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Chapter 1

Anatomy of the Respiratory System

I. Introduction

A. Function of the lungs

1. Provide ventilation and respiration.

a. Ventilation is the process of moving gas into and out of the lungs.

b. Respiration is the exchange of gases (oxygen and carbon dioxide) between the air and blood and between blood and tissue.

2. The lung must also protect itself from the numerous contaminants prevalent in the environment.

3. The lung and heart must work together to provide the necessary oxygen vital to cellular.

B. Function and to remove CO2.

a. Failure of the lung to adequately oxygenate can result in hypoxemia and/or hypoxia.

b. Hypoxemia is decreased oxygen in the blood (a low PaO2).

c. Hypoxia is decreased oxygen at the tissue (cellular) level.

C. Outline of Module A

1. Tissue Epithelium

2. Upper Airway

3. Lower Airway

4. Tracheobronchial Tree

5. Site of Gas Exchange

6. Pulmonary Vascular System

7. Lymphatics

8. Neural Control

9. Lungs

10. Mediastinum

11. Thorax

12. Muscles of Respiration

II. Tissues

A. Tissue Types

1. Epithelial Tissue

2. Connective Tissue

3. Muscle Tissue

4. Nervous Tissue

B. Epithelial Tissue

1. Also called Epithelium.

2. Covers and protects the body surface, lines body cavities, specializes in moving substances into and out of the blood (secretion, excretion, absorption) and forms many glands.

C. Classification of Epithelium based on Cell Shape:

1. Squamous – flat and plate-like.

2. Cuboidal – cube shaped.

3. Columnar – narrow and cylindrical.

4. Pseudostratified columnar – one layer of oddly shaped columnar cells; “pseudo” means false appearance of layering or stratification.

D. Classification Based on Layers

1. Simple Epithelium – arranged in a single layer; substances can readily diffuse of filter through this type of tissue.  

a. Simple Squamous

b. Simple cuboidal

c. Simple columnar

2. Stratified epithelium – multiple layers of cells; provides a protective function.

a. Stratified squamous

b. Stratified cuboidal

c. Stratified columnar

3. Pseudostratified Columnar 

a. Found lining the air passages of the respiratory system 

E. Location of Tissue Epithelium

1. Stratified squamous epithelium

a. Anterior portion of nasal cavity

b. Oral cavity

c. Oropharynx

d. Laryngopharynx

2. Pseudostratified columnar epithelium

a. Posterior 2/3 of nasal cavity

b. Tracheobronchial tree

3. Simple cuboidal epithelium

a. Bronchioles

4. Simple squamous epithelium

a. Alveoli

b. Pulmonary capillaries

III. Upper Airway
A. Anatomy

1. Nose

2. Oral Cavity

3. Pharynx

B. Function of the upper airway
1. Conduct air.

2. To prevent foreign materials from entering the lower airway.

3. Smell/Speech.

C. Nose
1. Function of the Nose:

a. Heat, humidity and filter incoming gas, smell and speech

2. Anatomy

a. Composed of bone and cartilage.

b. Partition in the nose is called the nasal septum.

c. Air enters the nasal cavity through 2 openings called nares or nostrils.

d. Inside the nose are hair follicles called vibrissae; these hair follicles filter the incoming gas and provide the first line of defense.

e. The first 1/3 of the nose is stratified squamous epithelium (nonciliated) and the posterior 2/3 is pseudostratified ciliated columnar epithelium that contains mucous secreting glands; this provides second line of defense.

f. There are bony protrusions on the lateral walls of the nasal cavity called the superior, middle and inferior nasal turbinates or conchae; the turbinates separate the incoming gas into airstreams which increases contact area between inspired air and the warm moist surface of the nose.

g. Under the mucosal epithelium is an extensive capillary network connected to arteries and veins.  These vessels can constrict or dilate to change the amount of blood flow to the area.

h. The nose can filter most particles down to 5 m in diameter.

i. Mouth breathing greatly decreases the humidification and filtering mechanism when compared to nose breathing.

j. Placing an ET/tracheostomy tube into the trachea also prevents the humidification and filtering function of the nose.  This places a heavy burden on the tracheal mucosa connected to the nasal cavity are several empty air spaces within the skull and facial bones called paranasal sinuses.  These are lined with mucus secreting epithelium continuous with that of the nasal cavity.  Mucous from the sinuses drain into the nose;

k. The sinuses are paired and are located in the frontal, ethmoid, sphenoid and maxillary bones.  Inflammation or infection will cause membranes to swell and increases pressure in the sinuses and can result in infection in the lower airway.

D. Oral Cavity
1. Anatomy

a. The hard and soft palate forms roof of the mouth.

b. Uvula – is the soft, fleshy structure.

c. Epithelium is stratified squamous epithelium that is nonciliated.

d. The palatine (faucial) tonsils are located on each side of the oral cavity.  These tonsils are lymphatic tissue believed to serve a protective function.

E. Pharynx (means Throat)

1. Nasopharynx – is located posterior to the nasal cavity.  It is lined with pseudostratified ciliated columnar epithelium.  The pharyngeal tonsils or adenoids are located in this area.

2. Eustachian tubes (auditory tubes) connect the middle ear with the nasopharynx.  These tubes allow pressure equalization between the ear and atmosphere.  Throat infections can lead to middle ear infections (otitis media).  Otitis media is also a complication of nasal endotracheal tubes.  
3. Oropharynx – lies behind the oral cavity.  The lingual tonsils lie in this area at the root on the tongue; it is lined with stratified squamous epithelium.

4. Laryngopharynx – lies between the base of the tongue and the entrance to the esophagus and lies posterior to the epiglottis.  This area is lined with stratified squamous epithelium.

IV. Lower Airway

A. Larynx

1. Referred to as the voice box.  It is the opening between the trachea and the pharynx. 

2. Function includes:

a. Conducts air between pharynx and trachea.

b. Protects against aspiration of solid and liquids.

c. Generates sound for speech.

3. Composed of nine cartilages.

a. 3 single cartilages

i. Thyroid

ii. Cricoid

iii. Epiglottis

b. 3 paired cartilages

i. Arytenoids

ii. Corniculates

iii. Cuneiform

c. The cartilages are held in place by ligaments, membranes and muscles.

d. The largest cartilage is the thyroid cartilage (Adam’s Apple); it is suspended by the hyoid bone.

e. The false vocal cords and the true vocal cords are found in the interior of the larynx.  The space between the true vocal cords is termed the rima glottidis or glottis.  
4. T
he subglottic area is the area directly below the glottis and the supraglottic area is the area directly above the glottis.

5. The glottis is the opening of the trachea and is the narrowest portion of the airway (adult).
6. Swelling (edema) at the glottis, subglottic or supraglottic region can cause stridor.  Stridor is a high-pitched crowing sound usually heard on inspiration from air traveling through a narrow opening.  Stridor is often heard in children with croup or epiglottitis.

7. The cricothyroid membrane connects the cricoid and thyroid cartilages and is the site for an emergency airway when there is an occlusion above this point.  An entrance made into this membrane is called a cricothyrotomy.


8. The vocal cords ability to open and close the airway is essential for generating and releasing high pressure in the lungs needed for coughing.  If you place an ET/trach tube you render the cough ineffective because there is no way to seal the airway.

9. The vocal cords are wider apart during inspiration than expiration.  Swelling (edema) of the vocal cords cause increased resistance to breathing.

a. Vocal cord abduction implies the cords are opening or moving away from the midline.

b. Vocal cord adduction implies the cords are moving toward the midline or coming together.

10. The laryngeal reflex can close the vocal cords inside the larynx which will close the tracheal opening.  This is called laryngospasm.  This may occur during endotracheal tube removal (extubation), drowning, inhaling noxious substances.

11. Another function of the larynx is the effort closure during exhalation, known as the Valsalva maneuver.  During this maneuver, there is a massive undifferentiated adduction of the laryngeal wall, including both the true and false vocal cords.  As a result the larynx is tightly sealed preventing air from escaping during physical work such as lifting, pushing coughing, throat clearing, vomiting, urination, defecation and parturition (giving birth).

a. Definition:  Forced expiratory effort against a closed airway to increase intrathoracic pressure and to inflate eustachian tubes and middle ears (used by persons descending from high altitudes).

12. The larynx is lined with stratified squamous epithelium above the vocal cords and pseudostratified columnar epithelium below the cords

V. Tracheobronchial (TB) Tree

A. The TB tree is divided into two divisions: 

1. Cartilaginous airways – conducts air between environment and the site of gas exchange.

a. Cartilage is found in the trachea, main stem bronchi, lobar bronchi, segmental bronchi, and subsegmental bronchi.

2. Non-cartilaginous airways – conducts air and are sites of gas exchange; no cartilage is found from the bronchioles down to the alveoli.

3. The TB tree divides in a pattern known as dichotomous branching in which each airway divides into two “daughter” airways.  Each division called a bifurcation gives rise to a new generation of airways. 

B. Trachea (Generation 0)
1. Begins at the cricoid cartilage at the level of the 6 cervical vertebrae and extends to the 2nd costal cartilage or 5th thoracic vertebrae.  

2. The trachea is 11 – 13 cm long and 1.5 to 2.5 cm wide.

3. There are approximately 16 – 20 C shaped cartilages that support the trachea.

4. The surgical opening into the trachea is called a tracheostomy; it is usually performed at the 2nd or 3rd tracheal ring.

5. The point at which the trachea divides is called the carina.  At about this level (within 1.5 cm), the inspired air is 100% saturated with water vapor and is warmed to 37 C.
C. Main Stem Bronchi: (1st Generation)
1. Trachea divides into the right and left mainstem bronchi, one for each lung.

2. The right main stem bronchus branches off the trachea at a 25 angle.  It is wider and shorter than the left and more vertical.

3. The left main stem bronchus forms an angle of 40 to 60 degrees with the tracheal.

a. In the newborn baby, both main stem bronchi form a 55 angle with the trachea.

D. Lobar Bronchi (2nd generation)
1. The right main stem bronchus divides into the upper, middle and lower lobar bronchi.

2. The left main stem bronchus divides into the upper and lower lobar bronchi. 

E. Segmental Bronchi (3rd generation)
1. There are 10 segmental bronchi on the right

2. There are 8 segmental bronchi on the left.

3. These segmental bronchi correspond to the segments of the lung.

F. Subsegmental Bronchi (4th to 9th generations)
1. The tree continues to divide between the fourth and ninth generation.

2. These bronchi are between 1-4 mm in diameter.

G. Bronchioles (10th to 15th generations)
1. Less than 1 mm in diameter and no cartilage (lack of support).

2. Simple cuboidal epithelium.

H. Terminal Bronchioles (16th to 19th generations)
1. Diameter is 0.5 mm.

2. Cilia and mucous glands disappear.

I. Canals of Lambert begin to appear.  

1. These are channels between the inner lumen of the terminal bronchioles and the alveoli.  These channels provide for collateral ventilation.

2. No gas exchange takes place

J. Bronchial Blood Supply
1. The bronchial arteries nourish the tracheobronchial tree.  The arteries arise from the aorta and following the TB tree as far as the terminal bronchioles.

2. The normal bronchial blood flow is about 1% of the cardiac output.

VI. Sites of Gas Exchange

A. Functional Units 

1. Respiratory bronchioles (20th to 23rd generation)

a. Respiratory bronchioles are characterized by alveoli budding from their walls.

2. Alveolar Ducts (24th – 27th generation)

3. Alveolar Sacs (28th generation)

a. There are approximately 300 million alveoli.

b. Average surface area of the lung is 70-85 square meters (about the size of a tennis court).

c. The respiratory bronchioles, alveolar ducts and alveolar sacs that arise from a single terminal bronchiole are called the primary lobule, parenchyma, or acinus.
B. Alveolar Epithelium

1. Type I cell: This is the primary site of alveolar gas exchange; these cells account for 95% of the alveolar surface.

2. Type II cell or granular pneumocyte accounts for 5% of the alveolar surface.  They are believed to be the primary source of pulmonary surfactant.  Surfactant is necessary to prevent the alveoli from collapsing.

3. Pores of Kohn are small holes in the walls of the interalveolar septa.  These holes permit gas movement from one alveoli to another.

4. Alveolar Macrophages are type III alveolar cells that play a role in removing bacteria and foreign particles that are deposited within the acini.  They are believed to come from monocytes in the blood stream that are deposited in the alveoli

5. The alveolar-capillary membrane is surrounded by the interstitium that is a gel like substance composed of collagen fibers.  The collagen is thought to limit the expansion of the alveoli.  Expansion of a lung unit beyond the limits of the interstitial collagen can occlude the pulmonary capillaries or (2) damage the structural framework of the collagen fibers and the wall of the alveoli.


VII. Lung

A. Anatomic Landmarks/Facts

1. The lung apex is at the top of the lung and is somewhat pointed; the lung base is broad and concave.

2. The lung extends from above the first rib (above the clavicles) to the 6th rib in the front and the 11th rib posteriorly.

3. At the center of the mediastinal border is the hilum, where the right and left main stem bronchi, blood vessels, lymph vessels and various nerves enter and exit the lungs.

4. The right lung is larger and heavier than the left.  It has three lobes that are divided by the oblique and horizontal fissures.  The horizontal fissure is only found on the right side and separates the upper and middle lobes.  The oblique fissure separates the upper and middle lobe from the lower lobe.  

5. The left lung is divided into two lobes: the upper and lower lobes that are divided by the oblique fissure.

6. All lobes are divided into segments.  There are 10 segments on the right and 8 segments on the left.

VIII. Pleural Membranes

A. Visceral Pleura – attached to the outer surface of each lung and extends into each of the interlobular fissures.

B. Parietal Pleura – lines the inside of the thoracic walls, the thoracic surface of the diaphragm and the lateral portion of the mediastinum.

C. Both pleura are moist, slick surfaced membranes.  The space between the two surfaces is called the pleural cavity.  The two surfaces are held together by a thin film of serous fluid (like two pieces of moistened glass).  They glide over each other during inspiration and expiration.

D. The lung has a natural tendency to collapse and the thorax has a natural tendency to expand.  This causes a subatmospheric (negative) pressure to normally exist between the two pleuras.

E. If air or fluid is allowed to enter this space, the intrapleural pressure rises to atmospheric pressure and causes the membranes to separate from each other.  This condition is called a pneumothorax.  A pneumothorax is usually treated with a chest tube or needle aspiration.

IX. Mediastinum
A. Anatomic Landmarks

1. The mediastinum is a cavity that contains organs and tissues in the center of the thoracic cage between the right and left lung.  It is bordered anteriorly by the sternum and posteriorly by the thoracic vertebrae.  

2. The mediastinum contains the trachea, heart, major blood vessels, nerves, esophagus, thymus gland, and lymph nodes.  

X. Thorax

A. Anatomic Borders

1. The thorax houses and protects the organs of the cardiopulmonary system.  There are 12 thoracic vertebrae that form the posterior midline border.  The sternum forms the anterior border.  The ribs form the lateral border.

B. Sternum

1. Manubrium
2. Body (gladiolus)
a. The junction of the manubrium to the body is called the sternal angle or the Angle of Louis.  the Angle of Louis marks the level of the carina in the lung and is adjacent to the second rib (5th thoracic vertebra) xiphoid process.
C. Ribs

1. Twelve pair of ribs forms the lateral boundary of the thorax.  The ribs attach directly to the vertebral column posteriorly and to the sternum anteriorly by way of the costal cartilage.

2. First seven ribs are the true ribs since they attach directly to the sternum.

3. Ribs 8-10 are called the false ribs since they attach to the costal cartilage of the ribs above.

4. Ribs 11 and 12 are the floating ribs.
5. There are eleven intercostal spaces between the ribs that contain the blood vessels, nerves and internal and external intercostal muscles, located directly below the rib.  

6. Invasive insertion of needles or tubes should be done directly above the rib so as not to interfere with the blood vessels and nerves.  

XI. Muscles of Respiration

A. Primary Muscles
1. Diaphragm is the major muscle of ventilation.  It is dome shaped and separates the thoracic cavity from the abdominal cavity.  It is composed of two separate muscles known as the right and left hemidiaphragm that come together at the midline to form the central tendon.

a. The esophagus, the aorta, and several nerves and the inferior vena cava pierce the diaphragm.

b. The phrenic nerve controls the movement of the diaphragm.  During inspiration, the diaphragm moves downward increasing the size of the thorax.  During expiration, it moves upward decreasing the size of the thorax.

c. During quiet breathing in a normal healthy person, the diaphragm alone can manage the task of moving gas into and out of the lungs, but during exercise and with lung disease, the accessory muscles are needed.

2. The external intercostal muscles are also slightly active during quiet breathing.

B. Accessory Muscles of Inspiration
1. External Intercostal muscles become more active when work of breathing is increased.

2. Scalene Muscles on either side of the neck.

3. Pectoralis Major is a fan shaped.

4. Sternocleidomastoid is located on either side of the neck.

5. Trapezius – upper back and back of neck.

C. Accessory Muscles of Expiration
1. Internal Intercostal Muscles

2. Abdominal Muscles

3. Rectus Abdominis

4. Internal Obliques 

5. External Obliques

6. Transverse abdominis

D. Muscle Conditions
1. Muscle wasting is loss of muscle tone which is atrophy – this occurs in paralysis of muscle or patients on mechanical ventilators who are not using their muscles.
2. An increase in muscle size is called hypertrophy.  This is seen in COPD
XII. Nervous System


A. Division of the Nervous System:  The nervous system is separated into two divisions:

1. Central Nervous System: The Central Nervous System is composed of the:

a. Brain

b. Spinal Cord

2. Peripheral Nervous System: The Peripheral Nervous System is composed of the:

a. Somatic nervous system
i. Sensory (afferent)

ii. Motor  (efferent)

b. Autonomic nervous system
i. Parasympathetic

ii. Sympathetic
B. Function of the Peripheral Nervous System

1. The somatic nervous system functions largely under conscious, voluntary control.

2. The autonomic system functions beyond the level of our conscious control.  Many of the glands and muscles of the body are innervated by both the parasympathetic and sympathetic systems.  The autonomic nervous system adapts to circumstances by balancing the opposing forces of the parasympathetic and sympathetic systems automatically.

3. The autonomic system governs the activities of the cardiac muscle, the smooth or involuntary muscles of all body systems, the sweat glands, and certain endocrine glands.

4. The sympathetic nervous system (SNS) reacts as a general alarm system - “fight or flight" mechanism.  Heart rate and blood pressure increase, blood vessels constrict to shift blood flow to the muscles and the heart, blood sugar rises, bronchi dilate and pupils dilate, and bronchial and salivary gland secretion decreases.  The organism prepares for maximum physical exertion.

5. The parasympathetic nervous system (PNS) is essential to life and is a more discrete, finely regulated system that controls the day-to-day functions.  The PNS stimulates digestion, maintains blood pressure and HR, maintains rectal and bladder control.  Over-stimulation of the parasympathetic NS (vagal stimulation) results in decreased HR and BP, increased mucous production, bronchoconstriction, pupil constriction and increased salivary gland secretion.  (SLUD:  Salivation, Lacrimation, Urination, Defecation).

C. Anatomy of the Nervous System

1. A preganglionic neuron conducts impulses from the CNS (brain and spinal cord) to the peripheral ganglia.

2. A postganglionic neuron transmits impulses from the ganglia to the neuroeffector site.

3. Sympathetic fibers arise in the thoracic and lumbar portion of the spinal cord and have short pre-ganglionic and long post-ganglionic fibers. Acetylcholine is the ganglionic neurotransmitter and epinephrine & norepinephrine are the neurotransmitters at the neuroeffector site.  The ratio of preganglionic to postganglionic fibers is 1:11 to 1:17.

4. The parasympathetic fibers arise from the cranial and sacral portion of the spinal cord and consist of long pre-ganglionic and short post-ganglionic fibers.  Acetylcholine is the neurotransmitter at both the ganglionic and neuroeffector sites.  The ratio of preganglionic to postganglionic fibers is 1:2.

5. To review:

a. Sympathetic pre-ganglionic fibers release acetylcholine.

b. Parasympathetic pre-ganglionic fibers release acetylcholine.

c. Sympathetic post-ganglionic fibers release norepinephrine.

d. Parasympathetic post-ganglionic fibers release acetylcholine.  

6. Since nerve stimulation must be temporary, something must happen to the transmitter soon after it is released.  There are enzymes that are present that will destroy the transmitter as soon as they have exerted their effect.  Norepinephrine and epinephrine is either:

a. Reabsorbed into the axon terminal that secreted it, or  
b. Deactivated by enzymes COMT (catechol-O-methyl-transferase) or MAO (Monamine Oxidase).  

7. The parasympathetic transmitter, acetylcholine, is deactivated by acetylcholinesterase.
8. Epinephrine (adrenaline) is released from the medulla of the adrenal gland.  Since sympathetic nerves act through the release of norepinephrine and epinephrine, they are termed adrenergic nerve fibers.  Any drug that mimics the effects of epinephrine is termed an adrenergic or sympathomimetic drug.

9. Since parasympathetic nerves act through the release of acetylcholine, they are termed cholinergic nerve fibers.  Any drug that mimics the effect of acetycholine is termed a cholinergic or a parasympathomimetic drug.

10. Stimulation of the parasympathetic NS with release of acetylcholine results in broncho-constriction.

11. Receptors for the chemical transmitters are very specific.

a. Acetylcholine is "attracted" to cholinergic receptor sites.

b. Muscarinic

c. Nicotinic

d. Norepinephrine and epinephrine are "attracted" to adrenergic receptor sites.

e. 1 – heart

f. 2 – bronchi

g.  – blood vessels

XIII. Histology of the Tracheobronchial Tree (Epithelial Lining, Lamina Propria, Cartilage)


A. Epithelial Lining

1. Pseudostatified ciliated columnar epithelium with numerous mucous glands.

2. The epithelium is separated from the lamina propria by the basement membrane.

3. The epithelium extends from the trachea to the respiratory bronchioles.  As the epithelium progresses, the columnar structure decreases in height and appears more cuboidal than columnar.  

B. Cilia

1. There are 200 cilia per cell.  The length of the cilia is 5-7 microns.  The cilia disappear at the level of the terminal bronchioles and are absent in the respiratory bronchioles.

C. Mucus
1. A mucus layer called the mucus blanket covers the epithelial lining.  Mucus is 95% water, 5% glycoproteins, carbohydrates, lipids, DNA, cellular debris and foreign particles.

2. Mucus production occurs by:

a. Goblet cells (down to and including the terminal bronchioles)

b. Submucosal or bronchial glands (disappear in the terminal bronchioles).

i. The submucosal glands extend deep into the lamina propria.

ii. These glands are innervated by the parasympathetic nervous system (vagus nerve is 10th cranial nerve) and produces 100 mL of mucus per day.
3. The mucus blanket has two layers:

a. Gel (adjacent to the inner luminal surface).

b. Sol (adjacent to the epithelium).

4. The cilia beat in a wavelike action through the sol layer and beat at a rate of 1500/min.
5. This action propels the mucus layer along with any foreign particles stuck to the gel layer, toward the larynx at a rate of 2 cm per minute.   Then at the trachea, the cough mechanism moves secretions into the oral pharynx.  

6. This process is called the mucociliary escalator or mucociliary transport.
7. Factors that slow the mucociliary escalator include:  cigarette smoking, dehydration, oxygen, and hypoxia, pollutants in the atmosphere, anesthetics, and atropine.

D. Lamina Propria
1. This is the submucosal layer of the TB tree.  Here you will find the blood vessels, lymphatic vessels, and branches of the vagus nerve.  Also found is smooth muscle fibers.

2. The smooth muscle wraps around the TB tree in close spirals, one clockwise and one counterclockwise.  The smooth muscle fibers extend down to the alveolar ducts. 

3. Mast cells are also found in the lamina propria.  Mast cells are involved in the humoral immune response associated with allergic asthma.

a. Antigens – foreign substances taken into the body (foods, animal dander, and dust mites) and they result in the production of Antibodies.  Antibodies also called immunoglobulins are serum globulins or proteins that defend against invading antigens.  

b. There are 5 types of immunoglobulins (IgG, IgA, IgM, IgE, IgD).  The IgE is the antibody associated with asthma and the allergic response.

c. When you are exposed to an antigen, the lymphoid tissue releases IgE antibodies. 

d. The IgE antibodies attach to surface receptors on the mast cells.  Once the IgE attaches to the mast cell, it is said to be sensitized.  

e. Each mast cell has 1000 secretory granules that contain several chemical mediators of inflammation.  Continued exposure causes the mast cell to break down and release the chemical mediators:

i. Histamine

ii. Heparin

iii. SRS-A

iv. Platelet activating factor (PAF)

v. Eosinophilic chemotaxic factor of anaphylaxis

f. The release of these mediators cause increased vascular permeability, smooth muscle contraction, increased mucous secretion and vasodilation with edema.

g. The normal IgE antibody level is 200 ng/mL normally.  This level can increase 20 times in the asthmatic.  

E. Cartilage

1. The cartilage layer is the outermost layer of the TB tree.  It gradually diminishes and disappears in bronchioles less than 1 mm in diameter.

XIV. Blood Flow


A. Divisions

1. Pulmonary Vascular System (PVR)

2. Systemic Vascular System  (SVR) (Peripheral Vascular System)

B. Composition

1. Arteries: Carry oxygenated blood (exception is the pulmonary artery).

2. Arterioles: Carry oxygenated blood.

3. Capillaries

4. Venules

5. Veins

C. Anatomy of the Pulmonary Vascular System

1. The right ventricle pumps deoxygenated blood into the pulmonary artery (PA).  The PA divides into the right and left branches.  The arteries then become the arterioles.

2. Arterioles: These vessels are called resistance vessels because of the smooth muscle fibers and play an important role in the distribution and regulation of blood.

3. Capillaries surround the alveoli and this is the area of gas exchange.

4. Venules – blood then enters the venules that empty into the veins.  The veins return blood back to the left heart.  Veins have thinner walls and have less smooth muscle than the arteries.  Veins can collect a large volume of blood with very little pressure change and are called capacitance vessels.  The venules empty into 4 pulmonary veins that empty into the left atrium of the heart.

XV. Lymphatic System


A. The function of the lymphatic vessels is to remove excess fluid and protein molecules that leak out of the pulmonary capillaries.  Fluid moves along the lymph vessels to the lymph nodes.

B. The lymph nodes are organized collection of lymphatic tissue interspersed along the course of the lymphatic stream.  The nodes produce lymphocytes and monocytes.  The nodes act as filters, keeping particulate matter and bacteria from gaining entrance to the bloodstream. 

C. There are more lymphatic vessels on the surface of the lower lung lobes than on the upper or middle.  The lymphatic channels on the left lower lung lobe are more numerous and larger in diameter than the lymphatic vessels on the surface of the right lower lung.  People commonly have more fluid in the lower right lung and in the lower left. 
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