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1
Anatomy

The heart is a cone‐shaped, muscular organ with four chambers that 
propel blood through the circulatory system (Figure 1.1). The two 
upper chambers, the atria, and the ventricles below are separated by 
the annulus fibrosus (AV ring), a layer of connective tissue that forms 
the cardiac skeleton, seen on the external surface of the heart as the 
atrio‐ventricular (AV) groove. The mitral and tricuspid (AV) valves and 
aortic and pulmonary (semilunar) valves form part of the AV ring. Each 
valve consists of two or three cusps arising from an annulus. Healthy 
valves maintain forward blood flow through the heart, opening and 
closing in response to changes in pressure between the chambers. The 
interatrial septum separates the two atria; the ventricles are separated 
by the interventricular septum, which is visible on the outside of the 
heart as anterior‐posterior interventricular groove.

The heart wall is formed from three layers of tissue that provide 
different functions. The external layer is the pericardium, which 
surrounds the heart and the roots of the aorta and pulmonary arterial 
trunk. It consists of two distinct layers: the outermost fibrous layer and 
serous layer beneath. The serous pericardium has a visceral layer, 
known as the epicardium, which surrounds the myocardium and 
doubles back on itself to form the parietal pericardium, which lines 
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Figure 1.1  Cardiac anatomy.
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4	 Anatomy

the tough, outer fibrous layer. The space between the two layers 
contains a small volume of fluid to reduce friction during myocardial 
contraction. The central, thickest layer of the heart wall is the 
myocardium. It contains clusters of cardiac muscle cells known as 
myocytes, each surrounded by connective tissue and a network of 
capillaries. The internal surface of the heart is lined with a single, 
continuous layer of endothelial cells known as the endocardium. This 
facilitates smooth blood flow through the chambers and across the 
valves and provides some protection from the formation of thrombi.
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Cardiac cycle
Cardiac output is the volume of blood ejected from the left ventricle 
(LV) in one minute, i.e. heart rate × stroke volume. It is approximately 
4–7 L/min. The cardiac conduction system controls heart rate variability 
and co‐ordinated systolic (contraction) and diastolic (relaxation and 
filling) activity of the cardiac chambers to maximise cardiac output.

The superior and inferior vena cava empty into the right atrium, 
enabling the return of deoxygenated blood to the heart. The coronary 
sinus, a large cardiac vein, also drains deoxygenated blood from the 
myocardium into the right atrium. The tricuspid valve opens to permit 
blood to enter the right ventricle (RV); atrial contraction provides extra 
force to expel blood from the chamber, known as the ‘atrial kick’, 
to optimise the end diastolic volume (EDV) of the ventricles.

During systole, the three papillary muscles in the RV contract, 
tightening the chordae tendineae, attached to the cusps of the 
tricuspid valve to ensure the valve leaflets remain closed, preventing 
regurgitation of blood into the right atrium. Pressure within the RV 
will rise until it exceeds the pressure within the pulmonary circulation 
beyond, forcing the pulmonary valve to open and blood to flow into 
the pulmonary arterial trunk. During ventricular diastole, the 
pulmonary arteries will rapidly recoil to enable blood to fall back 
towards the RV, closing the pulmonary valve.

Having completed gaseous exchange within the alveoli and 
pulmonary capillaries, oxygenated blood returns to the left atrium 
via four pulmonary veins. The increase in pressure within the atrial 
chamber forces the mitral valve to open and ventricular filling to begin. 
During diastole, the ventricular myocytes will stretch to accommodate 
the volume of blood, which directly correlates with the force of 
contraction that occurs during systolic contraction (Frank Starling’s 
Law). The two papillary muscles contract first, once systole begins, 
tightening the chordae tendineae attached to the two cusps of the 
mitral valve to prevent regurgitation. The LV and septum then contract 
to increase the pressure (preload) within the LV. Once the preload 
pressure exceeds the pressure in the aorta beyond the aortic valve 
(afterload), blood will leave the LV, referred to as the stroke volume, 
crossing the aortic valve into the aorta to supply the arterial circulation. 
The term ‘ejection fraction’ refers to the stroke volume as a percentage 
of the left ventricular EDV (LVEDV), usually approximately 60–70% at 
rest. As systole ends, diastole begins again and a small volume of 
blood in the aorta will return towards the LV, closing the aortic valve 
cusps and simultaneously perfusing the coronary arteries originating 
at the aortic root.
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Cardiac conduction system

The cardiac conduction system lies beneath the endocardium within 
the myocardium and consists of specialised myocytes responsible for 
generating and transmitting an impulse across the heart (Figure 1.2). 
The sino‐atrial (SA) node, located on the posterior wall of the right 
atrium, is the primary pacemaker of the heart and therefore 
determines heart rate. It is capable of regular spontaneous 
depolarisation without external stimulus. However, the autonomic 
nervous system controls the SA nodal firing rate, permitting heart rate 
variability in response to fluctuating metabolic demand. Increased 
sympathetic activity will cause an increase in the SA nodal firing rate, 
for example during exercise. The heart rate is slowed via the vagus 
nerve, part of the parasympathetic nervous system.

Transition cells surrounding the SA node transfer the impulse across 
to the surrounding atrial myocytes, which in turn propagate the 
impulse to the remaining atrial cells, causing depolarisation and 
contraction. The annulus fibrosus, or AV ring, prevents direct 
transmission of the impulse to the ventricle. In response to atrial 
stimulation, the AV node transmits the impulse to the ventricular 
myocardium via the His‐Purkinje system. After leaving the AV node, 
the impulse traverses the Bundle of His, which divides into two bundle 
branch systems. The right bundle branch is a thin, long strand, which 
runs down the right side of the interventricular septum and supplies 
conduction to the RV. The left bundle branch comprises shorter, thicker 
fibres, which divide into two branches called fascicles. The left anterior 
fascicle is the thinner of the two fascicles and supplies the septum, 
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Figure 1.2  Cardiac conduction system.
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anterior and lateral walls of the LV. The shorter, thicker left posterior 
fascicle supplies the electrical impulse to the posterior wall of the LV. 
A network of Purkinje fibres deliver the impulse first to the papillary 
muscles and then rapidly across the ventricles, resulting in 
simultaneous contraction. If the SA node fails to fire, the AV node, 
His‐Purkinje system and ventricular myocardium are capable of 
generating an electrical impulse but at a slower rate than the SA node.

Movement of ions across the cell membrane, using diffusion and 
active transport mechanisms, is necessary to initiate myocardial 
depolarisation (systole) and repolarisation (diastolic relaxation).

The movement of ions across the cell membrane, known as the 
cardiac action potential, is responsible for initiating myocardial 
depolarisation (systole) and repolarisation (relaxation). A difference 
in electrical charge exists across the cell membrane, created by 
differences in the concentration of ions in the intracellular and 
extracellular fluid. This is known as the transmembrane potential. 
During the resting phase of the cardiac cycle, the transmembrane 
potential is approximately –90 mV (phase 4). At this stage, there is 
a higher concentration of intracellular potassium and lower 
concentration of intracellular sodium relative to their respective 
extracellular levels. This creates a concentration gradient, permitting 
the movement of ions across the cell membrane by diffusion and 
altering the transmembrane potential. Once this reaches –70 mV 
(threshold potential), early myocardial depolarisation will be triggered. 
Therefore, a sodium‐potassium (Na+/K+) pump within the cell 
membrane uses active transport to move sodium out of the cell and 
potassium back into the cell to maintain the resting transmembrane 
potential of –90 mV during phase 4.

Myocardial depolarisation begins when sodium channels within the 
cell membrane open, permitting entry of sodium into the cell (phase 
0). Once the transmembrane potential reaches the threshold potential 
of approximately –70 mV, fast sodium channels open, increasing the 
transmembrane potential to +30 mV. Repolarisation of the cell begins 
immediately afterwards, with a slight drop in transmembrane potential 
due to the closure of the sodium channels and an influx of chloride 
ions (phase 1). Myocardial contraction is maintained through the influx 
of calcium ions into the cell, causing the transmembrane potential to 
plateau at approximately 0 mV (phase 2). Repolarisation continues as 
the potassium channels open, allowing potassium to leave the cell, 
causing a dramatic fall in transmembrane potential (phase 3) until the 
resting membrane potential of –90 mV is reached and maintained 
using the Na+/K+ pump, rendering the cell inactive again (phase 4).
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Coronary circulation

Situated within the epicardium, the coronary arterial circulation is 
a network of arteries, arterioles and capillaries that penetrate the 
myocardium to provide the oxygen and nutrients necessary for aerobic 
metabolism (Figure 1.3). The right and left coronary arteries arise from 
two sinuses positioned at the root of the aorta behind two of the aortic 
valve cusps. Perfusion of the arteries occurs only during the diastolic 
phase of the cardiac cycle as the cusps of the aortic valve obstruct the 
sinuses during systole. The coronary arteries have four distinct layers of 
tissue: the endothelium, tunica intima, media and adventitia.

The right coronary artery (RCA) extends along the right side of the 
AV groove to the posterior wall of the heart, from where it proceeds 
inferiorly towards the apex and then terminates. The RCA provides 
perfusion for the right atrium, RV and the inferior surface of the LV, 
as well as the SA and AV node, in the majority of the population. The 
RCA also perfuses the posterior fascicle of the left bundle branch via 
the posterior descending artery (PDA).

The left coronary artery emerges from the aortic root, extending 
down the left atrium to the AV groove, where it bifurcates into the left 
anterior descending (LAD) and circumflex arteries. The LAD gives rise 
to diagonal branches and septal perforators, which perfuse the 
anterior surface of the LV, the anterior papillary muscle and the 
anterior aspect of the interventricular septum, including the right 
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Figure 1.3  Coronary circulation.
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bundle branch and the left anterior fascicle of the left bundle branch. 
The circumflex extends around the left AV groove to supply the lateral 
wall of the LV, via the obtuse marginal branches, as well as the left 
posterior fascicle, which is also supplied by the LAD.

The term dominance is used to describe the RCA when it perfuses 
the PDA, supplying the posterior wall of the LV and the AV nodal 
artery. Approximately 80–85% of the population have a dominant 
RCA. The circumflex is considered the dominant vessel in approximately 
10–15% of the population, when the PDA emerges from the 
circumflex. A co‐dominant circulation exists in approximately 5% of 
people in which both the RCA and circumflex extend to supply the 
posterior wall of the LV.

A collateral circulation exists between arterioles across the 
myocardium. In addition, portions of the subendocardial layer 
of myocardium may be perfused directly from the LV via the 
Thebesian veins.

Venous return from the myocardium occurs via the coronary veins, 
which follow the same route as the arterial circulation. The coronary 
veins drain into the coronary sinus, a large vessel situated along the 
posterior AV groove, which returns the deoxygenated blood into the 
right atrium. The myocardium also has a lymphatic circulation, which 
is also aligned with the arterial circulation.
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