Components of the Cardiovascular System (Heart, Blood Vessels, Circulatory
Pathways)

There are five major components:
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Passage of Blood through the Heart
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Blood Vessels

" Blood Vessels: The Transport Network of the Cardiovascular System

The cardiovascular system is structured as a closed-loop circulation system, meaning that
blood flows continuously within a network of interconnected vessels. This system ensures that
oxygen, nutrients, hormones, and other essential substances are efficiently delivered to tissues,
while waste products such as carbon dioxide and urea are carried away for elimination.

There are three primary types of blood vessels, each with distinct structural features and
functional roles:

1. Arteries — The Efferent Vessels

Arteries are thick-walled, muscular blood vessels that carry blood away from the heart.
In the systemic circulation, arteries transport oxygenated blood from the heart to the
body’s tissues. In contrast, in the pulmonary circulation, the pulmonary arteries carry
deoxygenated blood from the right ventricle to the lungs.
The walls of arteries are composed of three layers:

o Tunica intima (inner endothelial layer)

o Tunica media (middle smooth muscle layer)

o Tunica externa (outer connective tissue layer)
The thick muscular wall allows arteries to withstand and regulate the high pressure
generated by the heart’s contractions.
As arteries move away from the heart, they branch into smaller arterioles, which
regulate blood flow to specific tissues through vasoconstriction (narrowing) and
vasodilation (widening).



2. Capillaries — The Exchange Vessels

Capillaries are the smallest and thinnest blood vessels, often no more than one cell
thick.

Their primary role is to facilitate the exchange of gases, nutrients, hormones, and
waste products between the blood and the surrounding tissues.

Capillaries form extensive networks (capillary beds) in nearly all body tissues, allowing
red blood cells to pass through in single file for maximum efficiency.

These networks are selectively perfused—precapillary sphincters control blood flow,
ensuring it is directed to tissues that are metabolically active.

The slow flow rate and thin walls of capillaries make them ideal for diffusion and
exchange processes.

3. Veins — The Afferent Vessels

Veins carry blood back to the heart. In systemic circulation, they transport
deoxygenated blood, while in pulmonary circulation, pulmonary veins carry
oxygenated blood from the lungs to the left atrium.

Compared to arteries, veins have thinner walls, a larger lumen, and less smooth
muscle, as the blood pressure in veins is significantly lower.

A distinctive feature of many veins—especially those in the limbs—is the presence of
valves. These prevent the backflow of blood and assist in directing blood toward the
heart, even against gravity.

Blood from capillaries collects into venules, which then merge to form larger veins that
return blood to the heart, completing the circuit.

Functional Coordination of Blood Vessels

Together, arteries, capillaries, and veins work in a coordinated sequence:

Arteries transport blood under high pressure away from the heart.
Capillaries facilitate nutrient and gas exchange at the cellular level.
Veins return the blood to the heart for reoxygenation or systemic distribution.

This closed-loop design ensures efficient circulation, nutrient delivery, waste removal, and
homeostatic regulation, making it fundamental to the function and survival of all tissues and
organs in the body.



Slide 5: Arteries
Arteries and Arterioles: Structure and Function in Blood Circulation

Arteries are a critical component of the cardiovascular system, functioning as the primary
conduits for carrying oxygenated blood away from the heart to various tissues and organs of
the body. The exception to this general rule is the pulmonary arteries, which carry
deoxygenated blood from the right ventricle of the heart to the lungs for oxygenation.

1. Structural Anatomy of Arteries

Acrteries are designed to withstand and accommodate the high pressure generated by the heart
during systole (contraction phase). Their walls are thick and elastic, composed of three
concentric layers:

1. Tunica Intima:

o The innermost layer, made up of endothelial cells that provide a smooth lining
to minimize friction as blood flows through the lumen.

o Also involved in sensing blood flow and releasing substances like nitric oxide for
vasodilation.

2. Tunica Media:

o The middle layer, consisting primarily of smooth muscle fibers and elastic
tissue.

o This layer plays a crucial role in controlling the diameter of the artery and thus
regulating blood pressure and flow.

o Vasoconstriction (narrowing of the artery) increases resistance and blood
pressure, while vasodilation (widening of the artery) decreases resistance and
lowers blood pressure.

3. Tunica Externa (Adventitia):

o The outermost layer, composed of collagen and elastic fibers, which provides

structural support and anchors the artery to nearby tissues.

2. The Aorta — The Largest Artery

The aorta is the largest and most important artery in the human body. It originates from the
left ventricle and distributes oxygen-rich blood through a series of branches to the head, neck,
upper limbs, abdomen, pelvis, and lower limbs.

Major subdivisions of the aorta include:

e Ascending aorta
e Aortic arch



e Descending thoracic aorta
e Abdominal aorta

Each of these segments gives rise to smaller arteries that serve specific body regions.

3. Arterioles — The Resistance Vessels

As arteries branch and become progressively smaller, they become arterioles, which are
microscopic blood vessels that lead directly into capillary networks.

o Arterioles have a relatively thick muscular wall compared to their diameter.
e They play a key role in regulating systemic blood pressure and regional blood flow.
e The smooth muscle in the walls of arterioles responds to:

o Neural signals (sympathetic nervous system)

o Hormonal influences (e.g., adrenaline, angiotensin I1)

o Local chemical signals (e.g., nitric oxide, prostaglandins)

This ability to constrict or dilate makes arterioles the primary site of vascular resistance,
often referred to as resistance vessels.

4. Vasoconstriction and Vasodilation

e Vasoconstriction occurs when the smooth muscle in the tunica media contracts, causing
the arterial lumen to narrow.
o This increases vascular resistance and raises blood pressure.
o Itis common during cold exposure, stress, or hemorrhage to maintain perfusion
to vital organs.
« Vasodilation occurs when the smooth muscle relaxes, widening the vessel lumen.
o This reduces resistance and lowers blood pressure.
o Vasodilation helps to increase blood flow during exercise, inflammation, or
heat exposure.

5. Physiological Role of Arterioles in Blood Flow Distribution

Arterioles are strategically important in directing blood flow to areas of the body based on
moment-to-moment physiological demands. For example:

« During exercise, arterioles supplying skeletal muscles dilate, allowing increased oxygen
and nutrient delivery.



« Simultaneously, arterioles to the gastrointestinal tract may constrict to prioritize muscle
perfusion.
o During digestion, the reverse occurs—blood is redirected toward the gastrointestinal
organs.
This regional control of perfusion is achieved through a complex interplay of:
e Autoregulation

e Neurohumoral control
« Metabolic feedback mechanism

Capillaries

" Capillaries: The Exchange Vessels of the Circulatory System

Capillaries are the smallest and most delicate blood vessels in the human body, yet they serve
one of the most vital roles in the cardiovascular system: facilitating the exchange of gases,

nutrients, hormones, and waste products between the blood and body tissues.

These vessels form an extensive microvascular network that reaches nearly every cell in the
body, ensuring that no cell is too far from a blood supply.

1. Structural Characteristics

Capillaries are so small—only 5 to 10 micrometers in diameter—that red blood cells must
pass through them in single file. This close contact with the capillary walls optimizes the
surface area for efficient exchange.

The walls of capillaries are composed of a single layer of flattened endothelial cells, known as
the tunica intima, supported by a thin basement membrane. This ultra-thin barrier allows for
rapid diffusion and filtration of substances between the blood and surrounding tissues.

Unlike arteries and veins, capillaries lack smooth muscle and elastic tissue, making them
fragile but highly permeable.

2. Types of Capillaries

There are three main types of capillaries, classified based on their permeability and structure:

1. Continuous Capillaries



Found in the brain, muscles, skin, and lungs.
Have tightly packed endothelial cells with small intercellular clefts.
Permit limited exchange of water and small solutes.

o Most common type in the body.
2. Fenestrated Capillaries

o Found in tissues requiring rapid exchange, such as the kidneys, intestines, and

endocrine glands.

o Contain small pores (fenestrations) that increase permeability.

o Allow the passage of larger molecules like hormones and nutrients.
3. Sinusoidal (Discontinuous) Capillaries

o Found in the liver, spleen, and bone marrow.

o Have large openings and a discontinuous basement membrane.

o Allow passage of blood cells and large plasma proteins.
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3. Function: Sites of Exchange

Capillaries are the primary sites where:

e Oxygen and nutrients (like glucose, amino acids, and fatty acids) diffuse from the
blood into tissues.

« Carbon dioxide and metabolic wastes (such as urea and lactic acid) move from tissues
into the blood for removal.

This bidirectional exchange is driven by concentration gradients and assisted by hydrostatic
and osmotic pressures at the capillary level—referred to as Starling forces.

4. Regulation of Blood Flow: Precapillary Sphincters

Not all capillary beds are perfused at all times. To manage and regulate blood distribution based
on the metabolic needs of tissues, the body employs precapillary sphincters:

e These are rings of smooth muscle located at the entrance of capillary beds, where
arterioles branch into capillaries.

e When sphincters relax, blood flows into the capillary bed, allowing nutrient and gas
exchange.

e When sphincters constrict, the capillary bed is bypassed, conserving energy and
redirecting blood flow to areas with higher demand.

This dynamic control ensures optimal use of blood resources:

e More blood is directed to muscles during exercise.
e More is sent to digestive organs after meals.



o Lessis sent to certain tissues during cold exposure or shock.

5. Arteriovenous Shunts (Bypass Routes)

In situations where a capillary bed is not needed or when rapid redistribution of blood is
required, blood may bypass the capillaries via an arteriovenous (AV) shunt:

e An AV shunt is a direct connection between an arteriole and a venule.

e These shunts provide a shortcut, allowing blood to return to the venous system without
undergoing exchange.

e« Commonly found in thermoregulatory regions like fingers, toes, ears, and skin to
control heat loss.

Anatomy of a Capillary Bed]Understanding the Capillary Bed: Regulation and Blood Flow
Dynamics

Let’s explore the concept of a capillary bed, which is the functional unit of microcirculation in
the body. A capillary bed consists of a network of tiny blood vessels—the capillaries—that are
supplied by small arterioles and drained by venules.

At the entrance of each capillary, you will find specialized structures called precapillary
sphincters—circular bands of smooth muscle that play a vital role in regulating local blood
flow into the capillary network.

When Precapillary Sphincters Are Relaxed

« Relaxation of these sphincters allows blood to flow freely from the arteriole into the
capillary bed.

« This results in perfusion of the capillaries, meaning they are filled with blood, allowing
for efficient exchange of gases, nutrients, and waste products between the blood and
surrounding tissues.

e This state typically occurs in metabolically active tissues—those that require increased
oxygen and nutrients.
For example:

o Skeletal muscles during exercise.



o Digestive organs after eating, when the body is focused on absorption and
assimilation.
o Active brain regions during periods of cognitive demand.

The increased capillary perfusion ensures that oxygen supply meets demand and that waste
products are promptly removed, maintaining tissue homeostasis.

When Precapillary Sphincters Are Contracted

« Contraction of the sphincters restricts or entirely blocks blood flow into the capillaries.

e As a result, blood is diverted through a specialized bypass route known as an
arteriovenous (AV) shunt.

e In this case, blood flows directly from the arteriole to the venule, bypassing the
capillary network.

This mechanism serves several important purposes:

o Conservation of blood volume and pressure during times of rest or in non-essential
tissues.

« Thermoregulation, particularly in peripheral regions like the skin, where blood flow is
reduced to minimize heat loss in cold environments.

o In states like shock or hemorrhage, capillary beds in non-critical tissues are shut down
to redirect blood to vital organs such as the brain, heart, and kidneys.

Dynamic Control Based on Demand

This adaptive perfusion system ensures that blood is not equally distributed at all times but
instead is strategically allocated based on real-time physiological needs. The autonomic
nervous system, along with local chemical mediators like nitric oxide, carbon dioxide, and pH
changes, influences sphincter activity.

For instance:
e During exercise, blood is diverted away from the gastrointestinal tract and directed
toward active muscles, increasing oxygen delivery.

o After a meal, digestive organs receive greater blood flow to support absorption and
metabolism.

Veins: The Return Pathways of the Circulatory System



Veins play a vital role in the cardiovascular system by returning deoxygenated blood from the
body tissues back to the heart. Once blood has delivered oxygen and nutrients to the tissues
through the capillaries and collected waste products like carbon dioxide, it flows into small
vessels known as venules. These venules then merge and enlarge into medium-sized and
ultimately large veins, forming the low-pressure return pathway to the heart.

Structural Characteristics of Veins

Unlike arteries, which operate under high pressure, veins function under much lower pressure,
especially in the systemic circulation. Their structural features reflect this role:

« Thinner walls: Veins have a less muscular and less elastic wall than arteries. Their
tunica media, the middle muscular layer, is relatively thin.

e Larger lumens: The internal diameter (lumen) of veins is wider, allowing them to hold
a large volume of blood.

o Less elastic tissue: Since veins are not required to actively manage high pressure or
pulsatile flow, they contain fewer elastic fibers.

These adaptations make veins highly compliant vessels, meaning they can stretch and
accommodate varying blood volumes with ease.

Venous Valves — One-Way Gates

One of the most critical features of veins, particularly in the limbs and lower extremities, is
the presence of valves.

e These semilunar valves are formed by folds of the tunica intima (inner lining).

« Their function is to prevent the backflow of blood, ensuring it moves unidirectionally
toward the heart, even when fighting gravity, such as from the legs to the heart.

e When skeletal muscles contract, they compress nearby veins, pushing blood forward
through the open valves. Between contractions, the valves close, preventing blood from
falling backward—a mechanism known as the skeletal muscle pump.

This system is essential in maintaining effective venous return, especially during upright
posture and walking.



Venous Blood Volume and Reservoir Function

« Veins are often referred to as “capacitance vessels” or “blood reservoirs” because they
contain a large proportion of the body's total blood volume—approximately 65-70%
at any given time.

e This reservoir function allows veins to store excess blood and adjust circulating
volume in response to physiological demands.

For example:

e During exercise or sudden standing, blood can be mobilized from the venous
reservoir to maintain adequate cardiac output.

e In hemorrhage or trauma, veins can constrict (via sympathetic stimulation), pushing
blood toward the heart to preserve blood pressure and perfusion to vital organs.

Coronary Artery Circulation
Coronary Circulation: Nourishing the Heart Itself

Before we explore the overall pathway of blood through the heart, it is important to understand a
specialized and critically important component of the cardiovascular system known as coronary
circulation. While the heart is responsible for pumping blood throughout the entire body, it also
requires its own dedicated blood supply to function effectively. This is because the blood
flowing through the heart chambers does not directly nourish the myocardium (heart muscle)
itself.

What is Coronary Circulation?

Coronary circulation refers to the network of arteries and veins that supply oxygenated blood
to the heart muscle and remove deoxygenated blood and metabolic waste products.

e The system begins with the coronary arteries, which are the first branches off the
ascending aorta, just beyond the aortic valve.

e These arteries encircle the heart in a crown-like fashion (hence the term coronary, from
the Latin corona, meaning crown), penetrating the myocardium to deliver oxygen-rich
blood.



Major Coronary Arteries

There are two primary coronary arteries:

1. Right Coronary Artery (RCA):
o Arises from the right side of the aorta.
o Supplies the right atrium, right ventricle, parts of the conduction system
(including the SA and AV nodes), and the inferior portion of the left ventricle.
o Gives rise to the posterior descending artery (in most individuals), which
supplies the posterior part of the interventricular septum.
2. Left Coronary Artery (LCA):
o Arises from the left side of the aorta.
o Quickly bifurcates into two main branches:
= Left Anterior Descending (LAD) artery: Supplies the anterior wall of
the left ventricle and interventricular septum.
= Circumflex artery: Encircles the heart and supplies the lateral and
posterior portions of the left ventricle and left atrium.

These arteries and their branches penetrate deep into the myocardial tissue, forming a dense
capillary network that supports the high metabolic demands of the heart muscle.

Venous Drainage of the Heart

Once oxygen and nutrients are delivered, coronary veins collect the deoxygenated blood:

e The great cardiac vein, middle cardiac vein, and small cardiac vein drain into the
coronary sinus, a large vein located on the posterior aspect of the heart.
e The coronary sinus then empties into the right atrium, completing the circuit.

Passage of Blood Through the Heart
Sequential Flow of Blood Through the Heart: A Step-by-Step Journey

The heart acts as a central pump in the circulatory system, ensuring the continuous movement
of blood through two major circuits: the pulmonary circulation (to and from the lungs) and the
systemic circulation (to and from the rest of the body). This process involves a highly
coordinated sequence through four chambers and four valves, maintaining unidirectional,
oxygen-regulated blood flow.

Let’s walk through this six-step journey of blood through the heart:



Step 1:

Step 2:

Step 3:

Step 4

Entry of Deoxygenated Blood into the Right Atrium

Blood that has circulated through the body returns to the heart carrying low oxygen and
high carbon dioxide content.
This deoxygenated blood enters the heart through two large veins:

o The superior vena cava, which brings blood from the upper part of the body

(head, neck, arms, and chest).
o The inferior vena cava, which returns blood from the lower parts (abdomen,
pelvis, and legs).
Both veins empty into the right atrium, the first chamber of the heart that receives
systemic blood.

Right Atrium to Right Ventricle via the Tricuspid Valve

When the right atrium contracts during atrial systole, it pushes blood through the
tricuspid valve into the right ventricle.

The tricuspid valve is a three-flapped atrioventricular (AV) valve that ensures blood
flows only in one direction—from atrium to ventricle, not backward.

Once the blood passes into the right ventricle, the valve closes tightly to prevent
regurgitation during the next contraction.

Right Ventricle to Lungs via Pulmonary Semilunar Valve

During ventricular systole (ventricular contraction), the right ventricle contracts and

pumps blood into the pulmonary trunk.
The blood flows through the pulmonary semilunar valve, which prevents backflow into

the ventricle.
The pulmonary trunk splits into the left and right pulmonary arteries, each carrying

deoxygenated blood to the respective lung.
In the lungs, the blood passes through pulmonary capillaries, where carbon dioxide is

exchanged for oxygen during respiration.

Return of Oxygenated Blood to the Left Atrium

Now oxygen-rich blood, having undergone gas exchange in the lungs, returns to the

heart.
This oxygenated blood enters the left atrium through four pulmonary veins—two from

each lung.
The left atrium, like the right, acts as a receiving chamber, holding the oxygenated blood

momentarily before passing it to the next chamber.



Step 5:

Step 6:

Left Atrium to Left Ventricle via the Mitral (Bicuspid) Valve

Upon contraction of the left atrium, blood is pushed through the mitral valve (also
called the bicuspid valve) into the left ventricle.

The mitral valve is a two-flapped atrioventricular valve, functioning similarly to the
tricuspid valve but located on the left side of the heart.

It prevents the backward flow of blood into the left atrium during the powerful
contraction of the left ventricle.

Left Ventricle to the Body via the Aortic Semilunar Valve

The left ventricle is the most muscular chamber of the heart, with thick walls to generate
high pressure.

When it contracts, blood is ejected through the aortic semilunar valve into the
ascending aorta.

The aorta is the largest artery in the human body, and it branches extensively to deliver
oxygenated blood to all tissues and organs via the systemic circulation.

The aortic valve closes immediately after ejection to prevent blood from flowing back
into the heart.

1 Summary: Flow of Blood Through the Heart

Body — Superior & Inferior Vena Cava — Right Atrium

Right Atrium — Tricuspid Valve — Right Ventricle

Right Ventricle — Pulmonary Valve — Pulmonary Arteries — Lungs
Lungs — Pulmonary Veins — Left Atrium

Left Atrium — Mitral Valve — Left Ventricle

Left Ventricle — Aortic Valve — Aorta — Body

"Now, let’s walk through the sequential flow of blood through the heart chambers and valves:

1.

wmn

4.

o

Deoxygenated blood from the body returns to the heart via the superior and inferior
vena cava into the right atrium.

From the right atrium, blood flows through the tricuspid valve into the right ventricle.

It is then pumped through the pulmonary semilunar valve into the pulmonary arteries,
which carry it to the lungs for oxygenation.

Oxygen-rich blood returns to the heart via the pulmonary veins into the left atrium.

It passes through the bicuspid (or mitral) valve into the left ventricle.

Finally, blood is pumped through the aortic semilunar valve into the aorta, and from
there, it is distributed throughout the body.



This continuous circuit is essential for sustaining life."

Internal View of the Heart

"Here, you can see the internal anatomy of the heart. The left side of the heart—especially the
left ventricle—has a much thicker wall than the right side. That’s because it has to pump blood
to the entire body, while the right ventricle only sends blood to the lungs.

This image also shows the four valves—tricuspid, pulmonary, mitral, and aortic—that ensure
unidirectional flow of blood."

Path of Blood Through the Heart — Recap]

"Let’s quickly recap the entire path of blood through the heart, lungs, and body:
e Body — Vena cava — Right atrium — Tricuspid valve — Right ventricle
e Right ventricle — Pulmonary valve — Pulmonary arteries — Lungs
e Lungs — Pulmonary veins — Left atrium — Mitral valve — Left ventricle
e Left ventricle — Aortic valve — Aorta — Body

This dual-circuit system is divided into:

e The pulmonary circulation—which exchanges gases in the lungs.
e The systemic circulation—which supplies the body’s tissues with oxygen and nutrients."



