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Objectives

• Describe the major structures of the 
respiratory system on a test with 75% or 
greater accuracy. 

• Describe the physiology of the respiratory 
system (respiration, ventilation and measures 
of respiratory function) on a test with 75% or 
greater accuracy. 

• List the signs of adequate breathing on a test 
with 75% or greater accuracy. 

• List the signs of inadequate breathing on a 
test with 75% or greater accuracy. 
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The Respiratory System

• Oxygen is needed by all the organs and 
cells in the body to function. 

• The major waste product of these 
functions is carbon dioxide. 

• Because the body stores 
very little oxygen, it relies
on the flow of 
oxygenated blood to 
survive. 

The Respiratory System

• The Respiratory System provides a passage for oxygen to 
enter the body and for carbon dioxide to exit and is 
responsible for turning over oxygen to the circulatory system 
for distribution to the body. The gas exchange of oxygen and 
carbon dioxide, called respiration, requires a patent open 
airway and an adequate respiratory function.

• Many pathologic processes can inhibit respiration, including:
– Chronic Obstructive Pulmonary Disease (COPD) 

– Pulmonary Edema

– Asthma 

– Pulmonary Embolism 

• To understand the interventions that you use to maintain 
adequate airway and ventilatory function, you must thoroughly 
understand the anatomy of the upper and lower airway.

Anatomy of the Respiratory 

System
• The Respiratory System includes:

• The Upper Airway 
– Nose 

– Pharynx 

– Epiglottis 

– Larynx 

• The Lower Airway
– Trachea 

– Bronchial Tree 

– Bronchiole 

– Alveoli 

– Pleura 

– Pleural Space 



Anatomy of the Respiratory System The Upper Airway

The Upper Airway

• Nose and Mouth

• The nose and mouth are the two openings to the airway and 
respiratory system. 

• Air entering the nose or mouth is the first stage of respiration. 
In addition to acting as an opening to the airway, the nose 
filters, warms, and moistens air as it is inhaled.

• Pharynx

• The pharynx is a muscular, funnel-shaped tube that extends 
vertically from the back of the soft palate to the superior 
aspect of the esophagus. 

• Air enters the pharynx from the nose or mouth.

• The pharynx connects oropharynx (the inside of the mouth 
posterior to the tongue and leading to the throat) and 
nasopharynx (the area between the nasal passages and the 
oropharynx) with larynx.

The Upper Airway

• Epiglottis

• The epiglottis is often referred to as the trap door. It is a leaf-
shaped flap of cartilage that covers the larynx and prevents food 
and liquid from entering the trachea during swallowing. During 
respiration, air travels past the epiglottis into the trachea.

• Larynx

• The larynx connects the upper
and lower airways. 
The larynx is also known as the 
voice box and holds the 
vocal cords.

• The larynx is sometimes 
referred to as the adam’s
apple in men.

The Upper Airway

• Cricoid Cartilage

• Cricoid cartilage is a firm cartilage ring 
forming the lower portion of the larynx. The 
cricoid cartilage is a key anatomy in airway 
management because compression occludes 
the esophagus. This technique is know as the 
Sellick Maneuver. In addition, the fibrous 
membrane between the cricoid and thyroid 
cartilage, know as the cricothyroid
membrane, is the site for surgical and 
alternative airway placement.

The Upper Airway



The Lower Airway

• Trachea and Bronchial Tree

• The trachea, also known as the 
wind pipe, is formed by 
15-20 C-shaped rings of 
cartilage. It is 
approximately 5 inches 
long and carries air from 
the oropharynx to the 
bronchi.

The Lower Airway

• Bronchi

• The bronchi are the two major branches of the trachea 
that lead into the lungs. 

• There is a right and left side to the bronchial tree. 

• The right bronchus is shorter and straighter than the 
left. 

• The bronchus subdivides into smaller air passages 
ending at the alveoli. 

• Bronchioles

• The bronchi further divide into bronchioles. The 
bronchi become smaller, lose their cartilage, and turn 
into muscle.

• Bronchi are lined with mucus producing cells to keep 
inner surfaces of the air passages free of bacteria and 
irritants.

The Lower Airway

• Lungs

• The lung parenchyma is arranged in two pulmonary 
lobules that form the anatomic division of the lungs. 

• The right lung is 
comprised of three 
lobes. 

• The left lung is 
comprised of two 
lobes. 

• The lungs are the 
organs where oxygen 

• is exchanged for carbon 
dioxide.

The Lower Airway

• Alveoli

• The alveoli are the terminal end of the 
respiratory tree.

• Gas exchange occurs at the alveolar level 
through the process of diffusion. Diffusion is the 
movement of molecules from areas of higher 
concentration to areas of lower concentration. 
Carbon dioxide diffuses across the same 
membrane into the alveoli and is carried off out 
of lungs by expiration.

The Lower Airway

• Pleura and Pleural Space

• Smooth, slippery membranes called pleura
covers the lungs and lines the inner thoracic 
cavity surfaces. The pleura consists of two 
layers, the visceral and parietal. The potential 
space between these two layers, called the 
pleural space, usually holds a small amount of 
fluid that reduces friction between the pleural 
layers during respiration. 

• Occasionally, the pleura can become inflamed, 
causing significant pain with respiration. This 
condition, called pleurisy, is a common cause of 
chest pain, particularly in cigarette smokes. 

The Paediatric Airway

• The paediatric airway is fundamentally 

the same as an adult's with differences 

in relative size and position of some 

components.



The Paediatric Airway

• The airway is smaller in all aspects, particularly the diameters of the 
openings and passageways. As a result, a small change in the 
airway size can result in a major increase in airway resistance (an 
obstruction). 

• In the pharynx, the jaw is smaller and the tongue relatively larger 
(greater potential of airway obstruction). 

• The dental ridge and teeth are softer and more fragile increasing the 
risk for potential damage from airway manoeuvres. 

• The larynx lies more superior and anterior. 

• The epiglottis is much floppier and rounder. 

• The trachea is "Funnel Shaped" due to narrow, undeveloped Cricoid
Cartilage. The narrowest point is at the Cricoid Ring before 10 years 
of age. 

• The chest wall is softer, so infants and children tend to depend more 
heavily on the diaphragm for breathing. 

Respiration

• Respiration is the exchange of gases 

between a living organism and its 

environment. There are two kinds of 

respiration:

• Pulmonary 

respiration

• Cellular 

respiration

Respiration

• Pulmonary respiration (external 

respiration) occurs in the lungs when 

respiratory gases are exchanged between 

the alveoli and the red blood cells in the 

capillaries. During each inspiration, 

oxygen-rich air enters the alveoli. The 

oxygen diffuses through the gas-blood 

barrier and enters the oxygen-poor blood 

in the capillaries. Carbon dioxide in the 

blood does the reverse. 

Respiration

• Cellular respiration (internal respiration) 

occurs in the peripheral capillaries when 

respiratory gases are exchanged between 

the red blood cells and the various body 

tissues producing CO2. The cells give up 

carbon dioxide to the capillaries while the 

capillaries give up oxygen to the cells.

Ventilation

• Ventilation is the mechanical process that 

moves air into and out of the lungs.

• Ventilation is necessary for respiration to 

occur. Pulmonary ventilation depends 

upon changes in pressure within the 

thoracic cavity.

Ventilation

• The Respiratory Cycle consists of a 

pattern of inspiration and expiration. This 

pattern depends on a difference in 

pressure between the atmospheric 

pressure and intrathoracic pressure: 
• Atmospheric pressure: 760 mmHg 

• Intrathoracic pressure: 758-759 mmHg 



Atmospheric Gases
• The air we breath is a mixture of atmospheric 
gases in the following concentrations:

0.50%Water (H2O)

0.04%Carbon Dioxide (Co2)

20.84%Oxygen (O2)

78.62%Nitrogen (N2)

ConcentrationGas

• The atmosphere must contain an adequate amount of oxygen for 

sufficient respiration. Respiratory distress can result if inhaled air 

does not contain enough oxygen. 

• Partial Pressure is the pressure exerted by each component of a 

gas mixture.

Mechanics of Breathing

• Inspiration or Inhalation

• During inspiration, the diaphragm and 

intercostal muscles contract, increasing the 

size of

the thoracic 

cavity.

Mechanics of Breathing

• Inspiration or Inhalation

• The diaphragm moves slightly downward, 

flares the lower portion of the ribcage. 

• Ribs move upward/outward. 

• Pressure inside the lungs falls below 

atmospheric pressure. 

• Air flows into the lungs. 

Mechanics of Breathing

• Expiration or Exhalation

• During expiration, the diaphragm and 

intercostal muscles relax, decreasing the 

size of the thoracic cavity.

Mechanics of Breathing

• Expiration or Exhalation

• The diaphragm moves upward. 

• The ribs move downward/inward. 

• The elastic lungs recoil. 

• Pressure inside lungs rises above 

atmospheric levels. 

• Airflows out of the lungs. 

Control of Breathing

• Nervous Control 

• The midbrain controls breathing. The 

medulla oblongata and pons center pass 

nerve impulses via the spinal cord and 

nerves to the muscles of the diaphragm, 

abdomen, and rib cage. The rate, rhythm, 

and depth of breathing are controlled by 

nerve impulses along the phrenic nerve.



Control of Breathing

• Chemical Control

• The normal stimulus to breathe is 

regulated by increased carbon dioxide 

levels. In a normal individual, the higher 

the level of carbon dioxide, 

the higher the stimulus to 

breathe.

Exchange and Transport of Gases 

in the Body

• The respiratory system is responsible for 

bringing oxygenated blood into the body 

and turning it over to the circulatory 

system for distribution to the body; 

therefore, respiration requires a 

functioning circulatory system for 

transport.

Exchange and Transport of Gases 

in the Body
• Blood Supply

• The pulmonary artery carries blood into the lungs. The 
artery branches into smaller arteries that end at the 
pulmonary capillaries. These capillaries surround the 
alveolar sacs. This is where the red blood cells 
exchange oxygen and carbon dioxide. The pulmonary 
capillaries eventually recombine to form the pulmonary 
vein, which carries the oxygenated blood back to the 
heart for distribution to the rest of the body. 

• The lungs themselves receive their blood supply from 
the bronchial arteries. These arteries branch from the 
aorta. Bronchial veins return this blood from the lungs 
to the superior vena cava. 

Exchange and Transport of Gases 

in the Body

Exchange and Transport of Gases 

in the Body

• Diffusion

• Diffusion is the movement of gas from an 

area of higher concentration to an area of 

lower concentration, attempting to reach 

equilibrium. This is how carbon dioxide 

and oxygen are exchanged during 

respiration. The carbon dioxide and 

oxygen dissolve in water and pass through 

alveolar membrane by diffusion. 

Oxygen Concentration in 

Blood
• Oxygen diffuses into the blood plasma 

where approximately 97% of it combines 

with hemoglobin. Oxygen concentration in 

the blood is measured as oxygen 

saturation (SaO2). The remainder is 

dissolved in the blood plasma and is 

measured as PaO2



Oxygen Concentration in 

Blood
• Factors Affecting Oxygen 
concentration in the blood 

• Decreased hemoglobin
concentration – Examples 
include anemia and 
hemorrhage. 

• Inadequate alveolar 
ventilation – This occurs 
when inspired air has a 
low oxygen concentration 
or as a result of 
conditions like asthma 
and emphysema.

Oxygen Concentration in 

Blood
• Factors Affecting Oxygen concentration in the blood 

• Decreased diffusion across the pulmonary 
membrane – This occurs when the pulmonary 
membrane changes, such as when fluid enters the 
space between the alveolar membrane and the 
pulmonary capillary membrane in conditions like COPD, 
pulmonary edema, or pneumonia. 

• Ventilation/perfusion mismatch –
– Hypoventilation - Results in a mismatch in ventilation and 
perfusion, occurring secondary to pain/traumatic asphyxia (a 
portion of the alveoli collapse causing blood to travel past the
alveoli diminishing gas exchange of O2 and CO2). 

– Pneumothorax/Hemothorax – The lung collapses resulting in 
less surface area available for gas exchange. 

Carbon Dioxide Concentration

in Blood

• Blood transports carbon 

dioxide (CO2) mainly in the 

form of bicarbonate ion 

(HCO3).

• 70% as bicarbonate 

• 20% combines with 

hemoglobin

• 7% dissolves in the plasma 

Carbon Dioxide Concentration in 

Blood
• Several factors can affect CO2 concentrations in the 
blood:

• Hyperventilation lowers CO2 levels and can be the result 
of an increased respiratory rate or deeper respiration. 

• Increased CO2 production can be caused by: 
– Fever 

– Muscle exertion 

– Shivering 

– Metabolic processes 

• Decreased CO2 elimination can be caused by: 
– Respiratory depression by drugs 

– Airway obstruction 

– Obstructive diseases 

– Impairment of the respiratory muscles 

Measures of Respiratory 

Function
• Respiratory Rate

• The respiratory rate is the number of 

respiratory cycles per minute. Normal 

respiratory rate vary by age.

• Adult 12-20/minute 

• Child 15-30/minute 

• Infant 25-50/minute 

Measures of Respiratory 

Function



Measures of Respiratory 

Function

• What factors Increase respiratory 

function?

Measures of Respiratory 

Function
• The following factors can increase 
respiratory rate: 

• Fever 

• Emotion 

• Pain 

• Hypoxia 

• Acidosis 

• Stimulant Drugs 

Measures of Respiratory 

Function

• What factors Decrease respiratory 

function?

Measures of Respiratory 

Function
• The following factors can decrease 

respiratory rate:

• Depressant Drugs 

• Sleep 

Measures of Respiratory 

Function
• Understanding 

respiratory capacities 

and measurements 

will help you adapt 

your ventilation 

techniques when 

providing care.

Measures of Respiratory 

Function
• Total Lung Capacity: This is the total 

amount of air in the lungs after maximal 

inspiration. This volume is approximately 6 

litres in the average adult male. 

• Tidal Volume: The volume of gas inhaled 

or exhaled during a single respiratory 

cycle. This is approximately 5-7cc/kg (500 

cc [1/2 litre] normally) in the adult male. 



Measures of Respiratory 

Function
• Dead Air Space Volume: Air remaining in 
air passageways, unavailable for gas 
exchange, approximately 150 cc in an 
adult male. This includes: 

– Anatomic Dead Space 
• Trachea 

• Bronchi 

– Physiologic Dead Space: Dead space formed 
by factors like disease or obstruction like 
COPD or Atelectasis. 

Measures of Respiratory 

Function
• Alveolar Volume: Air reaching the alveoli 

for gas exchange, approximately 350 cc in 

an adult male. 

• Inspiratory Reserve Volume: Amount of 

gas that can be inspired in addition to tidal 

volume. 

• Expiratory Reserve Volume: Amount of 

gas that can be expired after passive 

(relaxed) expiration. 

Measures of Respiratory 

Function
• Minute Volume: Amount of gas moved in 

and out of the respiratory tract per minute. 

This is determined by: Tidal Volume -

Dead Space Volume x Respiratory Rate 

• Functional Residual Capacity: Volume 

of air remaining in lungs after normal 

expiration 

Recognition of Airway 

Problems
• Inadequate Ventilation

• Inadequate ventilation occurs when body cannot 

maintain the O2/CO2 balance or compensate for 

increased O2 demand. There are many causes 

of inadequate ventilation, including:

• Infection 

• Trauma 

• Brainstem Insult 

• Noxious or Hypoxic Atmosphere 

Recognition of Airway 

Problems
• Lack of Oxygen Defined

• Hypoxia: Insufficient oxygen is available to meet 
the oxygen requirements of the cells. 

• Hypoxemia: Decreased partial pressure of 
oxygen in the blood. 

• Anoxia: Total absence of oxygen. 

• Difficulty in the rate, regularity, or effort of 
breathing is defined as dyspnea. Dyspnea may 
be the result of or result in hypoxia, and 
prolonged dyspnea can lead to anoxia.

Recognition of Airway 

Problems
• Recognition

• Recognition and treatment 

of dyspnea is crucial to 

patient survival since the 

brain can survive only a 

few minutes of anoxia. 

Remember – all other 

therapies will fail if the 

airway is inadequate.



Signs of Adequate Breathing

• Breathing at rest should be effortless and regular. 
When examining a patient for adequate breathing 
check:

• Respiratory Rate 
– The normal rates of breathing are: 

• Adult 12-20/minute 

• Child 15-30/minute 

• Infant 25-50/minute 

• Typical Skin Coloration 

• Quality of Breathing 
– Breath sounds should be present and equal. 

– The chest should rise and fall with each respiratory cycle. 
Chest expansion should be adequate and equal. 

– Breathing should be effortless. 

Signs of Adequate Breathing

• If the patient is 

comfortable, alert, 

speaking without 

difficulty, and has a 

normal respiratory 

rate, you can 

assume that 

breathing is 

adequate

Signs of Inadequate 

Breathing
• The following are signs of inadequate breathing:

• The respiratory rate is outside of normal ranges. 

• The rhythm is irregular 

• Quality of breathing 
– Chest expansion may be unequal or inadequate 

– Increased effort of breathing 

• Breath sounds may be diminished or absent. In addition, there may be 
abnormal breath sounds, such as snoring, gurgling, or wheezing. 

• The skin may be pale or cyanotic (blue) and cool and clammy. 

• There may be retractions above the clavicles, between the ribs and below 
the rib cage, especially in children 

• Nasal flaring may be present, especially in children 

• In infant, there may be "see-saw" breathing where the abdomen and chest 
move in opposite directions. 

• Agonal respirations (occasional gasping breaths) may be seen just before 
death. 

Signs of Inadequate 

Breathing
• Irregular respiratory 

patterns are 

significant until 

proven otherwise.

Summary

• Understanding the 
anatomy and physiology 
of the respiratory system 
in the basic building 
block to patient airway 
management. Armed 
with this information, you 
should now be prepared 
to learn airway 
maintenance techniques 
and how to respond in a 
respiratory emergency. 

Summary
Respiratory System 

Anatomy of the Respiratory System
What is respiration?

Respiration is the act of breathing:
• inhaling (inspiration) - taking in oxygen 

• exhaling (expiration) - giving off carbon dioxide 

What makes up the respiratory system?

The respiratory system is made up of the organs involved in 
breathing and consists of the:

• nose 

• pharynx 
• larynx 

• trachea 

• bronchi 
• lungs 

The upper respiratory tract includes the:

• nose 

• nasal cavity 
• ethmoidal air cells 

• frontal sinuses 
• maxillary sinus 

• larynx 

• trachea 

The lower respiratory tract includes the:
• lungs 

• bronchi 

• alveoli 

What do lungs do?
The lungs take in oxygen, which all cells throughout the body 

need to live and carry out their normal functions. The lungs also 
get rid of carbon dioxide, a waste product of the body's cells. 

The lungs are a pair of cone-shaped organs made up of 
spongy, pinkish-gray tissue.

They take up most of the space in the chest, or the thorax (the 
part of the body between the base of the neck and diaphragm).

The lungs are inside in a membrane called the pleura.

The lungs are separated from each other by the mediastinum, 
an area that contains the following:

• heart and its large vessels 
• trachea (windpipe) 

• esophagus 

• thymus 
• lymph nodes 

The right lung has three sections, called lobes. The left lung has 

two lobes. When you breathe, the air:

• enters the body through the nose or the mouth
• travels down the throat through the larynx (voice box) and 

trachea (windpipe)
• goes into the lungs through tubes called main-stem bronchi

– one main-stem bronchus leads to the right lung and one to 
the left lung

– in the lungs, the main-stem bronchi divide into smaller 
bronchi

– and then into even smaller tubes called bronchioles

– bronchioles end in tiny air sacs called alveoli


