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Perfusion is the constant delivery of oxygen and glucose to cells and the adequate 
elimination of carbon dioxide and other waste products. 

To maintain adequate perfusion, the following components must work properly:
•Airway
•Ventilation
•Oxygenation
•Circulation

A disturbance in any one of these components could lead to poor perfusion with a 
resultant inadequate delivery of oxygen and glucose to cells or an ineffective 
elimination of carbon dioxide and other waste products. 

If the disturbance is grave enough, the cells will eventually dysfunction and die.
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First discuss the types of gases in the ambient air and the amount they contribute to 
total gas volume. 

The amount of oxygen in the ambient air will determine the concentration of oxygen 
breathed in by the patient, which in turn determines the amount reaching the alveoli 
for gas exchange. 
A decrease in the concentration of oxygen in ambient air will directly reduce the 
amount of oxygen available for cell use. 

Oxygen therapy is designed to increase the concentration of oxygen breathed in by 
the patient. 
By doing so, more oxygen is made available in the alveoli for gas exchange, and 
ultimately more oxygen is offloaded at the level of the cell. 
Therefore, cellular hypoxia (deficiency of oxygen reaching the tissues of the body) 
may be reversed or lessened by increasing the percentage of oxygen the patient 
breathes. 

This underscores the importance of oxygen therapy, in addition to recognizing 
disturbances that may lead to oxygen displacement in the atmosphere, or 
disturbances where the body does not use oxygen correctly.
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Obstructions that may occlude the airway:
•Blood 
•Vomitus 
•Secretions
•Tissue
•Bone
•Teeth
•Food
•Other substances

However, one of the most common causes of an occluded airway is a result of the 
relaxation of the muscles controlling the mandible. 

This will allow the tongue to fall back into the pharynx and block the flow of air into 
the airway. 

An airway obstruction can occur at several anatomic levels and need corrected 
immediately. 
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When the diaphragm and external intercostal muscles contract, the size of the thorax 
increases. 
By increasing the size of a closed container, the intrathoracic pressure decreases 
(becomes more negative, thus creating a vacuum), based on the Boyle law. 
The difference in pressure between the outside air pressure and the decreased 
pressure within the thorax causes air to enter the lungs through the trachea. 

At sea level, the atmospheric pressure is 760 mmHg. 
When the respiratory muscles contract during inhalation, the intrathoracic pressure 
drops to 758 mmHg. As noted previously, the drop in pressure allows air to be pulled 
into the lungs, causing inhalation. 

On the other hand, when the diaphragm and external intercostal muscles relax, the 
ribs fall inward and the diaphragm moves upward, decreasing the size of the thorax. 
By decreasing the size of the thorax, the pressure inside becomes more positive. 

When the respiratory muscles relax, the intrathoracic pressure increases to 761 
mmHg. Because the intrathoracic pressure is greater than atmospheric pressure, it 
pushes the air out of the lungs, causing exhalation. 
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Compliance is a measure of the force that it takes for the lungs and chest wall to 
expand and distend. 
A condition, such as emphysema, that causes the chest wall and lungs to stiffen 
would lead to a decrease in compliance, making it more difficult for a patient to move 
air in and out of the lungs. 
You may experience poor compliance when it is more difficult than usual to deliver 
the ventilation when using a bag-valve-mask device. 

Resistance to airflow through the respiratory tract is determined by the obstruction 
and internal diameter size of the lower airways. 
Mucus, swelling, and bronchiole constriction are the most common causes of 
obstructed airflow, resulting in a higher airway resistance. 
A higher airway resistance requires the patient to work harder and expend more 
energy to move the air through the respiratory tract, which may lead to respiratory 
muscle fatigue and respiratory distress or failure. 

Both poor compliance and higher airway resistance may lead to a decrease in the 
volume of air reaching the alveoli for gas exchange. 
This results in less oxygen attached to hemoglobin in the blood and, potentially, 
cellular hypoxia. 
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Briefly identify the location of the pleura.

The potential space between the visceral and parietal pleura maintains a negative 
pressure. 

Thus, if there is a break in the continuity of either or both pleura, air is drawn into the 
space between the pleura, creating an air-filled pleural space. 

Elastin, a component in the composition of the lung tissue, has an effect something 
like a rubber band: when elastin is stretched, its natural tendency is to recoil. 

Because of this property, the lungs are continuously pulling inward in an attempt to 
recoil, which allows them to collapse to about 5 percent of their normal size, and 
help maintain the negative pressure. 
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For the EMT, understanding this concepts has for very important outcomes:
• A decrease in tidal volume will decrease the minute ventilation. 
• A decrease in frequency of ventilation (respiratory rate) will decrease the minute 

ventilation. 
• A decrease in minute ventilation will decrease the amount of air available for gas 

exchange in the alveoli.
• A decrease in minute ventilation can lead to cellular hypoxia.
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Alveolar ventilation is the amount of air that is moved in and out of the alveoli in one 
minute. 

The key word in this definition is alveoli. 

Minute ventilation only accounts for air moved in and out of the respiratory system 
and not specifically the alveoli, whereas alveolar ventilation specifically defines the 
amount of air reaching the alveoli for gas exchange. 

If the alveoli are not ventilated due to a drop in the patient's tidal volume, it is the 
alveoli that takes the largest hit on the underventilation. 

Since the alveoli are the site of gas exchange, this underventilation can have 
detrimental or fatal effects on the patient.
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As with minute ventilation, the alveolar ventilation is affected by changes in the tidal 
volume and respiratory rate. 

However, a decrease in tidal volume affects alveolar ventilation much more 
profoundly than it affects minute ventilation.

For example, a patient has increased their respiratory rate to 28 per minute to 
compensate for a decreased tidal volume (200 mL) due to pneumonia. 

By doing so, their minute ventilation almost returns to normal (5,600 mL); however, 
they may still display signs and symptoms of hypoxia and continued to deteriorate 
due to the poor alveolar ventilation.

Simply put, just because the patient is breathing (has a rate), does not mean they are 
breathing adequately (the EMT must incorporate tidal volume assessment).
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Explain as needed, this is a very important concept.
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Inadequate ventilation is caused by either an inadequate respiratory rate or an 
insufficient tidal volume. 

If either one is inadequate, the patient requires positive pressure ventilation. 

For the patient to have adequate breathing, both the respiratory rate and tidal 
volume must be adequate. 
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With a penetration injury to the chest, the structures involved could include:
•Lungs 
•Blood vessels 
•Heart
•Intercostal muscles
•Diaphragm
•Lymphatic tissue
•Integumentary system
•Perhaps the diaphragm on intra-abdominal contents (depending on where the 
penetration is)

Given the obvious dyspnea, the lungs would be the most likely injured structure. 

Gloves as a minimum, consider face and eye protection as well.
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Patient is a high priority due to breathing inadequacy. 

It is evident given the tidal volume is so shallow the patient is hardly able to breath. 
In this situation, the reflexive tachypnea is not really helping the patient.

An occlusive dressing needs applied to the open chest wound, and positive pressure 
ventilation with oxygen will likely be warranted.

If the injury caused damage to the right pleura, then there would be a loss of the 
negative pressure and the pleural space would fill with air. 

When this happens, the lung on that side cannot fill with air because there is no way 
the body can produce a negative intrathoracic pressure on that side. 

Hence, the breath sounds will either be diminished or absent.
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As of yet, there is no reason to change the course of treatment for this patient. 

The major care interventions include:
•Oxygenation
•Ventilation
•Management of the occlusive dressing
•Probably immobilization 
•Rapid transport with ALS intercept

With this patient's drop in tidal volume, there will be ineffective alveolar ventilation 
which makes less O2 available for diffusion into the blood stream. 

At the cellular level, this hypoxia will not allow the normal aerobic metabolism and 
production of ATP to occur, and  with the shift to anaerobic metabolism cells will start 
to suffer from low energy levels, acidosis, and hypothermia.

The tachypnea is not really beneficial because the problem is not one of a slow rate 
(or fast rate for that matter), rather it is a problem where the alveolar ventilation is 
grossly disturbed due to the lung collapse. 

The only real support for the this patient's ventilatory status that the EMT can provide 
is PPV to increase the alveolar ventilation.
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Provide more oxygen for cellular metabolism.

Increasing the tidal volume will increase alveolar ventilation and allow better 
exchanges of gas through the alveoli.

The occlusive dressing will help stop the entrainment of air through the chest wall 
injury should the patient try to spontaneously breathe in. 

Hopefully this will help limit the extent of the pneumothorax they will likely develop.
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