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The heart is a muscular pump that pushes blood through blood vessels around the body. Blood
vessels form the living system of tubes that carry blood both to and from the heart. All cells in
the body need oxygen and the vital nutrients found in blood. Without oxygen and these
nutrients, the cells will die. The heart helps to provide oxygen and nutrients to the body's
tissues and organs by ensuring a rich supply of blood. Not only do blood vessels carry oxygen
and nutrients, they also transport carbon dioxide and waste products away from our cells.
Carbon dioxide is passed out of the body by the lungs; most of the other waste products are
disposed of by the kidneys. Blood also transports heat around your body. Around 2. The heart
is a fist-sized organ which lies within the chest behind the breastbone sternum. The heart sits
on the main muscle of breathing the diaphragm , which is found beneath the lungs. The heart is
considered to have two 'sides' - the right side and the left side. The heart has four chambers an atrium and a ventricle on each side. The atria are both supplied by large blood vessels that
bring blood to the heart see below for more details. Atria have special valves that open into the
ventricles. The ventricles also have valves but, in this case, they open into blood vessels. The
walls of the heart chambers are made mainly of special heart muscle. The different sections of
the heart have to squeeze contract in the correct order for the heart to pump blood efficiently
with each heartbeat. The heart's main function is to pump blood around the body. Blood carries
nutrients and waste products and is vital to life. One of the essential nutrients found in blood is
oxygen. The right side of the heart receives blood lacking oxygen deoxygenated blood from the
body. After passing through the right atrium and right ventricle this blood is pumped to the
lungs. Here blood picks up oxygen and loses another gas called carbon dioxide. Once through
the lungs, the blood flows back to the left atrium. It then passes into the left ventricle and is
pumped into the main artery aorta supplying the body. Oxygenated blood is then carried though
blood vessels to all the body's tissues. Here oxygen and other nutrients pass into the cells
where they are used to perform the body's essential functions. A blood vessel's main function
is to transport blood around the body. Blood vessels also play a role in controlling your blood
pressure. Blood vessels are found throughout the body. There are five main types of blood
vessels: arteries, arterioles, capillaries, venules and veins. Arteries carry blood away from the
heart to other organs. They can vary in size. The largest arteries have special elastic fibres in
their walls. This helps to complement the work of the heart, by squeezing blood along when
heart muscle relaxes. Arteries also respond to signals from our nervous system, either
tightening constricting or relaxing dilating. Arterioles are the smallest arteries in the body. They
deliver blood to capillaries. Arterioles are also capable of constricting or dilating and, by doing
this, they control how much blood enters the capillaries. Capillaries are tiny vessels that
connect arterioles to venules. They have very thin walls which allow nutrients from the blood to
pass into the body tissues. Waste products from body tissues can also pass into the capillaries.
For this reason, capillaries are known as exchange vessels. Groups of capillaries within a tissue
reunite to form small veins called venules. Venules collect blood from capillaries and drain into
veins. Veins are the blood vessels that carry blood back to the heart. They may contain valves
which stop blood flowing away from the heart. The heart works by following a sequence of
electrical signals that cause the muscles in the chambers of the heart to contract in a certain
order. If these electrical signals change, the heart may not pump as well as it should. The
sequence then starts again for the next heartbeat. The closing of the valves in the heart make
the 'lub-dub' sounds that a doctor can hear with a stethoscope. If you exercise, your body
tissues need more oxygen and will produce more carbon dioxide. This means your heart must
speed up to meet those needs. How fast your heart beats your heart rate is controlled in a
number of different ways. The brain controls the heart rate through the nervous system. A
special part of the brain, called the medulla oblongata, receives information from many different
systems of the body. The brain then co-ordinates the information and either sends signals to
increase or decrease the heart rate, depending on what is necessary. Even before physical
activity begins, your heart may speed up in anticipation of what is to come. This is because a
special part of the nervous system sends signals to the medulla. As physical activity starts,
cells of the nervous system which monitor changes in the body receptors send signals about
the position of your muscles to the brain. This can increase your heart rate. The body also has
other receptors which measure levels of chemicals, such as carbon dioxide, in your blood. If
levels of carbon dioxide rise, signals are sent via the nervous system to the brain. The brain
then sends electrical signals to the heart via nerves to speed it up. The signals cause the
release of hormones which make the SA node fire more often. This means the heart beats more
frequently. The brain can also send signals to the heart to slow it down. Other hormones, such
as those from the thyroid gland, can also influence your heart rate, as can certain substances
found in your blood. The most important function of the cardiovascular system the heart and
blood vessels together is to keep blood flowing through capillaries. This allows capillary

exchange to take place. Capillary exchange is the process of nutrients passing into the body's
cells and waste products passing out. Blood vessels are uniquely designed to allow this to
happen. Blood leaves the heart in the larger arteries. These vessels help to propel blood, even
when the heart is not beating, because they have elastic walls which squeeze the blood in them.
Arterioles are smaller than arteries and provide the link between the arteries and the capillaries.
Capillaries allow nutrients and waste products to move in and out of the bloodstream. Venules
take blood from the capillaries to the veins. Veins take blood back to the heart. This constant
circulation of blood keeps us alive. Your blood vessels also play a part in the regulation of your
blood pressure. Certain chemicals in the body can cause our blood vessels either to tighten
contract or to relax dilate. Signals from our nervous system can also make our blood vessels
relax or contract. These changes cause a change in the size of the lumen of the vessel. This is
the space through which blood flows. In simple terms, constriction of blood vessels causes an
increase in blood pressure. Dilation of blood vessels causes a decrease in blood pressure.
However, blood vessels don't just control blood pressure by themselves. Your body controls
blood pressure using a complicated system. This involves hormones, signals from your brain
and nervous system and the natural responses of your blood vessels. Like any other muscle,
the heart muscle needs a good blood supply. The coronary arteries take blood to the heart
muscle. These are the first arteries to branch off the large artery aorta which takes blood to the
body from the left ventricle. Disclaimer: This article is for information only and should not be
used for the diagnosis or treatment of medical conditions. Patient Platform Limited has used all
reasonable care in compiling the information but make no warranty as to its accuracy. Consult a
doctor or other health care professional for diagnosis and treatment of medical conditions. For
details see our conditions. What are the heart and blood vessels? Our picks for Anatomy of the
heart and blood vessels. Celebrities and their heart problems Around 2. Celebrities and their
heart problems. What is blood? Join our weekly wellness digest from the best health experts in
the business Enter your email. Related Information What is blood? Anatomy of the heart and
blood vessels. Join the discussion on the forums. Health Tools Feeling unwell? Assess your
symptoms online with our free symptom checker. Start symptom checker. Blood flowing
through the circulatory system transports nutrients, oxygen, and water to cells throughout the
body. The journey might begin and end with the heart, but the blood vessels reach every vital
spot along the way. These arteries, veins, and capillaries make for a vast network of pipes. If
you were to lay out all the blood vessels of the body in a line, they would stretch for nearly 60,
miles. Blood vessels flow blood throughout the body. Arteries transport blood away from the
heart. Veins return blood back toward the heart. Capillaries surround body cells and tissues to
deliver and absorb oxygen, nutrients, and other substances. The capillaries also connect the
branches of arteries and to the branches of veins. The walls of most blood vessels have three
distinct layers: the tunica externa, the tunica media, and the tunica intima. These layers
surround the lumen, the hollow interior through which blood flows. The left ventricle of the
heart pumps oxygenated blood into the aorta. From there, blood passes through major arteries,
which branch into muscular arteries and then microscopic arterioles. The arterioles branch into
the capillary networks that supply tissues with oxygen and nutrients. The walls of arteries are
thicker than the walls of veins, with more smooth muscle and elastic tissue. This structure
allows arteries to dilate as blood pumps through them. After the capillaries release oxygen and
other substances from blood into body tissues, they feed the blood back toward the veins. First
the blood enters microscopic vein branches called venules. The venules conduct the blood into
the veins, which transport it back to the heart through the venae cavae. Vein walls are thinner
and less elastic than artery walls. The pressure pushing blood through them is not as great. In
fact, there are valves within the lumen of veins to prevent the backflow of blood. Capillaries are
tiny vessels that branch out from arterioles to form networks around body cells. In the lungs,
capillaries absorb oxygen from inhaled air into the bloodstream and release carbon dioxide for
exhalation. Elsewhere in the body, oxygen and other nutrients diffuse from blood in the
capillaries to the tissues they supply. The capillaries absorb carbon dioxide and other waste
products from the tissues and then flow the deoxygenated blood into the veins. The blood
moving through the circulatory system puts pressure on the walls of the blood vessels. Blood
pressure results from the blood flow force generated by the pumping heart and the resistance
of the blood vessel walls. When the heart contracts, it pumps blood out through the arteries.
The blood pushes against the vessel walls and flows faster under this high pressure. When the
ventricles relax, the vessel walls push back against the decreased force. Blood flow slows down
under this low pressure. Download Blood Vessels Lab Manuals. Functions of the Blood.
Anatomy of the Heart. Pulmonary and Systemic Circulation. Circulatory System Pathologies.
When you select "Subscribe" you will start receiving our email newsletter. Use the links at the
bottom of any email to manage the type of emails you receive or to unsubscribe. See our

privacy policy for additional details. Learn Site. Get our awesome anatomy emails! About News
Contact. All Rights Reserved. User Agreement Privacy Permissions. The cardiovascular system
consists of the heart, blood vessels, and the approximately 5 liters of blood that the blood
vessels transport. Even at rest, the average heart easily pumps over 5 liters of blood throughout
the body every minute. There are 2 primary circulatory loops in the human body: the pulmonary
circulation loop and the systemic circulation loop. The size of blood vessels corresponds with
the amount of blood that passes through the vessel. All blood vessels contain a hollow area
called the lumen through which blood is able to flow. Around the lumen is the wall of the vessel,
which may be thin in the case of capillaries or very thick in the case of arteries. All blood
vessels are lined with a thin layer of simple squamous epithelium known as the endothelium
that keeps blood cells inside of the blood vessels and prevents clots from forming. The
endothelium lines the entire circulatory system, all the way to the interior of the heart, where it
is called the endocardium. There are three major types of blood vessels: arteries, capillaries and
veins. Blood vessels are often named after either the region of the body through which they
carry blood or for nearby structures. For example, the brachiocephalic artery carries blood into
the brachial arm and cephalic head regions. One of its branches, the subclavian artery, runs
under the clavicle; hence the name subclavian. The subclavian artery runs into the axillary
region where it becomes known as the axillary artery. Arteries are blood vessels that carry
blood away from the heart. The pulmonary trunk and arteries of the pulmonary circulation loop
provide an exception to this rule â€” these arteries carry deoxygenated blood from the heart to
the lungs to be oxygenated. Arteries face high levels of blood pressure as they carry blood
being pushed from the heart under great force. To withstand this pressure, the walls of the
arteries are thicker, more elastic, and more muscular than those of other vessels. The largest
arteries of the body contain a high percentage of elastic tissue that allows them to stretch and
accommodate the pressure of the heart. Smaller arteries are more muscular in the structure of
their walls. The smooth muscles of the arterial walls of these smaller arteries contract or expand
to regulate the flow of blood through their lumen. In this way, the body controls how much
blood flows to different parts of the body under varying circumstances. The regulation of blood
flow also affects blood pressure, as smaller arteries give blood less area to flow through and
therefore increases the pressure of the blood on arterial walls. Arterioles are narrower arteries
that branch off from the ends of arteries and carry blood to capillaries. They face much lower
blood pressures than arteries due to their greater number, decreased blood volume, and
distance from the direct pressure of the heart. Thus arteriole walls are much thinner than those
of arteries. Arterioles, like arteries, are able to use smooth muscle to control their aperture and
regulate blood flow and blood pressure. Capillaries are the smallest and thinnest of the blood
vessels in the body and also the most common. Capillaries connect to arterioles on one end
and venules on the other. Capillaries carry blood very close to the cells of the tissues of the
body in order to exchange gases, nutrients, and waste products. The walls of capillaries consist
of only a thin layer of endothelium so that there is the minimum amount of structure possible
between the blood and the tissues. The endothelium acts as a filter to keep blood cells inside of
the vessels while allowing liquids, dissolved gases, and other chemicals to diffuse along their
concentration gradients into or out of tissues. Precapillary sphincters are bands of smooth
muscle found at the arteriole ends of capillaries. These sphincters regulate blood flow into the
capillaries. Since there is a limited supply of blood, and not all tissues have the same energy
and oxygen requirements, the precapillary sphincters reduce blood flow to inactive tissues and
allow free flow into active tissues. Veins are the large return vessels of the body and act as the
blood return counterparts of arteries. This lack of pressure allows the walls of veins to be much
thinner, less elastic, and less muscular than the walls of arteries. Veins rely on gravity, inertia,
and the force of skeletal muscle contractions to help push blood back to the heart. To facilitate
the movement of blood, some veins contain many one-way valves that prevent blood from
flowing away from the heart. As skeletal muscles in the body contract, they squeeze nearby
veins and push blood through valves closer to the heart. When the muscle relaxes, the valve
traps the blood until another contraction pushes the blood closer to the heart. Venules are
similar to arterioles as they are small vessels that connect capillaries, but unlike arterioles,
venules connect to veins instead of arteries. Venules pick up blood from many capillaries and
deposit it into larger veins for transport back to the heart. The heart has its own set of blood
vessels that provide the myocardium with the oxygen and nutrients necessary to pump blood
throughout the body. The left and right coronary arteries branch off from the aorta and provide
blood to the left and right sides of the heart. The coronary sinus is a vein on the posterior side
of the heart that returns deoxygenated blood from the myocardium to the vena cava. The veins
of the stomach and intestines perform a unique function: instead of carrying blood directly back
to the heart, they carry blood to the liver through the hepatic portal vein. Blood leaving the

digestive organs is rich in nutrients and other chemicals absorbed from food. The liver removes
toxins, stores sugars, and processes the products of digestion before they reach the other body
tissues. Blood from the liver then returns to the heart through the inferior vena cava. The
average human body contains about 4 to 5 liters of blood. As a liquid connective tissue, it
transports many substances through the body and helps to maintain homeostasis of nutrients,
wastes, and gases. Blood is made up of red blood cells, white blood cells, platelets, and liquid
plasma. Erythrocytes are produced inside of red bone marrow from stem cells at the
astonishing rate of about 2 million cells every second. The shape of erythrocytes is
biconcaveâ€”disks with a concave curve on both sides of the disk so that the center of an
erythrocyte is its thinnest part. The unique shape of erythrocytes gives these cells a high
surface area to volume ratio and allows them to fold to fit into thin capillaries. Immature
erythrocytes have a nucleus that is ejected from the cell when it reaches maturity to provide it
with its unique shape and flexibility. The lack of a nucleus means that red blood cells contain no
DNA and are not able to repair themselves once damaged. Erythrocytes transport oxygen in the
blood through the red pigment hemoglobin. Hemoglobin contains iron and proteins joined to
greatly increase the oxygen carrying capacity of erythrocytes. The high surface area to volume
ratio of erythrocytes allows oxygen to be easily transferred into the cell in the lungs and out of
the cell in the capillaries of the systemic tissues. There are two major classes of white blood
cells: granular leukocytes and agranular leukocytes. Also known as thrombocytes, platelets are
small cell fragments responsible for the clotting of blood and the formation of scabs. Platelets
form in the red bone marrow from large megakaryocyte cells that periodically rupture and
release thousands of pieces of membrane that become the platelets. Platelets do not contain a
nucleus and only survive in the body for up to a week before macrophages capture and digest
them. Plasma is a mixture of water, proteins, and dissolved substances. The proteins within
plasma include antibodies and albumins. Antibodies are part of the immune system and bind to
antigens on the surface of pathogens that infect the body. Many different substances can be
found dissolved in the plasma, including glucose, oxygen, carbon dioxide, electrolytes,
nutrients, and cellular waste products. The plasma functions as a transportation medium for
these substances as they move throughout the body. Many serious conditions and diseases
can cause our cardiovascular system to stop working properly. Browse our content to learn
more about cardiovascular health. Also, explore how DNA health testing can allow you to begin
important conversations with your doctor about genetic risks for disorders involving clotting,
hemophilia, hemochromatosis a common hereditary disorder causing iron to accumulate in the
heart and glucosephosphate dehydrogenase which affects about 1 in 10 African American men.
The left and right sides of the heart are separated by a muscular wall of tissue known as the
septum of the heart. The right side of the heart receives deoxygenated blood from the systemic
veins and pumps it to the lungs for oxygenation. The left side of the heart receives oxygenated
blood from the lungs and pumps it through the systemic arteries to the tissues of the body.
Each heartbeat results in the simultaneous pumping of both sides of the heart, making the heart
a very efficient pump. Several functions of the cardiovascular system can control blood
pressure. Certain hormones along with autonomic nerve signals from the brain affect the rate
and strength of heart contractions. Greater contractile force and heart rate lead to an increase in
blood pressure. Blood vessels can also affect blood pressure. Vasoconstriction decreases the
diameter of an artery by contracting the smooth muscle in the arterial wall. The sympathetic
fight or flight division of the autonomic nervous system causes vasoconstriction, which leads
to increases in blood pressure and decreases in blood flow in the constricted region.
Vasodilation is the expansion of an artery as the smooth muscle in the arterial wall relaxes after
the fight-or-flight response wears off or under the effect of certain hormones or chemicals in the
blood. The volume of blood in the body also affects blood pressure. A higher volume of blood in
the body raises blood pressure by increasing the amount of blood pumped by each heartbeat.
Thicker, more viscous blood from clotting disorders can also raise blood pressure. Hemostasis,
or the clotting of blood and formation of scabs, is managed by the platelets of the blood.
Platelets normally remain inactive in the blood until they reach damaged tissue or leak out of
the blood vessels through a wound. Once active, platelets change into a spiny ball shape and
become very sticky in order to latch on to damaged tissues. Platelets next release chemical
clotting factors and begin to produce the protein fibrin to act as structure for the blood clot.
Platelets also begin sticking together to form a platelet plug. The platelet plug will serve as a
temporary seal to keep blood in the vessel and foreign material out of the vessel until the cells
of the blood vessel can repair the damage to the vessel wall. By: Tim Taylor. Last Updated: Jul
29, Now please check your email to confirm your subscription. There was an error submitting
your subscription. Please try again. Email Address. All Rights Reserved. Innerbody Research
does not provide medical advice, diagnosis, or treatment. You must consult your own medical

professional. Blood is carried through the body via blood vessels. An artery is a blood vessel
that carries blood away from the heart, where it branches into ever-smaller vessels. Eventually,
the smallest arteries, vessels called arterioles, further branch into tiny capillaries, where
nutrients and wastes are exchanged, and then combine with other vessels that exit capillaries to
form venules, small blood vessels that carry blood to a vein, a larger blood vessel that returns
blood to the heart. Arteries and veins transport blood in two distinct circuits: the systemic
circuit and the pulmonary circuit. The blood returned to the heart through systemic veins has
less oxygen, since much of the oxygen carried by the arteries has been delivered to the cells. In
contrast, in the pulmonary circuit, arteries carry blood low in oxygen exclusively to the lungs for
gas exchange. Pulmonary veins then return freshly oxygenated blood from the lungs to the
heart to be pumped back out into systemic circulation. Although arteries and veins differ
structurally and functionally, they share certain features. Figure 1. The pulmonary circuit moves
blood from the right side of the heart to the lungs and back to the heart. The systemic circuit
moves blood from the left side of the heart to the head and body and returns it to the right side
of the heart to repeat the cycle. The arrows indicate the direction of blood flow, and the colors
show the relative levels of oxygen concentration. Different types of blood vessels vary slightly
in their structures, but they share the same general features. Arteries and arterioles have thicker
walls than veins and venules because they are closer to the heart and receive blood that is
surging at a far greater pressure Figure 2. Each type of vessel has a lumen â€”a hollow
passageway through which blood flows. Arteries have smaller lumens than veins, a
characteristic that helps to maintain the pressure of blood moving through the system.
Together, their thicker walls and smaller diameters give arterial lumens a more rounded
appearance in cross section than the lumens of veins. Figure 2. By the time blood has passed
through capillaries and entered venules, the pressure initially exerted upon it by heart
contractions has diminished. In other words, in comparison to arteries, venules and veins
withstand a much lower pressure from the blood that flows through them. Their walls are
considerably thinner and their lumens are correspondingly larger in diameter, allowing more
blood to flow with less vessel resistance. In addition, many veins of the body, particularly those
of the limbs, contain valves that assist the unidirectional flow of blood toward the heart. This is
critical because blood flow becomes sluggish in the extremities, as a result of the lower
pressure and the effects of gravity. The walls of arteries and veins are largely composed of
living cells and their products including collagenous and elastic fibers ; the cells require
nourishment and produce waste. Further, the walls of the larger vessels are too thick for
nutrients to diffuse through to all of the cells. The lower pressure within veins allows the vasa
vasorum to be located closer to the lumen. The restriction of the vasa vasorum to the outer
layers of arteries is thought to be one reason that arterial diseases are more common than
venous diseases, since its location makes it more difficult to nourish the cells of the arteries
and remove waste products. There are also minute nerves within the walls of both types of
vessels that control the contraction and dilation of smooth muscle. These minute nerves are
known as the nervi vasorum. Both arteries and veins have the same three distinct tissue layers,
called tunics from the Latin term tunica , for the garments first worn by ancient Romans; the
term tunic is also used for some modern garments. From the most interior layer to the outer,
these tunics are the tunica intima, the tunica media, and the tunica externa. The tunica intima
also called the tunica interna is composed of epithelial and connective tissue layers. Lining the
tunica intima is the specialized simple squamous epithelium called the endothelium, which is
continuous throughout the entire vascular system, including the lining of the chambers of the
heart. Damage to this endothelial lining and exposure of blood to the collagenous fibers
beneath is one of the primary causes of clot formation. Until recently, the endothelium was
viewed simply as the boundary between the blood in the lumen and the walls of the vessels.
Recent studies, however, have shown that it is physiologically critical to such activities as
helping to regulate capillary exchange and altering blood flow. The endothelium releases local
chemicals called endothelins that can constrict the smooth muscle within the walls of the
vessel to increase blood pressure. Uncompensated overproduction of endothelins may
contribute to hypertension high blood pressure and cardiovascular disease. Next to the
endothelium is the basement membrane, or basal lamina, that effectively binds the endothelium
to the connective tissue. The basement membrane provides strength while maintaining
flexibility, and it is permeable, allowing materials to pass through it. The thin outer layer of the
tunica intima contains a small amount of areolar connective tissue that consists primarily of
elastic fibers to provide the vessel with additional flexibility; it also contains some collagenous
fibers to provide additional strength. In larger arteries, there is also a thick, distinct layer of
elastic fibers known as the internal elastic membrane also called the internal elastic lamina at
the boundary with the tunica media. Like the other components of the tunica intima, the internal

elastic membrane provides structure while allowing the vessel to stretch. It is permeated with
small openings that allow exchange of materials between the tunics. The internal elastic
membrane is not apparent in veins. In addition, many veins, particularly in the lower limbs,
contain valves formed by sections of thickened endothelium that are reinforced with connective
tissue, extending into the lumen. Under the microscope, the lumen and the entire tunica intima
of a vein will appear smooth, whereas those of an artery will normally appear wavy because of
the partial constriction of the smooth muscle in the tunica media, the next layer of blood vessel
walls. The tunica media is the substantial middle layer of the vessel wall see Figure 2. It is
generally the thickest layer in arteries, and it is much thicker in arteries than it is in veins. The
tunica media consists of layers of smooth muscle supported by connective tissue that is
primarily made up of elastic fibers, most of which are arranged in circular sheets. Toward the
outer portion of the tunic, there are also layers of longitudinal muscle. Contraction and
relaxation of the circular muscles decrease and increase the diameter of the vessel lumen,
respectively. Specifically in arteries, vasoconstriction decreases blood flow as the smooth
muscle in the walls of the tunica media contracts, making the lumen narrower and increasing
blood pressure. Similarly, vasodilation increases blood flow as the smooth muscle relaxes,
allowing the lumen to widen and blood pressure to drop. These are generally all sympathetic
fibers, although some trigger vasodilation and others induce vasoconstriction, depending upon
the nature of the neurotransmitter and receptors located on the target cell. Parasympathetic
stimulation does trigger vasodilation as well as erection during sexual arousal in the external
genitalia of both sexes. Nervous control over vessels tends to be more generalized than the
specific targeting of individual blood vessels. Local controls, discussed later, account for this
phenomenon. Seek additional content for more information on these dynamic aspects of the
autonomic nervous system. Hormones and local chemicals also control blood vessels.
Together, these neural and chemical mechanisms reduce or increase blood flow in response to
changing body conditions, from exercise to hydration. Regulation of both blood flow and blood
pressure is discussed in detail later in this chapter. The smooth muscle layers of the tunica
media are supported by a framework of collagenous fibers that also binds the tunica media to
the inner and outer tunics. Along with the collagenous fibers are large numbers of elastic fibers
that appear as wavy lines in prepared slides. Separating the tunica media from the outer tunica
externa in larger arteries is the external elastic membrane also called the external elastic lamina
, which also appears wavy in slides. This structure is not usually seen in smaller arteries, nor is
it seen in veins. The outer tunic, the tunica externa also called the tunica adventitia , is a
substantial sheath of connective tissue composed primarily of collagenous fibers. Some bands
of elastic fibers are found here as well. The tunica externa in veins also contains groups of
smooth muscle fibers. This is normally the thickest tunic in veins and may be thicker than the
tunica media in some larger arteries. The outer layers of the tunica externa are not distinct but
rather blend with the surrounding connective tissue outside the vessel, helping to hold the
vessel in relative position. If you are able to palpate some of the superficial veins on your upper
limbs and try to move them, you will find that the tunica externa prevents this. If the tunica
externa did not hold the vessel in place, any movement would likely result in disruption of blood
flow. An artery is a blood vessel that conducts blood away from the heart. All arteries have
relatively thick walls that can withstand the high pressure of blood ejected from the heart.
However, those close to the heart have the thickest walls, containing a high percentage of
elastic fibers in all three of their tunics. This type of artery is known as an elastic artery see
Figure 3. Vessels larger than 10 mm in diameter are typically elastic. Their abundant elastic
fibers allow them to expand, as blood pumped from the ventricles passes through them, and
then to recoil after the surge has passed. If artery walls were rigid and unable to expand and
recoil, their resistance to blood flow would greatly increase and blood pressure would rise to
even higher levels, which would in turn require the heart to pump harder to increase the volume
of blood expelled by each pump the stroke volume and maintain adequate pressure and flow.
Artery walls would have to become even thicker in response to this increased pressure. The
elastic recoil of the vascular wall helps to maintain the pressure gradient that drives the blood
through the arterial system. An elastic artery is also known as a conducting artery, because the
large diameter of the lumen enables it to accept a large volume of blood from the heart and
conduct it to smaller branches. Figure 3. Comparison of the walls of an elastic artery, a
muscular artery, and an arteriole is shown. In terms of scale, the diameter of an arteriole is
measured in micrometers compared to millimeters for elastic and muscular arteries. The artery
at this point is described as a muscular artery. The diameter of muscular arteries typically
ranges from 0. Their thick tunica media allows muscular arteries to play a leading role in
vasoconstriction. In contrast, their decreased quantity of elastic fibers limits their ability to
expand. Fortunately, because the blood pressure has eased by the time it reaches these more

distant vessels, elasticity has become less important. Rather, there is a gradual transition as the
vascular tree repeatedly branches. In turn, muscular arteries branch to distribute blood to the
vast network of arterioles. For this reason, a muscular artery is also known as a distributing
artery. An arteriole is a very small artery that leads to a capillary. Arterioles have the same three
tunics as the larger vessels, but the thickness of each is greatly diminished. The critical
endothelial lining of the tunica intima is intact. The tunica media is restricted to one or two
smooth muscle cell layers in thickness. The tunica externa remains but is very thin see Figure 3.
With a lumen averaging 30 micrometers or less in diameter, arterioles are critical in slowing
downâ€”or resistingâ€”blood flow and, thus, causing a substantial drop in blood pressure.
Because of this, you may see them referred to as resistance vessels. The muscle fibers in
arterioles are normally slightly contracted, causing arterioles to maintain a consistent muscle
toneâ€”in this case referred to as vascular toneâ€”in a similar manner to the muscular tone of
skeletal muscle. In reality, all blood vessels exhibit vascular tone due to the partial contraction
of smooth muscle. The importance of the arterioles is that they will be the primary site of both
resistance and regulation of blood pressure. The precise diameter of the lumen of an arteriole at
any given moment is determined by neural and chemical controls, and vasoconstriction and
vasodilation in the arterioles are the primary mechanisms for distribution of blood flow. A
capillary is a microscopic channel that supplies blood to the tissues themselves, a process
called perfusion. Exchange of gases and other substances occurs in the capillaries between the
blood and the surrounding cells and their tissue fluid interstitial fluid. The diameter of a
capillary lumen ranges from 5â€”10 micrometers; the smallest are just barely wide enough for
an erythrocyte to squeeze through. Flow through capillaries is often described as
microcirculation. The wall of a capillary consists of the endothelial layer surrounded by a
basement membrane with occasional smooth muscle fibers. There is some variation in wall
structure: In a large capillary, several endothelial cells bordering each other may line the lumen;
in a small capillary, there may be only a single cell layer that wraps around to contact itself. For
capillaries to function, their walls must be leaky, allowing substances to pass through. The
most common type of capillary, the continuous capillary , is found in almost all vascularized
tissues. Continuous capillaries are characterized by a complete endothelial lining with tight
junctions between endothelial cells. Although a tight junction is usually impermeable and only
allows for the passage of water and ions, they are often incomplete in capillaries, leaving
intercellular clefts that allow for exchange of water and other very small molecules between the
blood plasma and the interstitial fluid. Substances that can pass between cells include
metabolic products, such as glucose, water, and small hydrophobic molecules like gases and
hormones, as well as various leukocytes. Continuous capillaries not associated with the brain
are rich in transport vesicles, contributing to either endocytosis or exocytosis. Those in the
brain are part of the blood-brain barrier. Here, there are tight junctions and no intercellular
clefts, plus a thick basement membrane and astrocyte extensions called end feet; these
structures combine to prevent the movement of nearly all substances. Figure 4. The three major
types of capillaries: continuous, fenestrated, and sinusoid. A fenestrated capillary is one that
has pores or fenestrations in addition to tight junctions in the endothelial lining. These make the
capillary permeable to larger molecules. The number of fenestrations and their degree of
permeability vary, however, according to their location. Fenestrated capillaries are common in
the small intestine, which is the primary site of nutrient absorption, as well as in the kidneys,
which filter the blood. They are also found in the choroid plexus of the brain and many
endocrine structures, including the hypothalamus, pituitary, pineal, and thyroid glands. A
sinusoid capillary or sinusoid is the least common type of capillary. Sinusoid capillaries are
flattened, and they have extensive intercellular gaps and incomplete basement membranes, in
addition to intercellular clefts and fenestrations. This gives them an appearance not unlike
Swiss cheese. These very large openings allow for the passage of the largest molecules,
including plasma proteins and even cells. Blood flow through sinusoids is very slow, allowing
more time for exchange of gases, nutrients, and wastes. Sinusoids are found in the liver and
spleen, bone marrow, lymph nodes where they carry lymph, not blood , and many endocrine
glands including the pituitary and adrenal glands. Without these specialized capillaries, these
organs would not be able to provide their myriad of functions. For example, when bone marrow
forms new blood cells, the cells must enter the blood supply and can only do so through the
large openings of a sinusoid capillary; they cannot pass through the small openings of
continuous or fenestrated capillaries. The liver also requires extensive specialized sinusoid
capillaries in order to process the materials brought to it by the hepatic portal vein from both
the digestive tract and spleen, and to release plasma proteins into circulation. A metarteriole is
a type of vessel that has structural characteristics of both an arteriole and a capillary. Slightly
larger than the typical capillary, the smooth muscle of the tunica media of the metarteriole is not

continuous but forms rings of smooth muscle sphincters prior to the entrance to the capillaries.
Each metarteriole arises from a terminal arteriole and branches to supply blood to a capillary
bed that may consist of 10â€” capillaries. The precapillary sphincters , circular smooth muscle
cells that surround the capillary at its origin with the metarteriole, tightly regulate the flow of
blood from a metarteriole to the capillaries it supplies. Their function is critical: If all of the
capillary beds in the body were to open simultaneously, they would collectively hold every drop
of blood in the body and there would be none in the arteries, arterioles, venules, veins, or the
heart itself. Normally, the precapillary sphincters are closed. When the surrounding tissues
need oxygen and have excess waste products, the precapillary sphincters open, allowing blood
to flow through and exchange to occur before closing once more see Figure 5. If all of the
precapillary sphincters in a capillary bed are closed, blood will flow from the metarteriole
directly into a thoroughfare channel and then into the venous circulation, bypassing the
capillary bed entirely. This creates what is known as a vascular shunt. In addition, an
arteriovenous anastomosis may bypass the capillary bed and lead directly to the venous
system. Although you might expect blood flow through a capillary bed to be smooth, in reality,
it moves with an irregular, pulsating flow. This pattern is called vasomotion and is regulated by
chemical signals that are triggered in response to changes in internal conditions, such as
oxygen, carbon dioxide, hydrogen ion, and lactic acid levels. For example, during strenuous
exercise when oxygen levels decrease and carbon dioxide, hydrogen ion, and lactic acid levels
all increase, the capillary beds in skeletal muscle are open, as they would be in the digestive
system when nutrients are present in the digestive tract. During sleep or rest periods, vessels in
both areas are largely closed; they open only occasionally to allow oxygen and nutrient
supplies to travel to the tissues to maintain basic life processes. Figure 5. In a capillary bed,
arterioles give rise to metarterioles. Precapillary sphincters located at the junction of a
metarteriole with a capillary regulate blood flow. A thoroughfare channel connects the
metarteriole to a venule. An arteriovenous anastomosis, which directly connects the arteriole
with the venule, is shown at the bottom. A venule is an extremely small vein, generally 8â€”
micrometers in diameter. Postcapillary venules join multiple capillaries exiting from a capillary
bed. Multiple venules join to form veins. The walls of venules consist of endothelium, a thin
middle layer with a few muscle cells and elastic fibers, plus an outer layer of connective tissue
fibers that constitute a very thin tunica externa. Venules as well as capillaries are the primary
sites of emigration or diapedesis, in which the white blood cells adhere to the endothelial lining
of the vessels and then squeeze through adjacent cells to enter the tissue fluid. A vein is a
blood vessel that conducts blood toward the heart. Compared to arteries, veins are thin-walled
vessels with large and irregular lumens see Figure 6. Figure 6. Many veins have valves to
prevent back flow of blood, whereas venules do not. In terms of scale, the diameter of a venule
is measured in micrometers compared to millimeters for veins. Because they are low-pressure
vessels, larger veins are commonly equipped with valves that promote the unidirectional flow of
blood toward the heart and prevent backflow toward the capillaries caused by the inherent low
blood pressure in veins as well as the pull of gravity. Higher in pulmonary veins Valves Not
present Present most commonly in limbs and in veins inferior to the heart Disorders of the
Cardiovascular System: Edema and Varicose Veins Despite the presence of valves and the
contributions of other anatomical and physiological adaptations we will cover shortly, over the
course of a day, some blood will inevitably pool, especially in the lower limbs, due to the pull of
gravity. Any blood that accumulates in a vein will increase the pressure within it, which can then
be reflected back into the smaller veins, venules, and eventually even the capillaries. Increased
pressure will promote the flow of fluids out of the capillaries and into the interstitial fluid. The
presence of excess tissue fluid around the cells leads to a condition called edema. Most people
experience a daily accumulation of tissue fluid, especially if they spend much of their work life
on their feet like most health professionals. However, clinical edema goes beyond normal
swelling and requires medical treatment. Edema has many potential causes, including
hypertension and heart failure, severe protein deficiency, renal failure, and many others. In
order to treat edema, which is a sign rather than a discrete disorder, the underlying cause must
be diagnosed and alleviated. Figure 7. Varicose veins are commonly found in the lower limbs.
Edema may be accompanied by varicose veins, especially in the superficial veins of the legs.
This disorder arises when defective valves allow blood to accumulate within the veins, causing
them to distend, twist, and become visible on the surface of the integument. Varicose veins may
occur in both sexes, but are more common in women and are often related to pregnancy. More
than simple cosmetic blemishes, varicose veins are often painful and sometimes itchy or
throbbing. Without treatment, they tend to grow worse over time. The use of support hose, as
well as elevating the feet and legs whenever possible, may be helpful in alleviating this
condition. Laser surgery and interventional radiologic procedures can reduce the size and

severity of varicose veins. Severe cases may require conventional surgery to remove the
damaged vessels. As there are typically redundant circulation patterns, that is, anastomoses,
for the smaller and more superficial veins, removal does not typically impair the circulation.
There is evidence that patients with varicose veins suffer a greater risk of developing a
thrombus or clot. In addition to their primary function of returning blood to the heart, veins may
be considered blood reservoirs, since systemic veins contain approximately 64 percent of the
blood volume at any given time. Their ability to hold this much blood is due to their high
capacitance , that is, their capacity to distend expand readily to store a high volume of blood,
even at a low pressure. The large lumens and relatively thin walls of veins make them far more
distensible than arteries; thus, they are said to be capacitance vessels. When blood flow needs
to be redistributed to other portions of the body, the vasomotor center located in the medulla
oblongata sends sympathetic stimulation to the smooth muscles in the walls of the veins,
causing constrictionâ€”or in this case, venoconstriction. This increases pressure on the blood
within the veins, speeding its return to the heart. This volume of blood is referred to as venous
reserve. Vascular surgery is a specialty in which the physician deals primarily with diseases of
the vascular portion of the cardiovascular system. This includes repair and replacement of
diseased or damaged vessels, removal of plaque from vessels, minimally invasive procedures
including the insertion of venous catheters, and traditional surgery. Following completion of
medical school, the physician generally completes a 5-year surgical residency followed by an
additional 1 to 2 years of vascular specialty training. Vascular technicians are specialists in
imaging technologies that provide information on the health of the vascular system. They may
also assist physicians in treating disorders involving the arteries and veins. This profession
often overlaps with cardiovascular technology, which would also include treatments involving
the heart. Although recognized by the American Medical Association, there are currently no
licensing requirements for vascular technicians, and licensing is voluntary. The United States
Bureau of Labor projects this profession to grow by 29 percent from to Blood pumped by the
heart flows through a series of vessels known as arteries, arterioles, capillaries, venules, and
veins before returning to the heart. Arteries transport blood away from the heart and branch into
smaller vessels, forming arterioles. Arterioles distribute blood to capillary beds, the sites of
exchange with the body tissues. Capillaries lead back to small vessels known as venules that
flow into the larger veins and eventually back to the heart. The arterial system is a relatively
high-pressure system, so arteries have thick walls that appear round in cross section. The
venous system is a lower-pressure system, containing veins that have larger lumens and
thinner walls. They often appear flattened. Arteries, arterioles, venules, and veins are composed
of three tunics known as the tunica intima, tunica media, and tunica externa. Capillaries have
only a tunica intima layer. The tunica intima is a thin layer composed of a simple squamous
epithelium known as endothelium and a small amount of connective tissue. The tunica media is
a thicker area composed of variable amounts of smooth muscle and connective tissue. It is the
thickest layer in all but the largest arteries. The tunica externa is primarily a layer of connective
tissue, although in veins, it also contains some smooth muscle. Blood flow through vessels can
be dramatically influenced by vasoconstriction and vasodilation in their walls. Answer the
question s below to see how well you understand the topics covered in the previous section.
Skip to main content. Search for:. Structure and Function of Blood Vessels Learning Objectives
By the end of this section, you will be able to: Compare and contrast the three tunics that make
up the walls of most blood vessels Distinguish between elastic arteries, muscular arteries, and
arterioles on the basis of structure, location, and function Describe the basic structure of a
capillary bed, from the supplying metarteriole to the venule into which it drains Explain the
structure and function of venous valves in the large veins of the extremities. Disorders of the
Cardiovascular System: Edema and Varicose Veins Despite the presence of valves and the
contributions of other anatomical and physiological adaptations we will cover shortly, over the
course of a day, some blood will inevitably pool, especially in the lower limbs, due to the pull of
gravity. Visit this site to learn more about vascular surgery. Visit this site to learn more about
vascular technicians. Critical Thinking Questions Arterioles are often referred to as resistance
vessels. Cocaine use causes vasoconstriction. Is this likely to increase or decrease blood
pressure, and why? A blood vessel with a few smooth muscle fibers and connective tissue, and
only a very thin tunica externa conducts blood toward the heart. What type of vessel is this?
Show Answers Arterioles receive blood from arteries, which are vessels with a much larger
lumen. As their own lumen averages just 30 micrometers or less, arterioles are critical in
slowing downâ€”or resistingâ€”blood flow. The arterioles can also constrict or dilate, which
varies their resistance, to help distribute blood flow to the tissues. Vasoconstriction causes the
lumens of blood vessels to narrow. This increases the pressure of the blood flowing within the
vessel. This is a venule. Licenses and Attributions. CC licensed content, Shared previously.

Heart is a vital organ that you cannot live without. The function of heart is quite complex, but
you can understand things better through the heart diagram labeled below. It provides
information about different chambers of the heart and valves that help transfer blood from one
part of your heart to another. Keep reading to learn more about how your heart works. The
shape of the human heart is like an upside-down pear, weighing between ounces, and is little
larger than the size of the fist. It is located between the lungs, in the middle of the chest, behind
and slightly to the left of the breast bone. The heart, one of the most significant organs in the
human body, is a muscular pump, which pumps blood throughout the body. It beats
approximately 72 times per minute, and pumps oxygenated blood to different parts of the body.
There are four chambers in your heart that are left atrium, right atrium, left ventricle, and right
ventricle. Your heart has four types of valves with primary function of regulating the blood flow
through the heart. Every heart diagram labeledwill clearly show these valves. These valves
allow blood flow in one direction only. Different valves perform different functions. Blood
vessels are more like a network that helps circulate blood throughout your body. There are two
types of them: arteries and veins. Your circulatory system works to transfer oxygenated blood
to all the tissues of your body. Your heart pushes blood out when it contracts. It moves in two
cycles. In the systemic loop, controlled by the left side of your heart, the blood circulates in
your body and supplies oxygen to your organs, tissues, and other structures. In the pulmonary
loop, controlled by the right side of your heart, the blood moves to the lungs to release carbon
dioxide and get new oxygen. In the systemic loop, the oxygenated blood comes from the lungs
and enters the left atrium, or the upper left chamber of your heart. The chamber presses on the
mitral valve once filled with blood and the blood flows into the left ventricle. The blood on the
left side of your heart will go into the aorta when the ventricles contract during a heartbeat. The
aorta is about an inch wide and supplies oxygen-rich blood to the body's cells. The used blood
them moves back and is collected into the two veins, the superior vena cava that receives blood
from your upper body, and the inferior vena cava that receives blood from your lower body.
These veins empty into the right atrium of your heart from where your blood moves to the right
ventricle through the tricuspid valve. Ventricle contracts and pushes the blood into the
pulmonary artery that sends blood to your lungs from where oxygen-rich blood returns to the
left ventricle and the process continues. A heart diagram labeled will provide plenty of
information about the structure of your heart, including the wall of your heart. The wall of the
heart has three different layers, such as the Myocardium, the Epicardium, and the Endocardium.
Here's more about these three layers. The outermost layer of your heart wall is called the
epicardium, which is basically a very thin layer of serous membrane. The membrane provides
lubrication and protection to the outer side of your heart, as you can see in heart diagram
labeled. Right beneath epicardium is another relatively thicker layer called myocardium. This
muscular middle layer of heart wall contains cardiac muscle tissue. Most of the thickness and
mass of your heart wall is made up of the myocardium. The layer is part of the heart that is
pumps blood through your body. Under the myocardium, there is another thin layer called the
endocardium. The layer lines the inside of your heart and is usually very smooth. The main role
of this smooth, thin layer is to prevent your blood from sticking into the sides of your heart. It
also helps prevent the formation of deadly blood clots. The arteries that supply blood back to
the heart may become clogged due to the buildup of cholesterol plaque. This blockage will
cause coronary artery disease. These narrowed arteries may develop a blood clot at any time
that leads to a condition called heart attack. Also called heart attack, myocardial infarction is the
outcome of sudden blockage of a coronary artery. The blockage reduces the amount of oxygen
that gets into your heart, which in turn proves fatal for the heart muscle. The condition is
characterized by irregular or abnormal heart rhythm caused by changes in the conduction of
electrical impulses through your heart. Arrhythmias can be benign or have life-threatening
consequences. You develop this condition when your heart becomes too stiff or too weak to
pump enough blood through your body. If you're noticing symptoms like shortness of breath
and leg swelling, this may indicate congestive heart failure. You develop this condition when
your heart muscle becomes inflamed. In most cases, this inflammation is the outcome of a viral
infection. When someone dies because of cardiac arrest or sudden loss of heart function, it is
called sudden cardiac death. The condition is sometimes known as cardiac arrest. You have
four valves in your heart and issues with any one of them will lead to the development of a heart
disease. When not treated early, heart valve disease can lead to the congestive heart failure.
When your doctor listens to your heartbeat with the help of stethoscope, he may hear abnormal
heart sound. This condition is called heart murmur, which is mostly benign. It may sometimes
suggest heart disease as well. Copyright WWW. Last Updated 22 February, Four Chambers of
the Heart and Blood Circulation The shape of the human heart is like an upside-down pear,
weighing between ounces, and is little larger than the size of the fist. Atria and Ventricles There

are four chambers in your heart that are left atrium, right atrium, left ventricle, and right
ventricle. The upper chambers of your heart are atria, whereas the lower chambers are
ventricles. Deoxygenated blood enters your heart through the right atria from where the blood
moves into the right ventricle first and then to the lungs through the pulmonary artery. Your left
atrium receives oxygenated blood from the lungs, which is then pumped into the left ventricle
from where it moves into the aorta and then to the different parts of your body. Valves to Ensure
Unidirectional Blood Flow Your heart has four types of valves with primary function of
regulating the blood flow through the heart. Tricuspid valve is located between the right
ventricle of your heart and the right atrium, and allows the blood to move from the right atrium
to the right ventricle. Pulmonary valve is between the left pulmonary artery of your heart and its
right ventricle. It opens up when the right ventricle contracts and allows the blood to move into
the left pulmonary artery. Similarly, mitral valve has two cusps and is located in a way that it
causes a separation between the left ventricle of your heart and the left atrium of your heart. It
pumps the oxygenated blood into the left ventricle when the left atrium contracts. Aortic valve
separates the aorta from the left ventricle and regulate the flow of blood from the ventricle to the
rest of your body. Blood Vessels Blood vessels help transport blood to-and-fro from your heart.
These vessels connect other organs in your body to your heart. The basic function of these
vessels is to take deoxygenated blood from different organs, supply it to the heart, and then
take oxygenated blood that comes from the lungs into the heart to the rest of your body.
Arteries: These types of blood vessels take oxygen-rich blood from the heart and transport to
the capillaries. Arteries are quite tough on the outside but are smooth on the inside. There are
three arteries of the heart, including pulmonary artery, aorta, and coronary arteries. Pulmonary
artery is the only artery that takes deoxygenated blood from the right side of your heart to your
lungs; aorta is the main artery of the heart and transports oxygenated blood to the rest of your
body; and coronary arteries are attached to the heart and transfer oxygen-rich blood to your
heart muscles. Veins: Although they are quite like arteries, they aren't as strong mainly because
they don't transport blood at high pressure. The veins receive waste products after the
exchange of oxygen and carbon dioxide. Three veins of the heart are pulmonary vein, Venae
Cavae, and coronary sinus. Pulmonary vein transfer oxygenated blood to the left side of your
heart, venae cavae takes deoxygenated blood back to the heart, and coronary sinus receives
deoxygenated blood and transfers it to the right atria. Exterior of the Human Heart A heart
diagram labeled will provide plenty of information about the structure of your heart, including
the wall of your heart. Epicardium The outermost layer of your heart wall is called the
epicardium, which is basically a very thin layer of serous membrane. Myocardium Right beneath
epicardium is another relatively thicker layer called myocardium. Endocardium Under the
myocardium, there is another thin layer called the endocardium. Watch this video to learn more
about the structure of human heart. Different Types of Heart Conditions Coronary Artery
Disease The arteries that supply blood back to the heart may become clogged due to the
buildup of cholesterol plaque. Myocardial Infarction Also called heart attack, myocardial
infarction is the outcome of sudden blockage of a coronary artery. Arrhythmia The condition is
characterized by irregular or abnormal heart rhythm caused by changes in the conduction of
electrical impulses through your heart. Congestive Heart Failure You develop this condition
when your heart becomes too stiff or too weak to pump enough blood through your body.
Myocarditis You develop this condition when your heart muscle becomes inflamed. Cardiac
Arrest It is a type of heart failure because it refers to the sudden loss of function of your heart.
Sudden Cardiac Death When someone dies because of cardiac arrest or sudden loss of heart
function, it is called sudden cardiac death. Heart Valve Disease You have four valves in your
heart and issues with any one of them will lead to the development of a heart disease. Heart
Murmur When your doctor listens to your heartbeat with the help of stethoscope, he may hear
abnormal heart sound. The cardiovascular system is a closed system if the heart and blood
vessels. The heart pumps blood through a closed system of blood vessels. Blood vessels allow
blood to circulate to all parts of the body. The vital importance of the heart is obvious. If one
assumes an average rate of contraction of 75 contractions per minute, a human heart would
contract approximately , times in one day, more than 39 million times in one year, and nearly 3
billion times during a year lifespan. Each of the major pumping chambers of the heart ejects
approximately 70 mL blood per contraction in a resting adult. This would be equal to 5. Over
one year, that would equal 10,, liters or 2. In order to understand how that happens, it is
necessary to understand the anatomy and physiology of the heart. The human heart is located
within the thoracic cavity, medially between the lungs in the space known as the mediastinum.
Within the mediastinum, the heart is separated from the other mediastinal structures by a tough
membrane known as the pericardium, or pericardial sac, and sits in its own space called the
pericardial cavity. The dorsal surface of the heart lies near the bodies of the vertebrae, and its

anterior surface sits deep to the sternum and costal cartilages. The great veins, the superior
and inferior venae cavae, and the great arteries, the aorta and pulmonary trunk, are attached to
the superior surface of the heart, called the base. The base of the heart is located at the level of
the third costal cartilage, as seen in Figure 1. The inferior tip of the heart, the apex, lies just to
the left of the sternum between the junction of the fourth and fifth ribs near their articulation
with the costal cartilages. The right side of the heart is deflected anteriorly, and the left side is
deflected posteriorly. It is important to remember the position and orientation of the heart when
placing a stethoscope on the chest of a patient and listening for heart sounds, and also when
looking at images taken from a midsagittal perspective. The slight deviation of the apex to the
left is reflected in a depression in the medial surface of the inferior lobe of the left lung, called
the cardiac notch. Figure 1. The heart is located within the thoracic cavity, medially between the
lungs in the mediastinum. It is about the size of a fist, is broad at the top, and tapers toward the
base. By applying pressure with the flat portion of one hand on the sternum in the area between
the lines in the image below , it is possible to manually compress the blood within the heart
enough to push some of the blood within it into the pulmonary and systemic circuits. This is
particularly critical for the brain, as irreversible damage and death of neurons occur within
minutes of loss of blood flow. If you are unfamiliar with this song, you can likely find a version
of it online. At this stage, the emphasis is on performing high-quality chest compressions,
rather than providing artificial respiration. CPR is generally performed until the patient regains
spontaneous contraction or is declared dead by an experienced healthcare professional. When
performed by untrained or overzealous individuals, CPR can result in broken ribs or a broken
sternum, and can inflict additional severe damage on the patient. It is also possible, if the hands
are placed too low on the sternum, to manually drive the xiphoid process into the liver, a
consequence that may prove fatal for the patient. Proper training is essential. This proven
life-sustaining technique is so valuable that virtually all medical personnel as well as concerned
members of the public should be certified and routinely recertified in its application. CPR
courses are offered at a variety of locations, including colleges, hospitals, the American Red
Cross, and some commercial companies. They normally include practice of the compression
technique on a mannequin. Figure 2. If the heart should stop, CPR can maintain the flow of
blood until the heart resumes beating. By applying pressure to the sternum, the blood within the
heart will be squeezed out of the heart and into the circulation. Proper positioning of the hands
on the sternum to perform CPR would be between the lines at T4 and T9. The shape of the heart
is similar to a pinecone, rather broad at the superior surface and tapering to the apex. A typical
heart is approximately the size of your fist: 12 cm 5 in in length, 8 cm 3. Given the size
difference between most members of the sexes, the weight of a female heart is approximately
â€” grams 9 to 11 ounces , and the weight of a male heart is approximately â€” grams 11 to 12
ounces. The heart of a well-trained athlete, especially one specializing in aerobic sports, can be
considerably larger than this. Cardiac muscle responds to exercise in a manner similar to that
of skeletal muscle. That is, exercise results in the addition of protein myofilaments that increase
the size of the individual cells without increasing their numbers, a concept called hypertrophy.
Hearts of athletes can pump blood more effectively at lower rates than those of nonathletes.
Enlarged hearts are not always a result of exercise; they can result from pathologies, such as
hypertrophic cardiomyopathy. The cause of an abnormally enlarged heart muscle is unknown,
but the condition is often undiagnosed and can cause sudden death in apparently otherwise
healthy young people. The human heart consists of four chambers: The left side and the right
side each have one atrium and one ventricle. The ventricles serve as the primary pumping
chambers of the heart, propelling blood to the lungs or to the rest of the body. There are two
distinct but linked circuits in the human circulation called the pulmonary and systemic circuits.
Although both circuits transport blood and everything it carries, we can initially view the
circuits from the point of view of gases. The pulmonary circuit transports blood to and from the
lungs, where it picks up oxygen and delivers carbon dioxide for exhalation. The systemic circuit
transports oxygenated blood to virtually all of the tissues of the body and returns relatively
deoxygenated blood and carbon dioxide to the heart to be sent back to the pulmonary
circulation. The right ventricle pumps deoxygenated blood into the pulmonary trunk , which
leads toward the lungs and bifurcates into the left and right pulmonary arteries. These vessels
in turn branch many times before reaching the pulmonary capillaries , where gas exchange
occurs: Carbon dioxide exits the blood and oxygen enters. The pulmonary trunk arteries and
their branches are the only arteries in the post-natal body that carry relatively deoxygenated
blood. Highly oxygenated blood returning from the pulmonary capillaries in the lungs passes
through a series of vessels that join together to form the pulmonary veins â€”the only
post-natal veins in the body that carry highly oxygenated blood. The pulmonary veins conduct
blood into the left atrium, which pumps the blood into the left ventricle, which in turn pumps

oxygenated blood into the aorta and on to the many branches of the systemic circuit.
Eventually, these vessels will lead to the systemic capillaries, where exchange with the tissue
fluid and cells of the body occurs. In this case, oxygen and nutrients exit the systemic
capillaries to be used by the cells in their metabolic processes, and carbon dioxide and waste
products will enter the blood. The blood exiting the systemic capillaries is lower in oxygen
concentration than when it entered. The capillaries will ultimately unite to form venules, joining
to form ever-larger veins, eventually flowing into the two major systemic veins, the superior
vena cava and the inferior vena cava , which return blood to the right atrium. The blood in the
superior and inferior venae cavae flows into the right atrium, which pumps blood into the right
ventricle. This process of blood circulation continues as long as the individual remains alive.
Understanding the flow of blood through the pulmonary and systemic circuits is critical to all
health professions. Figure 3. Blood flows from the right atrium to the right ventricle, where it is
pumped into the pulmonary circuit. The blood in the pulmonary artery branches is low in
oxygen but relatively high in carbon dioxide. Gas exchange occurs in the pulmonary capillaries
oxygen into the blood, carbon dioxide out , and blood high in oxygen and low in carbon dioxide
is returned to the left atrium. From here, blood enters the left ventricle, which pumps it into the
systemic circuit. Following exchange in the systemic capillaries oxygen and nutrients out of the
capillaries and carbon dioxide and wastes in , blood returns to the right atrium and the cycle is
repeated. Our exploration of more in-depth heart structures begins by examining the membrane
that surrounds the heart, the prominent surface features of the heart, and the layers that form
the wall of the heart. Each of these components plays its own unique role in terms of function.
Figure 4. The pericardial membrane that surrounds the heart consists of three layers and the
pericardial cavity. The heart wall also consists of three layers. The pericardial membrane and
the heart wall share the epicardium. The membrane that directly surrounds the heart and
defines the pericardial cavity is called the pericardium or pericardial sac. The fibrous
pericardium is made of tough, dense connective tissue that protects the heart and maintains its
position in the thorax. The more delicate serous pericardium consists of two layers: the parietal
pericardium, which is fused to the fibrous pericardium, and an inner visceral pericardium, or
epicardium , which is fused to the heart and is part of the heart wall. The pericardial cavity, filled
with lubricating serous fluid, lies between the epicardium and the pericardium. In most organs
within the body, visceral serous membranes such as the epicardium are microscopic. However,
in the case of the heart, it is not a microscopic layer but rather a macroscopic layer, consisting
of a simple squamous epithelium called a mesothelium , reinforced with loose, irregular, or
areolar connective tissue that attaches to the pericardium. This mesothelium secretes the
lubricating serous fluid that fills the pericardial cavity and reduces friction as the heart
contracts. If excess fluid builds within the pericardial space, it can lead to a condition called
cardiac tamponade, or pericardial tamponade. With each contraction of the heart, more
fluidâ€”in most instances, bloodâ€”accumulates within the pericardial cavity. In order to fill with
blood for the next contraction, the heart must relax. However, the excess fluid in the pericardial
cavity puts pressure on the heart and prevents full relaxation, so the chambers within the heart
contain slightly less blood as they begin each heart cycle. Over time, less and less blood is
ejected from the heart. If the fluid builds up slowly, as in hypothyroidism, the pericardial cavity
may be able to expand gradually to accommodate this extra volume. Some cases of fluid in
excess of one liter within the pericardial cavity have been reported. Rapid accumulation of as
little as mL of fluid following trauma may trigger cardiac tamponade. Other common causes
include myocardial rupture, pericarditis, cancer, or even cardiac surgery. Removal of this
excess fluid requires insertion of drainage tubes into the pericardial cavity. Premature removal
of these drainage tubes, for example, following cardiac surgery, or clot formation within these
tubes are causes of this condition. Untreated, cardiac tamponade can lead to death. Inside the
pericardium, the surface features of the heart are visible, including the four chambers. Auricles
are relatively thin-walled structures that can fill with blood and empty into the atria or upper
chambers of the heart. You may also hear them referred to as atrial appendages. Major coronary
blood vessels are located in these sulci. The deep coronary sulcus is located between the atria
and ventricles. Located between the left and right ventricles are two additional sulci that are not
as deep as the coronary sulcus. The anterior interventricular sulcus is visible on the anterior
surface of the heart, whereas the posterior interventricular sulcus is visible on the posterior
surface of the heart. Figure 5. Inside the pericardium, the surface features of the heart are
visible. The wall of the heart is composed of three layers of unequal thickness. From superficial
to deep, these are the epicardium, the myocardium, and the endocardium. The outermost layer
of the wall of the heart is also the innermost layer of the pericardium, the epicardium, or the
visceral pericardium discussed earlier. Figure 6. The middle and thickest layer is the
myocardium , made largely of cardiac muscle cells. It is built upon a framework of collagenous

fibers, plus the blood vessels that supply the myocardium and the nerve fibers that help
regulate the heart. It is the contraction of the myocardium that pumps blood through the heart
and into the major arteries. The muscle pattern is elegant and complex, as the muscle cells swirl
and spiral around the chambers of the heart. They form a figure 8 pattern around the atria and
around the bases of the great vessels. Deeper ventricular muscles also form a figure 8 around
the two ventricles and proceed toward the apex. More superficial layers of ventricular muscle
wrap around both ventricles. This complex swirling pattern allows the heart to pump blood
more effectively than a simple linear pattern would. Although the ventricles on the right and left
sides pump the same amount of blood per contraction, the muscle of the left ventricle is much
thicker and better developed than that of the right ventricle. In order to overcome the high
resistance required to pump blood into the long systemic circuit, the left ventricle must
generate a great amount of pressure. The right ventricle does not need to generate as much
pressure, since the pulmonary circuit is shorter and provides less resistance. Figure 7. The
myocardium in the left ventricle is significantly thicker than that of the right ventricle. Both
ventricles pump the same amount of blood, but the left ventricle must generate a much greater
pressure to overcome greater resistance in the systemic circuit. The ventricles are shown in
both relaxed and contracting states. Note the differences in the relative size of the lumens, the
region inside each ventricle where the blood is contained. The innermost layer of the heart wall,
the endocardium , is joined to the myocardium with a thin layer of connective tissue. The
endocardium lines the chambers where the blood circulates and covers the heart valves. It is
made of simple squamous epithelium called endothelium , which is continuous with the
endothelial lining of the blood vessels. Once regarded as a simple lining layer, recent evidence
indicates that the endothelium of the endocardium and the coronary capillaries may play active
roles in regulating the contraction of the muscle within the myocardium. The endothelium may
also regulate the growth patterns of the cardiac muscle cells throughout life, and the
endothelins it secretes create an environment in the surrounding tissue fluids that regulates
ionic concentrations and states of contractility. Endothelins are potent vasoconstrictors and, in
a normal individual, establish a homeostatic balance with other vasoconstrictors and
vasodilators. In order to develop a more precise understanding of cardiac function, it is first
necessary to explore the internal anatomical structures in more detail. The septa are physical
extensions of the myocardium lined with endocardium. Located between the two atria is the
interatrial septum. Normally in an adult heart, the interatrial septum bears an oval-shaped
depression known as the fossa ovalis , a remnant of an opening in the fetal heart known as the
foramen ovale. The foramen ovale allowed blood in the fetal heart to pass directly from the right
atrium to the left atrium, allowing some blood to bypass the pulmonary circuit. Within seconds
after birth, a flap of tissue known as the septum primum that previously acted as a valve closes
the foramen ovale and establishes the typical cardiac circulation pattern. Between the two
ventricles is a second septum known as the interventricular septum. Unlike the interatrial
septum, the interventricular septum is normally intact after its formation during fetal
development. It is substantially thicker than the interatrial septum, since the ventricles generate
far greater pressure when they contract. The septum between the atria and ventricles is known
as the atrioventricular septum. It is marked by the presence of four openings that allow blood to
move from the atria into the ventricles and from the ventricles into the pulmonary trunk and
aorta. Located in each of these openings between the atria and ventricles is a valve , a
specialized structure that ensures one-way flow of blood. The valves between the atria and
ventricles are known generically as atrioventricular valves. The valves at the openings that lead
to the pulmonary trunk and aorta are known generically as semilunar valves. The
interventricular septum is visible in the image below. In this figure, the atrioventricular septum
has been removed to better show the bicupid and tricuspid valves; the interatrial septum is not
visible, since its location is covered by the aorta and pulmonary trunk. Since these openings
and valves structurally weaken the atrioventricular septum, the remaining tissue is heavily
reinforced with dense connective tissue called the cardiac skeleton , or skeleton of the heart. It
includes four rings that surround the openings between the atria and ventricles, and the
openings to the pulmonary trunk and aorta, and serve as the point of attachment for the heart
valves. The cardiac skeleton also provides an important boundary in the heart electrical
conduction system. Figure 8. This anterior view of the heart shows the four chambers, the major
vessels and their early branches, as well as the valves. The presence of the pulmonary trunk
and aorta covers the interatrial septum, and the atrioventricular septum is cut away to show the
atrioventricular valves. One very common form of interatrial septum pathology is patent
foramen ovale, which occurs when the septum primum does not close at birth, and the fossa
ovalis is unable to fuse. As much as 20â€”25 percent of the general population may have a
patent foramen ovale, but fortunately, most have the benign, asymptomatic version. Patent

foramen ovale is normally detected by auscultation of a heart murmur an abnormal heart sound
and confirmed by imaging with an echocardiogram. Despite its prevalence in the general
population, the causes of patent ovale are unknown, and there are no known risk factors. In
nonlife-threatening cases, it is better to monitor the condition than to risk heart surgery to
repair and seal the opening. Coarctation of the aorta is a congenital abnormal narrowing of the
aorta that is normally located at the insertion of the ligamentum arteriosum, the remnant of the
fetal shunt called the ductus arteriosus. If severe, this condition drastically restricts blood flow
through the primary systemic artery, which is life threatening. In some individuals, the condition
may be fairly benign and not detected until later in life. Detectable symptoms in an infant
include difficulty breathing, poor appetite, trouble feeding, or failure to thrive. In older
individuals, symptoms include dizziness, fainting, shortness of breath, chest pain, fatigue,
headache, and nosebleeds. Treatment involves surgery to resect remove the affected region or
angioplasty to open the abnormally narrow passageway. Studies have shown that the earlier the
surgery is performed, the better the chance of survival. A patent ductus arteriosus is a
congenital condition in which the ductus arteriosus fails to close. The condition may range from
severe to benign. Failure of the ductus arteriosus to close results in blood flowing from the
higher pressure aorta into the lower pressure pulmonary trunk. This additional fluid moving
toward the lungs increases pulmonary pressure and makes respiration difficult. Symptoms
include shortness of breath dyspnea , tachycardia, enlarged heart, a widened pulse pressure,
and poor weight gain in infants. Treatments include surgical closure ligation , manual closure
using platinum coils or specialized mesh inserted via the femoral artery or vein, or nonsteroidal
anti-inflammatory drugs to block the synthesis of prostaglandin E2, which maintains the vessel
in an open position. If untreated, the condition can result in congestive heart failure. Septal
defects are not uncommon in individuals and may be congenital or caused by various disease
processes. Tetralogy of Fallot is a congenital condition that may also occur from exposure to
unknown environmental factors; it occurs when there is an opening in the interventricular
septum caused by blockage of the pulmonary trunk, normally at the pulmonary semilunar valve.
This allows blood that is relatively low in oxygen from the right ventricle to flow into the left
ventricle and mix with the blood that is relatively high in oxygen. Symptoms include a distinct
heart murmur, low blood oxygen percent saturation, dyspnea or difficulty in breathing,
polycythemia, broadening clubbing of the fingers and toes, and in children, difficulty in feeding
or failure to grow and develop. It is the most common cause of cyanosis following birth. Other
heart defects may also accompany this condition, which is typically confirmed by
echocardiography imaging. Tetralogy of Fallot occurs in approximately out of one million live
births. Normal treatment involves extensive surgical repair, including the use of stents to
redirect blood flow and replacement of valves and patches to repair the septal defect, but the
condition has a relatively high mortality. Survival rates are currently 75 percent during the first
year of life; 60 percent by 4 years of age; 30 percent by 10 years; and 5 percent by 40 years.
Septal defects are commonly first detected through auscultation, listening to the chest using a
stethoscope. In this case, instead of hearing normal heart sounds attributed to the flow of blood
and closing of heart valves, unusual heart sounds may be detected. This is often followed by
medical imaging to confirm or rule out a diagnosis. In many cases, treatment may not be
needed. Some common congenital heart defects are illustrated in Figure 9. Figure 9. The right
atrium serves as the receiving chamber for blood returning to the heart from the systemic
circulation. The two major systemic veins, the superior and inferior venae cavae, and the large
coronary vein called the coronary sinus that drains the heart myocardium empty into the right
atrium. The superior vena cava drains blood from regions superior to the diaphragm: the head,
neck, upper limbs, and the thoracic region. It empties into the superior and posterior portions of
the right atrium. The inferior vena cava drains blood from areas inferior to the diaphragm: the
lower limbs and abdominopelvic region of the body. It, too, empties into the posterior portion of
the atria, but inferior to the opening of the superior vena cava. Immediately superior and slightly
medial to the opening of the inferior vena cava on the posterior surface of the atrium is the
opening of the coronary sinus. This thin-walled vessel drains most of the coronary veins that
return systemic blood from the heart. The majority of the internal heart structures discussed in
this and subsequent sections are illustrated in Figure 8. While the bulk of the internal surface of
the right atrium is smooth, the depression of the fossa ovalis is medial, and the anterior surface
demonstrates prominent ridges of muscle called the pectinate muscles. The right auricle also
has pectinate muscles. The left atrium does not have pectinate muscles except in the auricle.
The atria receive venous blood on a nearly continuous basis, preventing venous flow from
stopping while the ventricles are contracting. While most ventricular filling occurs while the
atria are relaxed, they do demonstrate a contractile phase and actively pump blood into the
ventricles just prior to ventricular contraction. The opening between the atrium and ventricle is

guarded by the tricuspid valve. The right ventricle receives blood from the right atrium through
the tricuspid valve. They are composed of approximately 80 percent collagenous fibers with the
remainder consisting of elastic fibers and endothelium. They connect each of the flaps to a
papillary muscle that extends from the inferior ventricular surface. There are three papillary
muscles in the right ventricle, called the anterior, posterior, and septal muscles, which
correspond to the three sections of the valves. When the myocardium of the ventricle contracts,
pressure within the ventricular chamber rises. Blood, like any fluid, flows from higher pressure
to lower pressure areas, in this case, toward the pulmonary trunk and the atrium. To prevent
any potential backflow, the papillary muscles also contract, generating tension on the chordae
tendineae. This prevents the flaps of the valves from being forced into the atria and
regurgitation of the blood back into the atria during ventricular contraction. Figure In this frontal
section, you can see papillary muscles attached to the tricuspid valve on the right as well as the
mitral valve on the left via chordae tendineae. The walls of the ventricle are lined with trabeculae
carneae , ridges of cardiac muscle covered by endocardium. It arises from the inferior portion of
the interventricular septum and crosses the interior space of the right ventricle to connect with
the inferior papillary muscle. When the right ventricle contracts, it ejects blood into the
pulmonary trunk, which branches into the left and right pulmonary arteries that carry it to each
lung. The superior surface of the right ventricle begins to taper as it approaches the pulmonary
trunk. At the base of the pulmonary trunk is the pulmonary semilunar valve that prevents
backflow from the pulmonary trunk. After exchange of gases in the pulmonary capillaries, blood
returns to the left atrium high in oxygen via one of the four pulmonary veins. While the left
atrium does not contain pectinate muscles, it does have an auricle that includes these pectinate
ridges. Blood flows nearly continuously from the pulmonary veins back into the atrium, which
acts as the receiving chamber, and from here through an opening into the left ventricle. Most
blood flows passively into the heart while both the atria and ventricles are relaxed, but toward
the end of the ventricular relaxation period, the left atrium will contract, pumping blood into the
ventricle. This atrial contraction accounts for approximately 20 percent of ventricular filling. The
opening between the left atrium and ventricle is guarded by the mitral valve. Recall that,
although both sides of the heart will pump the same amount of blood, the muscular layer is
much thicker in the left ventricle compared to the right. Like the right ventricle, the left also has
trabeculae carneae, but there is no moderator band. The mitral valve is connected to papillary
muscles via chordae tendineae. There are two papillary muscles on the leftâ€”the anterior and
posteriorâ€”as opposed to three on the right. The left ventricle is the major pumping chamber
for the systemic circuit; it ejects blood into the aorta through the aortic semilunar valve. With
the atria and major vessels removed, all four valves are clearly visible, although it is difficult to
distinguish the three separate cusps of the tricuspid valve. A transverse section through the
heart slightly above the level of the atrioventricular septum reveals all four heart valves along
the same plane Figure The valves ensure unidirectional blood flow through the heart. Between
the right atrium and the right ventricle is the right atrioventricular valve , or tricuspid valve. It
typically consists of three flaps, or leaflets, made of endocardium reinforced with additional
connective tissue. The flaps are connected by chordae tendineae to the papillary muscles,
which control the opening and closing of the valves. Emerging from the right ventricle at the
base of the pulmonary trunk is the pulmonary semilunar valve, or the pulmonary valve ; it is
also known as the pulmonic valve or the right semilunar valve. The pulmonary valve is
comprised of three small flaps of endothelium reinforced with connective tissue. When the
ventricle relaxes, the pressure differential causes blood to flow back into the ventricle from the
pulmonary trunk. This flow of blood fills the pocket-like flaps of the pulmonary valve, causing
the valve to close and producing an audible sound. Unlike the atrioventricular valves, there are
no papillary muscles or chordae tendineae associated with the pulmonary valve. Located at the
opening between the left atrium and left ventricle is the mitral valve , also called the bicuspid
valve or the left atrioventricular valve. Structurally, this valve consists of two cusps, known as
the anterior medial cusp and the posterior medial cusp, compared to the three cusps of the
tricuspid valve. In a clinical setting, the valve is referred to as the mitral valve, rather than the
bicuspid valve. The two cusps of the mitral valve are attached by chordae tendineae to two
papillary muscles that project from the wall of the ventricle. At the base of the aorta is the aortic
semilunar valve, or the aortic valve , which prevents backflow from the aorta. It normally is
composed of three flaps. When the ventricle relaxes and blood attempts to flow back into the
ventricle from the aorta, blood will fill the cusps of the valve, causing it to close and producing
an audible sound. In the image above, the two atrioventricular valves are open and the two
semilunar valves are closed. This occurs when both atria and ventricles are relaxed and when
the atria contract to pump blood into the ventricles. Although only the left side of the heart is
illustrated, the process is virtually identical on the right. The two atrioventricular valves are

open; the two semilunar valves are closed. The atria and vessels have been removed. When the
mitral valve is open, it allows blood to move from the left atrium to the left ventricle. The aortic
semilunar valve is closed to prevent backflow of blood from the aorta to the left ventricle. This
occurs when the ventricles contract to eject blood into the pulmonary trunk and aorta. Closure
of the two atrioventricular valves prevents blood from being forced back into the atria. This
stage can be seen from a frontal view in image b above. The two atrioventricular valves are
closed, but the two semilunar valves are open. The aortic semilunar valve is open to allow blood
to be ejected into the aorta. When the ventricles begin to contract, pressure within the ventricles
rises and blood flows toward the area of lowest pressure, which is initially in the atria. This
backflow causes the cusps of the tricuspid and mitral bicuspid valves to close. These valves are
tied down to the papillary muscles by chordae tendineae. During the relaxation phase of the
cardiac cycle, the papillary muscles are also relaxed and the tension on the chordae tendineae
is slight image b above. However, as the myocardium of the ventricle contracts, so do the
papillary muscles. This creates tension on the chordae tendineae image b above , helping to
hold the cusps of the atrioventricular valves in place and preventing them from being blown
back into the atria. The aortic and pulmonary semilunar valves lack the chordae tendineae and
papillary muscles associated with the atrioventricular valves. Instead, they consist of
pocket-like folds of endocardium reinforced with additional connective tissue. When the
ventricles relax and the change in pressure forces the blood toward the ventricles, the blood
presses against these cusps and seals the openings. Figure 14 shows an echocardiogram of
actual heart valves opening and closing. When heart valves do not function properly, they are
often described as incompetent and result in valvular heart disease, which can range from
benign to lethal. Some of these conditions are congenital, that is, the individual was born with
the defect, whereas others may be attributed to disease processes or trauma. Some
malfunctions are treated with medications, others require surgery, and still others may be mild
enough that the condition is merely monitored since treatment might trigger more serious
consequences. Valvular disorders are often caused by carditis, or inflammation of the heart.
One common trigger for this inflammation is rheumatic fever, or scarlet fever, an autoimmune
response to the presence of a bacterium, Streptococcus pyogenes , normally a disease of
childhood. While any of the heart valves may be involved in valve disorders, mitral regurgitation
is the most common, detected in approximately 2 percent of the population, and the pulmonary
semilunar valve is the least frequently involved. When a valve malfunctions, the flow of blood to
a region will often be disrupted. The resulting inadequate flow of blood to this region will be
described in general terms as an insufficiency. The specific type of insufficiency is named for
the valve involved: aortic insufficiency, mitral insufficiency, tricuspid insufficiency, or
pulmonary insufficiency. If one of the cusps of the valve is forced backward by the force of the
blood, the condition is referred to as a prolapsed valve. Prolapse may occur if the chordae
tendineae are damaged or broken, causing the closure mechanism to fail. The failure of the
valve to close properly disrupts the normal one-way flow of blood and results in regurgitation,
when the blood flows backward from its normal path. Using a stethoscope, the disruption to the
normal flow of blood produces a heart murmur. Stenosis is a condition in which the heart valves
become rigid and may calcify over time. The loss of flexibility of the valve interferes with normal
function and may cause the heart to work harder to propel blood through the valve, which
eventually weakens the heart. Aortic stenosis affects approximately 2 percent of the population
over 65 years of age, and the percentage increases to approximately 4 percent in individuals
over 85 years. Occasionally, one or more of the chordae tendineae will tear or the papillary
muscle itself may die as a component of a myocardial infarction heart attack. Valve and septal
disorders will trigger abnormal heart sounds. Echocardiograms are sonograms of the heart and
can help in the diagnosis of valve disorders as well as a wide variety of heart pathologies.
Cardiologists are medical doctors that specialize in the diagnosis and treatment of diseases of
the heart. After completing 4 years of medical school, cardiologists complete a three-year
residency in internal medicine followed by an additional three or more years in cardiology.
Following this year period of medical training and clinical experience, they qualify for a rigorous
two-day examination administered by the Board of Internal Medicine that tests their academic
training and clinical abilities, including diagnostics and treatment. After successful completion
of this examination, a physician becomes a board-certified cardiologist. This professional
recognition is awarded to outstanding physicians based upon merit, including outstanding
credentials, achievements, and community contributions to cardiovascular medicine. Visit this
site to learn more about cardiologists. Bureau of Labor Statistics. Growth within the field is fast,
projected at 29 percent from to There is a considerable overlap and complementary skills
between cardiac technicians and vascular technicians, and so the term cardiovascular
technician is often used. Special certifications within the field require documenting appropriate

experience and completing additional and often expensive certification examinations. You will
recall that the heart is a remarkable pump composed largely of cardiac muscle cells that are
incredibly active throughout life. Like all other cells, a cardiomyocyte requires a reliable supply
of oxygen and nutrients, and a way to remove wastes, so it needs a dedicated, complex, and
extensive coronary circulation. And because of the critical and nearly ceaseless activity of the
heart throughout life, this need for a blood supply is even greater than for a typical cell.
However, coronary circulation is not continuous; rather, it cycles, reaching a peak when the
heart muscle is relaxed and nearly ceasing while it is contracting. Coronary arteries supply
blood to the myocardium and other components of the heart. The first portion of the aorta after
it arises from the left ventricle gives rise to the coronary arteries. There are three dilations in the
wall of the aorta just superior to the aortic semilunar valve. Two of these, the left posterior
aortic sinus and anterior aortic sinus, give rise to the left and right coronary arteries,
respectively. The third sinus, the right posterior aortic sinus, typically does not give rise to a
vessel. Coronary vessel branches that remain on the surface of the artery and follow the sulci
are called epicardial coronary arteries. The left coronary artery distributes blood to the left side
of the heart, the left atrium and ventricle, and the interventricular septum. The circumflex artery
arises from the left coronary artery and follows the coronary sulcus to the left. Eventually, it will
fuse with the small branches of the right coronary artery. The larger anterior interventricular
artery , also known as the left anterior descending artery LAD , is the second major branch
arising from the left coronary artery. It follows the anterior interventricular sulcus around the
pulmonary trunk. Along the way it gives rise to numerous smaller branches that interconnect
with the branches of the posterior interventricular artery, forming anastomoses. An
anastomosis is an area where vessels unite to form interconnections that normally allow blood
to circulate to a region even if there may be partial blockage in another branch. The
anastomoses in the heart are very small. Therefore, this ability is somewhat restricted in the
heart so a coronary artery blockage often results in death of the cells myocardial infarction
supplied by the particular vessel. The right coronary artery proceeds along the coronary sulcus
and distributes blood to the right atrium, portions of both ventricles, and the heart conduction
system. Normally, one or more marginal arteries arise from the right coronary artery inferior to
the right atrium. The marginal arteries supply blood to the superficial portions of the right
ventricle. On the posterior surface of the heart, the right coronary artery gives rise to the
posterior interventricular artery , also known as the posterior descending artery. It runs along
the posterior portion of the interventricular sulcus toward the apex of the heart, giving rise to
branches that supply the interventricular septum and portions of both ventricles. The anterior
view of the heart shows the prominent coronary surface vessels. The posterior view of the heart
shows the prominent coronary surface vessels. Myocardial infarction MI is the formal term for
what is commonly referred to as a heart attack. It normally results from a lack of blood flow
ischemia and oxygen hypoxia to a region of the heart, resulting in death of the cardiac muscle
cells. An MI often occurs when a coronary artery is blocked by the buildup of atherosclerotic
plaque consisting of lipids, cholesterol and fatty acids, and white blood cells, primarily
macrophages. It can also occur when a portion of an unstable atherosclerotic plaque travels
through the coronary arterial system and lodges in one of the smaller vessels. The resulting
blockage restricts the flow of blood and oxygen to the myocardium and causes death of the
tissue. MIs may be triggered by excessive exercise, in which the partially occluded artery is no
longer able to pump sufficient quantities of blood, or severe stress, which may induce spasm of
the smooth muscle in the walls of the vessel. In the case of acute MI, there is often sudden pain
beneath the sternum retrosternal pain called angina pectoris, often radiating down the left arm
in males but not in female patients. Until this anomaly between the sexes was discovered, many
female patients suffering MIs were misdiagnosed and sent home. In addition, patients typically
present with difficulty breathing and shortness of breath dyspnea , irregular heartbeat
palpations , nausea and vomiting, sweating diaphoresis , anxiety, and fainting syncope ,
although not all of these symptoms may be present. Many of the symptoms are shared with
other medical conditions, including anxiety attacks and simple indigestion, so differential
diagnosis is critical. It is estimated that between 22 and 64 percent of MIs present without any
symptoms. In addition, echocardiography or cardiac magnetic resonance imaging may be
employed. Common blood tests indicating an MI include elevated levels of creatine kinase MB
an enzyme that catalyzes the conversion of creatine to phosphocreatine, consuming ATP and
cardiac troponin the regulatory protein for muscle contraction , both of which are released by
damaged cardiac muscle cells. Immediate treatments for MI are essential and include
administering supplemental oxygen, aspirin that helps to break up clots, and nitroglycerine
administered sublingually under the tongue to facilitate its absorption. Despite its unquestioned
success in treatments and use since the s, the mechanism of nitroglycerine is still incompletely

understood but is believed to involve the release of nitric oxide, a known vasodilator, and
endothelium-derived releasing factor, which also relaxes the smooth muscle in the tunica media
of coronary vessels. Longer-term treatments include injections of thrombolytic agents such as
streptokinase that dissolve the clot, the anticoagulant heparin, balloon angioplasty and stents
to open blocked vessels, and bypass surgery to allow blood to pass around the site of
blockage. If the damage is extensive, coronary replacement with a donor heart or coronary
assist device, a sophisticated mechanical device that supplements the pumping activity of the
heart, may be employed. Despite the attention, development of artificial hearts to augment the
severely limited supply of heart donors has proven less than satisfactory but will likely improve
in the future. MIs may trigger cardiac arrest, but the two are not synonymous. Coronary veins
drain the heart and generally parallel the large surface arteries. The great cardiac vein can be
seen initially on the surface of the heart following the interventricular sulcus, but it eventually
flows along the coronary sulcus into the coronary sinus on the posterior surface. The great
cardiac vein initially parallels the anterior interventricular artery and drains the areas supplied
by this vessel. It receives several major branches, including the posterior cardiac vein, the
middle cardiac vein, and the small cardiac vein. The posterior cardiac vein parallels and drains
the areas supplied by the marginal artery branch of the circumflex artery. The middle cardiac
vein parallels and drains the areas supplied by the posterior interventricular artery. The small
cardiac vein parallels the right coronary artery and drains the blood from the posterior surfaces
of the right atrium and ventricle. The coronary sinus is a large, thin-walled vein on the posterior
surface of the heart lying within the atrioventricular sulcus and emptying directly into the right
atrium. The anterior cardiac veins parallel the small cardiac arteries and drain the anterior
surface of the right ventricle. Unlike these other cardiac veins, it bypasses the coronary sinus
and drains directly into the right atrium. Coronary artery disease is the leading cause of death
worldwide. It occurs when the buildup of plaqueâ€”a fatty material including cholesterol,
connective tissue, white blood cells, and some smooth muscle cellsâ€”within the walls of the
arteries obstructs the flow of blood and decreases the flexibility or compliance of the vessels.
This condition is called atherosclerosis, a hardening of the arteries that involves the
accumulation of plaque. As the coronary blood vessels become occluded, the flow of blood to
the tissues will be restricted, a condition called ischemia that causes the cells to receive
insufficient amounts of oxygen, called hypoxia. Some individuals with coronary artery disease
report pain radiating from the chest called angina pectoris, but others remain asymptomatic. If
untreated, coronary artery disease can lead to MI or a heart attack. In this coronary angiogram
X-ray , the dye makes visible two occluded coronary arteries. Such blockages can lead to
decreased blood flow ischemia and insufficient oxygen hypoxia delivered to the cardiac tissues.
If uncorrected, this can lead to cardiac muscle death myocardial infarction. It then gradually
progresses throughout life. Well-documented risk factors include smoking, family history,
hypertension, obesity, diabetes, high alcohol consumption, lack of exercise, stress, and
hyperlipidemia or high circulating levels of lipids in the blood. Treatments may include
medication, changes to diet and exercise, angioplasty with a balloon catheter, insertion of a
stent, or coronary bypass procedure. Angioplasty is a procedure in which the occlusion is
mechanically widened with a balloon. A specialized catheter with an expandable tip is inserted
into a superficial vessel, normally in the leg, and then directed to the site of the occlusion. At
this point, the balloon is inflated to compress the plaque material and to open the vessel to
increase blood flow. Then, the balloon is deflated and retracted. A stent consisting of a
specialized mesh is typically inserted at the site of occlusion to reinforce the weakened and
damaged walls. Stent insertions have been routine in cardiology for more than 40 years.
Coronary bypass surgery may also be performed. This surgical procedure grafts a replacement
vessel obtained from another, less vital portion of the body to bypass the occluded area. This
procedure is clearly effective in treating patients experiencing a MI, but overall does not
increase longevity. Nor does it seem advisable in patients with stable although diminished
cardiac capacity since frequently loss of mental acuity occurs following the procedure.
Long-term changes to behavior, emphasizing diet and exercise plus a medicine regime tailored
to lower blood pressure, lower cholesterol and lipids, and reduce clotting are equally as
effective. The heart resides within the pericardial sac and is located in the mediastinal space
within the thoracic cavity. The pericardial sac consists of two fused layers: an outer fibrous
capsule and an inner parietal pericardium lined with a serous membrane. Between the
pericardial sac and the heart is the pericardial cavity, which is filled with lubricating serous
fluid. The walls of the heart are composed of an outer epicardium, a thick myocardium, and an
inner lining layer of endocardium. The human heart consists of a pair of atria, which receive
blood and pump it into a pair of ventricles, which pump blood into the vessels. The right atrium
receives systemic blood relatively low in oxygen and pumps it into the right ventricle, which

pumps it into the pulmonary circuit. Exchange of oxygen and carbon dioxide occurs in the
lungs, and blood high in oxygen returns to the left atrium, which pumps blood into the left
ventricle, which in turn pumps blood into the aorta and the remainder of the systemic circuit.
The septa are the partitions that separate the chambers of the heart. They include the interatrial
septum, the interventricular septum, and the atrioventricular septum. Two of these openings are
guarded by the atrioventricular valves, the right tricuspid valve and the left mitral valve, which
prevent the backflow of blood. Each is attached to chordae tendineae that extend to the
papillary muscles, which are extensions of the myocardium, to prevent the valves from being
blown back into the atria. The pulmonary valve is located at the base of the pulmonary trunk,
and the left semilunar valve is located at the base of the aorta. The right and left coronary
arteries are the first to branch off the aorta and arise from two of the three sinuses located near
the base of the aorta and are generally located in the sulci. Cardiac veins parallel the small
cardiac arteries and generally drain into the coronary sinus. Answer the question s below to see
how well you understand the topics covered in the previous section. Skip to main content.
Chapter The Cardiovascular System. Search for:. Heart Anatomy Learning Objectives By the
end of this section, you will be able to: Describe the location and position of the heart within the
body cavity Describe the internal and external anatomy of the heart Identify the tissue layers of
the heart Relate the structure of the heart to its function as a pump Compare systemic
circulation to pulmonary circulation Identify the veins and arteries of the coronary circulation
system Trace the pathway of oxygenated and deoxygenated blood thorough the chambers of
the heart. Visit the American Heart Association website to help locate a course near your home
in the United States. There are also many other national and regional heart associations that
offer the same service, depending upon the location. Practice Question Figure 14 shows an
echocardiogram of actual heart valves opening and closing. An echocardiogram of heart valves.
Show Answer The pressure gradient between the atria and the ventricles is much greater than
that between the ventricles and the pulmonary trunk and aorta. Without the presence of the
chordae tendineae and papillary muscles, the valves would be blown back prolapsed into the
atria and blood would regurgitate. Visit this site for a free download, including excellent
animations and audio of heart sounds. Examples Diseases of the Heart: Coronary Artery
Disease Coronary artery disease is the leading cause of death worldwide. Critical Thinking
Questions Describe how the valves keep the blood moving in one direction. Why is the pressure
in the pulmonary circulation lower than in the systemic circulation? Show Answers When the
ventricles contract and pressure begins to rise in the ventricles, there is an initial tendency for
blood to flow back regurgitate to the atria. However, the papillary muscles also contract, placing
tension on the chordae tendineae and holding the atrioventricular valves tricuspid and mitral in
place to prevent the valves from prolapsing and being forced back into the atria. The semilunar
valves pulmonary and aortic lack chordae tendineae and papillary muscles, but do not face the
same pressure gradients as do the atrioventricular valves. As the ventricles relax and pressure
drops within the ventricles, there is a tendency for the blood to flow backward. However, the
valves, consisting of reinforced endothelium and connective tissue, fill with blood and seal off
the opening preventing the return of blood. The pulmonary circuit consists of blood flowing to
and from the lungs, whereas the systemic circuit carries blood to and from the entire body. The
systemic circuit is far more extensive, consisting of far more vessels and offers much greater
resistance to the flow of blood, so the heart must generate a higher pressure to overcome this
resistance. This can be seen in the thickness of the myocardium in the ventricles. Licenses and
Attributions. CC licensed content, Shared previously. The overall function of the circulatory
system is to transport blood and lymph around the body. In doing so it delivers oxygen and
nutrients to the body, removes waste products from the body, is involved in the regulation of
body temperature, and helps to fight against infection. Within the cardiovascular system, which
is the main focus in Preliminary PDHPE, the structure and function of the heart, arteries, veins,
and capillaries help to achieve this greater purpose of the circulatory system. The main function
of the heart is to pump blood around the body. It does this through regular and rhythmical
contractions of its muscular walls, particularly the muscles around the left and right ventricles.
The right ventricle is responsible for pumping blood through the pulmonary circulation to your
lungs using the pulmonary artery. Above each ventricle is an atrium, which fills with blood
ready to transfer into the ventricles. The right atrium fills with de-oxygenated blood from the
vena cava, returning from the body, while the left atrium fills with oxygenated blood from the
pulmonary vein bringing blood back from the lungs. Between the various structures there are 4
main valves, which ensure blood only flows in the direction it is meant to. These are the: mitral
valve, the aortic valve, the pulmonary valve and the tricuspid valve. Arteries are provide the
tubing to take blood away from the heart regardless of oxygenation , and also help the heart to
pump the blood. Arteries have high pressure and fast blood flow. In direct contrast to arteries,

veins provide the tubing to take blood back to the heart. Veins have a thinner wall because they
do not have to deal with constant changes in blood pressure with heart contractions, and the
blood moves more slowly through them. They contain valves, which help to prevent blood
flowing in the wrong direction. This is needed especially in veins that are bringing blood
up-wards against gravity. Veins are often blue in colour and sit closer to the skin than arteries,
making them visible to the naked eye. Capillaries exist between arteries and veins and allow for
nutrient and waste exchange between tissue and the blood. Therefore, capillaries are very thin
and have permeable membranes to allow for the movement of nutrients, waste products, and
gases. There are three 3 diff
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erent types of capillaries: continuous, fenestrated, and sinusoid. As the diagram below shows,
the capillary gets more and more permeable from left to right. Myocytes muscle cells have a
large density of continuous capillaries around them to allow for this exchange to occur. Type 1
slow twitch or aerobic myocytes have more capillaries than type 2 fast twitch or anaerobic
myocytes. Structure and function of the heart, arteries, veins, capillaries. Structure and function
of the heart The main function of the heart is to pump blood around the body. Structure and
function of arteries Arteries are provide the tubing to take blood away from the heart regardless
of oxygenation , and also help the heart to pump the blood. Structure and function of veins In
direct contrast to arteries, veins provide the tubing to take blood back to the heart. Structure
and function of capillaries Capillaries exist between arteries and veins and allow for nutrient
and waste exchange between tissue and the blood.

