine and opening of ATP sensitive potassium channels
o Coronary vasoconstrictors include endothelin and thromboxane A2
- Myogenic regulation
o This is part of the autoregulatory response and causes constriction of
vascular smooth muscle in response to increase in perfusion pressure and
dilatation in response to decreased pressure
o Myogenic constriction results in stretch which causes depolarisation of
vascular smooth muscle cells which then recruits voltage dependent calcium
channels resulting in increased intra-cellular calcium and subsequent
activation of actin and myosin
- Nervous control
o Autonomic stimulation can affect coronary blood flow both directly and
indirectly, with the direct effects being far less important
o Parasympathetic innervation to the heart is not great, but stimulation causes
the release of acetylcholine which causes coronary artery vasodilatation
o There is far greater sympathetic innervation to the heart with alphaadrenergic stimulation causing vasoconstriction and beta-adrenergic
stimulation causing vasodilatation. In general, there is more alpha receptors
in the epicardial vessels and more beta receptors in the sub-endocardial ves
o The indirect effects of autonomic stimulation have a greater role in the
control of coronary blood flow. Sympathetic stimulation causes an increase in
chronotropy and inotropy which increases oxygen demand which then results
in vasodilatation. The opposite happens with vagal stimulation.
- Humoral control

o Certain hormones have effects on coronary artery blood flow
o Angiotensin 2 causes coronary vasoconstriction

https://www.researchgate.net/figure/Autoregulation-maintains-flow-during-constant-metabolism-Over-the-autoregulationrange_fig1_26240300

Normal impulse conduction in the heart is via specialised cardiac conduction system
consisting of the sinoatrial node, the internodal atrial pathways, the atrioventricular node,
the bundle of His and the Purkinje system. This conduction system allows for co-ordinated
and synchronised contraction of the muscle cells in each chamber of the heart. The
sinoatrial node is an area of cardiac muscle located in the right atrium, immediately below
the opening of the superior vena cava. The SA node can generate electrical impulses
spontaneously and is usually the pacemaker of the heart. We have discussed the ionic
events associated with this pacemaker action potential previously in our episode on antiarrhythmics. To briefly recap, the SA node, AV node and other pacemaker cells have no
resting state but rather have a pacemaker potential which generates cardiac
autorhythmicity. At the end of repolarisation, the membrane potential is approximately 60mV, ‘funny’ channels then open which causes a slow influx of sodium which then
activates T-type calcium channels increasing the membrane potential to about -40mV. This
phase 4 is followed by phase 0 or depolarisation which is caused by the opening of L-type
calcium channels, causing an influx of calcium and the membrane potential to reach a peak
of around 10mV. Repolarisation or phase 3 is caused by the closure of these L-type calcium
channels and the opening of potassium channels causing the membrane potential to

hyperpolarise, drop to below -50mV, these channels to close and the cycle to begin again.
This impulse is then spread rapidly, through the atria via three internodal tracts and also
about 3 times slower through the atrial myocytes themselves to the AV node. The impulse
takes approximately 30 milliseconds to travel from the SA node to the AV node. The AV
node is located in the posterior wall of the right atrium behind the tricuspid valve.
Conduction is delayed in the AV node for about 100 milliseconds which allows for
ventricular filling before they contract. The impulse is then propagated via the bundle of His
to the right and left bundle branch. The right bundle branch continues and the left bundle
branch divides into the anterior fascicle and the posterior fascicle. The bundle branches
then connect to Purkinje fibres which spread to all parts of the ventricles within
100milliseconds. Purkinje fibres conduct action potentials rapidly, likely due to high level of
permeability of the gap junctions at the intercalated discs between each cell, allowing for
easy transmission of ions from one cell to another. The Purkinje system can conduct
impulses at a rate of 4m/s compared to ventricular muscle which can conduct at 1m/s or the
AV or SA node which conducts at 0.05m/s. This rapid conduction allows for almost
simultaneous stimulation and therefore contraction of the ventricles. Depolarisation starts
at the interventricular septum from left to right and the papillary muscles and thenspreads
from the endocardial surface of the heart to the epicardial surface. The apical regions of the
ventricles are depolarised before the base.

http://www.biologydiscussion.com/human-physiology/cardiovascular-system/conductingsystem-of-human-heart-with-diagram/62414
Vagal stimulation, via M2 muscarinic receptors, decrease the firing rate of pacemaker cells
by increasing the potassium conductance and therefore hyperpolarising the membrane. It
also decreases cAMP which slows the opening of calcium channels and decreases the heart
rate. Strong vagal stimulation can briefly stop SA node impulse generation and can result in
AV block. Conversely, sympathetic stimulation via noradrenaline increases intracellular
cAMP which increases opening of L-type calcium channels. It also increases the permeability
of sodium and calcium, thus increasing the slope of the phase 4 and resulting in a faster
achievement of threshold potential and thus a faster heart rate. Sympathetic stimulation
also increases AV conduction.
List the features present in a normal heart that prevent generation and conduction of
arrhythmias.
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SA node usually discharges at a rate of 60-100 times per minute compared to an
intrinsic rate of the AV node of 40-50 times/minute or the Purkinje fibres at 1540/minutes. This faster rate of discharge then transmits the impulse to the AV and
Purkinje fibres before self-excitation can occur in these other locations.
If the SA node is impaired, the AV node can act as a pacemaker at a slower rate. If
the AV node is not functioning the bundle of His cells followed by the Purkinje fibres
can act as pacemaker, albeit at a much slower rate.
A property unique to the AV node is decremental conduction whereby the more
frequently it is stimulated by electrical impulses, the slower it conducts. This
prevents transmission rates over about 220 beats/minute
The conduction delay at the AV node also helps prevent arrhythmias
Inability of action potentials to travel backwards from the ventricles to the atria via
the AV node thus preventing re-excitation
Separation of atria and ventricles by thick septum, except at the AV node. This
septum stops impulses travelling through any other route except via the AV node.
The faster speed of conduction through the atrial nodal pathways and Purkinje fibres
help to ensure that impulses are carried via this system
Myocytes have an absolute refractory period of about 200ms during which time a
cardiac impulse cannot re-excite the previously excited tissue. The absolute
refractory period lasts for most of cardiac contraction, thus it is impossible to
tetanise cardiac muscle.
Cardiac muscle also has relative refractory periods of about 50ms during which
excitement is possible if there is a supramaximal stimulus. Atrial cells have a shorter
refractory period than ventricular cells, therefore atrial contraction rates may be
higher than that of the ventricles.
The Purkinje fibres have a long refractory period and can thus block many premature
atrial impulses

Briefly explain the physiological basis of the ECG and relate it to events in the cardiac
cycle.

https://www.sciencetechstudy.com/2019/03/cardiac-cycle.html
Action potentials from the heart produce a voltage that can be measured as a potential
difference between two electrodes placed on the body surface. This is the basis of the ECG.
The ECG records changes in electrical activity and records this at a standard rate of 25mm/s
onto moving paper which is divided into squares. A large square is 5mm and consists of 5
small squares, each of which represents 40miliseconds. Therefore, a large square represents
200miliseconds and there are 5 large squares per second. The ECG is made up of 12 leads,
each of which is comparing the electrical events detected by electrodes in different
positions. There are six standard leads which are recorded from the three electrodes
attached to the limbs and six V leads which are attached to the chest. Leads II, III and avF
look at the inferior surface of the heart, leads 1, avL, V5-6 look at the lateral surface, V1-V2
look at the right ventricle, and leads V3-V4 look at the septum and the anterior wall of the
left ventricle. Lead aVR looks at the right ventricle outflow tract and basal part of the
interventricular septum.
The ECG consists of P, QRS and T waves. Depolarisation of the atria produce the P wave,
ventricular depolarisation produces the QRS complex and ventricular repolarisation
produces the T wave. The PR interval is measured from the beginning of the P wave to the
beginning of the QRS complex and represents the time taken for the impulse to spread from
the SA node, to the AV node and bundle of His and into the ventricular muscle. This is
normally 120-200ms or 3-5 small squares long. A prolonged PR interval reflects a delay from
the SA node to the ventricles. The QRS complex shows how long the impulse takes to spread
throughout the ventricles and is usually 120ms or less. When the QRS is prolonged it reflects
abnormal and therefore slower depolarisation of the ventricles.
In the normal heart the left ventricle is bigger than the right ventricle and therefore
generally exerts more influence on the ECG pattern. When depolarisation spreads towards a

lead there is an upward deflection and when it spreads away from the lead there is a
downwards deflection. The QRS complex in the chest leads show a progression from V1
where it is predominantly downward to lead V6 where it is predominantly upward. The
transition point reflects the point where the R and S waves are equal, indicating the position
of the interventricular septum. The ST segment lies between the QRS complex and the T
wave and should be isoelectric as this is the time where all of the ventricular myocardium is
being depolarised. It represents the plateau phase of the action potential where the
membrane potential is relatively unchanged. Therefore, any significant changes in voltage
gradients during the plateau phase of the action potential, such as in myocardial infarction,
can result in changes to the ST segment.

