Heart and Mediastinum

Mediastinum

The mediastinum is the central space between the two lateral compartments of the thoracic cavity. This space houses the roots of the great vessels coming from the heart, various nerves, and lymphatics. All these structures are embedded in loose connective tissue, which allows the mediastinum to expand and retract during movements arising from respiration. 

The ageing process causes the connective tissue to be more fibrous and rigid, lessening this potential movement. 

The mediastinum is governed laterally by the mediastinal pleura, anteriorly by the costal cartilages and posteriorly by the bodies of the thoracic vertebrae and runs from the superior thoracic aperture to the diaphragm. 

Divisions of the mediastinum (Moore Fig 1.37)

The mediastinum is divided into two compartments. The superior mediastinum runs from the superior thoracic aperture to the transverse thoracic plane, which includes the sternal angle anteriorly and runs between T4/T5 vertebrae (IV) posteriorly. The inferior mediastinum is from this point to the diaphragm. This portion of mediastinum is further divided into three sections anterior to posterior. Anterior portion contains part of the thymus in infants, middle mediastinum contains the pericardium and roots of great vessels, and posterior mediastinum extends inferiorly to the diaphragm. 

Layers of Pericardium

The heart is enclosed within a double walled fibroserous sac. The external layer of this sac is the tough fibrous pericardium. This is attached to the central tendon of the diaphragm via the pericardicophrenic ligament. Anteriorly the fibrous layer is attached to the sternum via sternopericardial ligaments, and posteriorly it is attached to the connective tissue elements. 

Fused with this layer is the serous pericardium, which in turn is made up of two layers. The layer fused with the fibrous pericardium is parietal layer of the serous pericardium and this is reflected at the great vessels to form the visceral layer. The visceral layer forms the inner wall of the pericardium and the outer wall of the heart. The potential space between these layers is the pericardial cavity, which contains the pericardial fluid, and this functions so that the heart can beat/move in relatively frictionless environment. 

Sinuses of pericardial cavity

Transverse pericardial sinus: This is a space whereby a single digit can be inserted. It runs posterior to the aorta and pulmonary trunks, and anterior to the superior venae cavae and superior to the right atrium of the heart. This is of importance to surgeons, because during surgery they can insert ligatures and control/redirect blood flow from the heart – depending on the circumstances of the surgical procedure. 

Oblique Sinus: At the area where the pulmonary veins, SVC, IVC enter the heart ( forms a wide pocket like recess in the pericardial cavity on the posterior aspect of the base of the heart. 

Blood and Nerve supply to the pericardium

Blood Supply (Fig: 1.41):

The main arterial supply comes from a small slender branch of the internal thoracic artery, called the pericardiophrenic artery, which parallels the phrenic nerve up until the diaphragm. Other sources of arterial supply ( from musculophrenic arteries which are terminal branches of internal thoracic artery ( bronchial, esophageal and superior phrenic arteries, all branches of the thoracic aorta ( Coronary arteries, that supply visceral layer of pericardium only. 

The main venous drainage of the pericardium is from pericardicophrenic veins from arise from brachiocephalic (or sometimes internal thoracic veins) ( and the azygous venous system. 

Nerve Supply:

The main nerve supply of the pericardium comes from the phrenic nerve, which travels parallel to the pericardiophrenic artery and pierces the diaphragm supply that muscle. It comes from C3, C4, C5 and contains sensory pain fibres. Most of the times pain is referred to the top of the shoulder ( but this could imply pericardial pain. Other nerves include: vagus nerve, and vasomotor sympathetic trunks. 

Heart, surfaces etc (Moore Fig: 1.45). 

Base: The base of the heart is opposite to that of the apex is mainly formed by the left atria, but getting some contribution from the right atrium.

Apex: The apex of the heart is largely formed by the left ventricle (inferolateral portion), and this is where the heart sound is loudest. Can be heard at the 5th left intercostals space. 

Anterior (sternocostal): The anterior surface (related to the sternum and costal cartilages), is mainly formed by the right ventricle with contributions from right atrium, left ventricle. 

Inferior (diaphragmatic): This is mainly formed by the right and left ventricles. 

Pulmonary surface (left): mainly formed by the left ventricle. The pulmonary surface is the surface where the heart occupies a portion of the lung space. This is what forms the cardiac impression  of the left lung and also the cardiac notch. 

Heart Borders, etc.

Right: Mainly formed by the right atrium, right ventricle, SVC, IVC

Left: Mainly formed by left ventricle, left auricle

Inferior: Mainly formed by right ventricle, portion of left ventricle (Maybe IVC)

Superior: Formed by, right and left atrium, auricles on the anterior aspect, ascending aorta and pulmonary trunk. The superior border forms the inferior boundary of the TRANSVERSE PERICARDIAL SINUS.

Internal anatomy of right atrium

The SVC and IVC open into the right atrium. The coronary sinus is an opening for the blood of the coronary circulation to drain into the right atrium. The fossa ovalis is a small depression on the posterior wall of the right atrium is the remnant of foramen ovale. 

Externally the smooth and rough walls of the atria are separated by the sulcus terminalis, and internally this forms the crista terminalis (a small ridge). The smooth posterior wall of the right atrium (where the IVC, SVC and coronary sinus open) is called the sinus venarum. The pectinate muscles are myocardial projection of the cardiac muscle. 

Internal anatomy of right ventricle (Moore Fig 1.47) 

The supraventricular crest is a ridged thickening of the right ventricular muscular wall ( and this forms the separation between the inflow and outflow tracts (conous arterious). One side contains lots of trabeculae carnea and other side is smooth walled. 

Trabeculae carnea are muscular ridges of the muscular wall of the right ventricle. Part of the trabeculae carnea is the septomarginal trabeculae, which are muscular projections from the IV septum (this contains much of the right bundle fibres). 

The papillary muscles are conical projections from the muscular wall of the right ventricle. Their function is to act on the valves to ensure that the valves open and close during appropriate times during the cardiac cycle. There are three main papillary muscles. The anterior papillary muscle is the largest and derives from the anterior wall of the right ventricle. The posterior papillary muscle is smaller and derives from the inferior wall of the right ventricle. The septal papillary muscle derives from the IV septum. Out of the apices of the papillary muscles ( arise the chordae tendons which attach directly to the different cusps of the AV valve. An interesting scene, is that the nerve supplying the papillary muscle gets excited before other nerves such that the valves can close avoiding regurgitation into the right atrium. 

Internal anatomy of left atrium

The left atrium is where the pulmonary veins enter posteriorly. The left atrium is largely smooth walled except for the auricle of the atrium, which has many pectinate muscles, making it rough walled. The depression in the interatrial septum indicates the floor of the fossa ovalis. 

Internal anatomy of left ventricle 

The left ventricle is larger than the right ventricle because it performs more work, mainly due to the large arterial pressures it must generate in order to overcome the afterload presented to it. The interior wall of the left ventricle contains more numbers of trabeculae carnea (projection of myocardial fibres). Due to the high workload of the right ventricle the papillary muscles are generally larger than that of the left ventricle, only two muscles (anterior and posterior) present this time for the two cusps of the mitral valve. 

Valves

The pulmonary valve has three cusps: anterior, right and left anterior. Just superior to these cusps are small dilations in the walls of the pulmonary trunk. These are called pulmonary sinuses and their function is to keep the valves from fusing with the wall therefore preventing the closure of the valves. 

The aortic valve also have three cusps: posterior, right and left posterior. Just superior to these cusps are small dilations in the wall of the ascending aorta and these form small aortic sinuses. The aortic sinuses are located posteriorly, left and right. The left sinus feeds into the left coronary artery, and the right sinus feeds into the right coronary artery. The posterior sinus is called the non-coronary sinus and does not feed into anything. 

Surface anatomy of valves

Aortic and pulmonary valves are located deep to sternum at the level of the 3rd costosternal joints.

The mitral and tricuspid vales are located posterior to the sternum at the level of the 4th costal cartilage. 

Auscultation sites for heart sounds

Aortic: 2nd right intercostals space (sound radiates from the base of aorta parasternally)

Pulmonic:  2nd left intercostals space (sound radiates from base of pulmonary trunk parasternally)

Tricuspid: 5th left intercostals space (sound radiates through the ventricular walls parasternally)

Mitral: 5th left intercostals space near the mid-clavicular line (sound radiates through the ventricular walls) ( this is same as apex beat ( loudest heart sound heard here. 

Blood supply to the heart

The blood supply to the heart is from the coronary circulation. This arises from the right and left coronary arteries, and these come from the right and left aortic sinuses (small dilations in the wall of the base aorta). 

Arterial supply of heart (Moore Fig 1.51/1.52) (WILL COME IN EXAM)

The left coronary artery arises from the left aortic sinus. Initially it travels in the coronary groove between the pulmonary trunk and left auricle. About 1cm from here, it splits into its two main branches. The left anterior descending artery descends along the interventricular groove towards the apex of the heart, and here turns along the heart’s inferior borders and anastomises posteriorly with the posterior interventricular branch of the right coronary artery. This supplies both ventricles and the IV septum. The anterior descending artery gives rise to the lateral (diagonal) branch, which runs on the anterior surface of the heart. The circumflex branch turns posteriorly and anastomises with the posterior interventricular branch of the right coronary artery. Before doing so, it gives rise to the left marginal artery, which supplies the left ventricle. 

Major points here: left ant. Descending, circumflex, lateral diagonal (from ant), left marginal (from circ.), anastomosis and pathways

The right coronary artery arises from the right aortic sinus. Initially it travels along the right coronary groove and very early on gives a branch off which supplied the SA node, called SA nodal branch. The RCA follows the coronary groove as it descends and eventually gives off a right marginal branch. The right marginal branch runs towards the apex, but does not reach it. The RCA then runs on the posterior aspect of the heart, still within the coronary groove (AV groove) and at the junction between the four chambers gives off AV nodal fibers. RCA then gives off the large posterior interventricular artery that descends in the posterior interventricular groove, and anastomises with the left anterior descending artery. This supplies both the ventricles and the IV septum. 

Major points: SA nodal branch, right marginal artery (does not reach apex), posterior coronary groove pathway, AV nodal fibers, posterior interventricular artery, supplies what? anastomises. 

Dominance: The dominant artery is the one which gives off the posterior interventricular artery, most of time it’s the right coronary artery, 10% of its left coronary artery, 15% of time its co-dominance.  

Venous drainage of the heart (Moore Fig 1.2) (WILL COME IN EXAM)

The main heart drainage system is via the coronary sinus, which empties into the right atrium at the sinus venarum (smooth surface of wall). 

The great cardiac vein drain arises from the apex of the heart and ascends along the left anterior descending artery and turns left at the coronary groove to travel along the circumflex branch to empty into the coronary sinus. The great cardiac vein drains most of area supplied by left coronary artery. 

The middle cardiac vein travels along with the posterior interventricular artery (a branch of the right coronary artery) and eventually drains into the coronary sinus. 

The small cardiac vein travels along with the right coronary artery near the coronary groove to drain into the coronary sinus.

There are several other anterior veins, which directly drain into the right atrium of the heart. 

Conduction system of heart (Refer to Physiology notes, this is just brief. Moore Pg 137)

SA node fires ( supplied by sinuatrial branch of right coronary artery ( located at the junction between SVC and right atrium ( just below the epicardium (visceral layer of serous pericardium)

AV node fires ( supplied by AV nodal branches arising from right coronary artery on the posterior aspect of the heart ( located on the posteroinferior aspect of the interatrial septum near opening of coronary sinus

AV bundle ( located just inferior to the AV node, represents the collection of fibres just prior to the division into right and left bundle branches. The septomarginal trabeculae are special trabeculae arising in the right ventricle and this contains some of the bundle fibres. ( supplied by both right and left coronary arteries

Purkinje fibres ( fastest conducting fibres of the lot ( Form a network among the myocardium ( located in the subendocardial layer ( supplied by left coronary artery

Fibrous skeleton of heart (Moor

There are dense collagenous tissue that surround the orifices of the valves, and these form right and left trigones when they connect to each other. The IA and IV septa also contribute to the heart’s fibrous skeleton. It has many functions which are listed below:

· Provides attachment points for the myocardium and its muscle fibres

· By surrounding the valvular orifices, it keeps the valve orifices patent and from distending too much due to high forces generated during ventricular systole

· It also acts as an insulating material therefore allowing the atria and ventricles to contract independently, which is important for synchronous flow of blood.

· Provides attachment for the cusps and leaflets of the valves 

Innervations of Heart (Moore Fig 1.54)

Autonomic nerve fibres arising from the superificial and deep cardiac plexus supply the heart. These networks lie anterior to bifurcation of trachea, posterior to ascending aorta, and superior to bifurcation of pulmonary trunk. 

Sympathetic supply: The heart is supplied by presynaptic fibers whose cells bodies, are located in the lateral horn of the superior 5 or 6 thoracic segments of spinal cord and the postsynaptic fibers whose cell bodies are located in the cervical and superior thoracic paravertebral ganglia of the sympathetic trunks. Sympathetic innervation of the heart increases the heart rate and also the force of contractility. It also dilates (indirectly) the coronary arteries (i.e.: inhibits their constriction) such that during increased activity, enough oxygen and nutrients can be supplied to the myocardium.

Parasympathetic supply: The presynaptic fibers are from the vagus nerve. They also end in the SA and AV nodes. Parasympathetic stimulation of the heart, slows the heart rate, decreases force of contraction and also constricts the coronary vessels therefore saving energy, oxygen during periods of non-contraction. 

Cardiac Referred Pain (Moore, Pg 140)

Cardiac referred pain is when a patient feels pain on the superficial part of the body as a result of pain originating from the heart. This is because the visceral pain fibers have cells bodies located in the same ganglion as those pain fibers that innervate the somatic structures. The pain fibers travel along the sympathetic fibers to spinal cord segments T1-T4/T5. 

Anginal pain is commonly referred to the left shoulder and the medial aspect of the left upper limb, but originates from the substernal region and left pectoral regions. 

Early development of heart (Refer to Langmans Pg: 211)

At about mid third week, the embryo (Fig: 11.3 Langmans), folds cephalocaudally and laterally and as a result the two separate endocardial tubes fuse together and form the endocardial tube (cardiac tube). By this stage, the tube is made of endothelial lining on the inside and myocardial tissue on the outer regions.

The heart tube invaginates more and more into the pericardial cavity, until it is nearly obliterates leaving only a potential space, which is filled with pericardial fluid. 

Formation of cardiac loop (Refer to Langmans Pg 213)

The cardiac loop is the formation of the five segments of the heart tube rostral to caudal: 

· Truncus arteriosus: this will form the roots of the aorta and pulmonary artery

· Bulbus cordis: will form the trabeculated part of right ventricle

· Primitive ventricle/primitive atria: shared at this stage

· Sinus venosus: forms the pulmonary veins which enter the left atria

Since the bulbus cordis forms the right ventricle, we need on the right side --> hence it rotates ventrally, caudally and to the right --> whereas the atrium rotates dorsally, rostrally and to the left. This way the arterial and venous sides are accounted for. 

Division of heart into 4 chambers: interatrial and interventricular septa formation; AV valve formation (Langmans Pg. 221)

At the end of fourth week of development, a crest grows from the top of the common atrium and this forms the septum primum. This is important as it divides the atrium into its primitive “right” and “left” sides. 

The septum secundum is another crest like feature developing from the top of the atria and from the bottom. This leaves an opening for blood to shunt through. This is known as the foramen ovale (oval foramen). The upper part of the septum primum slowly disappears, such that inferior part over extends into the foramen ovale. This acts as a valve for the blood to pass. In adults this foramen ovale is not patent, and is known as the fossa ovalis. 

The endocardial cushions are projections from the lateral aspects of the primitive heart and form the primitive septa between the atria and ventricles. These are critical in future formation of AV valves. 

Divisions of ventricular outflow tracts

I seriously cannot understand this so I am sorry for no notes. I will try and get my own notes as soon as possible.

Fetal Circulation (Langmans Pg. 251 ( Fig: 11.46)

Blood from the placenta enters the fetus via the umbilical vein (saturation 80%), where it ascends towards the liver. Most of the blood bypasses the liver and goes straight into the inferior vena cava via the ductus venosus (which drains blood from the lower extremities of the body) and gets mixed with deoxygenated blood. Some blood gets diverted into the liver sinusoids, by way of sphincter mechanism. Once it reaches the right atrium, most of the blood is directed straight into the left atrium through the foramen ovale but some is directed into the right atrium due to the valve (crista dividens) present. Here it mixes with the deoxygenated blood from the superior vena cava which drains blood from the head, and upper limbs. 

From the left atrium it travels into the left ventricle, and while doing so it mixes with a small amount of desaturated blood returning from the lungs . It then travels through the ascending aorta and into the carotid and coronary arteries therefore supplying the brain and heart with richly oxygenated blood. 

Blood from the superior vena cava, passes into the right atria and ventricle and travels into the pulmonary trunk. From here most of it travels straight into the descending aorta via the ductus arteriosus (due to high resistance from pulmonary vessels) and from here travels back to the placenta via the umbilical arteries (saturation of 58%)

Changes in heart at birth

After birth the foramen ovale closes off, such that blood from the right atria cannot enter into the left atria. This only occurs during fetal development to enhance fetal circulation. The remnants of this is what we now see in adults as fossa ovalis. This is caused by an increased pressure gradient between the left and right atria and therefore causing blood flow from left to right, this eventually causes fusion of septum primum and septum secundum. 

Similarly, the ductus arteriosus is a direct connection between the pulmonary trunk and descending aorta. In adults this becomes the ligamentum arteriosum. This is because after birth ( the muscular wall around this artery contracts and obliterates the lumen. This is mediated by bradykinin (one of the mediators). 

The umbilical arteries close off after birth due to muscular contractions of their wall. Distal parts of these arteries become the medial umbilical ligaments whilst the proximal parts still persist as superior vesical arteries. The ductus venosum and umbilical veins both close off forming the ligamentum teres hepatis and ligamentium venosum respectively. 

Endocardial and conotruncal cushion problems

Refer to Langmans Pg 235 – 237. I do not completely understand this section and do not feel confident in writing notes without looking at the textbook.

