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SECTION 1 - CONTINUOUS MECHANICAL VENTILATION 
 
LEARNING OBJECTIVES 
 
Upon completion of this section, given an open-book, multiple-choice exam, you will be able to 
apply the information learned to correctly answer a minimum of 80% of the test items.  Successful 
completion of this exam will require you to have mastered the follow learning objectives: 
 
1. Define the following terms and give a formula for each term: 
 
 a. Mechanical deadspace 
 b. Physiological deadspace 
 c. Alveolar deadspace 
 d. Total deadspace 
 
2. Given the frequency, tidal volume, anatomic deadspace and alveolar deadspace, calculate 

alveolar minute ventilation. 
 
3. Describe the relationship between alveolar minute ventilation, expired minute ventilation 

and physiologic deadspace minute ventilation. 
 
4. Describe the factors that determine the mean intrathoracic pressure and the measures 
 that can be taken to minimize the mean intrathoracic pressure. 
 
5. Describe the relationship of venous blood return to the heart with the left ventricular output 

and how the mean intrathoracic pressure affects this. 
 
6. Describe the effect of positive pressure breathing on the renal system. 
 
7. Using a mathematical formula, describe the factors that determine each of the  following 
parameters: 
 
 a. Expired minute ventilation 
 b. Tidal volume 
 c. Frequency 
 
8. Given the necessary information, solve for the following parameters: 
 
 a. Expired minute ventilation 
 b. Tidal volume 

c. Frequency 
 

 
 
9. Explain the relationships that exist between the variable associated with each of the 

following parameters: 
 

a. Expired minute ventilation 
 b. Tidal volume 
 c. Frequency 
 
 
10. Indicate the two general problems that require mechanical ventilatory assistance. 
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11. Describe the relationship between the PaCO2 and alveolar ventilation. 
 
12. Describe the adequacy and advantage of each of the following means of assessing 
 oxygenation: 
 
 a. PaO2 
 b. CaO2 
 c. P(A - a)O2 
 d. Oxygen tissue delivery 
 
13. Given the necessary information, calculate the oxygen tissue delivery. 
 
14. Describe the procedures for establishing the following ventilator parameters: 
 
 a. Tidal volume 
 b. Frequency 
 c. Inspiratory flow 
 d. FIO2 
 
15. Describe the following mode of ventilation: 
 
 a. Assist 
 b. Control 
 c. Assist/Control 
 
16. Describe the characteristics of the following ventilator flow patterns: 
 
 a. Sine-wave 
 b. Constant 
 c. Variable tapered 
 
17. Describe the following modes of terminating the inspiratory phase: 
 
 a. Volume-cycled 
 b. Pressure-cycled 
 c. Time-cycled 

 
              

18. Explain the indications, characteristics and hazards of the following expiratory ventilator 
maneuvers: 

 
 a. Inflation hold 
 b. Expiratory resistance 
 c. PEEP 
 
19. Explain the value of each of the following assessment procedures in assessing  
 mechanical ventilation: 
 
 a. Auscultation 
 b. Observation 
 c. Chest x-ray 
 d. ECG monitoring 
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 e. Arterial cannulation 
 f. Swan-Ganz catheterization 
 g. Arterial blood gases 
 h. Oxygen delivery 
 i. Minute ventilation 
 j. Respiratory rate 
 k. Tidal volume 
 l. Compliance and resistance 
 
20. Describe two methods for determining the optimal level of PEEP. 
 
21. List and describe five complications of mechanical ventilation. 
 
22. Describe three methods for weaning patients from the mechanical ventilator. 
 
23. Compare the indications for mechanical ventilation with actual patient situations and then 

determine the need for mechanical ventilatory assistance. 
 
24. Appraise the patient’s ventilatory status and adjust the ventilator parameters accordingly. 
 
25. Appraise the patient’s oxygenation status and adjust the ventilator parameters accordingly. 
 
26. Summarize the steps involved in the assessment of the patient for discontinuing  
 mechanical ventilation. 

 
 
 
SUPPLEMENTAL READING 
 
Pilbeam, Mechanical Ventilation - Physiological and Clinical Applications, Multi-Media 
 Publishing, Inc., 1998. 
McPherson, Respiratory Care Equipment, 6th Edition, March1999. 
 
(Refer to appropriate chapter headings and/or index.) 
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INTRODUCTION 
 
Mechanical ventilation is an interim life support procedure that in itself is not therapeutic.  Its 
purpose is to maintain a patient’s ventilation and give the physician time to provide medical 
treatment with drugs, surgery and other procedures.  A plan for weaning the patient from the 
ventilator should be developed and implemented as soon as the patient begins spontaneous 
breathing.  The respiratory care practitioner must be an expert in operating all types of ventilators 
in all modes of delivery.  This is not easy for there are over 32 different types of ventilators and 
each have as many as 22 different control functions.  With the advent of continuous elevated 
baseline pressures and IMV in the late 1960’s, the physician and respiratory practitioner have a 
greater range of choices for controlling a patient’s arterial blood gases. 
 
It is the respiratory care practitioner’s role to select and administer mechanical ventilation based on 
the patient’s needs and available equipment.  To do this safely and effectively, you must 
understand inherent physiological/mechanical concepts, such as pressure wave forms, pulmonary 
and mechanical compliance, pulmonary elasticity, airway resistance, I:E breathing ratio, arterial 
blood gases and the influence of various components of the blood, such as electrolytes and 
hemoglobin on gas exchange, and cardiac function.  You must be able to monitor all aspects of the 
mechanical operation of the ventilator and learn to assess the patient.  You must not become so 
involved with making equipment checks that you fail to recognize a deterioration or improvement 
in the condition of the patient.  An important role is to serve as the physician’s assistant by 
constantly monitoring and reassuring the ventilator patient.  This requires clinical experience and 
knowledge of visual signs and cardiopulmonary complications and measurements, such as cardiac 
output, pulmonary wedge pressure and possible lethal arrhythmias.  These are all sophisticated 
concepts that only a few years ago would have been the exclusive role of medical pulmonary 
specialists. 
 
Patients receiving continuous mechanical ventilation should be located in a special care unit with a 
staff capable of providing critical care.  This includes the respiratory care practitioner whose 
responsibilities are rapidly increasing because of medical equipment knowledge. 
 
REVIEW OF NORMAL PULMONARY PHYSIOLOGY 
 
To understand the effects of positive pressure on the cardiopulmonary system, a brief review of 
normal pulmonary physiology is essential. 
 
Total Deadspace Minute Ventilation 
 
In general, deadspace can be defined as any volume of gas that goes in and out of the lungs without 
participating in gas exchange.  The total deadspace is the sum of the physiologic deadspace and 
mechanical deadspace shown in the equation below: 
 
 VDTOTAL    =    VDphy    +   VDmech 
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Mechanical deadspace is any section of the ventilator tubing containing exhaled gases which are 
delivered to the patient with the next inspiration.  On most standard ventilator circuits, the 
mechanical deadspace is the tubing volume between the patient-airway connector and the “y” 
connector in the circuit as shown in Figure 1. 

 

The physiologic deadspace is a function of the sum of the alveolar deadspace and the anatomical 
deadspace.  The anatomic deadspace is the volume of gas that enters and exits the conducting 
airways (upper airways down to and including the terminal bronchioles) represented by “a” in 
Figure 2. 
 
The anatomic deadspace remains fairly constant and is estimated to be about 1 ml per pound of 
body weight.  The alveolar deadspace is the volume of gas that enters and exits non-perfused 
alveoli (Figure 3). 
 
Normally, the alveoli are perfused by the capillary blood flow.  As the blood comes into contact 
with the alveoli there is exchange of oxygen and carbon dioxide across the epithelial membrane.  
The absence of blood flow to alveoli results in an accumulation of CO2 in the alveoli, typical of 
deadspace ventilation. 
 
Physiologic deadspace is represented by the following equation: 
 
 VDphy   =  VDant  +  Valv 
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Alveolar Minute Ventilation 
 
The ultimate goal of mechanical ventilation is delivery of adequate alveolar minute ventilation.  
The alveolar minute ventilation is the volume of gas, per minute, moved in or out of alveoli 
perfused by pulmonary capillary blood flow.  The alveolar minute ventilation is the difference 
between the expired minute ventilation and the deadspace minute ventilation, expressed in the 
following equation: 
 
 Valv   =   VE  -  VDphy 
 
From this equation it can be seen that if the expired minute ventilation  remains constant, an 
increase in the deadspace minute ventilation will decrease the alveolar minute ventilation.  Also,  if 
the deadspace minute ventilation is constant, an increase in the expired minute ventilation will 
increase the alveolar minute ventilation. 
 
The adequacy of alveolar minute ventilation is determined by blood gas analysis or monitoring of 
the end tidal CO2. 
 
Normal Pleural Pressures 
 
In the normal, upright individual the intrapleural pressure varies from about -10 cmH2O in the 
apices of the lungs to about -2 cmH2O in the bases.  This variation is due to the effect of gravity.  
The weight of the lungs tend to increase the negative pressure in the apices while decreasing the 
pressure in the bases.  The average intrapleural pressure across the lungs (from apices to bases) 
varies from -4 cmH2O at the end expiration to -9 cmH2O at peak inspiration during normal 
breathing.  The average intrapleural pressures during normal breathing are shown in Figure 4. 
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Normal Alveolar Pressures 
 
During normal breathing, expansion of the thorax causes a decrease in the pleural pressures with a 
subsequent decrease in alveolar pressure.  This causes a pressure differential between the 
atmospheric pressure of zero (760 Torr) and the negative alveolar pressure.  This pressure 
differential results in gas flow into the lungs.  These pressure changes are illustrated in Figure 5. 
 
During a passive exhalation, the thorax is relaxed and alveolar pressure becomes higher than 

atmospheric pressure.  At this point, the tidal volume is exhaled. 
  
 
 
 
PRINCIPLES OF MECHANICAL VENTILATION 
 
Expired Minute Ventilation 
 
Ventilation can be thought of as the process of moving air into and out of the lungs.  The expired 
minute ventilation (VE) is the volume of gas exhaled per minute expressed in liters per minute 
(lpm).  The expired minute ventilation is the product of the ventilator frequency (f) and the tidal 
volume (VT) as shown in the following equation: 
 
 VE  =  VTxf 
 
For example, if the ventilator is set for a tidal volume of 0.5 liters and a frequency of 18 bpm, the 
expired ventilation would be 9.0 lpm. 
 
 VE  =  0.5 liters x 18 bpm 
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       =  9.0 lpm 
 
From the equation, the following relational statements can be made: 
 
 1. If the tidal volume remains constant, the frequency and the expired minute 
  ventilation will vary directly with one another. 
 
 2 If the frequency remains constant, the tidal volume and the expired minute 
  ventilation will vary directly with one another. 
 
 3. If the expired minute ventilation remains constant, the tidal volume and  
  frequency will vary inversely with one another. 
 
 
Tidal Volume 
 
The tidal volume (VT) is the volume of gas delivered by the ventilator in one cycle, expressed in 

liters (l) or milliliters (ml).   
 

 
Frequency 
 
The frequency is the number of ventilator cycles per minute expressed in breaths/minute (bpm).  
The length of one ventilator cycle (in seconds) is determined by the sum of the inspiratory and 
expiratory times.  Thus, if the inspiratory time is 1.0 second and the expiratory time is 3.0 seconds, 
one ventilator cycle would be 4.0 seconds in length.  Knowing the value for one ventilator cycle, 
the frequency is found by dividing 60 seconds by the time for one ventilator cycle.  The following 
formula summarizes this procedure: 
 
 f  =   _________60 second__________ 
  inspiratory time + expiratory time 
 
In our example, the resultant frequency would be 15 bpm as shown below. 
 
 f  =  60 seconds 
          1.0 + 3.0 
 
 f  =  60 seconds 
         4 seconds 
 
 f  =  15 bpm 
 
From this equation, the following statements can be made: 
 
 1. If the inspiratory time remains constant, the frequency will vary inversely 
  with the expiratory time. 
 
 2. If the expiratory time remains constant, the frequency will vary inversely 
  with the inspiratory time. 
 
 3. If the frequency remains constant, the inspiratory time and expiratory time 
  will vary inversely with one another. 
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VENTILATOR MODEL 
 
Components of the Ventilator Model 
 
In the previous sections we discussed the following concepts related to mechanical ventilation: 
 
 1. total deadspace ventilation 
 2. alveolar ventilation 
 3. expired ventilation 
 4. tidal volume 

5.       frequency 
 

 
 

All of these concepts possess general principles that apply to all mechanical ventilators.  These 
concepts, and others, have been intergrated into a Ventilator Model shown in Figure 6.  The 
Ventilator Model can be very helpful in seeing how the individual ventilators function. 
 
Types of Parameters in the Ventilator Model 
 
There are two basic types of parameters in the Ventilator Model; ventilator and physiological.  The 
ventilator parameters are indicated by squares whereas the physiological parameters by hexagonal 
shaped figures. 
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Relationships and Interaction of the Parameters 
 
The lines attaching the various parameters indicate there is some kind of interaction between the 
two parameters.  For example, both the tidal volume and frequency can affect the expired minute 
ventilation.  The “d” indicates there is a direct relationship between two adjacent parameters and an 
“i” indicates there is an inverse relationship.  For example, the Ventilator Model indicates the 
frequency and expired minute ventilation vary directly with one another.  If the frequency increases 
there will be an increase in the expired minute ventilation.  This increase in the expired minute 
ventilation will result in an increase in the alveolar minute ventilation and this increase in the 
alveolar minute ventilation will result in a decreased PACO2. 
 
The respiratory care student can see how the various ventilators will function in the Ventilator 
Model by noting the ventilator controls on the Ventilator Model that are associated with a 
particular ventilator.  For example, the Bennett MA-I ventilator has the following primary 
ventilator controls that affect the Ventilator Model:  (1) rate, (2) tidal volume and (3) flowrate.  All 
of the ventilators can be applied to the Ventilator Model in a similar fashion.  Familiarity with the 
principles expressed in the Ventilator Model will help the student to understand how various 
ventilators function.  
 
Acute Lung injury and ARDS 
 
Recent research has indicated a link between acute lung injury, over inflated alveoli and ventilator 
induced lung injury leading to Adult Respiratory Distress Syndrome, or ARDS. In ARDS, the 
injured lung contains collapsed alveoli with edematous alveolar membranes. This leads to higher 
ventilatory peak pressures and continued hypoxia and acidosis despite higher FIO2s and increased 
VA. The current ventilatory strategies may include a combination of lower tidal volumes, higher 
rates, PEEP, PCV, and permissive hypercapnea.  
 
 
MODES OF VENTILATION 

 
Volume Ventilation-There are four modes by which volume or pressure ventilation can be utilized: 
 

1. Assist - The patient triggers each inspiration. Each breath is of a preset tidal 
volume or inspiratory pressure. This type of ventilator is called an “assistor.” 

 
2. Control - The ventilator starts each inspiration at a set rate. Each breath is of a 

preset tidal volume or inspiratory pressure. This type of ventilator is called a 
“controller.” 

 
3. Assist/Controller - The patient may trigger inspiration, but the ventilator is set at a 

back-up or “guarantee” rate in case the patient slows his spontaneous rate. Each 
breath is of a preset tidal volume or inspiratory pressure.  

 
4. Intermittent Mechanical Ventilation – The ventilator gives the set tidal volume or 

inspiratory pressure at a preset rate, and allows the patient to breath spontaneously 
in between the ventilator breaths. If the patient also triggers the preset tidal 
volume, the ventilator mode is Synchronized Intermittent Mechanical Ventilation. 

 
5. Continuous Positive Airway Pressure - CPAP allows spontaneous breathing with 

PEEP, with no ventilator breaths. Some newer ventilators may offer Pressure 
Support, which use sophisticated software to increase the pressure during 
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spontaneous breaths to a preset level, thus reducing the work of breathing imposed 
by the endotracheal tube. 

             
Pressure Controlled Ventilation – Modern ventilators have the capability to deliver breaths at a 
predetermined pressure over a set inspiratory time. This is advantageous in cases of acute lung 
injury, such as ARDS. The ventilator reaches the prescribed pressure very quickly and holds it 
through sophisticated flow management software, allowing the patient’s lung compliance to 
determine the tidal volume delivered. This allows the clinician to limit the pressures delivered to 
the lungs, allowing the lung to heal. Permissive hypercapnea is often accepted to permit lower 
pressures. PCV is not volume ventilation.  

 
An important tool in managing Adult Respiratory Distress Syndrome, or ARDS, is Pressure Control 
Ventilation, or PCV. PCV delivers a ventilator breath by regulating inspiratory flow over a preset 
inspiratory time to achieve and maintain a preset inspiratory pressure. The clinician sets the rate, 
inspiratory time or I:E ratio, and inspiratory pressure. The ventilator delivers the breath by adjusting 
inspiratory flow rates so as to reach the set inspiratory pressure as quickly as possible and stay at that 
pressure for the duration of the inspiratory time. This is accomplished by an internal computer which the 
ventilator uses to adjust the flow rates many times each second. 
  The patient’s chest compliance, the set inspiratory time, and the set inspiratory pressure determine the 
volume delivered by the PCV breath.  
 

 
 
A Volume Controlled breath delivers a set volume, the inspiratory pressure being determined by the 
patient’s chest compliance and tidal volume size. PCV, therefore, allows the clinician greater control over 
the pressures delivered to the patient with a sacrifice of some control over delivered tidal volumes. 
 
 
 
 
VENTILATOR INDUCED LUNG INJURY 
 
   High alveolar distention pressures can injure the alveolar membrane, resulting in inflammation and 
alveolar consolidation. If allowed to continue, the patient becomes more and more difficult to adequately 
oxygenate, while chest compliance falls, resulting in even higher pressures. Alveoli completely empty and 
collapse upon exhalation, requiring even higher pressures to re-open for the next breath. 
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 This causes damage to the inflamed alveolar walls when the high pressure violently popping them open 
stresses them, as well as damage to relatively healthy alveoli as they are over distended with too great a 
volume before the damaged alveoli can open. The collapsed alveoli reduce the area available for gas 
exchange. Since CO2 diffuses faster than O2, poor oxygenation is seen. High FiO2s can cause oxygen 
toxicity, inflaming and swelling the alveolar membranes. All of these injuries, consistent with ARDS, but 
on a patient being mechanically ventilated, have been termed Ventilator Induced Lung Injury. PCV 
provides a ventilation method that can minimize Ventilator Induced Lung Injury while allowing the lung 
to heal. Finding the best balance of effective minute ventilation, acceptable oxygenation status, and 
reasonable plateau and mean airway pressures by manipulating PEEP, rate, I: E ratio, and set inspiratory 
pressures for a given patient presents a challenge for the clinician. 
 
 
 
USING PRESSURE CONTROL VENTILATION 
 
   A ventilator equipped to provide PCV, and a clinician trained in its use, are required to implement PCV. 
PCV may be used as SIMV or AC (Assist/Control), but often the patient’s condition will warrant 
sedation. 
  The objective of PCV should be to adequately ventilate and oxygenate the patient while minimizing 
ventilator induced lung injury. A basic starting point is as follows;  
 
   Set PEEP above alveolar closing pressure, often 13 to 16cmH2O. This prevents the alveoli from 
collapsing upon exhalation, relieving the violent popping and over distention stresses. The PEEP level 
giving the greatest compliance, or “ best PEEP”, is a good place to start. The goal of using PEEP in PCV 
is generally to improve compliance and cardiac output, rather than to improve oxygenation.  
 
  Inspiratory pressure and inspiratory time are set to achieve a tidal volume of 4 to 7ml/kg ideal body 
weight with adequate exhalation time, while keeping end inspiratory plateau pressures at or below 
35cmH2O, and mean airway pressures which allow adequate cardiac refill. End inspiratory plateau 
pressures should be used, as it is a more accurate representation of interthoracic pressure than peak 
inspiratory pressure, which can be affected by airway resistance. Mean airway pressures higher than the 
cardiac refill pressure can slow circulation to the lungs and reduce cardiac output. Mean airway pressures 
are a function of PEEP, set inspiratory pressure, and set inspiratory time. 
 
   Rate is set to achieve adequate minute ventilation, usually 20 to 30 breaths pre minute. As in 
conventional volume ventilation, the higher the rate, the greater percentage of minute ventilation is “lost” 
due to dead space.  
  
 FiO2 should not stay above 60% for more than 48 hours, if possible, to avoid oxygen toxicity. 
 
  
   
   Higher pCO2 and lower pO2 levels than normal are often accepted in ARDS patients in return for lower 
end inspiratory plateau pressures. Often, paCo2 levels of 80mmHg or greater, and paO2 levels of 60 to 
70mmHg, and pH levels approaching 7.20 may be  accepted, as long term damage due to these levels 
have not been demonstrated. 
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WEANING FROM PCV 
 
  Weaning patients off of PCV is generally straightforward. As the patient improves, tidal volumes 
increase, and lower FiO2 and PEEP levels are tolerated. When the patient returns tidal volumes 
near what would be appropriate to set for them in volume ventilation, and has an FiO2 of 50% or 
less, and requires less than 10cmH2O of PEEP, and has inspiratory pressures set at less than 
35cmH2O, the patient may be switched to volume controlled ventilation, sedation adjusted 
appropriately, and weaned as usual. 

 
INDICATIONS FOR MECHANICAL VENTILATION 
 
Patients Requiring Mechanical Ventilation 
 
Patients are placed on mechanical ventilators for any number of reasons including advanced 
COPD, infection, trauma, cardiac dysfunction, drug overdose and neuromuscular disease.  Usually 
the choice is to use mechanical means of support is because of hypoventilation and/or hypoxia. 
 
Alternatives to mechanical ventilation must always be considered.  In general, there are more 
alternatives to solving oxygenation problems than there are for solving ventilation problems. 
 
Hypoventilation 
 
The best index of ventilation is the arterial carbon dioxide partial pressure (PaCO2).  The PaCO2 is 
determined by two factors:  alveolar ventilation (VA) and carbon dioxide production (VCO2): 
 
Table 1 shows the effects of carbon dioxide production and alveolar ventilation on the PaCO2. 
 
 
              

Table 1 
 
     Increased PaCO2 Decreased PaCO2 

 VCO2 Constant   Decreased VA  Increased VA 
 VA Constant   Increased VCO2 Decreased VCO2 
 Normally, the VCO2 remains fairly constant during mechanical ventilation. 
 
 
We define ventilatory failure as a state in which there is inadequate alveolar ventilation exhibited 
by a PaCO2 greater than 55 mm Hg with a concomitant acidosis (pH<7.30).  The PaCO2 is the 
single best means of establishing the presence of ventilatory failure.  However, other assessment 
methods should be incorporated to more fully determine the patient’s ventilatory status.  The 
clinical assessment should determine the presence of cyanosis, severe dyspnea, change in mental 
status and adventitious breath sounds. 
 
Table 2 lists critical levels for various assessments, any one of which may show that ventilatory 
assistance is indicated.  When using a list of criteria to determine if there is an indication for 
mechanical support, measurable criteria should be weighed along with the patient’s history.  For 
example, chronic lung patients may present the blood gas values in Table 2 and yet require only 
oxygen therapy.  The acuteness of the problem must be considered. 
 
 

Table 2 
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CRITERIA FOR INITIATING CONTINUOUS VENTILATION 
 
  Parameter     Critical Levels 
  Inspiratory force    -20 cmH2O 
  Vital capacity     10 to 15 ml/kg body weight 
  Tidal volume     5 ml/kg body weight 
  PaO2      40 mm Hg 
  PaCO2      55 mm Hg 
  A - a Gradient on 100% oxygen  300 to 350 mm Hg 
  Shunt fraction     15% 
 
Remember to look for the cause of any abnormal value.  Patient effort is essential with negative 
inspiratory force and vital capacity procedures. Patients in acute respiratory distress, impending 
respiratory failure, diabetic ketoacidosis, or other situations may require mechanical ventilation. 
 
Hypoxia 
 
The PaO2 is a necessary but not sufficient means for assessing the patient’s oxygenation.  The PaO2 
is affected by age.  The normal PaO2 in older patients will be lower.  A second factor to consider is 
the FIO2.  As a result, the P(A-a)O2 is a better means of evaluating the patient’s oxygenation since 
it takes into consideration the FIO2.  The P(A-a)O2 gives an indication of the amount of shunting 
that is occurring.  Increased values for the P(A-a)O2 indicates increased shunting. 
 
It is possible for a patient to have an adequate PaO2 and P(A-a)O2 and still be hypoxic.  Hypoxia is 
not determined by the level of arterial partial pressure for oxygen (hypoxemia), but by the amount 
of oxygen available for tissue metabolism.  A patient may have adequate arterial oxygenation and 
hypoxic.  This may occur because of two factors.  First, the oxygen content (CaO2) may be low.  
This is usually caused by decreased hemoglobin and can be corrected by administration of whole 
blood or packed cells.  Secondly, the patient’s cardiac output may be decreased.  A patient with a 
normal PaO2 and CaO2 can be hypoxic (inadequate tissue oxygenation) if the cardiac output is 
reduced.  The cardiac output can be improved by increasing the heart rate, improving the 
contractility (stroke volume), and/or increasing the blood volume. 
 
Poor oxygenation may often be remedied with aggressive oxygen therapy.  The respiratory care 
practitioner needs to remember there are alternatives to mechanical ventilation for treating 
oxygenation problems.  However, severe hypoxemia occurring in respiratory failure may justify 
mechanical ventilation. 
 
 
INITIATION OF MECHANICAL VENTILATION 
 
Determination of Mode, VT, and RR 
 
All three of the above variables may influence the patient’s PaC02.  The tidal volume should 
initially be set at 6 to 12 ml/kg (ideal body weight).  If you have measured or suspect a high VD/VT 
(>0.60), the upper limit of this range should be used. If the patient is at risk for ARDS, the lower 
tidal volumes are indicated.  
 
Normal frequency for the adult patient is 12 to 16 breaths per minute. This may be higher in ARDS 
at risk patients.  
 
The mode of ventilation will have an influence on the rate. IMV patients will contribute more work 
towards their VA than A/C patients will. The VA is a result of VT, f and VD/VT parameters. 
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Determination of Inspiratory Flow Pattern 
 
 
Modern ventilators may have several inspiratory flow patterns, or waveforms, from which to 
choose. Among the common flow patterns are Decelerating, Sine, and Square. 
 
 
 

1. Decelerating waveforms start at the set inspiratory flowrate and reduce the 
inspiratory flow constantly throughout inspiration. Higher flowrates may be 
required to give an acceptable I:E ratio. Decelerating waveforms generally cause 
less turbulence and are more comfortable for the patient. Figure 6 shows a 
decelerating waveform.  

 

                                                              
                                                                         Decelerating or Ramp waveform 
 

2.  Sine waveforms hit the set peak inspiratory flow in the middle of the breath, with 
equal and smooth rise and fall before and after. Sine waveforms are best suited to 
consolidated lungs. Figure 7 shows a sine waveform. 
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                                                                               Sine waveform                                    

3. Square waveforms, such as the one shown in Figure 8, use a constant inspiratory 
flowrate. They are good at delivering the tidal volume very quickly. 

 

                                                  

                                                                                   Square waveform 
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Determination of Inspiratory Flow 
 
This parameter is initially set to meet the following clinical goals: 
 

1. High enough to meet the patient’s spontaneous inspiratory flow and establish an 
acceptable I:E ratio. 

 
2. Slow enough to provide good ventilation distribution and adequate time for gas 

exchange. 
 
If the pressure manometer does not rise evenly to the peak pressure, or if the needle stays at the 
baseline expiratory pressure for most of inspiration, the inspiratory flow is too low. 
 
The goal should be I:E ratio that allows complete exhalation of the tidal volume, and, if in the IMV 
mode, allows sufficient time between ventilator breaths for spontaneous breathing.  Higher 
flowrates may cause turbulence, uneven ventilation and patient discomfort, while flowrates set too 
low may lead to air hunger and/or air trapping.  Generally, this parameter is set to match each 
individual patient. 
 
Determination for Need of Sighs 
 
Normal human beings “sigh” or increase their tidal volume on the average of eight times each hour.  
“Normal” sigh volumes are usually two times the tidal volume.  Current research regarding the 
effectiveness of sighs during mechanical ventilation show conflicting results.  Some show an 
increase in compliance and oxygenation, while others show no noticeable changes. Sighs are 
usually only used with Assist/Control ventilation. The typical sigh volume setting is 1.5 times the 
tidal volume, with a frequency of 4 sighs per hour. The only side effect of a sigh breath is increased 
volume and increased pressure which may be hazardous in some patients.  Peak pressure readings 
and pressure limits should be carefully monitored if sighs are ordered. 
 
Determination of FIO2 
 
An adequate FIO2  should be given when initially setting up a mechanical ventilator. When in 
doubt, use 90% oxygen until the first blood gas values are obtained.  It is better to over-oxygenate 
than under-oxygenate for the first 15 to 30 minutes. 
 
Ancillary Controls/Alarms 
 
All ventilators should have at least the following alarms properly set: 
 
 1. High pressure 
 2. Low pressure/disconnect 
 
Initial set-up of a mechanical ventilator includes setting the high-pressure alarm at least 10 cmH2O 
above the peak pressure.  The low pressure or disconnect alarm should be set to alarm if the peak 
inspiratory pressure is reduced by 20% for any reason. Many newer ventilators have alarms for 
various other parameters. It is quite common to have institutional protocols governing the setting of 
ventilator alarms. 
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USING MECHANICAL VENTILATORS 
 
All mechanical ventilators can be understood using the following outline of the four phases of the 
respiratory cycle: 
 
 A. Initiation of Inspiration 
 B. Inspiratory Phase 
 C. Termination of Inspiration 
 D. Expiratory Phase 
 
Initiation of Inspiration 
 
Controls that affect the start of inspiration are sensitivity. On some ventilators the sensitivity is a 
pressure setting, requiring the patient to lower the pressure in the breathing circuit by an adjustable 
amount. Some ventilators offer a flow sensor, which uses the flow of gas within the ventilator 
circuit to trigger inspiration. Of the two methods, flow sensing is generally easier on the patient. 
With either of these triggers, the settings should assure patient comfort.  
 
Inspiratory Phase 
 
As gas is delivered to the patient, the highest pressure reached during inspiration is the Peak 
Airway Pressure. Care must be taken to keep this at a reasonable level, usually 20 to 30 cmH2O. 
Factors that can impact on the peak airway pressure can include patient movement, airway 
secretions, pathological states, and ventilator settings. Care should be taken to assure an accurate 
reading, as high peak flows may show a falsely high peak airway pressure due to flow resistance 
within the ventilator circuit and the airways, and truly high pressures may injure the lung. Many 
practitioners use the end inspiratory or plateau pressure as a more accurate indication of pressure 
within the lungs. 
 
Mean airway pressure, or MAP, is the average, over time, of the pressures within the lung. 
Increases in peak airway pressure, inspiratory time, PEEP, and rate may increase the MAP. If the 
MAP is too high, pulmonary circulation may be compromised, leading to gas exchange difficulties. 
PCV may help these patients. 
 
Termination of Inspiration 
 
When discussing mechanical ventilation, the variable that determines the end of inspiration is 
considered its cycling mechanism. 
 
Pressure Cycled 
 
Ventilators in this classification end inspiration when a pre-set pressure is reached.  The resultant 
tidal volume varies and may depend on patient compliance, patient and tubing resistance, patient 
effort, and inspiratory flow.  Table 3 summarizes the effects on tidal volume.   
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Table 3 
 

EFFECTS OF VARIABLE ON DELIVERED TIDAL VOLUME 
FOR A PRESSURE CYCLED VENTILATOR 

 
  Increased VT     Decreased VT 
      Increased patient compliance   Decreased patient compliance 
 Decreased inspiratory flow   Increased inspiratory flow 
 Decreased Patient or Tubing   Increased Patient or Tubing 
  resistance     resistance 

 
A change in compliance directly affects the delivered tidal volume.  A change in tubing or circuit 
resistance (water in tubing or kinked tube) or patient resistance also directly affects the delivered 
tidal volume. An increase in inspiratory flow may increase turbulence of the inspired gases causing 
an indirect reduction in tidal volume.  A pressure-cycled ventilator should only be used for short-
term use, during transportation within the hospital and on patients with no expected changes in 
resistance or compliance (i.e., overdose or post-anesthesia recovery). 
 
Volume Cycled 
 
Volume-cycled ventilators terminate inspiration when a pre-set volume is delivered.  This volume 
is delivered to the patient and, as we will see in the section on monitoring, some of the volume 
stays in the tubing.  The peak pressure varies and depends primarily on patient compliance, patient 
and tubing resistance.  Table 4 summarizes the effects of peak pressure (Pmax).  A volume-cycled 
ventilator should be used whenever changes in the patient resistance or compliance may occur and 
generally for long-term patients. 
 
Time Cycled 
 
In this classification, the inspiratory phase is terminated when a pre-set time is achieved.  The tidal 
volume is determined by the inspiratory time and flow settings.  The tidal volume will vary 
depending on the patient’s compliance and airway resistance, the tubing resistance, and the 
ventilator capabilities. 
 
 
 
 
 
 

Table 4 
 

EFFECTS OF VARIABLE ON PMAX WITH A VOLUME 
CYCLED VENTILATOR 

  Increased Pmax     Decreased Pmax 
 Decreased patient compliance              Increased patient compliance 
 Increased inspiratory flow   Decreased inspiratory flow 
 Increased patient or tubing   Decreased patient or tubing 
  resistance     resistance 

 



 

 
 
26 

Safety Alarms/Limits 
 
If a volume-cycled ventilator has a high-pressure alarm and limit, it is still considered a volume-
cycled ventilator.  Some consider the high-pressure limit as a way of pressure cycling the 
ventilator.  The pressure limit is designed as a protection against high pressures, not as a primary 
cycling mechanism. 
 
Expiratory Phase 
 
The expiratory cycle is best explained by observation of the various pressure curves that may 
occur. 
 
Passive Normal Exhalation 
 
Figure 9 shows an expiratory pattern for a normal passive expiration during mechanical 
ventilation.  Use it to compare with the other pressure patterns.  Remember that the Pmax is 
determined by the patient’s resistance and compliance. 
 

 
 
Plateau 
 
Some ventilators allow for an inflation hold, or plateau, of up to two seconds at the end of 
inspiration.  The inflation hold may be used to increase distribution of inspired gases, improve 
oxygenation and measure the plateau pressure.  However, it should be noted that the inflation hold 
is only rarely used clinically to improve oxygenation. 
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Figure 10 shows a normal breath with an inflation hold at the end of inspiration.  Note the drop in 
pressure from Pmax to Pplateau. 
 
Pmax is determined by resistance due to airflow and lung-thorax compliance.  Without air flow 
(during inflation hold), the Pplateau pressure is determined only by the lung-thorax compliance.  The 
difference in the two pressures is due to the resistance of the tubing and patient airways. 
 

 
 
Because inflation hold extends the time over which pressure is exerted within the patient’s lungs 
during the ventilatory cycle, the mean pressure is increased.  An increase in the mean pressure can 
adversely affect the cardiac output. 

 
Expiratory Resistance 
 
Also called expiratory retard, this mode mimics pursed lip breathing in the COPD patient.  It is 
used to prevent airway collapse with COPD patient, and possibly increase oxygenation.  Expiratory 
resistance is almost never used clinically.  Figure 11 shows a normal ventilator breath with 
resistance applied during expiration.  As with inflation hold, positive pressure is maintained in the 
lungs for a longer time and mean pressure is increased as a result. 
 
Positive End-Expiratory Pressure (PEEP) 
 
PEEP changes the normal resting level from 0 cmH2O to a predetermined new pressure.  It is used 
to increase the functional residual capacity (FRC), increase oxygenation, and prevent or correct 
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atelectasis.  Figure 12 shows a typical PEEP pattern with passive exhalation and 10 cmH2O of 
PEEP during mechanical ventilation. 
 
For each increase of 5 cmH2O of PEEP, research has shown an approximate increase of 400 ml in 
the FRC.  As with expiratory resistance and inflation hold, the mean pressure is increased when 
PEEP is used.  The amount of PEEP is critical in optimizing oxygen transport. 
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EFFECTS OF POSITIVE AIRWAY PRESSURE ON NORMAL PHYSIOLOGY 
 
Pleural Pressures During Positive Pressure Ventilation 
 

 
 
With positive pressure ventilation, intrapleural pressures are most positive during inspiration 
because of the increased positive pressure in the alveoli (Figure 13).  These changes occur because 
the lung is “pushed” open by enlarging the thorax with the increased positive pressure.  The effect 
of the positive pressure on alveolar pressures is seen in Figure 14. Notice that during a control 
breath (no patient effort), the alveolar pressures never become negative.  During the assist breath, 
the pressure drops quickly and briefly below zero to initiate the inspiratory phase of the ventilator. 
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Mean Pressure 
 
The average or mean pressure in the thorax is dependent on the following factors: 
 
 1. Amount of pressure (negative or positive) 
 2. Total time pressure is present 
 
For example, Figure 15 shows two alveolar pressure curves with positive pressure breathing.  A 
has a peak pressure of 20 cmH2O with an inspiration time of two seconds and an expiration time of 
two seconds resulting in an I:E ratio of 1:1 and a rate of 15 bpm.  B has the same peak pressure, but 
inspiration is one second and expiration is three seconds resulting in the same rate but an I:E ratio 
or 1:3. 
 

 
 

 
 
 
Although the peak pressure is the same for both examples, the mean pressure for breathing Cycle A 
is greater than that of Cycle B, demonstrated by the decreased area under the curves in B.  This is 
due to the fact that the same pressure is exerted over a shorter time in B.  Table 5 summarizes the 
factors that affect mean pressure. 
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Table 5 
____________________________________________________ 

 I. Variables that Increase Mean Pressure 
  A. Increased Peak Pressure 
  B. Increased Inspiratory Time 
  C. Decreased Expiratory Time 
  D.        Increased PEEP 
____________________________________________________ 
 II. Variables that Decrease Mean Pressure 
  A. Decreased Peak Pressure 
  B. Decreased Inspiratory Time 
  C. Increased Expiratory Time 
  D.        Decreased PEEP 

 
Effects of Positive Pressure on the Cardiovascular System 
 
Cardiac output is the quantity of blood pumped into the aorta by the left ventricle per minute.  The 
cardiac output is a function of the stroke volume and the heart rate.  However, of equal importance 
is the fact that the left ventricular output equals the volume returned to the right side of the heart 
via the vena cava (Figure 16).  The blood flow into the heart must equal the blood flow out of the 
heart.  Blood returning back to the heart is part of a low pressure system (about 5 mm Hg in the 
vena cava).  Blood return to the right side of the heart is enhanced by the “milking” effect exerted 
on veins surrounded by muscles.  Blood return to the right heart is also enhanced by the negative 
intrathoracic pressure.  During normal breathing, the intrathoracic pressure becomes more negative 
during inspiration, enhancing venous return.  The maintenance of an adequate venous return 
insures an adequate left ventricular output. 
 

 
 
 
The spontaneous respiratory cycle is contrasted with the positive pressure respiratory cycle in 
Table 6. 
 

Table 6 
 
      Spontaneous  Positive Pressure 
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           Breath          Breath 
 Inspiratory pleural pressure     Decrease         Increase 
 Expiratory pleural pressure     Increase         Decrease 
 Inspiratory alveolar pressure     Decrease         Increase 
 Expiratory alveolar pressure     Increase         Decrease 
 
The heart is located in the mediastinum.  The mediastinum is surrounded by the lungs and is 
affected by pressure changes within the lungs.  If we think of the thorax as an airtight box (Figure 
17), it is easy to see how the normal “sucking” action of the thorax enhances venous return.  
Normal inspiration actually improves venous return to the heart.  However, during positive 
pressure breathing, the intrathoracic pressure is increased.  This increase in the intrathoracic 
pressure inhibits venous return and consequently may impede cardiac output (Figure 18). 
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The mean intrathoracic pressure is a function of the pressure and time.  An increase in either the 
amount of pressure or time will increase the mean intrathoracic pressure.  It should be noted that 
the cardiac response to increased intrathoracic pressures varies from patient to patient.  The 
variations in response can be due to pulmonary vasculature, intravascular blood volume and 
contractility of the heart. 
 
The mean intrathoracic pressure can be minimized by maintaining I:E ratios greater than 1:1 and by 
limiting PEEP to the absolute value needed to maintain adequate tissue oxygenation. 
 
Effects of Positive Pressure on the Renal System 
 
The antidiuretic hormone (ADH) is a substance normally excreted by the pituitary gland that 
determines urinary output, thus maintaining a proper fluid balance.  During positive pressure 
breathing, an increase in ADH occurs, resulting in fluid retention, which may result in pulmonary 
edema.  Monitoring fluid balance in the mechanically ventilated patient is important.  Accurate 
urinary input and output (I and O) figures should be maintained and the patient should be weighed 
frequently to detect water retention. 
 
PATIENT AND VENTILATOR MONITORING 
 
Auscultation 
 
Chest auscultation is a non-invasive, relatively easy technique that is essential to proper monitoring 
of the ventilator patient.  The respiratory care practitioner should first check for distribution of air 
in the lungs.  This is particularly important immediately following intubations to confirm proper 
placement of the endotracheal tube.  Next, the practitioner should note the intensity of the breath 
sounds (increased, decreased or absent) and identify any adventitious sounds (rales, wheezing, 
pleural rubs). 
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Observation 
 
The practitioner should note any changes in the patient’s color and mental status.  A sudden onset 
of cyanosis and deterioration in the patient’s mental status could indicate inadequate tissue 
oxygenation. 
 
Chest X-Ray 
 
Routine chest X-rays provide assessment of pulmonary improvement or deterioration in the 
ventilator patient.  A chest X-ray should always be taken following intubation to confirm tube 
position.  Also, an X-ray should be ordered if a sudden deterioration in the patient’s condition 
suggests a pneumothorax, pleural effusion or pulmonary edema. 
 
ECG Monitoring 
 
Ventilator patients should be attached continuously to an electrocardiogram with both visual and 
audible alarms. 
 
Arterial Cannulation 
 
An arterial line may be indicated in a seriously ill ventilator patient.  The arterial line permits easy 
arterial blood gas sampling, continuous monitoring of blood pressure and pulse rate, pulse analysis, 
cardiac output determination and blood drawing for laboratory analysis. 
 
Swan-Ganz Catheterization 
 
Placement of a Swan-Ganz catheter may also be indicated in seriously ill ventilator patient 
(particularly patients with cardiopulmonary problems).  The Swan-Ganz catheter makes it possible 
to evaluate the pulmonary artery pressure, pulmonary wedge pressure and cardiac output. 
 
Arterial Blood Gases 
 
Arterial blood gases are probably the most important laboratory test for evaluating the ventilator 
patient.  Arterial blood gases should be obtained 30 minutes after continuous mechanical 
ventilation has been instituted.  Blood gases should also be obtained following any significant 
change in the patient’s condition. When practical, an arterial line should be placed to facilitate 
arterial blood gas collection. 

 
Oxygen Delivery 
 
The FIO2 should be monitored using an oxygen analyzer to measure the actual concentration of 
oxygen delivered to the patient. Many newer ventilators have an oxygen analyzer built in. The 
therapist should not depend on the ventilator control knob as a means of quantifying the FIO2. 
 
Minute Ventilation Monitoring 
 
The minute ventilation should be regularly monitored and documented on the patient’s chart since 
it is the primary factor determining the patient’s PaCO2. The deadspace minute ventilation should 
be considered if using high respiratory rates. 
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Respiratory Rate Monitoring 
 
The ventilator rate should be monitored and recorded in the patient’s chart.  If the patient is on 
IMV or SIMV, the ventilator rate and patient rate should both be measured and recorded. 
 
Actual Tidal Volume Determination 
 
The compression of the inspiratory gases during positive pressure ventilation and the distensibility 
of the patient tubing system both have an effect on the actual volume of gas available for 
ventilation. 
 
Tubing distensibility absorbs some of the volume delivered from the ventilator.  The following 
factors increase tubing compliance:  (1) soft expandable tubing, (2) long tubing, and (3) warm 
tubing.  Although the actual compliance factor varies, the average is 3 ml/cmH2O for most adult 
ventilators.  This means that for every cmH2O of pressure developed during inspiration, 3.0 ml of 
volume is lost due to gas compression and tubing distensibility. 
 
For example: 
 
A patient is on a mechanical ventilator that is delivering 1000 ml at 20 cmH2O peak pressure. 
 
 20 cmH2O x 3 ml/cmH2O   = 60 ml 
 (Pmax)(tubing compliance factor)  = volume lost in tubing 
 
The patient’s actual tidal volume is: 
 
 1000 ml (delivered)  -  60 ml (lost)  = 940 ml 
 
The same patient has an increase in Pmax to 50 cmH2O with everything else constant.  Then: 
 
 50 cmH2O x 3 ml/cmH2O   = 150 ml lost in tubing 

 
The patient’s actual tidal volume has decreased: 
 
 1000 ml (delivered)  -  150 ml (lost)  = 850 ml 
 
This decrease in actual VT will cause an increase in PaCO2 due to a decreased amount of alveolar 
ventilation. 
 
The same patient, with a Pmax of 50 cmH2O, has the tidal volume decreased to 600ml to achieve a 
lower peak airway pressure. The frequency is increased from 12 breaths per minute to 20 to 
maintain the same minute ventilation. 
 
           1000ml    x    12/min     =     12L/min  minute ventilation 
           
            600ml     x    20/min     =     12L/min  minute ventilation 
  
Now take deadspace minute ventilation into account. The patient has 50ml deadspace built into the 
ventilator circuit. 
 
          50ml    x     12/min       =      600ml deadspace minute ventilation 
 
          50ml    x     20/min       =      1000ml deadspace minute ventilation 
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Adult patients average about 150ml of physiologic deadspace – the upper airways. 
 
         150ml    x     12/min       =      1800ml/min physiologic deadspace 
 
         150ml    x     20/min       =      3000ml/min physiologic deadspace 
 
These may be partially offset by a reduction in Pmax from 50 cmH2O to 35 cmH2O 
 
             35 cmH2O x 3 ml/cmH2O   = 105 ml 
 
 50 cmH2O x 3 ml/cmH2O   = 150 ml 
 
The “lost” minute ventilation at 50 cmH2O peak pressure and a rate of 12 is as follows; 
 
                 150ml   x   12/min     =     1800ml/min lost to tubing compliance, 
                 150ml   x   12/min            1800ml/min lost to physiologic deadspace 
                   50ml   x   12/min              600ml/min lost to circuit deadspace 
                                                           4200ml/min lost ventilation 
 
Our effective alveolar minute ventilation is thus; 
 
        12L/min         -        4.2L/min          =          7.8L/min 
 
At a Pmax  of 35 cmH2O, a rate of 20/minute, and a VT of 600ml, the lost ventilation looks like this; 
 
                  105ml   x   20/min     =     2100ml/min lost to tubing compliance, 
                  150ml   x   20/min            3000ml/min lost to physiologic deadspace 
                   50ml    x   20/min            1000ml/min lost to circuit deadspace 
                                                           6100ml/min lost ventilation 
Our effective alveolar minute ventilation is now; 
 
          12L/min         -        6.1L/min          =          5.9L/min  
 
We have significantly reduced the ventilation to this patient, even though the delivered minute 
ventilation is the same 12 Liters/minute.. 
 
Changes in the VD/VT also change the alveolar ventilation since: 
 
 VA  =  VT  -  VD 
 
An increase in the VD/VT will decrease the alveolar ventilation and increase the PaCO2. 
 
Both of these changes in PaCO2 occur without any change in the delivered tidal volume. 
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Compliance and Resistance 
 
By measuring and recording Pmax and Pplateau, the practitioner can detect changes in resistance and 
compliance.  The Pmax is determined by resistance and compliance, while the Pplateau is determined 
only by compliance.  Table 7 summarizes the effect of compliance and resistance changes. 
 

Table 7 
 

EFFECTS OF COMPLIANCE AND RESISTANCE ON PMAX 
AND PPLATEAU 

 
       Pmax   Pplateau 
  Increased compliance          Decrease            Decrease 
  Decreased compliance         Increase            Increase 
  Increased resistance          Increase            No change 
  Decreased resistance          Decrease            No change 

 
 
ADJUSTMENT OF THE VENTILATOR 
 
Correction of PaCO2 
 
 1. To increase the PaCO2, the VA must be decreased. 
 2. To decrease the PaCO2, the VA must be increased. 
               
The VA can be changed by one of the following:  (1) change in VDVT, (2) change in VD/VT 
(mechanical deadspace), and (3) change in f. 
 
An approximate change of 4 to 5 mm Hg in PaCO2 levels can be expected for each 10% change in 
the alveolar ventilation (tidal volume).  For example, suppose the patient has a tidal  
volume of 1000 ml and a PaCO2 of 35 mm Hg.  Your goal is a PaCO2 of 40 mm Hg.  You can 
decrease the tidal volume by 10% (100 ml) or add 10% of the tidal volume as mechanical 
deadspace.  Mechanical deadspace is rarely used today. 
 
 
Correction of PaO2 
 
The following changes will usually increase the patient’s PaO2:  (1) increased FIO2 (except in shunt 
disorders), (2) expiratory resistance, (3) inflation hold, (4) increased tidal volume (also changes 
PaCO2) and (5) PEEP. 
 
The easiest way to change the PaO2 is to change the FIO2.  If a shunt disorder is not present, the 
following clinical equation will prove the approximate percentage change in FIO2 required. 
 
   PaO2 desired  = %  FIO2 
           700 
 
For example, a patient has a PaO2 of 60 mm Hg on 21% oxygen.  Your goal is a PaO2 of 90 mm 
Hg. 
 
  PaO2 desired  = 30 mm Hg 
 
        30   = 0.04 ( FIO2) 
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                 700 
 
If you increase the FIO2 by 4% and if the patient does not have a shunt type disorder, the PaO2 
should increase by approximately 30 mm Hg to 90 mm Hg. 
 
Another patient has a PaO2 of 225 mm Hg 50% oxygen.  Your goal is a PaO2 of approximately 100 
mm Hg. 
 
  PaO2 desired  = 125 
 
       125   = 0.18 ( FIO2) 
       700 
 
If you decrease the FIO2 by 18% (to 32%), the result will be a PaO2 of approximately 100 mm Hg. 
 
Changing the patient’s expiratory pattern with resistance or inflation hold produces varied results in 
terms of oxygenation. 
 
An increase in tidal volume may increase the patient’s PaO2, but it will also change the patient’s 
PaCO2.  This may be an unwanted side effect. 
 
PEEP may also be used to improve oxygenation in the patient who is severely hypoxemic in spite 
of high FIO2’s.  The primary effect of PEEP in the lungs is an increase in the functional residual 
capacity (FRC) which results in improved distribution of gases in the lungs and decreased shunting.  
As a result, application of PEEP will result in an increase of the PaO2.  However, one should not 
conclude from this that the tissue oxygenation is also improved.  The application of PEEP increases 
the intrapulmonary pressure which can result in reduction of venous return and ultimately a 
reduction in the cardiac output.  Tissue oxygenation is a function of the oxygen content and the 
cardiac output, as expressed below: 
 
 oxygen  = cardiac  x oxygen 
 transport  output   content 
 
From this equation it can be seen that an improvement in the oxygen content (seen by an increase 
in the PaO2) can be counteracted by a decrease in the cardiac output, resulting in an overall 
reduction in the oxygen transport (tissue oxygenation).  The highest PaO2 is not necessarily an 
indication of the best tissue oxygenation. 
 
Ideally, when PEEP is administered to the critically ill patient, means of assessing the cardiac 
output should be available.  This would require the insertion of a Swan-Ganz catheter, since the 
thermodilution method provides an easy and accurate means of assessing the cardiac output. 
 
If methods for directly assessing the cardiac output are not available in an given clinical situation, 
the most efficient level of PEEP, in terms of oxygen transport, corresponds with the “best” lung 
compliance achieved at the various levels of PEEP.  Table 8 shows a typical PEEP trial at a 
constant tidal volume. 
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Table 8 

 
PEEP TRIAL AT A CONSTANT TIDAL VOLUME 

TO DETERMINE BEST COMPLIANCE 
 
               Static 
PEEP level    Volume      Pplateau    Pressure Difference   Compliance 
 (cmH2O)       (ml)    (cmH2O)  (cmH2O)  (ml/cm H2O) 
 
       3        800         20        17          47 
       5        800         20        15          53 
      10        800         25        15          53 
      12        800         25        13          62 
      15        800         30        15          53 
      18        800         37        19          42 
      20        800         40        20          40    
       
 
In Table 8 the static compliance is found by dividing the volume by the difference between the 
PEEP and plateau pressure readings.  The “best” PEEP, in this example, is obtained at a level of 12 
cmH2O where the “best” compliance is achieved.  The “best” compliance corresponds well with 
the most efficient oxygen transport, but not necessarily the best PaCO2.  For example, in Table 8 
the highest PaO2 could have been achieved with the highest level of PEEP.  However, reduction in 
the static compliance indicates a concomitant reduction in the cardiac output and an overall 
reduction in the tissue oxygenation at this level of PEEP. 
 
The “best” compliance method is usually an adequate means of assessing PEEP therapy.  The 
method may be inaccurate in hypovolemic patients, patients with flail chest and when using PEEP 
levels greater than 15 cmH2O.  The most effective method for finding the “optimum PEEP’ 
involves comparing the PEEP levels with oxygen delivery calculations.  An example of this 
method is given here for an ARDS patient.  Table 9 gives the relevant data.  The last variable in 
Table 9, tissue delivery of oxygen, is found as follows: 
 
 O2 tissue delivery  = (cardiac output)  x  (total O2 content of arterial blood) 
 
   
  CaO2  =  (Hb (gm %) x 1.39 x SaO2)  +  (.003  x  PaO2) 
 
Best PEEP and best oxygen transport occur when the PEEP level is adjusted to provide the best 
cardiac output. 
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Table 9 
 

RELATIONSHIP BETWEEN OXYGEN DELIVERY AND PEEP LEVEL 
 
Variable      5 cmH2O 10 cmH2O 15 
cmH2O 
Blood Pressure (mm Hg)    140/80  132/82  112/82 
Pulse (beats/min)     100  90  103 
Wedge pressure (mm Hg)    10  13  15 
Pulmonary Artery Pressure (mm Hg)   45/22  37/17  51/15 
Cardiac Output (1/min)    5.9  5.8  4.0 
pH       7.30  7.39  7.32 
PaCO2 (mm Hg)     28  38  32 
PaO2 (mm Hg)      50  80  90 
SaO2 (%)      85  95  96 
Hb (g)       12  12  12 
Oxygen delivery (ml O2/min)    847.0  932.6  644.0 
 
As an example, we will go through the steps for calculating the oxygen delivery at the PEEP level 
of 10 cmH2O. 
 
Given: 
 
 Hb   =  12 gms/100 ml  =  12 gms % 
 SaO2   =  95% 
 PaO2   =  80 mm Hg 
 Cardiac Output =  5.8 l/m 
 
Calculations: 
 
 CaO2   =  (12.0 gms%  x  1.39)0.95  +  (0.003  x  80 mm Hg) 
    =  15.84 vol %  +  0.24 % 
    =  16.08 vol % (or 16.08 ml/100 ml) 
    =  5,800 ml/min  x  16.08 ml/100 ml 
 O2 tissue  =  5,800 ml  x  16.08 ml 
 delivery   100 (min)(ml) 
    =  932.64 ml O2/min 
 
Notice that even though the PaO2 is higher in the PEEP level of 15 cmH2O, the oxygen delivery is 
the lowest because of the reduction in the cardiac output. 
 
Caution should be taken in using any method of increasing PaO2 that also increases airway 
pressures in patients with active right to left shunts, such as atrial-septal defects. The increased 
interthoracic pressures may increase the shunt, resulting in worsening hypoxia. 
 
Caution should also be applied to using FIO2s above 60% as oxygen toxicity can occur after only 
72 hours at these levels. 
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COMPLICATIONS OF MECHANICAL VENTILATION 
 
Airway Damage 
 
Damage to the trachea is often caused by necrosis secondary to high cuff pressures.  One of the 
following two methods can minimize airway cuff damage:  (1) measurement of cuff pressure with 
maintenance of less than 25 mm Hg within the cuff or (2) cuff inflation to the point where a 
“minimal leak” is heard over the neck with a stethoscope during the last part of inspiration. 
 
Pulmonary Barotrauma 
 
Pneumothorax is a serious, life-threatening complication of mechanical ventilation.  The clinical 
signs of a tension pneumothorax are hyperinflation on the side of the pnuemothorax, lack of 
inspiratory/expiratory movement on the affected side, no breath sounds on the affected side, the 
trachea can be palpated to show movement of the mediastinum away from the affected side, and 
high degree of resonance by percussion on the affected side.  A misplaced endotracheal tube in the 
right bronchus can mimic the first three signs. 
 
Ventilator Induced Lung Injury 
High intrathoracic pressures and over distended alveoli may lead to inflamed, edematous, leaking 
alveolar membranes, known as Ventilator Induced Lung Injury. A “ground glass” appearance on 
chest X-ray and worsening oxygenation problems are associated with this, which may be 
synonymous with ARDS. Careful ventilator management can avoid this problem by reducing the 
intrathoracic pressures used to ventilate at risk patients. At risk patients include those suffering 
chest trauma, burn trauma (especially with inhalation injury), and septic shock. 
 
Nosocomial Pulmonary Infections 
 
Any patient who has an artificial airway in place is more susceptible to pulmonary infections.  The 
incidence of nosocomial pulmonary infections can be minimized by observing the following 
practices: wash hands between patients, change equipment at least daily, and maintain proper 
evacuation of secretions using sterile catheters, gloves, and water. 
 
 
Decreased Cardiac Output 
 
As mentioned previously, positive pressure breathing can result in a decrease in the cardiac output.  
In terms of ventilator management, this complication can be reduced or eliminated by establishing 
I:E ratios that will decrease the mean intrapulmonary pressure.  It may also be necessary to reverse 
decreased cardiac output with fluid therapy of pharmacological agents. 
 
Fluid Retention 
 
Fluid retention can result in patients receiving continuous positive pressure breathing as a result of 
an increase in ADH, which reduces the urine output.  The patient’s fluid balance should be 
monitored carefully to avoid fluid overload.  It may be necessary to administer diuretics in some 
clinical situations. 
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IMPLEMENTING MECHANICAL VENTILATION 
 
The following procedure is offered as a guide for implementing mechanical ventilation.  The 
procedure may vary slightly depending on the particular ventilator to be used. 
 
 1. Obtain and check the physician’s order. 

 2. Assemble equipment and transport to bedside. 

 3. Attach medical gas sources to ventilator. 

 4. Set up appropriate humidification device. 

 5. Connect electrical power cord and turn on power. 

6 Adjust the mode, rate, tidal volume, pressure limit, FIO2, flowrate, flow pattern, 
pressure support, sigh volumes and sigh pressure limit per physician’s order or 
institutional protocol 

 7. Remedy any air leaks in the circuit. 

 8. Check all alarms. 

 9. Turn humidifier control on and adjust to the desired temperature. 
 
 10. Set the sensitivity control so that the patient can trigger a breath 
  easily but not let the ventilator auto-cycle. 

 11. Analyze the oxygen concentration. 

 12. Check again for proper function. 

 13. Attach the ventilator to the patient’s endotracheal or tracheostomy tube. 

 14. Observe the rise and fall of the chest and auscultate the chest for adequate 
  bilateral aeration. 

 15 Make necessary flow adjustments for patient comfort and desired I:E ratio. 

 16. Observe the patient for any signs of hypoxia or respiratory distress. 

17. Check arterial blood gases 15 to 30 minutes following patient stabilization. 

 
 18. Record all data on the ventilator parameter sheets initially and then per   
 institutional protocol 

 19. Change the ventilator circuit per protocol. 
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IMPLEMENTING PEEP 
 
Purpose 
 
PEEP is used to increase FRC, improve oxygen delivery and possibly treat or prevent atelectasis. 
 
Operating Principle 
 
A positive end-expiratory pressure is applied to the airways during positive pressure ventilation via 
the endotracheal tube.  In this way, the FRC is increased.  The result is improvement in the 
oxygenation status.  When PEEP is instituted the FIO2 can be reduced to safer levels if the PEEP 
increases the PaO2. 
 
Equipment Required 
 

1. Mechanical ventilator 
 

 2. PEEP valve (if ventilator is not equipped with a built-in mechanism). 
 
Implementing the Procedure 
 
 1. Obtain and check the physician’s order. 
 
 2. Explain the procedure to the patient. 

3. Check the ventilator parameters and clinically assess the patient. Record all 
required information. 

 4. Attach the PEEP valve to the ventilator. 

5. Slowly turn the PEEP valve to the desired level during inspiration while watching 
the pressure  manometer. (Do not increase rapidly since the pressure will not 
register on the manometer until the end of inspiration.). 

 6. Adjust the sensitivity as needed. 

7. Check the patient’s vital signs and then the ventilator parameters. 

9. Check arterial blood gases 15 to 30 minutes following stabilization. 
 
 
 
Precautions 
 
PEEP causes additional hazard of barotrauma due to increase in positive pressures.  Often, the 
patient who requires PEEP also suffers from an unstable cardiovascular system.  A drop in blood 
pressure and cardiac output can occur with the institution of PEEP.  If this occurs, inform the 
physician immediately. 
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WEANING THE PATIENT 
 
Patient Assessment 
 
Criteria for weaning from mechanical ventilation are listed in Table 10.  It is interesting to note 
that these are the same measurements used to assess the patient’s initial need for mechanical 
ventilation. 
 
 

Table 10 
 

TESTS SUGGESTING WEANING IS POSSIBLE 
 

Tests of Ventilatory Reserve 
 

VC greater than 10 to 15 ml/kg 
 

Negative inspiratory force greater than -20 cmH2O 
 

Tests of Oxygenation Reserve/Capability 
 

P(A-a)O2 less than 300 mm Hg 
 

Shunt (QS/QT less than 15%) 
 

 
 
 
Weaning Techniques 
 
The three most common methods of weaning are Blitz, Gradual and IMV.  The Blitz method is 
used for short-term patients and is the faster technique.  The patient is simply removed from 
mechanical ventilation and placed on supplemental oxygen and humidity.  This method is often all 
that is needed in many post-operative patients requiring short-term ventilatory assistance. 
 
The Gradual Method 
 
Involves increasing time trials off the ventilator.  For example: fifteen minutes  off the ventilator 
twice a day with at least four hours in between trials, then increasing the time off the ventilator as 
patient tolerance increases. 
 
Intermittent Mandatory Ventilation (IMV) 
 
A third weaning procedure, was first introduced as a method of weaning in 1973.  It involves a 
combination of patient spontaneous breaths with mechanical guaranteed breaths.  The spontaneous 
breaths are volumes that the patient generates without mechanical assistance.  The number of 
ventilator breaths is reduced over a period of time until the patient is eventually capable of 
maintaining an adequate minute ventilation without IMV breaths.  During IMV, the ventilator is 
adjusted to “control” the rate of IMV breaths.  Inspiratory effort by the patient does not trigger a 
machine assisted breath during the IMV mode of ventilation. 
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Synchronized Intermittent Mandatory Ventilation (SIMV) 
 
Allows the ventilator to deliver a pre-set volume to the patient only when the patient “initiates” the 
inspiratory cycle.  SIMV is achieved by altering the number of breaths supplied under pressure.  
This technique has an advantage over IMV.  It never delivers a ventilator breath when the patient is 
trying to exhale.  Rather, the delivery of the IMV breaths are synchronized (SIMV) with the 
patient’s spontaneous respiratory pattern. 
 
The following parameters should be monitored during any weaning attempt: 
 
 1. Spontaneous tidal volume 
 2. Arterial blood gases 
 3. Blood pressure and pulse 
 4. Minute ventilation 
 5. Clinical signs of hypoxia and hypercapnea 
 
SPECIAL PROCEDURE - IMV 
 
One problem encountered with patients who require prolonged controlled mechanical ventilation is 
removing ventilator assistance.  The initial cause of the patient’s respiratory failure is over; yet an 
immediate change to spontaneous respiration is often met with a great deal of difficulty.  A 
ventilator modality that allows the patient to slowly and gradually work back to a point of complete 
unassisted ventilation is intermittent mandatory ventilation (IMV). 
 
Newer ventilators incorporate the IMV mode; however, some of the older ventilators (i.e., Bennet 
MA-I) require modification in order to establish IMV.  With the use of widely available parts or the 
purchase of preassembled equipment, an IMV one-way valve can be integrated into most 
ventilators.  This valve, when used in combination with a standard controlled ventilation breathing 
circuit, allows the patient to breathe spontaneously from a separately controlled oxygen source, 
with the ventilator delivering pre-set volumes to the patient through the same circuit. 
 
This simple valve arrangement shown in Figure 19 provides a constant flow through the ventilator 
circuit.  In the figure, each orifice of the one-way valve assembly has been labeled in orientation to 
the complete ventilator/IMV circuit.  The one-way valve has been labeled along with its direction 
of flow. 
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It is important to understand why the valve is connected as it is and how the patient can receive a 
breath from two separate sources.  The placement and operation of the one-way valve determines 
the gas glow in the ventilator/IMV circuit.  There is only one of two possible ways the patient can 
receive a breath.  The first way is by spontaneous inspiratory effort (Figure 20).  We will call this 
the spontaneous inspiratory portion of inspiration.  The ventilator is not actively involved in this 
portion of ventilation.  The ventilator could, in fact, be turned off and spontaneous inspiration 
could still occur.  Why this mode of ventilation does not cycle the machine again involves the one-
way valve and from the one-way valve to the ventilator.  At a pressure of approximately -1/2 
cmH2O, the rubber one-way valve drops down and is held in this position as the oxygen source 
flows past it.  When the inspiration is complete, flow stops and the valve again recedes to its flat 
closed position.  The entire cycle can be repeated with the next patient-assisted inspiratory effort. 
Another way the patient can receive ventilation is by ventilator delivery of a preset, regularly timed 
volume.  This is controlled entirely by the ventilator and is independent of the patient.  The rate and 
volume delivered can be adjusted on the ventilator.  For instance, if a volume of 800 ml at six 
breaths per minute are set, the ventilator will deliver an 800 ml volume one every 10 seconds 
regardless of how many breaths the patient has initiated in the spontaneous mode.  At the preset 
interval, whatever it may be, the ventilator will deliver a positive pressure volume to the patient.  
The entire volume will go to the patient because the one-way valve closes during the ventilator 
volume delivery phase. As can be seen in this phase (Figure 20), the arrow indicates the flow of 
gas generated by the ventilator out past the one-way valve to the patient. The pressure pop-off 
valve is set to open at 5 cmH2O above the ventilator’s set high-pressure limit. 
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The final factor to consider in using IMV to wean a patient from controlled to spontaneous 
ventilation is the patient.  Generally speaking, patients who have required long term ventilatory 
support are more difficult to wean.  The weaning procedure progress depends entirely on how the 
patient tolerates the process.  If the patient tolerates adjustments poorly while on controlled 
ventilation, it is likely that he/she will not tolerate IMV.  Good judgment, careful observation and 
patience must be used in the weaning process.  Time is always an important factor.  Complete 
weaning cannot possibly be achieved if parameters are changed every few minutes to “hurry up” 
the procedure.  The patient must equilibrate at each step of the weaning procedure and must be 
stabilized at that level before further adjustments are made. The patient must have confidence in 
their own ability to breath without the ventilator. 

 
SPECIAL PROCEDURE - CPAP 
 
As mentioned previously, PEEP can be used to increase the FRC and optimize oxygen transport.  
The use of PEEP without positive pressure ventilation in the adult is termed adult CPAP.  Patients 
who are intubated and breathing spontaneously, yet need assistance in oxygenation and prevention 
of atelectasis, are likely candidates for adult CPAP. 
 
Some mechanical ventilators are equipped to deliver CPAP.  With these ventilators, applying 
CPAP is accomplished by simply turning a dial, pressing a button, or otherwise adjusting the 
controls.  CPAP levels can be monitored, FIO2 can be controlled, a backup rate can be dialed in, 
and ventilator pressure alarms can be utilized. 
Some ventilators are not equipped with CPAP. In this event, the IMV setup previously described 
can be used to provide CPAP. 
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The ventilator is set to a rate of “0” or a setting of “spontaneous”. The same PEEP setup is used as 
for IMV. A source for the CPAP gas may be an oxygen blender set to the required FIO2 or 50 psi 
oxygen and air flowmeters checked with an oxygen analyzer. 
 
 
 
 
 
HIGH-FREQUENCY VENTILATION 
 
General Principles 
 
Revolutionary methods of providing mechanical ventilation are currently undergoing rigorous 
research and development.  These methods involve the principle of high-frequency ventilation 
(HFV).  HFV uses waves or “puffs” of air at high frequency and low volume to ventilate the lungs.  
There are no deep “in and out” breaths involved as in conventional mechanical ventilation (IPPV) 
methods.  HFV creates almost no visible chest expansion when in use, yet it is effective in 
maintaining proper ventilation of the lungs. 
 
High-frequency ventilation works on the principle of gas diffusion.  Although normal respiration 
moves substantial volumes of gas in and out of the lungs, one phase of actual gas exchange occurs 
below the large airways and their turbulent high flowrates.  Gas exchange in the lower airways is 
accomplished by diffusion; the rapid, random motion of gas molecules.  Oxygen molecules diffuse 
down to the lower airways and into the alveoli.  Carbon dioxide diffuses out. 
 
High-frequency ventilation provides ventilation by increasing the rate of gas diffusion in the 
airways, especially at frequencies above 200 cycles (“breaths”) per minute.  The high-frequency 
ventilator acts as a sort of mechanical “gas mixer,” speeding up the exchange of oxygen and carbon 
dioxide. 
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High-frequency ventilation uses frequencies of over 60 cycles per minute and  up to 900 cycles per 
minute.  Currently, many developers of HFV are expressing frequency of breaths in Hertz (Hz).  
Hertz is equivalent to cycles per second.  A frequency of 2 Hz, then, would be 120 cycles per 
minute (2 x 60).  tidal volumes are low (20% to 30% of normal) and airway pressures run about 
one-third of those found using conventional forms of mechanical ventilation (IPPV). 
 
Two major types of HFV are currently undergoing clinical testing and research:  high-frequency, 
positive-pressure ventilation (HFPPV) and high-frequency jet ventilation (HFJV). 
 
High-Frequency, Positive-Pressure Ventilation (HFPPV) 
 
High-frequency, positive-pressure ventilation was formally introduced in 1970.  The ventilator 
itself delivers small tidal volumes of gas at a rate of 60 to 200 per minute.  The ventilator is 
connected to an uncuffed endotracheal tube using a special adapter, or a catheter may be inserted 
into the open airway.  Rapid bursts of gas are delivered down the airway and the uncuffed 
endotracheal tube allows expired gas to exit around it.  Figure 24 shows a schematic of gas 
diffusion in and out of the lungs using HFPPV. 
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Advantages of HFPPV 
 
The capacity of HFPPV to oxygenate the lungs at low pressure offers several important advantages 
over IPPV.  Since HFPPV produces peak pressures of 10 cmH2O or less, its use minimizes the 
threat of barotrauma and decreased cardiac output, sometimes experienced using high positive-
pressure ventilation.  This is especially significant in ventilating patients with ARDS or neonates, 
who have low lung compliance.  Less compliant lungs require higher airway pressures to ventilate 
when using IPPV.  HFPPV provides a method of oxygenation without using excessive pressures.  
Recent use of HFPPV on neonates with hyaline membrane disease has produced dramatic and 
encouraging results.  
 
High-Frequency Jet Ventilation (HFJV) 
 
High-frequency jet ventilation is based on the principles of HFPPV, but incorporates several 
technical modifications.  A jet flow, or shock wave, is created by forcing repeated short bursts of 
oxygen-enriched gas at high pressure through a narrow injector cannula, which has been introduced 
into a cuffed endotracheal tube.  Small shock waves, which may attain velocities of 1,132 feet per 
second, leave the injector opening and travel to the lower airways.  This results in a small increase 
in lung volumes and airway pressure.  At the end of this “inspiratory phase,” gas rich in carbon 
dioxide from the lower airways is displaced up the airway and exits through an exhalation port.  
Current practice uses frequencies of 100 to 800 cycles per minute.  Tidal volumes are not usually 
measured in HFJV. Instead, settings include percent inspiratory time, frequency and driving 
pressure. 
While the advantages of HFJV are similar to those of HFPPV, their differences are significant.  Jet 
ventilation provides an actual inspiratory and expiratory phase, while HFPPV uses a rapid 
“mixing” effect.  Gas flows used in HFJV are at much higher velocities than those in HFPPV.  
Also, HFJV uses a cuffed endotracheal tube, creating a closed system between the patient and the 
ventilator.  This results in somewhat higher airway pressures than those experienced with HFPPV, 
which uses an uncuffed tube or cannula, but allows the application of PEEP and even IMV to be 
superimposed.  Both methods, however, produce peak pressures far below those encountered with 
the use of IPPV. HFJV’s true potential as a means of respiratory support seems to be in its 
application to ventilating patients with persistent broncho-plueral fistulas. 
 
 
LUNG PROTECTIVE VENTILATION 
 
Lung Protective Ventilation is more of a ventilatory management strategy than a mode of 
ventilation. It involves keeping intrathoracic pressures low in an effort to prevent Ventilator 
Induced Lung Injury and allow ARDS lungs to heal. This may include low, 3 to 6 ml/Kg ideal 
body weight, and high frequencies, 20 to 40 breaths/minute. PEEP levels sufficient to prevent 
alveolar collapse at end exhalation, 13 to 18 cmH2O also seem to help reduce further lung injury. 
Pressure Control Ventilation often replaces conventional ventilation to achieve greater control of 
ventilatory pressures. Recent studies suggest keeping plateau, or end inspiratory, pressures at or 
below 35 cmH2O to best protect the lungs. 
Since alveolar ventilation decreases as frequency increases with constant minute ventilation due to 
a constant deadspace, higher PaCO2, lower pH and lower oxygenation levels may be accepted. 
ARDS patients may have a PaCO2 of 80 or 90 mm Hg with a pH of 7.2-7.3, and a PaO2 of 50 to 60 
mm Hg for extended periods. Permissive Hypercapnea is the term for this, and the rational behind 
it is straightforward – patient survival. Some research suggests such values may have no long-term 
adverse effects. 
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CASE STUDIES 
 
Case No. 1:  Respiratory Failure In A 27-Year-Old Female 
 
A 27-year-old female is brought to the emergency room by ambulance with the following vital 
signs: 

 
 VT   = Shallow 
 f   = 38 per minute 
 Heart Rate  = 140 per minute 
 
The patient is cyanotic with decreased breath sounds over the left lower lobe. 
 
Arterial blood gases are drawn after the patient is placed on a FIO2 of 40% via a Venturi mask for 
15 minutes.  An x-ray of the chest is obtained and the results are: 
 
 pH   = 7.28 
 PaCO2   = 65 mm Hg 
 PaO2   = 45 mm Hg 
 
The x-ray showed a 30% pneumothorax on the left side. 
 
The patient is intubated and placed on mechanical ventilation with the following settings: 
 
 VT   = 600 ml 
 f   = 15 per minute (assisted) 
 FIO2   = 90% 
 
A chest tube is inserted on the left side, attached to suction and appears to be working properly.  
Arterial blood gases and vital signs after 15 minutes show: 
 
 pH   = 7.58 
 PaCO2   = 30 mm Hg 
 PaO2   = 52 mm Hg 
 Blood Pressure  = 120/90 
 Heart Rate  = 125 per minute 
 
The physician wants to improve oxygen transport to the tissues and wants to use PEEP.  The 
respiratory practitioner cautions against high PEEP with a known pneumothorax. The physician 
agrees and a PEEP level of 5 is chosen and blood gases are drawn after 10 minutes.  Results are: 
 
 pH   = 7.56 
 PaCO2   = 31 mm Hg 
 PaO2   = 62 mm Hg 
 FIO2   = 90% 
 
The physician would like to increase the PaCO2 to 40 mm Hg to correct the pH. The respiratory 
rate is reduced to 12. Arterial blood gases after 15 minutes are: 
 
 pH   = 7.4 
 PaCO2   = 36 mm Hg 
 PaO2   = 68 mm Hg 
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Over the course of the next three days, the FIO2 is lowered to 0.30 with a PEEP of 5 cmH2O.  
Blood gases on the fourth day reveal: 
 
 pH   = 7.39 
 PaCO2   = 37 mm Hg 
 PaO2   = 78 mm Hg 
 VT   = 600ml 
 f   = 12 per minute (assisted) 
 Blood Pressure = 135/85 
 Heart Rate  = 76 per minute 
 
Chest x-ray shows the lungs are clear and the chest tube is still in place on the left side. 
 
On the fifth day, while the patient is having a chest x-ray taken, the peak pressures increase by 25 
cmH2O and the patient begins to “fight” and “buck” the ventilator.  Respirations increase to 28 per 
minute and breath sounds are absent on the left side.  The chest tube appears to be functioning 
properly.  An x-ray is taken along with arterial blood gases.  They reveal: 
 
 pH   = 7.48 
 PaCO2   = 33 mm Hg 
 PaO2   = 65 mm Hg 
 
Chest x-ray shows a right mainstem intubation.  The endotracheal tube is withdrawn 3 cm and the 
maximal inflation pressure (Pmax) returns to normal.  Another chest x-ray is taken to confirm tube 
position. 
 
On the seventh day of hospitalization, the physician requests that weaning variable be measured.  
The following results are obtained while the patient is receiving an FIO2 of 0.25: 
 VT (spontaneous) = 475 ml 
 f   = 14 per minute 
 PaO2   = 85 mm Hg 
 P(A-a)O2  = 350 
 VD/VT   = 0.35 
 Negative Inspiratory 
    Force  = -45 cmH2O 
 
Case No. 2:  Mechanical Ventilation in a COPD Patient with CO2 Retention 
 
A COPD patient with a history of carbon dioxide retention is admitted to the intensive care unit 
with the following vital signs: 
 
 Blood Pressure = 130/90 
 f   = 14 per minute 
 VT (spontaneous) = 225 ml 
 
The patient is dyspneic and complains of chest pain.  He is 78 years old and weighs approximately 
55 kg. 
 
Arterial blood gases are drawn while the patient is on nasal oxygen at 2 lpm.  After the blood gas 
procedure, he experiences a cardiac arrest and vomits before an endotracheal tube is in place.  
Aspiration is suspected.   
The patient is successfully resuscitated, but remains comatose.  The results of the initial blood 
gases are: 
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 pH   = 7.28 
 PaCO2   = 82 mm Hg 
 PaO2   = 41 mm Hg 
 HCO3   = 35 mEq/L 
 
An intensive care unit resident orders mechanical ventilation with the following settings: 
 
 VT   = 1200 ml 
 f   = 12 per minute (assisted) 
 FIO2   = 0.50 
 
Blood gases are drawn after 15 minutes and show the following: 
 
 pH   = 7.56 
 PaCO2   = 42 mm Hg 
 PaO2   = 74 mm Hg 
 HCO3   = 48 mEq/L 
 
The resident finds the values acceptable and attributes the metabolic alkalosis to excess sodium 
bicarbonate administration during resuscitation. 
 
The patient’s attending physician arrives and informs the resident that the patient’s “normal” 
PaCO2 is probably around 55 to 60 mm Hg.  Chronic compensatory changes that occur with carbon 
dioxide retention are in the ratio of 1 mEq/L of HCO3 compensation for each 2 mm Hg increase in 
PaCO2.  Since the initial blood gas revealed a HCO3 concentration of approximately 10 higher than 
normal, the PaCO2 must “normally” be 20 higher than normal for this carbon dioxide retention 
patient. 
              
The VT is reduced to 650 ml over the course of six hours and the PaCO2 is allowed to rise to 50 mm 
Hg. 
 
On the third day, improvements are noted in P(A-a)O2 associated with partial resolution of the 
aspiration pneumonitis.  FIO2 is now 0.30 with a PaCO2 of 69 mm Hg. 
 
The patient is placed on IMV at a control rate of 6 per minute and is gradually weaned from the 
ventilator.  The patient is transferred to the general floor and now has the following blood gases: 
 
 pH   = 7.36 
 FIO2   = 0.24 (venturi mask) 
 PaCO2   = 58 mm Hg 
 PaO2   = 59 mm Hg 
 
The patient is discharged and sent home on nasal oxygen. 
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STUDY OUTLINE 
 
I. Review of Normal Pulmonary Physiology 
 A. Total deadspace minute ventilation 
  1. Defined as the sum of physiologic and mechanical deadspace 
   a. Mechanical deadspace is any section of the ventilator 
    tubing containing exhaled gases which are delivered to the 
    patient with the next inspiration 
  2. Physiologic deadspace is both anatomical (in conducting airways) 
   and alveolar (non-perfusion alveoli) 
 B. Alveolar minute ventilation 

1. Defined as the volume of gas, per minute, moved in or out of alveoli
 perfused by pulmonary capillary blood flow 

2. Is also the difference between expired minute ventilation and deadspace 
minute ventilation 
a. Adequacy of ventilation is determined by blood gas analysis or 

monitoring the end tidal CO2 
 C. Normal pleural pressures 
  1. Upright ranges from -10 cmH2O in apices to -2 cmH2O in bases 
   a. Variation due to gravity 
  2. Average pressures across the lungs range from -4 cmH2O at end  
   expiration to -9 cmH2O at peak inspiration during normal breathing 
 D. Normal alveolar pressures 
  1. Expansion of thorax will decrease pleural pressure and alveolar 
   pressure, causing gas to flow into the lungs 
  2. During passive exhalation, the thorax is relaxed; alveolar pressure 
   becomes higher than atmospheric pressure, and gas exits 
 
II. Effects Of Positive Airway Pressure On Normal Physiology 
 A. Pleural pressures during positive pressure ventilation 
  1. With positive pressure ventilation, interpleural pressures are more 
   positive 

a. Lung is being “pushed” open by the increased positive 
pressure gas entering the thorax 

 B. Mean pressure 
  1. Is dependent on two factors 
   a. Amount of positive or negative pressure 
   b. Total time pressure is present 
 C. Effects of positive pressure on the cardiovascular system 

1. Blood returned to the right heart is aided by the negative intrathoracic 
pressure of inspiration 

   a. Venous return assures an adequate left ventricular output 
  2. During positive pressure breathing the intrathoracic pressure is 
   increased 
   a. Venous return is inhibited, impeding cardiac output 

3. Variability exists from patient to patient, according to pulmonary  
   vasculature, intravascular blood volume and heart contractility 
 a. Mean intrathoracic pressure can be minimized by 

maintaining I:E ratios greater than 1:1, and by limited PEEP 
 D. Effects of positive pressure on the renal system 
  1. ADH increases during positive pressure breathing 
   a. May result in fluid retention and pulmonary retention 
  2. Monitor fluid balance 
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   a. Urinary input and output 
   b. Frequent patient weighing 
 
III. Principles of Mechanical Ventilation 
 A. Expired minute ventilation 
  1. Defined as the volume of gas exhaled per minute 
   a. Is the product of ventilator frequency and tidal volume 
 B. Tidal volume 

1. Defined as the volume of gas delivered by the ventilator in one cycle 
   a. Is the product of inspiratory flow and inspiratory time 
 C. Frequency 
  1. Defined as the number of ventilator cycles per minute 

a. The length of one ventilator cycle is the sum of the inspiratory and 
expiratory times 

 
IV. Ventilator Model 
 A. Components of the ventilator model 
  1. Figure 6 illustrates a generalized ventilator 
 B. Types of parameters in the ventilator model 
  1. Ventilator parameters (shown by squares) 
  2. Physiological parameters (shown by hexagons) 
 C. Relationships and interaction of the parameters 
  1. Lines linking two parameters indicate an interaction 
   a. “d” means direct relationship 
   b. “i” means inverse relationship 
 
V. Indications For Mechanical Ventilation 
 A. Patients requiring mechanical ventilation 
  1. Reasons include advanced COPD, trauma, burn trauma, cardiac          
             dysfunction, drug overdose, neuromuscular disease, septic shock 
 B. Hypoventilation 

1. The best index of ventilation is arterial carbon dioxide partial pressure 
   a. Determined by alveolar ventilation and carbon dioxide 
    production 
  2. Ventilatory failure is indicated by a PaCO2 greater than 55 mm Hg 
   with concomitant acidosis 

a. Supplemental clinical assessment should determine the presence 
of cyanosis, dyspnea, change in mental status and adventitious 
breath sounds. 

 C. Hypoxia 
  1. PaO2 is lower in older patients 
  2. P(A-a)O2 is a better indicator because it considers FIO2 
   a. Increased values indicate increased shunting 

3. A patient may have adequate arterial oxygenation and still be hypoxic 
   a. Oxygen content may be low 
    1) May be caused by decreased hemoglobin 
   b. Cardiac output may be reduced 
  4. Poor oxygenation may be remedied with aggressive oxygen therapy 
 D. Hypocapnea 
  1. Is prevented by the proper management of the ventilator 
   a. Frequency determines PaCO2 
 
VI. Initiation of Mechanical Ventilation 
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 A. Determination of VT, f and VA 
  1.  These variables influence PaCO2 
  2. Tidal volume is set at 10-15 ml/kg 
  3. Frequency is normally 12-16 breaths 
  4. VA is a result of VT, f and VD/VT 

B. Determination of inspiratory flow pattern 
1. Ramp 
2. Sine 
3. Square 

 C. Determination of inspiratory flow 
1. Initially set at mid-range (30-50 lpm), and adjusted during the first few 

breaths 
  2. Adjust the inspiratory flow accordingly 

a. High enough to meet the patient’s spontaneous inspiratory flow 
and establish an acceptable I:E ratio 

b. Slow enough to avoid turbulent flow while minimizing mean 
pressure 

3. The flow is too low if the pressure manometer does not rise evenly to peak 
pressure, or if the needle stays at the baseline expiratory pressure for most 
of the inspiration 

  4. The goal is an I:E ratio of 1:2 or higher 
 D. Determination for need of sighs 

1. Normally people “sigh” or increase their tidal volume an average of 8 
times per hour 

  2. Normal sigh volumes are usually two times the tidal volume 
a. Some research shows sighs give an increase in compliance and 

oxygenation, other research shows no change 
b. A side-effect is increased volume and pressure during the sigh 

which could be hazardous to some patients 
  
 
 

E. Determination of FIO2 
  1. 100% oxygen should be given when setting up a ventilator 
   a. When in doubt, use 60% until the first blood gas values are 
    obtained 

2. If previous information shows adequate oxygenation, a lower oxygen  
concentration may be used 

  
F Ancillary controls/alarms 

  1. High pressure alarm 
   a. 10 cmH2O above the peak pressure 
  2. Low pressure/disconnect alarm 
   a. If tidal volume is reduced by 20% 
 
VIII. Understanding Mechanical Ventilators 
 A. Initiation of inspiration 
  1. Assist mode - the patient starts inspiration 
  2. Control mode - the ventilator starts inspiration 

3. Assistor/controller - patient usually starts inspiration, but the ventilator is 
there as a back-up if the rate slows 

 B. Inspiratory phase 
  1. Sine wave pattern 
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   a. The normal flow pattern during spontaneous breathing 
b. Allows inspiration to start and end slowly, producing a lower peak 

pressure 
  2. Constant flow pattern 

a. The initial flowrate is the maximum achieved, and decreases only 
with substantial back pressure 

   b. Also called square wave pattern 
  3. Variable (tapered) flow pattern 

a. The initial flowrate is the maximum achieved, but decreases rather 
quickly during the rest of inspiration 

 C. Termination of inspiration 
  1. Pressure-cycled 
   a. End inspiration when a pre-set pressure is reached 
   b. Delivered tidal volume is directly affected by changes in  
    compliance and patient resistance 

c. Delivered tidal volume is indirectly affected by an increase in 
inspiratory flow 

  2. Volume-cycled 
a. They terminate inspiration when a pre-set volume is delivered 
b. Varies and depends on patient compliance, patient and tubing 

resistance, and inspiratory flow 
c. Use this mode when changes in patient resistance or compliance  

may occur, or for long-term patients 
  3. Time-cycled 
   a. They terminate inspiration when a pre-set time is achieved 

b. Tidal volume will vary with the patient’s compliance and airway 
resistance, the tubing resistance, and the ventilator capabilities 

  4. Safety alarms/limits 
   a. The pressure limit is designed as a protection against high 
    pressures, not as a primary cycling mechanism. 
 D. Expiratory phase 
  1. Passive normal exhalation 

a. Pmax is determined by the patient’s resistance and compliance 
  2. Inflation hold 

a. Can be used to increase distribution of inspired gases, improve 
oxygenation, and measure the plateau pressure 

   b. Seldom used clinically to improve oxygenation 
  3. Expiratory resistance (expiratory retard) 
   a. Mimics pursed lip breathing in the COPD patient, is used to  
    prevent airway collapse 
   b. Seldom used clinically 
  4. Positive end-expiratory pressure (PEEP) 
   a. Change in the normal resting level from 0 cmH2O to a pre- 
    determined new pressure 
   b. Used to increase FRC, increase oxygenation and prevent or 
    correct atelectasis 

c. For each increase of 5 cmH2O of PEEP, there is an increase of 400 
ml in the FRC 

   d. Mean pressure is increased with PEEP 
 
VIII. Patient and Ventilator Monitoring 
 A. Auscultation 
  1. A non-invasive, relatively easy technique 
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  2. First, check for distribution of air in the lungs 
  3. Next, note intensity of breath sounds, and identify any adventitious 
   sounds 
 B. Observation 
  1. Note any changes in the patient’s color and mental status 
   a. Sudden onset could indicate inadequate tissue oxygenation 
 C. Chest x-ray 
  1. X-ray following intubation to confirm position 
  2. X-ray if a sudden deterioration in condition suggest pneumothorax, 
   pleural effusion, or pulmonary edema, right mainstem intubation 
 D. ECG monitoring 

1. Patients should be attached continuously to an ECG with both visual and 
audible alarms 

 E. Arterial cannulation 
1. Permits easy arterial blood gas sampling, continuous blood pressure, and 

pulse rate monitoring, pulse analysis, cardiac output determination,and 
blood drawing 

  
F. Swan-Ganz catheterization 

  1. Permits evaluation of pulmonary artery pressure, pulmonary wedge 
   pressure, and cardiac output 
 G. Arterial blood gases 

1. Obtain 30 minutes after continuous mechanical ventilation has begun 
  2. Also obtain after any ventilation change or if there is significant 
   deterioration in patient’s condition 
 H. Oxygen delivery 
  1. Monitor the FIO2 with an oxygen analyzer 
   a. Do not rely on the ventilator control knob 
 I. Minute ventilation monitoring 
  1. Regularly monitor and chart 
 J. Respiratory rate monitoring 
  1. Regularly monitor and chart 

2. If patient is on IMV, or SIMV, record both the patient and ventilator rates 
 K. Actual tidal volume determination 
  1. Gas compression and the distensibility of the patient tubing system 
   both affect the actual volume of gas available for ventilation 
  2. Tubing compliance factors 
   a. Soft expandable tubing 
   b. Length of tubing 
   c. Warm tubing 

3. For every 1 cmH2O of pressure developed during inspiration, 3 ml of 
volume is lost due to gas compression and tubing distensibility 

 L. Compliance and resistance 
1. Changes can be detected by measuring and recording Pmax and Pplateau 

 
IX. Adjustment Of The Ventilation 
 A. Correction of PaCO2 
  1. To increase PaCO2, decrease the VA 
  2.  To decrease PaCO2 increase the VA 
 B. Correction of PaO2 
  1. These changes will usually increase the PaO2 
   a. Increased FIO2 
    1) Except in shunt disorders 
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   b. Expiratory resistance 
   c. Inflation hold 
   d. Increased tidal volume 
   e. PEEP 

1) Best PEEP and best oxygen transport occur when PEEP is 
adjusted for best cardiac output 

 
 
 
X. Complications of Mechanical Ventilation 
 A. Airway damage 
  1. Methods to minimize airway cuff damage 

a. Measure cuff pressure with maintenance of less than 25 mm Hg 
within the cuff 

b. Cuff inflation to the point where a “minimal leak” is heard over 
the neck with a stethoscope during the last part of inspiration 

 B. Pulmonary barotrauma 
1. Pneumothorax signs are hyperinflation on one side, lack of 

inspiratory/expiratory movement on the affected side, no breath sounds on 
that side, trachea can be palpated and there is a high degree of resonance 
by percussion on the affected side 

2. A misplaced endotracheal tube in the right mainstem bronchus can mimic 
the first 3  signs 

C. Nosocomial pulmonary infections 
1. Minimize the risk by washing hands between patients, daily equipment 

change, and proper evacuation of secretions 
 D. Decreased cardiac output 

1. Is reduced by establishing I:E ratios that decrease the mean intrapul-
monary pressure 

  2. Additional aids are fluid therapy and drugs 
 E. Fluid retention 
  1. Monitor fluid balance to avoid fluid overload 
  2. In some cases, diuretics may be needed 
 
XI. Implementing Mechanical Ventilation 
 A. A procedure guide for implementing mechanical ventilation 

1. Obtain and check the physician’s order. 
2. Assemble equipment and transport to bedside 
3. Attach medical gas sources to ventilator. 
4. Set up appropriate humidification device. 
5. Connect electrical power cord and turn on power. 
6. Adjust the mode, rate, tidal volume, pressure limit, FIO2, flowrate, flow pattern, 

pressure support, sigh volumes and sigh pressure limit per physician’s order or 
institutional protocol 

7. Remedy any air leaks in the circuit. 
8. Check all alarms. 
9. Turn humidifier control on and adjust to the desired temperature. 
10. Set the sensitivity control so that the patient can trigger a breath easily but not let 

the ventilator auto-cycle. 
11. Analyze the oxygen concentration. 
12. Check again for proper function. 
13. Attach the ventilator to the patient’s endotracheal or tracheostomy tube. 
14. Observe the rise and fall of the chest and auscultate the chest for adequate 
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  bilateral aeration. 
15. Make necessary flow adjustments for patient comfort and desired I:E ratio. 
16. Observe the patient for any signs of hypoxia or respiratory distress. 
17. Check arterial blood gases 15 to 30 minutes following patient stabilization. 
18. Record all data on the ventilator parameter sheets initially and then per institutional 

protocol 
19. Change the ventilator circuit per protocol. 

 
 
XII. Implementing PEEP 

A. Purpose is to increase FRC, improve oxygen delivery, and possibly prevent or treat 
atelectasis 

 B. Operating principle 
1. PEEP is applied to airways during positive pressure ventilation via the 

endotracheal tube 
   a. FRC is increased, and FIO2 can be reduced to safer levels if 
    PEEP increases the PaCO2 
 C. Equipment required 
  1. Mechanical ventilator 
  2. PEEP valve 
 D. Implementing the procedure 

1. Obtain and check the physician’s order. 
 
2. Explain the procedure to the patient. 

3. Check the ventilator parameters and clinically assess the patient, recording all 
required information. 

4. Attach the PEEP valve to the ventilator. 

5. Slowly turn the PEEP valve to the desired level during inspiration while 
watching the pressure manometer. (Do not increase rapidly since the pressure 
will not register on the manometer until the end of inspiration.). 

6. Adjust the sensitivity as needed. 

7. Check the patient’s vital signs and then the ventilator parameters. 

8. Check arterial blood gases 15 to 30 minutes following stabilization. 
                              following stabilization 
 E. Precautions 
  1. The hazard of barotrauma due to an increase in positive pressures 
   a. This patient often has an unstable cardiovascular system 

2. Decrease or discontinue PEEP and consult physician if blood pressure and 
cardiac output are decreased 

XIII. Weaning The Patient 
 A. Patient assessment 
  1. Blitz 
   a. Used for short-term patients, is the faster technique 

2. Gradual 
3. a. Involves increasing time trials off the ventilator 

  4. IMV 
   a. A combination of patient spontaneous breaths with  
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    mechanical guaranteed breaths 
  5. SIMV 
   a. The ventilator delivers a pre-set volume only when the  
    patient starts the cycle 
   b. An advantage over IMV is that a breath is never delivered 
    when the patient is trying to exhale 
 B. Parameters to monitor during weaning 
  1. Spontaneous tidal volume 
  2. Arterial blood gases 
  3. Blood pressure and pulse 
  4. Minute ventilation 
  5. Clinical signs of hypoxia and hypercapnea 
XIV. Special Procedure IMV 

A. After prolonged mechanical ventilation, returning to spontaneous respiration is 
often quite difficult 

 B. Newer ventilators incorporate the IMV mode 
 C. The patient receives a breath in 1 of 2 ways 
  1. Spontaneous inspiratory effort 
  2. Ventilator delivery of a preset, regularly-timed volume 
 D. Patient tolerance 

1. If patient poorly tolerated adjustments while on controlled ventilation,  it is 
unlikely that he/she will tolerate IMV 

 
XV. Special Procedure - CPAP 
 A. Defined as the use of PEEP without spontaneous beTHI 
  1. Likely candidates are patients who are intubated and breathing  

spontaneously, yet require assistance in oxygenation and prevention of 
atelectasis 

 B. If the ventilator lacks this option, the Bennett PR-2 can be used 
 
XVI. High-Frequency Ventilation 
 A. General principles 

1. HFV uses waves or “puffs” of air at high frequency and low volume to 
ventilate lungs 

   a. There is almost no visible chest expansion 
  2. Operates on the principles of gas diffusion  
  3. Frequencies of 60-900 cycles per minute 
  4. Tidal volumes are low 
  5. Airway pressures are 1/3 of those seen in conventional ventilation 
 B. High-frequency, positive-pressure ventilation (HFPPV) 
  1. Delivers rapid burst of gas down the airway and the cuffed endo- 
   tracheal tube allows expired gas to exit around it 
 C. Advantages of HFPPV 
  1. Minimizes threat of barotrauma and decreased cardiac output 
   a. Especially important in patients with ARDS, or neonates 
  2. Avoids excessive pressures 
 D. High-frequency jet ventilation (HFJV) 
  1. Uses jet flow, or shock wave to attain velocities of 1,132 feet per 
   second 
 a. The result is small increase in lung volumes and airway pressure 
  2. Expired gases are displaced up the airway and exit through an 
   exhalation port 
  3. Important differences from HFPPV 
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   a. There are actual inspiratory and expiratory phases 
   b. Gas moves faster 
   c. A cuffed endotracheal tube creates a closed system 
 
XVII. Case Studies 
 A. Case 1:  Respiratory Failure in a 27-year-old Female 
 B. Case 2:  Mechanical Ventilation in a COPD Patient with CO2 Retention 
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SECTION II - AIRWAY MANAGEMENT 
 
LEARNING OBJECTIVES 
 
Upon completion of this section, given an open-book, multiple-choice exam, you will be able to 
apply the information learned to correctly answer a minimum of 90% of the test items.  Successful 
completion of this exam will require you to have mastered the following learning objectives: 
 
1. Describe the etiology and treatment for upper airway bronchial airway obstruction. 
 
2. Describe the symptoms associated with partial and complete obstruction of the upper 

airway. 
 
3. Discuss the methods for relieving an upper airway obstruction. 
 
4. Discuss the techniques for insertion of the oral and nasal pharyngeal airways. 
 
5. Describe the indications for endotracheal intubation. 
 
6. Describe the procedure for oral endotracheal intubation.  Describe the use of the 
 curved and straight blades. 
 
7. Discuss methods used to secure the endotracheal tube. 
 
8. Describe the advantages and complications associated with nasal intubations. 
 
9. Describe the procedure for nasal endotracheal intubation. 
 
10. Discuss the indications for a tracheostomy. 
 
11. Describe the complications associated with intubated and “trached” patients. 
 
12. Describe the design characteristics of the following endotracheal tubes: 
 
 a. Lunz 
 b. Kamen-Wilkinson 
 c. Shiley PRV 
 
13. Describe the two methods for establishing and maintaining safe intercuff pressures in 

intubated and tracheostomized patients. 
 
14. Describe the following “special purpose” artificial airways: 
 
 a. trach button 
 b. talking trach 
 c. Laryngectomy tube 
 d. Esophageal obturator airway 
15. Describe the procedure for proper suctioning of endotracheal and tracheostomy 
 tubes. 
 
16. Point out the hazards associated with tracheal suctioning and necessary precautions to 

prevent them. 
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17. Differentiate between contamination and infection. 
 
18. Describe methods for reducing the incidence of contamination and infection in patients 

with artificial airways in place. 
 
 
SUPPLEMENTAL READING 
 
Burton and Hodgkin, Respiratory Care - A Guide To Clinical Practice, J.B. Lippincott 
 Company. 
 
Shapiro, Clinical Application Of Respiratory Care, Year Book Medical Publishers. 
 
Refer to appropriate chapter headings and/or index. 
 
 
 
 
 
 
INTRODUCTION 
 
Providing and maintaining the patient’s airway is probably one of the most important roles of the 
respiratory care practitioner.  This may involve simply positioning a patient’s head, lifting his/her 
jaw or even rolling the patient onto his/her side to prevent possible aspiration of foreign substances, 
which may have collected in the mouth. 
 
Proper airway maintenance, like proper medical care, should involve the intelligent selection of 
techniques that are effective, quick and least traumatic to the patient.  In most cases, it does not 
require a procedure as drastic as passing a tracheal tube.  Unfortunately, many practitioners have 
grown to associate quality care with their right to practice this procedure.  This should not be the 
case because there are few instances that require tracheal intubation as the method of choice for 
maintenance of an airway.  The exception to this rule involves cases of facial or other forms of 
upper airway trauma. 
 
The respiratory practitioner’s role in airway maintenance may be divided into acute and general 
care.  In acute care situations, such as chest trauma, the practitioner must focus attention to 
providing and maintaining a patent airway.  In these situations, the airway is frequently overlooked 
as the medical team attempts to control bleeding or treat other trauma-induced injuries.  In all 
cases, the practitioner must be “the guardian of the airway and ventilation.” 
 
In non-emergency situations, the respiratory practitioner spends a great deal of time making patient 
rounds and assuring the proper suctioning of secretions and other substances from patients with 
artificial airways. 
 
Knowledgeable and skillful care of intubated patients is a primary and critical role.  This includes 
assuring proper tube position and security, cuff maintenance, suctioning and care of the 
tracheotomy incision to increase patient comfort and decrease changes of infection.  Under the best 
of conditions, a patient with an artificial airway in place may be frightened, is usually critical and 
can be a problem patient.  It is under these conditions that the physician has come to rely on the 
respiratory care practitioner to help provide the quality of care necessary to help assure the 
patient’s well-being and recovery. 
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UPPER AIRWAY OBSTRUCTION 
 
One of the most crucial situations that a respiratory care practitioner may encounter is a patient 
with an upper airway obstruction.  This is a cause of acute respiratory failure and, if not quickly 
relieved, can lead to death. 
 
Occurs In The Conducting Airways 
 
Upper airway obstruction occurs in the conducting airways and is sometimes called “gross” 
obstruction.  Upper airway obstruction is differentiated from bronchial airway obstruction both in 
terms of etiology and treatment.  Bronchial airway obstruction is caused by mucosol  
edema, bronchial spasm, increased secretions and bronchiolar collapse.  Treatment of these 
disorders include modalities such as pharmacological agents, positive pressure breathing, postural 
drainage and aerosol therapy.  The etiology and treatment for upper airway obstructions are 
discussed below. 
 
Requires Rapid Assessment 
 
The respiratory practitioner must be able to quickly assess the patient with an upper airway 
obstruction.  If there is a partial obstruction of the upper airway, air movement will be associated 
with a noisy inspiration.  The subject may appear apprehensive and may be cyanotic depending on 
the degree of obstruction.  Complete airway obstruction is associated with increased inspiratory 
effort with no accompanying air movement.  The conscious subject will exhibit severe distress and 
will probably be cyanotic.  If the obstruction persists, the subject will become severely hypoxic and 
eventually unconscious. 
 
Common Causes 
 
The most common cause of airway obstruction is a loss of muscle tonus, allowing the tongue to fall 
back into the oropharynx, blocking the upper airway.  This is often seen in the obtunded or 
unconscious patient.  Airway obstruction can also be caused by tumors, lesions, edema, swelling, 
foreign bodies and food particles. 
 
Giving Aid 
 
The treatment of airway obstruction consists of immediate opening of the airway and depends on 
the kind of obstruction.  Basically, upper airway obstructions can be classified into three 
categories: 
 
 1. Loss in muscle tonus resulting in obstruction of the pharynx by the tongue 
 
 2. Space occupying lesions such as tumors 
 
 3. Foreign bodies such as food, vomitus and false teeth 
 
We will primarily be concerned with obstruction of the pharynx by the tongue and foreign body 
obstructions since these represent the most common acute medical emergencies.  In the hospital 
setting, the foreign object may be removed by employing the Heimlich maneuver, back thrust, 
suctioning and/or visual inspection and removal with laryngoscope and forceps.   
In cases where the airway is obstructed by the tongue, a patent airway can be established by simple 
hyperextention of the neck.  In a large number of cases, the patient will resume spontaneous 
breathing by this method alone. 
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The simplest method for hyperextending the neck is the head-tilt technique, as illustrated in Figure 
1.  To perform this technique, the patient must be supine.  The practitioner places one hand under 
the patient’s neck and the other hand on the patient’s forehead.  The neck is lifted and gentle 
pressure is applied downward to the forehead causing the head to tilt backwards. This maneuver, 
by extending the neck, lifts the tongue from the posterior oropharyngeal wall thereby relieving the 
obstruction. 
 

 
 
If the head-tilt technique is not successful in relieving the obstruction, a jaw-thrust technique may 
be required.  This is accomplished with a triple-airway maneuver which consists of a forward 
displacement of the mandible, a backward tilt of the head and opening of the mouth (Figure 2). 
 
To perform the triple-airway maneuver, the practitioner places the fingers of both hands in front of 
the patient’s ear lobes behind the angles of the jaw.  The mandible is then displaced upward 
(forward) and the head simultaneously tilted backward.  At the same time, the practitioner places 
his thumbs beneath the lower lip, pushing the chin down and opening the mouth. 
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PHARYNGEAL AIRWAYS 
 
Once a patent airway has been established, it must be maintained to prevent further obstruction.  If 
the patient is still unable to maintain a patent airway, an artificial airway is required.  At this point, 
the health care team must carefully access the patient and recommend insertion of the least-

invasive artificial airway. 
 
The simplest artificial airways are the pharyngeal airways, including the oropharyngeal airway and 
the nasopharyngeal airway. 
 
Oropharyngeal Airway 
The oropharyneal airway, as seen in Figure 3, is a hollow, S-shaped plastic, rubber or rubberized 
tube that is placed into the oral cavity over the tongue to prevent the tongue from falling back and 
blocking the airway.  Oral airways should be equipped with a bite block at one end to prevent the 
patient from biting down and occluding the airway 
The oral airway is inserted by placing the tip between the teeth.  It is initially positioned with 
the curvature in the opposite direction of the curvature of the oral cavity (tip up).  Next, the 
airway is inserted into the mouth, advanced and rotated 180 degrees into position with the 
bite block between the teeth.  The outer flange is kept just outside the teeth to prevent the 
airway from slipping into the larynx. 
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. 
 
 
 
The oral airway is useful in the comatose or obtunded patient with an absent or diminished gag 

reflex.  The conscious patient will not tolerate an oral airway and will gag and spit it out.  
Sometimes it is necessary to put a piece of adhesive tape across the oral airway to secure it.  The 
tape should not obstruct the orifice of the airway. 
 
There are three to seven sizes of oral airways depending on the manufacturer.  The oral airway 
should be long enough that its tip rests at the base of the tongue and effectively opens the airway.  
If it is too long, it may cause laryngospasm, cough, and/or laryngeal irritation.  If the oral airway is 
not long enough, it may slip down into the oral pharynx and possibly cause further airway 
obstruction. 
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Nasopharyngeal Airway 
 
The nasopharyngeal airway, as seen in Figure 4, is a hollow, curved, soft plastic or rubber tube 
which is inserted into the nasal passage via a nostril.  The nasopharyngeal airway may also be 
referred to as a “nasal airway” or “nasal trumpet.”  The outer end is flanged to prevent the airway 
from slipping completely into the nasopharynx.  The inner end of the tube should lie at the base of 
the tongue and bypass the cause of the airway obstruction. 
             

 
 
 
After generous lubrication of the outer edges of the tube, the nasal airway is inserted into a patent 
nostril and gently advanced with the distal end pointing downward.  The airway should never be 
forced if an obstruction is met.  Instead, the opposite nostril or a smaller tube should be considered. 
 
The nasal airway is used in the patient who requires an artificial airway, yet cannot tolerate an oral 
airway.  Once inserted, the nasal airway is far more comfortable than the oral airway.  The 
nasopharyngeal airway is also indicated in patients requiring frequent nasotracheal suctioning since 
it prevents damage to the delicate nasal mucosa of the turbinates. 
 
Nasopharyngeal airways come in varying diameters and lengths.  The tube should be long enough 
to the base of the tongue and maintain a patent airway.  If the airway is too long, it may cause 
laryngeal irritation or gastric insufflation if manual ventilation is attempted.  Care must be taken to 
secure the tube once it is in place to prevent accidental misplacement. 
 



 

 
 
71 

ENDOTRACHEAL INTUBATION 
 
Description and Uses 
 
The endotracheal tube is a long, hollow tube usually made of polyvinyl chloride (PVC).  It is 
inserted directly into the trachea to provide an artificial airway.  It can be inserted either orally or 
nasally depending on the patient and the medical situation. 
 
Endotracheal intubation provides a means for delivering mechanical, positive pressure ventilation 
and removing tracheal secretions.  Intubation can effectively bypass an upper airway obstruction 
and provide a patent airway during emergency procedures.  A balloon-type cuff(Figure 5) is 
located at the distal end of the endotracheal tube and is placed below the vocal cords.  When 
inflated, the cuff prevents aspiration of foreign materials into the tracheobronchial tree by sealing 
off the trachea.  The cuff also permits delivery of positive pressure ventilation with no volume loss 
around the tube. 
Experience has shown that endotracheal tubes with low-pressure cuffs cause less damage to the 

delicate tissue in the trachea and this design characteristic has become standard on endotracheal 
tubes.  Endotracheal tubes also have a pilot balloon with a one-way valve for inflating and deflating 
the cuff.  Finally, the endotracheal tubes are fitted with a standard 15 mm O.D. (Outer Diameter) 
adapter for attachment to ventilators and manual resuscitators. 
 
Most endotracheal tubes are designed for both oral and nasal intubation routes into the trachea.  
The tubes come in varying diameters and lengths according to patient size.  It is important to select 
the proper diameter tube prior to intubation.  Correct selection of endotracheal tube O.D. size is 
important.  If the tube selected is too small for the trachea, it may be difficult to seal the airway 
with the cuff.  Also, smaller endotracheal tubes increase the resistance to breathing in accordance 
to Poiseuille’s Law. 
 
Secretion evacuation is more difficult in smaller endotracheal tubes.  However, if too large a tube is 
selected, pressure necrosis may occur in the trachea. 
 
Notice in Table 1 that endotracheal and tracheostomy tubes can come in both French and 
millimeter size, although most disposable tubes come in millimeter sizes.  The diameter of each 
tube is clearly marked on the tube as well as on the packaging.  As a rough guide, the O.D. of the 
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endotracheal tube should be approximately two-thirds the I.D. (Inner Diameter) of the trachea.  
Another rough guide is to select a tube that is similar to the diameter of the patient’s little finger. 

 
Table 1 

 
ENDOTRACHEAL AND TRACHEOSTOMY TUBE DIAMETERS 

 
    I.D. (mm)    O.D. (mm)    French 
        5.0          7.3         22 
        5.5          8.0         24 
        6.0          8.7         26 
        6.5          9.4         28 
        7.0        10.0         30 
        7.5        10.4         31 
        8.0        11.0         33 
        8.5        11.8         35 
        9.0        12.3         37 
        9.5        13.3         40 

 
 

 
 
Table 2 provides another set of criteria for endotracheal tube selection.  It is of utmost importance 
that the respiratory practitioner called on the intubate be able to select an endotracheal tube that 
will fit the patient’s airway. 
 

Table 2 
 

SELECTION OF ENDOTRACHEAL TUBE 
 
    Patient   I.D. (mm)  O.D. (mm)  French 
    Newborn        2.5         3.0        9 
    6 months        4.0         5.0      15 
    1 year        5.0         7.0      20 
    6 years        6.5         8.5      26 
    12 years        8.0         9.5      32 
    small adult        8.0       10.5      32 
    medium adult       8.0       10.5      34 
    large adult        9.0       11.0      36 
 
 
 
Preparing For Intubation 
 
Intubation should be performed by the most qualified person readily available in the emergency 
situation.  In some hospitals, only the physician or anesthesiologist is permitted to perform tracheal 
intubation procedures.  In many hospitals, however, respiratory care practitioners are being given 
the responsibility for performing endotracheal intubation in medical emergencies.  Whether 
assisting or actually performing endotracheal intubations, the respiratory practitioner should be an 
expert in the procedures so that a patent airway can be established quickly and without 
complications caused by the medical team. 
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Prior to intubation, suction equipment, a manual bag resuscitator and oxygen should be readily 
available.  The patient should be hyperventilated and hyperoxygenated to assure uninterrupted 
oxygen supply to the vital organs during the intubation process.  Once the need for intubation is 
determined, the required intubation equipment must be quickly assembled. 
 
A sealed tray containing frequently used intubation equipment is helpful in expediting the 
intubation procedure.  Most hospitals have separate trays for neonates, pediatrics and adults.  A 
laryngoscope handle with both curved and straight blades should be checked for proper functioning 
of the batteries and bulbs.  Endotracheal tubes of appropriate sizes in 0.5 mm increments should be 
included on the tray.  A stylet and a 10 cc syringe should be available.  A local anesthetic spray or 
gel and Magill forceps should be available for nasal intubation. 
 
Oral Intubation 
 
Once the equipment is assembled, the procedure is explained to the patient, sedation is given if 
necessary and the patient is placed in a “sniff position,” as shown in Figure 6.  The head should not 
be hyper-extended since this displaces the larynx anteriorally and makes visualization of the vocal 
cords more difficult. 
 
The endotracheal tube is selected and the cuff inflated to check for possible leaks.  It is a good idea 
to have tubes the next size smaller and the next size larger available.  The cuff is then deflated and 
the stylet should then be bent at the adapter in order to prevent it from advancing past the distal end 
of the endotracheal tube.  The laryngoscope is assembled and the proper blade attached.  With the 
laryngoscope held in the left hand, the blade is inserted into the right side of the mouth, advanced 
and moved to midline, thereby sweeping the tongue to the left and out of the way. 
 
When using a curved laryngoscope blade, as shown in Figure 7, the blade is advanced while 
exerting a constant slight upward lift.  The tip of the blade is inserted into the vallecula (the notch 
between the base of the tongue and the epiglottis), thereby lifting the epiglottis up and out of the 
way. 
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Figure 6 
 

A shows improper head placement for oral intubation. 
B shows proper head placement for oral intubation. 
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When the straight laryngoscope blade is used, as shown in Figure 8, again the blade is advanced 
with a constant gentle upward lift.  The tip of the tube is passed just below the epiglottis thereby 
physically lifting it up and out of the way. 
 
Once the epiglottis is out of the way, the line of vision (the vocal cords and the arytenoid 
cartilages) should be observed.  The endotracheal tube is grasped with the right hand and the tip 
passed along the edge of the laryngoscope through the vocal cords until the cuff just disappears.  
Do not advance the tube any further.  The blade and stylet are quickly withdrawn and the cuff 
inflated to minimal occluding volume (MOV).  Intubation should be performed carefully, yet 
quickly, taking no longer than 15 seconds per attempt.  If multiple attempts are required, the patient 
should be oxygenated and ventilated between each attempt. 
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Once the tube is in place, the respiratory practitioner should quickly attach a demand valve or bag 
resuscitator to the tube and inflate the lungs while auscultating over the apices.  The tube should be 
manually held in position until it can be secured with adhesive tape or using one of the available 
manufactured devices.  Breath sounds should be heard clearly and equally in both the right and left 
lung fields and the chest should rise and fall.  If breath sounds are absent and a gurgling sound 
arises from the stomach, an esophageal intubation has most likely occurred and the patient must be 
immediately extubated and intubation reattempted.  If breath sounds are present on the right side 
and not the left, a right mainstem bronchus intubation has most likely occurred.  (Note:  This will 
not occur if the cuff is advanced just past the vocal cords and no further).  In this case, the cuff is 
deflated, the tube withdrawn a few centimeters, the cuff reinflated and the chest is auscultated 
again for bilateral aeration. 
 
The best method for assessment of proper tube placement is the chest x-ray.  Endotracheal tubes 
have a radio-opaque line running the length of the tube.  This allows the tip of the tube to be seen 
on x-ray examination.  The tip of the tube should be 2 to 3 cm above the carina at T-4 or T-5 on 
most adults. 
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Nasotracheal Intubation 
 
Nasotracheal intubation, as shown in Figure 9, is often more difficult to perform than oral 
intubation.  Once the tube is in position, however, it is better tolerated by the patient because the 
nasal tube is more comfortable than the oral tube and it allows the patient more control of his 
mouth. 
 
 

 
 
 
 
 
A rough gauge for selection of tube size is the diameter of the patient’s nostril.  In general, the size 
that would normally be selected for oral intubation will also work for nasal intubation.  After the 
tube is selected and the cuff checked for leaks, the tip and cuff of the tube are generously lubricated 
with a water soluble lubricant.  The nasal tube is inserted without the use of a stylet.  The tip of the 
nose is lifted and, after a local anesthetic is administered, the tip of the tube is inserted into the least 
obstructed nostril.  The tube is gently pushed across the floor of the nasal passage with the natural 
curvature of the tube following the curvature of the nasal passage. 
             
 
The tube is advanced into the oropharynx.  In the obtunded, supine patient, the laryngoscope is 
inserted and the vocal cords visualized.  The Magill forceps can be used to grasp the tip of the tube 
and guide it through the vocal cords.  It is helpful to have a second person advance the tube while 
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the other person visualizes the vocal cords and positions the endotracheal tube with the Magill 
forceps. 
 
If the patient is alert and able to sit up for the intubation procedure, a nasal intubation may be 
performed “by ear.”  This is called a blind intubation.  In this type of intubation, the tube is 
advanced just as before but a laryngoscope is not used once the oropharynx is entered.  Instead, the 
sounds of breathing are closely monitored through the tube as it enters the trachea.  The intensity of 
the breath sounds will increase as the tip of the endotracheal tube approaches the larynx.  It may be 
necessary to slightly reposition the patient’s head in order to gain final entrance into the trachea.  
Entrance into the trachea is usually associated with coughing. 
 
Fiberoptic Endotracheal Intubation 
 
Recently, the use of the fiberoptic bronchoscope has been utilized in both oral and nasal tracheal 
intubations.  In this way, the “blind” intubation can be done with direct visualization.  The 
bronchoscope can be used to visualize, suction, remove small foreign objects and quickly pass the 
tube through the cords with minimal discomfort and hazard to the patient.  Battery-operated 
bronchoscopes are now available for quick intubation in emergency situations. 
 
SECURING THE ENDOTRACHEAL TUBE 
 
Temporary 
 
Following the tracheal intubation and physical assessment of proper tube placement (auscultation), 
the tube should be temporarily secured with tape until a chest x-ray can be taken.  Once the chest x-
ray has been taken and proper tube placement is verified, the tube must be secured more 
permanently to last for a period of 24 hours or longer. 
 
To Last 24 Hours Or Longer 
 
The tube should be marked at the point where it enters the nose or mouth to clearly indicate if 
subsequent displacement of the tube occurs.  The tube can then be secured using strips of adhesive 
tape.  First, a strip of adhesive tape (1 1/2 to 2 inches wide is possible) is cut long enough to wrap 
around the back of the neck reaching both corners of the mouth.  Another piece of tape is cut 
measuring 2 to 3 inches shorter on each side than the first strip.  The shorter strip is adhered to the 
center of the longer strip, sticky sides together, leaving 2 to 3 inches of sticky tape on either end 
(Figure 10).  The remaining sticky tape on the ends is split lengthwise.  The tape is now wrapped 
around the back of the neck and the sticky tape strands are spiraled around the endotracheal tube to 
hold it in place. 
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Newer Devices 
 
Recently, a number of devices have been manufactured to secure endotracheal tubes.  Many of 
these devices are very effective in securing the endotracheal tube and preventing accidental 
extubation.  Attention must be paid, however, to areas of skin contact with such apparatus to 
prevent necrosis. 
 
The Orally Intubated Patient 
 
In the orally intubated patient, the tube position should be changed from one side of the mouth to 
the other each shift to prevent pressure necrosis.  To further prevent oral infections and necrosis, a 
good oral hygiene program is essential. 
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THE TRACHEOTOMY AND EMERGENCY CRICOTHYROIDOTOMY 
 
The Tracheotomy 
 
Prolonged intubation increases the chances of tracheal stenosis, necrosis, malacia, glottic edema, 
vocal cord ulceration, vocal cord paralysis and other problems.  If a patient requires  
an endotracheal tube for an extended period of time, a tracheostomy may be indicated.  A 
tracheotomy is a surgical procedure whereby an incision is made into the trachea between the 
second and third or third and fourth tracheal cartilage rings below the cricoid cartilage.  A “U-
shaped” flap incision is made and a tracheostomy tube is inserted through the incision into the 
trachea.  Since a tracheotomy is an invasive surgical procedure, it should not be performed unless 
deemed absolutely necessary. 
 
The time at which a tracheotomy should be performed depends upon the individual case.  Years 
ago, if a patient required intubation for longer than 72 hours, a tracheotomy was performed.  With 
the introduction of improved low-pressure cuffed tubes and airway care, this time has been 
extended.  Some physicians now consider a tracheotomy only if it is felt that the patient will 
require intubation for longer than three weeks. 
 
When a tracheotomy is contemplated, the patient will already have an endotracheal tube in place in 
most cases.  However, in emergency cases, if possible, the patient should be intubated prior to the 
tracheotomy to avoid unnecessary complications.  Tracheotomies should be considered as an 
elective procedure in the operating room where trained personnel and appropriate surgical 
equipment and facilities are available. 
 
The tracheostomy tube permits the bypass of an upper airway obstruction, ease in the removal of 
tracheal secretions and a route for positive pressure mechanical ventilation.  With a cuffed 
tracheostomy tube, the possibilities of aspiration are also decreased. 
 
After a twenty-four hour period has elapsed following the tracheotomy, trach care should be 
initiated.  The procedure for trach care is discussed later in this module. 
 
Emergency Cricothyroidotomy 
 
Cricothyroidotomy is an emergency surgical opening into the trachea.  The procedure consists of a 
midline incision through the cricothyroid membrane.  This membrane is relatively easy to locate as 
it is immediately below the “Adam’s apple.”  An incision at this point should be well clear of any 
major blood vessels.  After making the incision, insert a hollow object to establish a patent airway.  
This procedure is used only in emergencies when confronted with a victim who has a total airway 
obstruction and who cannot be moved immediately to a medical facility.  There are extreme 
hazards associated with this procedure, including infection.  The victim should be transported to a 
medical facility as soon as possible after an emergency cricothyroidotomy has been performed. 
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HAZARDS OF TRACHEAL INTUBATION AND TRACHEOSTOMY 
 
Humidity Deficit 
 
With any artificial airway that bypasses the humidification and filtration systems of the respiratory 
tract (nose and mouth), the patient must be provided with filtered, high humidity  
gases.  If a humidity deficit occurs, secretions can become dry and mucociliary transport impaired.  
Atelectasis, infection and pneumonia can result. 

 
Tracheal Wall Necrosis 
 
Damage to tracheal tissues can occur directly as a result of the endotracheal tube cuff.  When the 
cuff is inflated, pressure occurs within the cuff which is transmitted to the tracheal wall.  If this 
pressure is greater than 25 torr, capillary blood flow to the tracheal wall will be occluded.  If blood 
flow is obstructed for a period of time to an area, the tissue begins to break down and necrose.  
Prevention of tracheal necrosis will be discussed further. 
 
Nasal Mucosa Necrosis 
 
In the nasally intubated patient, there is an added risk of necrosis in the nasal mucosa.  This is a 
direct result of the tube resting on the wall of the nasal passage and occluding capillary blood flow.  
To prevent tissue necrosis of the nasal, oral and tracheal mucosa, tracheostomy should be 
considered in the patient requiring prolonged intubation. 
 
Hazards Associated With Tracheostomy 
 
The tracheostomy is also accompanied with hazards.  Hazards associated with the surgical 
procedure itself include pneumothorax, subcutaneous emphysema, and bleeding from the 
innominate artery.  It is also possible for the tip of the tube to dislocate into the tissue surrounding 
the trachea.  Subsequent complications may include infection, tracheal malacia and stenosis. 
 
Respiratory Infection 
 
In all tracheal intubation and tracheotomy procedures, there is an increased risk of respiratory 
infection.  The lung itself is normally a sterile area.  The artificial airway, such as an endotracheal 
tube, provides a direct route for entrance of bacteria into the sterile lung.  To prevent infection, 
aseptic technique should be used in all procedures involving endotracheal and tracheostomy tubes, 
such as suctioning and dressing changes. 
 
Psychological Stress 
 
It is important for the respiratory care practitioner and health care team to offer reassurance and 
support to the intubated or tracheotomized patient.  These airways further remove the critically ill 
patient from reality by rendering him speechless;  therefore, alternative modes of communication 
must be established.  This is not the only source of stress.  Oral intake is difficult and sometimes 
not possible.  Stress ulcers may occur and elimination is difficult as a valsalva maneuver is not 
possible.  The practitioner who shows an understanding of these patient hardships will significantly 
improve the patient’s psychological status. 
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ENDOTRACHEAL TUBE CUFFS 
 
Excessive pressure on the tracheal wall, enough to occlude capillary blood flow, can cause tracheal 
necrosis and possible treacheoesophageal fistulas.  These complications are associated with 
pressures within the endotracheal tube cuff greater than 25 torr.  Lateral pressure on the tube may 
also cause the lumen to rest against the tracheal wall, contributing to tissue breakdown.  Tracheal 
necrosis can be minimized by maintaining cuff pressures below 25 torr with the use of high-
volume, low-pressure cuffs.  Some of the older endotracheal tubes had low-volume, high-pressure 
cuffs which were found to contribute to tracheal necrosis (Figure 11). 
 

 
 
 
 
The Shiley PRV Tube 
 
The Shiley endotracheal and tracheostomy tubes incorporate a thin-wall, high residual volume cuff.  
A special feature of the Shiley PRV tube is a pressure relief valve attached to the pilot balloon.  
However, once the syringe is removed, the relief valve no longer functions, and intra-cuff pressures 
may rise above 25 torr with changes in the tube position or diameter of the trachea.  Ordinarily, 
these pressure fluctuations would be insignificant. 
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The Lanz Tube 
 
The LanzTM endotracheal and tracheostomy tubes have an external pressure regulator (McGinnis 
balloon) that utilize an external pressure regulation valve and control balloon reservoir to limit cuff 
pressures to 20 to 25 torr (Figure 12).  Large volumes of air can be injected into the reservoir 
balloon without increasing the pressure within the cuff, since the reservoir balloon is designed to 
accommodate large volumes without an increase in the intracuff pressure.  However, when the 
filling syringe is removed, the valve system between the reservoir balloon and cuff fails to maintain 
a constant pressure within the cuff, and a resultant increase in cuff pressure can occur. 
 
The Kamen-Wilkinson Fome Cuff Tube 
 
The Kamen-Wilkinson endotracheal tube is also designed to prevent tracheal wall injury by 
incorporating a cuff filled with a spongy foam rubber.  At ambient conditions, the cuff is fully 
expanded.  During insertion, a syringe is used to withdraw all of the air from the cuff, thereby 
deflating it.  Once the trachea is intubated and the tube is in place, the syringe is removed and the 
pilot port re-exposed to ambient pressure which reinflates the cuff.  A hazard associated with this 
type of cuff is a decrease in the compliance of the cuff wall caused by an accumulation of moisture 
within the cuff.  Also, this type of cuff utilizes the opposite inflation and deflation techniques and 
can be confusing.  The practitioner must remember that the standard tube will have a pilot balloon 
and the foam-cuffed tube will not. 
 
Monitoring Cuff Pressure 
 
Even with the improvement in cuffs, cuff pressures and volumes should be monitored.  A pilot 
balloon is located at the distal end of the pilot tube on all endotracheal tubes except the Fome cuff.  
The purpose of the pilot balloon is to physically indicate the presence or absence of pressure within 
the cuff. 

    
There are two methods in use today for establishing and maintaining adequate and safe pressures 
within the cuff.  The first one is called the minimal occluding volume (MOV) method.  With this 
method, the minimal volume needed to occlude the trachea is maintained within the cuff.  Since the 
ventilator parameters can change and the patient’s tracheal diameter can change, the amount of 
minimal volume needed to occlude the trachea will vary.  As a result, it is necessary to monitor the 
cuff pressure and volume regularly with then MOV method is used.  The pressure within the cuff 
can be directly monitored at the distal end of the pilot balloon using a pressure manometer, a short 
length of small-bore tubing, a three-way stopcock and a syringe.  Figure 13 illustrates this method.  
The cuff pressure should be measured and adjusted appropriately at least every four hours.  The 
pressure should be maintained below 20 torr to ensure adequate tissue blood flow to the tracheal 
wall.  The exact pressure required to maintain a seal may vary from patient to patient and will 
depend on: 
 
 1. The shape of the patient’s tracheal circumference. 
 2. The diameter of the patient’s trachea. 
 3. The amount of positive-pressure, if any, used to ventilate the patient. 
 
Patients receiving high levels of PEEP may require cuff pressures exceeding 35 torr.  By 
combining the “minimal leak technique” described below and manometer checks, the practitioner 
can keep an accurate record of ideal cuff pressures. 
 
A second method for maintaining safe cuff pressure is the “minimal leak technique” (MLT).  This 
procedure is performed by direct auscultation of the thyroid cartilage.  As positive pressure is 
applied to the endotracheal tube, air will leak back up around the cuff if it is not inflated.  This leak 
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can be clearly heard using a stethoscope.  Air is inserted into the cuff until no air leak is heard.  
Next, small increments of air are withdrawn from the cuff until a slight leak is heard on inspiration.  
As with the MOV method, changes in the ventilator parameters and tracheal diameter will require 
constant monitoring and adjustment of the cuff volume in order to maintain a minimal leak. 
 
Most tubes are equipped with a one-way valve to prevent air from leaking out of the cuff.  If no 
valve is present or the valve becomes nonfunctional, it is necessary to temporarily prevent the air 
from leaking out of the cuff.  This can be accomplished quickly using a clamp placed below the 
syringe adapter on the filling line.  If clamps are used, the serrated jaws should be rubberized in 
order to prevent damage to the filling line which will cause another leak.  These clamps should 
only be used temporarily until a three-way stopcock or one-way valve can be obtained. 

 
 Problems with Endotracheal Tube Cuffs 

 
A major problem encountered with the endotracheal tube cuff is a loss of pressure due to an air 
leak.  Occasionally, a cuff will tear as it is being passed into the larynx.  Also, if a cuff is 
overinflated, it can rupture and leak.  When a tube is in place for several days, it may begin to wear 
and develop a cuff leak.  Some indications that a leaky cuff is present may include: 
 
 1. Neither the cuff nor pilot balloon will inflate when air is injected. 
 
 2. The exhaled VT is much less than the inspired VT and no leaks are present 
  in the ventilator circuit. 
 
 3. The patient can talk when the cuff is inflated. 
 

4. Air can be heard leaking up around the cuff with positive pressure breathing. 
 
 5. Less air can be withdrawn from the cuff than was initially added. 
 

6. Food or other foreign substances are suctioned from the tracheostomy tube. 
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Other problems associated with the endotracheal tube cuff include overinflation causing collapse of 
the tube lumen and blockage of the opening of the tube caused by slippage of the cuff.  These 
problems are associated with older style tubes which are no longer in use. 
 
 
SPECIAL PURPOSE ARTIFICIAL AIRWAYS 
 
There are various other artificial airways, each designed for a specific application.  The following 
airway devices will be discussed: the trach button, the talking trach tube, the laryngectomy and the 
esophageal obturator airway. 
 
The Trach Button 
 
The Olympic Trach ButtonTM, as seen in Figure 14, is a prosthetic device used to maintain a 
tracheal stoma, if reinsertion of a tracheostomy tube is foreseen as a possibility at a later date.  This 
would be true for the patient who might later require a tracheostomy tube for secretion evacuation 
or in the patient requiring additional surgery in the future. 
 

The trach button is a short tube that extends from the skin to the inner tracheal wall.  Spacers are 
provided to adjust the length of the button.  An inner cannula can be inserted with a standard 15 
mm adapter for use with respiratory therapy equipment.  As the inner cannula is inserted, it open up 
flanges on the outer cannula which hold the tube in place.  Button sizes are available in the same 
diameters as tracheostomy tubes.  The button is supplied in a nonsterile state and should be 
sterilized prior to use.  When an installed button is capped, the air is directed past the vocal cords 
allowing the patient to talk.  Should ventilatory assistance be required, the cap is easily removed so 
that a ventilator connection can be secured. 
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The Talking Trach Tube 
 
The Olympic Trach TalkTM, shown in Figure 15, is a device attached to the tracheostomy tube 
allowing the patient to speak with the tracheostomy tube in place.  On inspiration, a one-way valve 
opens allowing heated, humidified gases to enter the lungs.  On expiration, the valve closes causing 
the exhaled air to exit through the upper airway around the tracheostomy tube.  This flow of gas 
through the trachea allows the patient to talk on expiration and to cough more effectively.  This 
device should only be used with the tracheostomy tube cuff fully deflated so that the patient can 
exhale.  Also, The O.D. of the tracheostomy tube should be no more than two-thirds the I.D. of the 
trachea.  Otherwise, exhaled gas will not be able to flow past the tracheostomy tube.  Sometimes it 
may be necessary to insert a smaller tracheostomy tube when a trach talk devices is contemplated. 
 
 
 
 

 
 

The Laryngectomy Tube 
 
Patients who require a permanent laryngectomy usually return to the recovery room with a standard 
tracheostomy tube or a laryngectomy tube in place.  A laryngectomy is the surgical removal of the 
larynx and requires a permanent stoma. The laryngectomy tube is an uncuffed 
tube and is somewhat shorter than the standard tracheostomy tube.  The laryngectomy stoma is 
usually positioned somewhat higher than the standard tracheostomy.  Heated humidity must be 
supplied to the inspired air until the tracheal membranes modify themselves to provide increased 
humidification. 
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The Esophageal Obturator Airway 
 
The esophageal obturator airway (Figure 16) is a curved tube with a closed, cuffed end which is 
inserted into the esophagus.  Several holes are placed above the cuff in the area of the oral cavity to 
allow for air flow into the lungs.  The cuff is inflated with 30 cc of air to seal off the esophagus and 
positive pressure is applied to the tube via a mask which covers both the nose and the mouth.  The 
cuff and plugged end of the tube prevent air from entering the stomach thereby directing the air 
flow into the lungs through the air holes in the upper part of the tube. 
 
This is a popular device in emergency situations, as the esophagus is much less difficult to intubate 

than the trachea.  By blindly inserting the esophageal obturator, chances are very slim of intubating 
the trachea.  However, proper positioning must be ascertained by auscultation for breath sounds 
and absence of air in the stomach. 
 
Advantages of the tube are the ease of insertion and the ability to train personnel quickly in the 
technique.  Disadvantages include the hazard of tracheal intubation and the possibility of projectile 
vomiting upon removal of the device.  Vomiting occurs because of pressure which builds up in the 
stomach against the cuff during the resuscitation procedure.  For this reason, the patient should be 
intubated tracheally prior to removing the esophageal obturator. 
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TRACHEAL SUCTIONING 
 
Purposes 
 
Tracheal suctioning is an important aspect of airway management.  It is used to aid in the removal 
of secretions from the upper airway and to induce an effective cough.  Emphasis is placed on 
proper performances of the procedure, as haphazard technique can cause life-threatening situations. 
 
The complications of airway suctioning are risk of respiratory infection, hypoxemia, hypercapnea, 
atelectasis, tracheobronchial tissue damage, laryngospasm and cardiac arrhythmias.  Stimulation of 
the vagal nerve accompanied by hypoxia can cause bradycardia and/or PVCs which can easily lead 
to lethal arrhythmias. 
 
Infection is the most common complication associated with tracheal suctioning. The incidence of 
infection can be significantly reduced by adhering to sterile technique during the suctioning 
procedure. 
 
Other complications of suctioning can be prevented by hyperoxygenation and hyperventilation of 
the patient prior to the procedure.  The time spent with the suction catheter in the trachea should be 
limited to no longer than 10 to 15 seconds.  Suction pressures should be monitored to prevent tissue 
damage.  The following pressures should be used: 
 
 Infants   -55 to -95 torr 
 Children  -95 to -115 torr 
 Adults   -100 to -130 torr 
 
If secretions are viscid, 5 to 10 cc of normal saline may be instilled directly into an endotracheal 
tube prior to suctioning to loosen the secretions.  A manual resuscitation bag can be used to “bag 
cough” or simulate a natural cough to help raise secretions. 
 
INFECTION CONTROL 
 
Definitions 
 
As discussed earlier, infection is an ever-present problem in a hospital; however, adherence to 
preventative measures can limit the occurrence of infections.  Infections can only occur where there 
has first been contamination.  Contamination needs to be differentiated from infection.  
Contamination is the presence of bacteria in an area where bacteria do not ordinarily reside.  For 
example, the trachea is normally a sterile area.  The insertion of an endotracheal tube into the 
trachea will result in contamination.  Contamination of the airway does not mean that the patient 
has an infection.  Infection is defined by the presence of tissue inflammation and increased white 
blood cells at the infected site.  Airway infection is also associated with the presence of purulent 
secretions. 

 
Early Detection 
 
Although most of our constructive efforts involve preventing contamination, we also can assist in 
early detection of infection.  Visual examination of sputum can often show characteristic changes 
in color or viscosity, suggesting infection.  If the patient becomes febrile, a bacterial infection is 
present.  Auscultation and percussion of the chest can reveal signs that indicate infective changes.  
Chest x-rays will show characteristic infiltrate patterns corresponding to clinical examination of the 
chest.  Laboratory work revealing an elevated white blood count also indicates an infection.  
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Routine sputum cultures (every three days) should be performed to monitor the presence of 
bacteria and other organisms (i.e., fungi, yeasts) in the airway. 
 
Who Will Be Infected? 
 
Who is likely to become infected?  Everybody, to one degree or another.  Intubation guarantees 
contamination.  The more compromised the patient, the more likely he is to be a candidate for 
infection.  If a patient has already had a severe infection, he/she is a candidate for a secondary 
opportunistic pathogen.  Patients on any immunosuppressive therapy are also very susceptible to 
secondary infections. 
 
Physicians will usually order prophylactic broad spectrum antibiotic, when an infection is present 
in the body, particularly post-operatively.  Other antibiotics will be used if a specific organism is 
present which is not sensitive to the broad spectrum antibodies. 
 
Prevention 
 
As a respiratory care practitioner you must ensure the patient does not acquire any new infections 
while under your care.  The reduction of nosocomial infections will guarantee that every patient’s 
stay in the hospital will be shorter and more satisfying.  Our primary responsibility is to this end. 
 
The use of sterile technique when suctioning or adjusting an airway is an absolute necessity.  Every 
organism picked up on the hands or clothing of health care personnel is a potential pathogen for the 
debilitated patient.  Anything than comes in contact with the artificial airway should be as sterile as 
possible.  Never deviate from this policy.  If a glove inadvertently comes into contact with your 
clothing, discard and replace it.  Absolute care in this area will greatly reduce most contaminations.  
When changing equipment, observe the same restrictions.  Anything that delivers air to a patient 
should be aseptic. 
 
A big step forward in any authority’s eyes is the widespread use of prepackaged, sterile, disposable 
equipment.  This removes or greatly reduces the human factor in cleaning.  If, however, a hospital 
uses nondisposable equipment, be as solicitous as possible in the cleaning and sterilization process.  
Keep the gas delivery tubing well drained.  Culture all of the equipment on a regular basis.  You 
will be astounded at the strange organisms that find their way into equipment.  Analyze these 
findings and remove the source of contamination.  Ultimately, personal hygiene remains the most 
important factor in preventing contamination.  Even though it is impossible to sterilize a living pair 
of hands, thorough handwashing can greatly reduce the number of organisms available for cross-
contamination.  The physical act of thoroughly washing the hands with a bactericidal soap before 
and after encountering a patient does more to prevent accidental contamination than anything else.  
Omitting this will often nullify all other techniques designed to control the spread of bacteria. 
 
If you encounter a high incidence of infection, there are several factors that should be considered 
and remedied if possible.  As was previously mentioned, the existence of an artificial airway for 
longer than 24 hours almost guarantees contamination.  High patient density, such as that 
commonly encountered in critical care areas, contributes to the passage of contaminants.  Couple 
these two factors with the debilitated state of most patients, and the groundwork is laid for all kinds 
of infections.  These kinds of factors demand a strict adherence to methods that will reduce 
contamination and infection. 
 
One of the most common culprits in the spread of microbes is portable respiratory therapy 
equipment; however, this situation can be managed so that the spread of nosocomial infections is 
decreased.  With proper maintenance, routine culture and follow-up, and proper sterile technique, it 
is possible to drastically limit the spread of disease. 
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An important factor that should be mentioned in the case of spreading infection is the injudicious 
use of antibiotics.  Not only does this allow for nonsensitive organism overgrowth, but it can result 
in the development of resistant strains of organisms once thought to be treatable using a specific 
antibiotic. 
 
CASE STUDIES 
 
Case No. 1 - Possible Guillain-Barré Syndrome in a 38-Year-Old Male 
 
A 38-year-old male presents with a numbness, tingling, and progressive motor weakness in his 
extremities over the past two months.  He relates that he has been dyspneic for the past week. 
 
Initial FVC is 80% of predicted.  The chest x-ray is unremarkable.  Physical findings are consistent 
with the chief complaint.  On the third hospital day, the patient’s VC is less than 15 ml/kg of body 
weight and NIF is less than -20 cmH2O.  He is intubated and placed on mechanical ventilation for 
his ventilatory failure. 
 
A consultant recommends plasmaphoresis of 200 cc of whole blood per day for five days.  This 
results in a near total reversal of the disease process.  Weaning parameter studies one week after 
intubation and initiation of mechanical ventilation show a VC of greater than 15 ml/kg of body 
weight, NIF greater than -25 cmH2O and a respiratory rate of less than 28 per minute. 
 
The patient is successfully extubated and placed on a vigorous physical rehabilitation program and 
discharged to home after one month. 
 
 
Case No. 2 - Drug Overdose in a 24-Year-Old Female 
 
A 23-year-old female is brought to the emergency room by ambulance.  Paramedics state she was 
found comatose with an empty bottle of Elavil nearby. 
ABG’s on 6 lpm oxygen show: 
 
 pH   = 7.22 
 PaCO2   = 70 torr 
 PaO2   = 44 torr 
 HCO3   = 27 mEq/L 
 Pulse   = 72 beats per minute 
 Respirations  = 6 per minute 
 Blood Pressure = 70 (systolic) 
 
The patient is intubated nasotracheally, transported to the critical care area and placed on 
mechanical ventilation.  Twenty minutes after initiation of therapy, ABG’s show: 
 
 pH   = 7.35 
 PaCO2   = 47 torr 
 PaO2   = 189 torr 
 HCO3   = 25 mEq/L 
 VT   = 700 cc 
 F102   = 0.50 
 f   = 12 per minute (assist breaths) 

 



 

 
 
91 

After 24 hours of mechanical support, the patient successfully meets criteria for extubation and is 
extubated without complications.  After one week of psychotherapy in the hospital, she is 
discharged to home. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
92 

STUDY OUTLINE 
 
I. Upper Airway Obstruction 
 A. Occurs in the conducting airways 
 B. Requires rapid assessment 
  1. A partial obstruction is associated with noisy inspiration 
   a. Subject may appear apprehensive, cyanotic 
  2. Complete airway obstruction has no air movement 
   a. Subject, if conscious, is in severe distress and cyanotic 

b. If the obstruction persists, subject becomes severely hypoxic and 
eventually unconscious 

 C. Common causes 
  1. Loss of muscle tonus, with tongue blocking oropharynx 

2. Also could be tumors, lesions, edema, swelling, foreign bodies and food 
particles 

 D. Giving aid 
  1. Foreign object removal 
   a. Heimlich maneuver, back thrust, suctioning and/or visual 
    inspection and removal with laryngoscope and forceps 
  2. Blockage by tongue 
   a. Simple hyperextension of the neck 
    1) Head-tilt technique 
    2) Jaw-thrust technique (triple-airway maneuver) 
 
II. Pharyngeal Airways 
 A. Oropharyngeal airway 

1. Described as a hollow, S-shaped tube placed into the oral cavity over the 
tongue 

   a. Equipped with a bite block at one end 
2. Useful in comatose or obtunded patient with an absent or diminished gag 

reflex 
   a. May be necessary to secure it with tape 
   b. The conscious patient will not tolerate it  
  3. The airways are available in different sizes 

a. If too long, it can cause laryngospasm, cough, and/or laryngeal 
irritation 

b. If too short, it can slip into the oral pharynx and cause additional 
obstruction 

 B. Nasopharyngeal airway 
1. Described as a hollow, curved tube placed in the nasal passage via a nostril 
2. Used in the patient who requires an artificial airway, yet cannot tolerate an 

oral airway 
   a. Once inserted, it is far more comfortable 
   b. Also indicated in patients requiring frequent nasotracheal  
    suctioning 
  3. The airways are available in different sizes 
   a. If too long, it can cause laryngeal irritation or gastric  
    insufflation if manual ventilation is attempted 
 
III. Endotracheal Intubation 
 A. Description and uses 

1. Is a long, hollow tube inserted directly into the trachea and is inserted 
either orally or nasally 
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  2. Is used to deliver mechanical, positive pressure ventilation and to  
   remove tracheal secretions 

3. A balloon-type cuff at the distal end is placed below the vocal cords;  
inflated, it prevents aspiration of foreign materials 

   a. Low-pressure cuffs do less damage 
  4. Size selection is important 

a. If too small, it may be difficult to seal the airway with the cuff,  
and there will be increased resistance, and difficulty in evacuating 
secretions 

   b. If too large, pressure necrosis may occur 
   c. The O.D. of the tube should be 2/3 the I.D. of the trachea 
 B. Preparing for intubation 

1. Should be performed by the most qualified person readily available in the 
emergency situation 
a. In some hospitals, the procedures may be performed by respiratory 

care practitioners in an emergency 
2. Suction equipment, a manual bag resuscitator and oxygen should be 

available 
   a. Patient should be hyperventilated and hyperoxygenated 
  3. A sealed tray containing frequently used intubation equipment 
   a. Separate trays for neonates, pediatrics and adults 

b. Includes laryngoscope handle, both curved and straight blades of 
various sizes, various sized endotracheal tubes, a stylet, 10 cc 
syringe, local anesthetic spray or gel, and Magill forceps 

 C. Oral intubation 
  1. Assemble equipment 
  2. Explain procedure to patient, sedate if needed 

4. Select the endotracheal tube and inflate the cuff to check leaks, then 
deflate the cuff 

4. Place stylet into the tube, bent so that it will not advance past the distal end 
of the tube 

  5. Assemble the laryngoscope and attach the blade 
6. Insert into the right side of the mouth, advancing to midline, so as to sweep 

the tongue to the left 
7. Once past the epiglottis, pass the endotracheal tube along the edge of the 

laryngoscope through the vocal cords until the cuff just disappears 
  8. Quickly withdraw blade and sytlet, and inflate the cuff to minimal 
   occluding volume 
  9. The attempt should take no longer than 15 seconds 
  10. Inflate the lungs while auscultating over the aspices, holding tube 
   manually 

a. Breath sounds should be heard clearly and equally in both the right 
and left lung fields, the chest should rise and fall 

b. If breath sounds are absent and a gurgling sound arises from the 
stomach, an esophageal intubation has occurred 

   c. If breath sounds are only on the right side, a right mainstem 
    bronchus intubation has occurred 
  11. The best assessment of proper tube placement is the chest x-ray 
 D. Nasotracheal intubation 
  1. Is more difficult, but better tolerated once it is in place 
  2. The tube size is approximately the diameter of the patient’s nostril 
  3. Select the tube, check the cuff for leaks, and generously lubricate 
  4. The tube is inserted without a stylet into the least obstructed nostril  
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   after anesthetic is given 
  5. The tube is advanced across the floor of the nasal passage, into the 
   oropharynx 
  6. Magill forceps can be used to grasp the tip of the tube and guide it  
   through the vocal cords 

a. If the patient is alert and sitting up, a blind intubation is 
performed, and a laryngoscope is not used 

   b. Entrance into the trachea usually causes coughing 
 E. Fiberoptic endotracheal intubation 

1. Allows blind intubation to be performed with the direct visualization 
  2. The bronchoscope can be used to visualize, suction, remove small 
   foreign objects and quickly pass the tube through the cords with  
   minimum discomfort and hazard 
 
IV. Securing the Endotracheal Tube 
 A. Temporary 
  1. Secure with tape until chest x-ray is taken 
 B. To last for 24 hours or longer 

1. Mark the tube where it enters the nose or mouth to show movement 
  2. Wrap one strip of tape to go behind the neck to the corners of the  
   mouth 

3. A second strip goes along the first, sticky sides together, but leaving 2 to 3 
sticky inches of tape at each end to go around the tube and hold it in place 

 C. Newer devices have been manufactured to secure endotracheal tube 
  1. Check for tissue necrosis in areas of skin contact 
 D. In the orally intubated patient 
  1. Change tube positions from one side of the mouth to the other to 
   prevent tissue necrosis 

2. A good oral hygiene program is needed to prevent oral infections and 
necrosis 

 
V. The Tracheostomy and Emergency Cricothyroidotomy 
 A. The tracheostomy 
  1. Prolonged intubation increases the chance of tracheal stenosis,  
   necrosis, malacia, glottic edema, vocal cord ulceration, vocal cord 
   paralysis, etc. 
  2. Tracheotomy is a surgical procedure 
   a. A U-shaped flap incision is made into the trachea, and a  
    tracheostomy tube inserted 
   b. Is generally considered if intubation will be required for  
    longer than 3 weeks 

c. It permits the bypass of upper airway obstruction, ease in the 
removal of tracheal secretions and a route for positive  

    pressure mechanical ventilation 
 B. Emergency cricothyroidotomy 

1. An emergency surgical opening into the trachea, via a midline incision in 
the cricothyroid membrane 

   a. A hollow object inserted to establish a patent airway 
  2. Extreme hazards include infection 
 
VI. Hazards Of Tracheal Intubation And Tracheostomy 
 A. Humidity Deficit 
  1. When the respiratory tract’s natural humidification and filtration  
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   systems are bypassed, humidity must be supplied 
  2. Dry gases can dry secretions and impair mucociliary transport 
   a. The result can be atelectasis, infection and pneumonia 
 B. Tracheal wall necrosis 
  1. Can be a direct result of damage by the endotracheal tube cuff 
  2. If the pressure is greater than 25 torr, capillary blood flow to the 
   tracheal wall may be occluded, and the tissues will break down and  
   necrose 
 C. Nasal mucosa necrosis 

1. A direct result of the tube resting on the wall of the nasal passage and 
occluding capillary blood flow 

 D. Hazards associated with tracheostomy 
1. Hazards with the surgical procedure include pnuemothorax, subcutaneous 

emphysema, and bleeding from the innominate artery 
a. The tip of the tube may dislocate into the tissue surrounding the 

trachea 
  2. Subsequent complications include infection, tracheal malacia and 
   stenosis 
 E. Respiratory infection 
  1. The artificial airway provides a direct route for entrance of bacteria 
 F. Psychological stress 
  1. The team must offer reassurance and support 
   a. The patient is rendered speechless 
   b. Oral intake is difficult, sometimes impossible 
   c. Stress ulcers may occur 

d. Elimination is difficult as a valsalva maneuver is not possible 
 

VII. Endotracheal Tube Cuffs 
 A. The Shiley PRV Tube 
  1. Incorporates a thin-wall, high residual volume cuff 

2. A special feature is a pressure relief valve attached to the pilot balloon 
 B. The Lanz Tube 
  1. Has an external pressure regulator (McGinnis balloon) using an  
   external pressure regulation valve and control balloon reservoir to  
   limit cuff pressures 

2. Large air volumes can be injected into the reservoir balloon without 
increasing cuff pressure 

 C. The Kamen-Wilkinson Fome Cuff Tube 
  1. Uses a cuff filled with a spongy foam rubber 
  2. A hazard is that a decrease in cuff wall compliance is caused by an 
   accumulation of moisture within the cuff 
 D. Monitoring cuff pressures 

1. The purpose of the pilot balloon is to physically indicate the presence or 
absence of pressure within the cuff 

2. Methods for establishing and maintaining adequate and safe pressures 
within the cuff 

   a. Minimal occluding volume method 
1) Exact pressure required to maintain a seal depends on the 

shape of the tracheal circumference, tracheal 
     diameter, and the amount of positive pressure used 
   b. Minimal leak technique 

1) Exact pressure is also subject to the same parameters of 
trachea size, shape and positive pressure 
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 E. Problems with endotracheal tube cuffs 
  1. Cuff may tear on insertion, rupture from overinflation, or wear and  
   develop a leak 
  2. Indications of a leaky cuff 

a. Neither the cuff nor pilot balloon will inflate when air is injected 
b. The exhaled VT is much less than the inspired VT and there are no 

leaks present in the ventilator circuit 
   c. The patient can talk when the cuff is inflated 

d. Air is heard leaking up around the cuff with positive pressure 
breathing 

e. Less air can be withdrawn from the cuff than was initially added 
   f. Food or other foreign substances are suctioned from the  
    tracheostomy tube 
 
 
 
VIII. Special Purpose Artificial Airways 
 A. The trach button 

1. A prosthetic devices used to maintain a tracheal stoma, if reinsertion is a 
possibility at a later date 

  2. When an installed button is capped, the patient can talk 
  

B. The talking trach tube 
  1. A device that lets the patient talk while the tracheostomy tube is in 
   place 
   a. On inspiration, a one-way valve opens allowing heated,  
    humidified gases to enter the lungs 

b. On expiration, the valve closes forcing the exiting air around the 
tracheostomy tube 

  2. The patient can talk and cough during expiration 
 C. The laryngectomy tube 

1. The permanent tracheal stoma is required after the surgical removal of the 
larynx 

 D. The esophageal obturator airway 
1. Defined as a curved tube with a closed, cuffed end with several holes 

above the cuff 
  2. Popular in emergencies, as the esophagus is easier to intubate 
   a. Advantages are the ease of insertion and quick training of 
    personnel 
   b. Disadvantages are the hazard of tracheal intubation and the  
    possibility of projectile vomiting upon removal 
 
IX. Tracheal Suctioning 

A. Purposes are to aid in the removal of secretions from the upper airway and to 
induce an effective cough 

 B. Complications are risk of respiratory infection, hypoxemia, hypercapnea,  
  atelectasis, tracheobronchial tissue damage, laryngospasm and cardiac 
  arrhythmias 
 
X. Infection Control 
 A. Contamination is the presence of bacteria in an area where bacteria do not 
  ordinarily reside 



 

 
 
97 

B. Infection is the presence of tissue inflammation and increased white blood cells at 
the infected site 

 C. Early detection of infection 
  1. Visual examination of sputum 
  2. Patient becomes febrile 
  3. Chest auscultation and percussion 
  4. Chest x-rays 
  5. Laboratory work 
 D. Who is likely to become infected? 
  1. Anyone is a candidate 
   a. People who have already had a severe infection 
   b. People on immunosuppressive therapy 
 E. Prevention 
  1. Use of sterile technique when suctioning or adjusting an airway 
  2. Use of packaged, sterile, disposable equipment 
   a. Or regular cleaning and culturing of non-disposables 
  3. Personal hygiene 

5. Judicious use of antibiotics 
 

XI. Case Studies 
 A. Case No. 1 - Possible Guillain-Barré Syndrome in a 38-Year-Old Male 
 B. Case No. 2 - Drug Overdose in a 24-Year-Old Female 
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GLOSSARY 
 
Antidiuretic- A substance or drug that tends to increase the discharge of urine. 
 
Arrhythmia-  An irregularity in the force or rhythm of the heartbeat. 
 
Atelectasis-  Total or partial collapse of the lung. 
 
Auscultation- The act of listening for sounds made by internal organs, as the heart and lungs, to 
aid in the diagnosis of certain disorders. 
 
Barotrauma- An injury caused by pressure: specifically injury of the cartilaginous walls of the 
Eustachian tube and the ear drum due to the difference between atmospheric and intratympanic 
pressure. 
 
Cannula- A flexible tube, usually containing a trocar at one end, that is inserted into a bodily 
cavity, duct, or vessel to drain fluid or administer a substance such as a medication. 
 
Carina-  a projection of the lowest tracheal cartilage, forming a prominent semilunar ridge running 
anteroposteriorly between the orifices of the two bronchi. 
 
Catheterization- A hollow, flexible tube for insertion into a body cavity, duct, or vessel to allow 
the passage of fluids or distend a passageway. Its uses include the drainage of urine from the 
bladder through the urethra or insertion through a blood vessel into the heart for diagnostic 
purposes. 
 
Cricoid- A ring-shaped cartilage of the lower larynx that articulates with the thyroid cartilage and 
artenoid cartilages. 
 
Dyspnea- Difficulty in breathing, often associated with lung or heart disease and resulting in 
shortness of breath 
 
Hypocapnia- A deficiency of carbon dioxide in the blood, resulting in hyperventilation and 
eventually leading to alkalosis. 
 
Hypoventilation- Abnormally slow and shallow respiration, resulting in an increased level of 
carbon dioxide in the blood. 
 
Hypoxia- Deficiency in the amount of oxygen reaching body tissues. 

 
Inspiratory-  Of, relating to, or used for the drawing in of air. 
 
Laryngectomy- Surgical removal of part or all of the larynx. 
 
Mediastinum- The region in mammals between the pleural sacs, containing the heart and all of the 
thoracic viscera except the lungs. 
 
Mucosa- A membrane lining all body passages that communicate with the air, such as the 
respiratory and alimentary tracts, and having cells and associated glands that secrete mucus. 
 
Nasopharynx- The part of the pharynx above the soft palate that is continuous with the nasal 
passages. 
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Oropharynx- The part of the pharynx between the soft palate and the epiglottis. 
 

Pneumothorax- Accumulation of air or gas in the pleural cavity, occurring as a result of disease or 
injury, or sometimes induced to collapse the lung in the treatment of tuberculosis and other lung 
diseases. 
 
Rales- Abnormal crackling or bubbling sounds heard in the lungs during breathing. 
 
Spirometer- An instrument for measuring the volume of air entering and leaving the lungs. 
 
Stenosis- A constriction or narrowing of a duct or passage; a stricture. 
 
Turbinate- Of, relating to, or designating a small curved bone that extends horizontally along the 
lateral wall of the nasal passage in higher vertebrates. 
 
Valsalva- Expiratory effort against a closed glottis, which increases pressure within the thoracic 
cavity and thereby impedes venous return of blood to the heart. 
 
Vallecula- A shallow groove, depression, or furrow, as between the hemispheres of the brain. 
 
Vasculature- Arrangement of blood vessels in the body or in an organ or a body part. 
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 VENTILATORY CONCEPTS 
 

UNIT EXAMINATION 
 
1. Which of the following is seen with positive pressure breathing? 
 
  I. Decreased venous return 
  II. Increased ADH 
  III. Decreased urine output 
  IV. Decreased cardiac output 
 
 A. I, II and III 
 B. II, III and IV 
 C. I, III and IV 
 D. I, II, III, IV 
 
2. Which of the following is a true statement during positive pressure ventilation? 
 
 A. Alveolar pressures are always positive or zero 
 B. Alveolar pressures are negative on expiration 
 C. Alveolar pressures are negative on inspiration 
 D. Pleural pressures are more negative on inspiration 
 
3. Which of the following is not a true statement during spontaneous breathing? 
 
 A. Pleural pressures become more positive on inspiration 
 B. Alveolar pressures are negative on inspiration 
 C. Alveolar pressures are positive during expiration 
 D. Alveolar pressures are zero when no air flow is present 
 
4. Which of the following is not an indication for mechanical ventilation? 
 
 A. VD/VT is 0.6 
 B. VT spontaneous is 4 to 5 ml/kg 
 C. Negative inspiratory force is -50 mm Hg 
 D. PaO2 is 60 on FIO2 0.60 
 
5. A 70 kg man is placed on assisted ventilation.  The initial tidal volume should be 
 approximately: 
 
 A. 800 ml 
 B. 400 ml 
 C. 1200 ml 
 D. 1600 ml 
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6. With a volume-cycled ventilator, as compliance decreases, which of the following is not 
true? 

 
 A. Inspiratory time is constant 
 B. Pplateau increases 
 C. Pmax decreases 
 D. Mean pressure increases 
 
7. A patient is being ventilated with an MA-1 ventilator at 30 cmH2O (Pmax).  The tubing 

 compliance factor is 3 ml/cmH2O.  The delivered VT = 1000 ml. Physiologic and 
mechanical deadspace total 150 ml. What is the actual VT? 

 
 A. 1000 ml 
 B. 970 ml 
 C. 940 ml 
 D. 760 ml 
 
8. If the Pmax increases to 70 cmH2O in the above patient, what is the actual VT? 
 
 A. 1000 ml 
 B. 970 ml 
 C. 840 ml 
 D. None of the above 
 
9. On a volume-cycled ventilator, which of the following will not affect peak airway  
 pressure? 
 
 A. VT 
 B. Frequency 
 C. FIO2 
 D. I:E ratio 
 
10. A normal, healthy person usually “sighs”: 
 
 A. Once every 2 hours 
 B. Eight times per hour 
 C. Sixteen times per hour 
 D. Twenty times per hour 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
11. The physiologic deadspace is the sum of which of the following parameters? 
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 A. Mechanical deadspace and alveolar deadspace 
 B. Mechanical deadspace and anatomic deadspace 
 C. Alveolar deadspace and anatomic deadspace 
 D. Alveolar deadspace and absolute dead space 
 
 
 
12. If a patient is ventilated with a mechanical ventilator and the deadspace minute 
 ventilation increases, what will happen to the alveolar minute ventilation if the 
 ventilator controls remain unchanged? 
 
 A. It will increase 
 B. It will decrease 
 C. It will not change 
 
 
 
13. Which of the following two parameters determine the tidal volume? 
 
 A. Frequency and inspiratory time 
 B. Inspiratory time and flowrate 
 C. Inspiratory time and expiratory time 
 D. Frequency and flowrate 
 
 
14. If a ventilator is set such that the inspiratory time is 2.0 seconds and the expiratory 
 time is 3.0 seconds, what is the resultant frequency? 
 
 A. 8 bpm 
 B. 10 bpm 
 C. 12 bpm 
 D. 14 bpm 
 
 
15. On the Servo 900 C Ventilator, if the minute ventilation is kept constant while the  
 frequency is decreased, what will happen to the tidal volume? 
 
 A. It will decrease 
 B. It will increase 
 C. It will not change 
 
 
 
 
 
 
 
 
 
 
 
16. Which of the following is the best method for determining the adequacy of 
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 tissue oxygenation? 
 
 A. Determination of the arterial oxygen saturation (SaO2) 
 B. Determination of the arterial oxygen conten (CaO2) 
 C. Determination of the arterial oxygen partial pressure (PaO2) 
 D. Determination of the oxygen tissue delivery (CvO2) 
 
 
17. Which of the follow ventilator flow patterns mostly resemble the normal spontaneous flow 

pattern? 
 
 A. Sine-wave pattern 
 B. Constant flow pattern 
 C. Tapered flow pattern 
 D. Increasing ramp flow pattern 
             
 
18. Which of the following assessment procedures would be useful in determining the 
 position of an endotracheal tube? 
 
  I. Tidal volume measurement 
  II. Chest Auscultation 
  III. Chest x-ray 
  IV. Observation 
 
 A. I, II and III 
 B. I, III, and IV 
 C. II, III and IV 
 D. I, II, III and IV 
 
19. A patient has had a hysterectomy and has been placed on an MA-1 ventilator after 
 surgery.  After two hours on the ventilator, the patient begins to show signs of  

normal consciousness and spontaneous respiratory effort.  What would be the most 
appropriate method of weaning this patient from the ventilator? 

 
 A. Blitz method 
 B. Gradual method 
 C. Challenge method 
 D. SIMV method 
 
20. Which of the following are potential hazards of PEEP? 
 
  I. Pneumothorax 
  II. Hypoventilation 
  III. Tissue hypoxia 
  IV. Decreased cardiac output 
 
 A. I and IV 
 B. I, II and IV 
 C. I, III and IV 
 D. I, II, III and IV 
 
21. The most common cause of upper airway obstruction is: 
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 A. Foreign bodies 
 B. False teeth 
 C. The tongue 
 D. Bronchospasm 
 E. Tumors 
 

 
 
22. In most patients, upper airway obstruction can usually be relieved by which of the 
 following procedures? 
 
 A. Suctioning of the oral pharynx 
 B. Tracheostomy 
 C. Endotracheal intubation 
 D. Cricothyroidotomy 
 E. Hyperextension of the neck 
 
23. Which of the following are indications for the endotracheal intubation? 
 
  I. Secretion evacuation 
  II. Unconsciousness 
  III. Continuous mechanical ventilation 
  IV. Hypoxemia 
 
 A. I and II 
 B. I and III 
 C. I, II and III 
 D. II, III, and IV 
 E. I, II, III and IV 
 
24. A patient has a tidal volume of 450 ml and her respiratory frequency is 15 per minute. 

What is her minute ventilation? 
 
 A. 8.75 liters/min. 
 B. 7.75 liters/min. 
 C. 6.75 liters/min. 
 D. 5.75 liters/min. 
 E. 8.25 liters/min. 
 
25. When using the curved blade during an endotracheal intubation: 
 
 A. The vocal cords do not need to be visualized 
 B. The epiglottis is lifted directly with the blade 
 C. The tip of the blade is inserted into the vallecula 
 D. The blade is used to move the tongue out of the way 
 E. The tip of the blade is not advanced beyond the oral pharynx 
 
 

 
26. Which of the following are complications associated with endotracheal intubation? 
 
  I. Glottic edema 
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  II. Tracheal stenosis 
  III. Pressure necrosis 
  IV. Vocal cord ulceration 
 
 A. I and II 
 B. II and IV 
 C. II, III and IV 
 D. I, II and IV 
 E. I, II, III and IV 
 
27. Which of the following is a design characteristic associated with the Lanz tube? 
 
 A. Low-volume cuff 
 B. Fome cuff 
 C. McGinnis balloon 
 D. Pressure relief valve 
 E. Three-way control valve 
 
28. Which of the following is true regarding the esophageal obturator airway? 
 
  I. Relative ease of insertion 
  II. Inserted in the trachea 
  III. Used with a mask 
  IV. No cuff 
 
 A. III only 
 B. I and III 
 C. III and IV 
 D. I, II and III 
 E. I, III and IV 
 
29. When suctioning a patient via an endotracheal tube, what is the maximum length of time 

for each suctioning attempt? 
 
 A. 5 to 10 seconds 
 B. 10 to 15 seconds 
 C. 15 to 20 seconds 
 D. 20 to 25 seconds 
 E. 25 to 30 seconds 
 
 
30. What is the most common complication associated with endotracheal suctioning? 
 
 A. Tachycardia 
 B. Hypercapnia 
 C. Infection 
 D. Bradycardia 
 E. Bleeding 
 
31. Expiratory resistance to air flow can be provided by having the patient exhale through a 

narrowed orifice.  When expiratory resistance (RETARD) is added to mechanical 
ventilation: 
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  I. An increase in mean intrathoracic pressure will occur 
  II. A further decrease in venous return may occur 
  III. The maneuver mechanically simulates “pursed lip breathing” 
  IV. Peak inspiratory pressure stays the same throughout the expiratory 
   phase 
  V. Helps to prevent small airway collapse and relieve airtrapping 
 
 A. I, II and III 
 B. I, II, III, IV and V 
 C. I, II, III and V 
 D. II, III, IV and V 
 E. V 
 
32. Which of the following is not true of proper suctioning technique? 
 
 A. Pre-oxygenate with 100% oxygen 
 B. Hyperinflate lungs with manual resuscitator or mechanical ventilator 
 C. The suction catheter should obscure no greater than 3/4 of the inner 
  diameter of the airway 
 D. Apply suction while removing and rotating the catheter from the airway 
 E. Post oxygenate with 100% oxygen 
 
33. When performing intubation with a curved blade, the best visualization of the  
 glottis occurs when the tip of the laryngoscope is placed: 
 
 A. Just above the level of the cricoid cartilage 
 B. Just above the epiglottis 
 C. Just below the epiglottis 
 D. Just below the level of the cricoid cartilage 
 E. In the nasopharynx 
 
 
 
34. Hazards of the intubation process include: 
 
  I. Damage to the teeth, tongue, or jaw 
  II. Damage to the vocal cords 
  III. Tracheal rupture 
  IV. Tracheal stenosis 
 
 A. I, II 
 B. I, II and III 
 C. I, II and IV 
 D. II, III 
 E. II, IV 
 
 
 
35. PEEP is used in order to: 
 
  I. Maintain adequate oxygenation by increasing the FRC 
  II. Decrease pulmonary blood flow in order to compensate for a low 
   V/Q 
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  III. Increase pulmonary blood flow in order to increase the rate of  
   diffusion across the alveolar/capillary membrane 
  IV. Stimulate surfactant production 
 
 A. I 
 B. I, II 
 C. I, II and III 
 D. I, IV 
 E. III, IV 
 
36. Intermittent mandatory ventilation (IMV): 
 
  I. May be used to help restore or maintain the patient’s respiratory 
   muscle strength and coordination 
  II. Is a combination of controlled (or assisted) ventilator rate and  
   spontaneous patient breathing 
  III. Rates may not be sufficient to maintain the patient’s blood gases, 
   especially if apnea occurs near the end of the weaning period 
  IV. Is a static positive pressure held at the airway following active  
   expiration and prior to the next inspiration 
 
 A. I 
 B. I, II 
 C. I, II and III 
 D. I, III and IV 
 E. III, IV 
 
 
 
37. Continuous positive airway pressure (CPAP): 
 
  I. Reestablishes functional regional capacity 
  II. Promotes improvement of oxygenation by preventing alveolar  
   collapse 
  III. Refers to a patient spontaneously breathing at an elevated baseline 
   pressure 
  IV. May or may not be combined with an IMV system 
 
 A. I, II 
 B. I, II and III 
 C. II, III and IV 
 D. III, IV 
 E. IV 
 
 
 
 
38. Positive end expiratory pressure (PEEP) is: 
 
  I. Used primarily to increase FRC 
  II. A maneuver which tends to prevent alveolar collapse 
  III. A maneuver which improves oxygenation primarily by decreasing 
   atelectasis and physiological shunting 
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  IV. Recognized on the pressure wave form as a line which varies only 
   slightly during inspiration and expiration 
 
 A. I 
 B. I, II 
 C. I, II and III 
 D. I, II, III and IV 
   
 
39. A time cycled, flow constant, volume cycled ventilator, being used on a comatose 
 patient, registers a decrease in pressure and a decrease in volume.  The most likely 
 cause is: 
 
 A. Build up of deposits in humidifier 
 B. Deflated cuff on tracheal tube 
 C. Bronchospasm 
 D. Pneumothorax (spontaneous) 
 
 

 
40. Decreasing the inspiratory flowrate on an MA-I will: 
 
  I. Not influence the I:E ratio 
  II. Increase the I:E ratio 
  III. Decrease the expiratory time 
  IV. Decrease the inspiratory time 
 
 A. I 
 B. I, III 
 C. II, III 
 D. I, III and IV 
 
41. Which of the following should increase a patient’s PaO2 if he is being mechanically 

ventilated? 
 
  I. Adding PEEP 
  II. Adding mechanical deadspace 
  III. Increasing the rate 
  IV. Increasing the tidal volume 
 
 A. I, II 
 B. I, IV 
 C. II, IV 
 D. All of the above 
 
 
42. Which of the following ventilator changes could bring a  patient’s ABG parameters toward 

normal range? 
 
 A. Decreasing the frequency to 10/min 
 B. Increasing the FIO2 
 C. Increasing the flowrate 
 D. Increasing the tidal volume to 700 ml 
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43. When a ventilator cycles by quickly reaching a preset inspiratory pressure and holding it 

for a preset inspiratory time, the mode is known as; 
 
 A. Pressure Control Ventilation 
 B. CPAP with Pressure Support 
 C. High Frequency Jet Ventilation 
 D. Permissive hypercapnia 
 
 
44. A volume-cycled ventilator can be expected to: 
 
 A. Compensate well for leaks but not obstruction 
 B. Compensate well for obstructions but not for leaks 
 C. Compensate well for both leaks and obstructions 
 D. Terminate inspirations when a pre-set pressure is reached 

 
 

 
 
45. A 20-year-old male with a diagnosis of drug overdose, is placed on an  a mechanical 

ventilator at 28% O2  set at a Tidal Volume of 350 ml. Twenty minutes later blood gas 
values are: 

 
 pH  =  7.28   PaCO2  =  56         PaO2  =  70 HCO3  =  24 
 With a SIMV rate of 8. 

 
 On the basis of these ABG values, appropriate ventilator changes would include: 
 
  I. Add 5 cmH2O PEEP 
  II. Increase respiratory rate 
  III. Increase VT 
  IV. Increase FIO2 
 
 A. II and III 
 B. I, II, III and IV 
 C. I, II and IV 
 D. IV 
 
 
 
 
46. Mechanical deadspace of a positive pressure machine is related to: 
 
 A. Length of the inspiratory circuit 
 B. Rebreathed volume of tubing circuit 
 C. Respiratory rate 
 D. Peak expiratory flow 
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47. Arterial blood gas results for a patient who is being mechanically ventilated by a 

volume-cycled ventilator, are consistent with respiratory acidosis.  What would the 
corrective action be? 

 
 A. Increase the inspiratory flow 
 B. Decrease the inspiratory flow 
 C. Increase the minute ventilation 
 D. Decrease the minute ventilation 
  
 
 
48. Which would indicate the increasing pulmonary compliance of a patient on a volume-

cycled ventilator? 
 
 A. The minute volume decreases 
 B. The delivered tidal volume decreases 
 C. The system pressure begins to decrease 
 D. The system pressure begins to increase 
 
 
 
 
 
49. A patient is being continuously ventilated by a pressure-limited ventilator.  The  
 practitioner finds that he must increase the pressure in order to maintain adequate 
 ventilation.  What could be a possible reason? 
 
 A. Increasing atelectasis 
 B. Decreasing compliance 
 C. Airway obstruction 
 D. All of the above 
 
 
50. Optimal PEEP (best PEEP) would be most accurately described by which of the 
 following measurements? 
 
 A. Evidence of maximum tissue oxygenation 
 B. Highest PaO2 
 C. Highest compliance 
 D. Lowest VD/VT 
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