ANATOMY & PHYSIOLOGY
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Learning Objective:

|dentify, describe, and interpret anatomy
and physiology of the heart
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Anatomy:

*The heart is rotated to the left and tilted forward so 2/3 of the heart is to the
left of the midline.
*The right ventricle sits most forward in the chest
*The left atrium sits furthest posterior in the chest
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*Located in the mediastinum and bordered by the following:
*Anteriorly: the sternum and left-sided costal cartilages 3-5
*Posteriorly: the descending aorta, esophagus, trachea, posterior

lungs
eLaterally: the lungs
*Superiorly: Ascending aorta and superior vena cava
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Anatomy:

eCardiac exam based on anatomical position
«Aortic area: right upper sternal border, 2" intercostal space
Pulmonic area: left upper sternal border, 2" intercostal space
*Erb’s point: left sternal border, 3™ intercostal space
*Tricuspid area: left lower sternal border
Mitral area: just medial to the midclavicular line, 5™" intercostal space
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Radiological Anatomy:
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Radiological Anatomy:
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Figure 4-2 Radiology and Angiocardiography
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Cardiac chambers:

Right atrium:
*Accepts deoxygenated venous blood from the superior vena cava, inferior vena
cava, and coronary sinus
*Blood drains from right atrium through tricuspid valve to right ventricle
(diastole)
*Both atria contract at the end of diastole. This is known as “atrial kick.”
*Correlates with S4 in pathological heart
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Cardiac chambers:

*Right ventricle:
*Accepts blood from the right atrium
*Ejects un-oxygenated blood across the pulmonic valve into the pulmonary trunk
during systole.
*Blood enters the lungs and becomes oxygenated at the capillary level
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Cardiac chambers:

Left atrium:
*Receives oxygenated blood from the pulmonary veins
*Blood drains from the left atrium through the mitral valve into the left ventricle
during diastole
*Both atria contract at the end of diastole
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Cardiac chambers:

Left ventricle:
*Thick muscle wall (8-15 mm thick)
*Receives oxygenated blood from left atrium
*Ejects oxygenated blood through the aortic valve into the aorta
during systole.
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Valves:lalu;
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Valves

1998, pp 8 and 131

(Courtssy of Wilkam C. Roberts, MD.)

(Courtesy of Wilkam C. Roberts, MD.)




Qalves:

Semi-lunar valves: have three cusps, open during systole and close during diastole.
Closure correspond to S2 heart sound.
*Aortic Valve
*3 cusps
*Right coronary cusp~right coronary artery
Left coronary cusp~left coronary artery
*Non coronary cusp
Left ventricular outflow tract
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Valves:lalaa ;

*Pulmonic Valve

*3 cusps
*Anterior
*Right
Left
*Right ventricular outflow tract
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Valves: ol :

Atrio-ventricular valves (A-V): open during diastole and close during systole.
Closure correspond to S1 heart sound.

*Mitral Valve (bicuspid valve)
*Located between LA and LV
2 leaflets
*Anteromedial
*Posterolateral
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Valves:

*Tricuspid Valve
eLocated between RA and RV

3 |eaflets
*Anterior
*Medial
*Posterolateral
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Valves:lalawa

Papillary muscles

*Muscles arise from the ventricular walls
*Connect to MV and TV by chordae tendineae
*Contraction of papillary muscles
*Pulls the leaflets together and downward at onset of isovolumetric
ventricular contraction.
*Keeps orifice closed during systole
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Pericardium:

*Connective tissue that encloses the heart
*2 layers
*\isceral pericardium (synonymous with epicarium)
*Parietal pericardium (thick fibrous tissue)
*Pericardial fluid
*10-20 cc of lubricating fluid
eLayers separated by smooth, glistening, serous tissue

SBLNP*
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Innervations: —uxaxs:

*Autonomic nervous system
*Controls rate of impulse (heart rate)
*Controls conductivity (impulse speed)
*Contractility (force of contraction)

PR Y| JURTIOCY S PA NI
(L.\Eu\.\)m)u‘..\)md\d&\om.ﬁdj).\.\sO
(u\_\).\ag_tc)u)d\_q.\J\om.tSJJJ.\.\So
( . .~'.~ b)é) . ."- °
*Sympathetic innervation

*Originates from the thoracic ganglia 1-5
*Branches meet at cardiac plexus near the arch of the aorta
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Innervations: —uxaas:

and innervate the following through Beta-1 receptors
*SA Node-increased heart rate
*Atria-increased contractility and conduction velocity
*AV Node-increased conduction velocity
*Ventricles-increased contractility and conduction velocity
*Increased sympathetic tone may increase irritability
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Innervation: —u<xaxi:

*Parasympathetic innervation
*Impulse transmitted via vagus nerve
*SA Node-decreased heart rate
*Atria-decreased contractility
*AV Node-decreased conduction velocity
*Ventricles-NO parasympathetic innervation
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aoronary arteries: LS| ol

*The ostia “small openings” of the left and right coronary artery are located

behind the left and right coronary cusps of the aortic valve
*Coronary arteries fill during diastole (low pressure backwash)
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Coronary arteries:-dS! () 5

*The ostia “small openings” of the left and right coronary artery are located
behind the left and right coronary cusps of the aortic valve
*Coronary arteries fill during diastole (low pressure backwash)
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Blood Supply:0sa sl

*Right Coronary Artery (RCA):
Inferior wall of the left ventricle
*Right atrium
*Right ventricle
*Part of the septum
*SA node in 70% of patients
*AV node
*PDA in 85% of patients
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Blood Supply:0sa sl

Left Main Coronary Artery (divides into LAD and CFX)
Left Anterior Descending Artery (LAD):

*Part of the septum & Bundle Branches

*Bulk of the left ventricle
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*Circumflex Artery
*SA node in 25% of patients
sLateral /Part of Posterior wall of left ventricle, LA
*PDA in 10%

*Posterior Descending Artery (PDA)
*Part of septum
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Physiology:cs 3 s :
*The function of the heart is to deliver oxygenated blood to the tissues

*The primary measure of this function is Cardiac Output (CO)
eCardiac Output
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Stroke volume x heart rate

*Measure in total blood volume per minute
*4-6 liters per minute
*Measured in hospitalized patients with a Swan-Ganz
catheter
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Physiology:s 5.5 s %

*Stoke volume
*\VVolume of blood exiting the left ventricle into the aorta with
each contraction
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*Preload:
*The load that stretches the heart muscle prior to
contraction (at end diastole when the ventricle has its
maximum volume and therefore its greatest stretch)
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Physiology:s 5.5 s %:

*Stoke volume
*Preload:
*Four major components of preload:
*Total blood volume
*Distribution of blood volume
eAtrial contraction
*Compliance
514 ;5\4);.1 adA o
.le\).i o
shonsloal s
O™ S sadapna e
O™ pd muagie
) (aadi @
G n e



-

Physiology:s 5.5 s %

*Stoke volume
*Afterload:
*The tension developed in the wall of the ventricle during
contraction
*Determined by two factors
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Physiology:s 5.5 s %:

1. Aortic pressure (mean blood pressure)
*The resistance against which the ventricles
must contract

*Influenced by
*Peripheral vascular resistance
*Blood volume
2. The volume of the ventricular cavity and the
thickness of the ventricular wall
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Physiology:s 5.5 s %

*Stoke volume
*Myocardial Contractility
*Force of contraction generated by the ventricles
*Affected by:
*Increased by:
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Physiology:s 5.5 s %

*Adrenergic nervous system
*Catecholamines
*Postive inotropic drugs/substances

*Digoxin
*|soproterenol
*Dopamine
*Dobutamine
eCalcium
*Caffeine ;5\_1;).1).3\ —Lac e_\w o
e (el J oSS o
Catie S5 55l 2 5 f4g 50 @
S ala e
s Fis sl
(el 92 @
Cralisy 9
(dlSe



)

Physiology:s 5.5 s %

*Stoke volume
*Myocardial Contractility
*Force of contraction generated by the ventricles
*Affected by:
*Decreased by:
*Negative Inotropic Drugs
*Some antiarrhythmics
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Physiology:cs 5.s) s 3%
*Quinidine
*Procainamide
*Disopyramide
*Calcium channel blockers
*Beta Blockers

*Hypoxia
*Hypercapnea
*|schemia/Infarct
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Physiology:s 5.5 s %

*Heart Rate
*Increased heart rate results in increased cardiac output
*Decreased heart rate results in decreased cardiac output
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Physiology:s 5.5 s %

*Ejection Fraction (EF)
*Means of assessing primary cardiac function
*Fraction of end diastolic volume ejected from the ventricle
during each systolic contraction
*Normally between 55 and 75%
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