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Disclaimer  
This learning package has been prepared by health care professionals employed in the 

Intensive Care unit at the John Hunter Hospital. While all care has been taken to ensure 

that the information is accurate at the time of development, the Intensive Care Unit at 

the John Hunter Hospital recommends that all information is thoroughly checked before 

use if utilised in another unit, context or organisation. 

 

Feedback 
This learning package has been added to the Intensive Care Unit intranet (help library) 

for all to view. We appreciate feedback and encourage you to contact the primary 

author via e-mail (this is located in the authorisation table on the previous page). The 

primary author may also be prepared to provide further information and insight to the 

topic.  

 

Introduction 
This learning package is designed to provide an introduction to the principles of invasive 

mechanical ventilation. It will facilitate Registered Nurse and Doctors understanding of 

invasive mechanical ventilation and its application within the Intensive Care Unit. It is to 

be used in conjunction with the related John Hunter Hospital Intensive Care ventilation 

guidelines and procedures. These guidelines and procedures can be accessed from the 

Intensive Care intranet. 

 

Learning outcome objectives (Registered Nurses) 
Completion of this learning package will enable the Registered Nurse to complete the 

related mechanical ventilation competencies, and therefore demonstrate an 

understanding of the following: 

o Respiratory failure 

o Indications for intubation  

o Invasive positive pressure ventilation  
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o Different modes of invasive mechanical ventilation  

o Ventilation waveforms and loops 

o Potential complications of invasive mechanical ventilation  

o Weaning and extubation 

 

Recognition of prior learning 

Relevant postgraduate qualification will be acknowledged e.g. Graduate Certificate in 

Critical Care. RPL will be granted at two levels:  

1. Registered Nurses who have completed relevant post graduate qualifications will 

not have to complete this package 

2. Registered Nurses who have completed relevant post graduate qualifications and 

can provide supporting documentation of invasive mechanical ventilation 

competency assessment will not have to complete this package or the invasive 

mechanical ventilation competency 

If you feel that you hold relevant qualifications please speak with a member of the 

Intensive Care Services Education team. 

 

Assessment process 
Following completion of this package please give it to an accredited assessor for review. 

Following this review the Registered Nurse and Doctor  can commence caring for a 

patient receiving invasive mechanical ventilation and complete the invasive mechanical 

ventilation competencies with an accredited assessor. 

  

 

 
 

 

 

 

 
 

 



6 
Intensive Care Services, John Hunter Hospital, 2013 

 

 

 

 

Definition of Terms 
 

Acute Respiratory Distress Syndrome (ARDS)   

A severe lung disease caused by a variety of direct and indirect insults. It is 

characterized by inflammation of the lung parenchyma leading to impaired gas 

exchange with concomitant systemic release of inflammatory mediators causing 

inflammation, hypoxemia and frequently resulting in multiple organ failure.  

 

Artificial Airway  

A medical technique or tool applied to maintain a patent airway on occasions when the 

patient is not ventilating or exchanging gas adequately. Examples include an 

endotracheal tube, a tracheostomy tube, or a laryngeal mask. 

 

Auto-PEEP 

Auto-PEEP is gas trapped in the alveoli at end expiration. This gas is not in equilibrium 

with the atmosphere and therefore exerts a positive pressure. Auto-PEEP can be due to 

inadequate expiration time, bronchoconstriction, or mucous plugging. 

BIPAP  

Bi-level Positive Airway Pressure. Refers to invasive pressure control modes of 

ventilation. 

 

Barotrauma 

Injury to the lung due to excessive pressure 

 

Chronic Obstructive Pulmonary Disease (COPD)  

A disease process involving chronic inflammation of the airways. At times may be 

referred to as Chronic Airway Limitation (CAL) or Chronic Obstructive Airway Disease 

(COAD). 

 

Compliance  

http://en.wikipedia.org/wiki/Human_lung
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Parenchyma
http://en.wikipedia.org/wiki/Gas_exchange
http://en.wikipedia.org/wiki/Gas_exchange
http://en.wikipedia.org/wiki/Inflammation_mediators
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Hypoxemia
http://en.wikipedia.org/wiki/Multiple_organ_failure
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A measurement of the elasticity of the respiratory tissue, that is, the relative ease with 

which the lung can be stretched with a given force. Changes in compliance affect 

ventilation. 

Dead Space  

Air that is inhaled, but that does not take part in gas exchange.  

 

Expiratory Reserve Volume (ERV) 

The amount of air (approximately 1000ml) that can be forcibly expired after a normal 

inspiration and normal expiration. 

 

Functional Residual Capacity (FRC)  

The volume of air remaining in the lungs at the end of a normal expiration. The FRC is 

significant as it is when gas exchange is constantly taking place.  

 

Hypoxaemia  

Reduced oxygenation of arterial blood secondary to respiratory alterations. Results in 

decreased oxygenation to tissues and organs, leading to cell death. 

 

Hypoxia  

A mismatch between oxygen supply and its demand at the cellular level. Hypoxia can 

occur anywhere in the body, however if it occurs in arterial blood it should be referred 

to as hypoxaemia. 

 

Hypercapnia  

Increased carbon dioxide in arterial blood (increased PaCO2) secondary to 

hypoventilation of the alveoli. 

 

Invasive Positive Pressure Ventilation (IPPV)  

Application of positive pressure to the inspiratory phase when the patient has an 

artificial airway in place and is connected to a ventilator. 

 

Mean Airway Pressure  
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The average pressure (measure in cmH20) that exists at the airway opening over the 

ventilatory period. 

 

 

Minute Volume (MV)  

The total amount of gas moving in or out of the lungs during one minute. Calculated 

by: RR x VT 

 

PaO2  

Partial pressure of oxygen in arterial blood. 

 

PA02  

Partial pressure of oxygen in alveolar gas. 

 

PO2 

Partial pressure of oxygen in blood 

 

PaCO2  

Partial pressure of carbon dioxide in arterial blood. 

 

PACO2  

Partial pressure of carbon dioxide in alveolar gas. 

 

PCO2 

Partial pressure of carbon dioxide in blood 

 

Peak Inspiratory Pressure  

The highest level of pressure applied to the lungs during inspiration, measured in 

cmH20.  

 

PEEP  

Acronym for Positive End Expiratory Pressure. PEEP is the pressure applied at the end 

of the expiratory cycle in order to prevent alveolar collapse. 
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Plateau Pressure  

The pressure measured in cmH20, applied to the small airways and alveoli.  

 

Recruitment Manoeuvre  

The goals of a recruitment manoeuvre are to open collapsed alveoli, recruit slow 

opening alveoli, prevent alveolar de-recruitment and reduce shearing stress. May 

include numerous strategies, in particular the brief application of high levels of PEEP.  

 

Resistance  

A measurement of the opposition to the flow of gas through the airways. Factors that 

affect airway resistance include airway length, radius and flow rate. 

 

Respiratory Cycle 

Consists of an inspiration followed by the expiration of a volume of gas, known as the 

tidal volume.  

 

SaO2  

The percentage of available haemoglobin that is saturated with oxygen. 

 

Ventilator Induced Lung Injury (VILI)  

Refers to the injury that occurs secondary to the repetitive opening on inspiration and 

then closing at end-expiration of unstable or atelectatic alveolar units. 

 

Vital Capacity  

The amount of air that can be forcibly expired after a maximal inspiration. It is 

therefore an indication of the largest amount of air that can enter and leave the lungs 

during respiration. 

 

Volutrauma  

Injury to the lung due to excessive volume 

 

V/Q  
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V= ventilation and Q = perfusion.  The ventilation/perfusion ratio (or V/Q ratio) is a 

measurement used to assess the efficiency and adequacy of the matching of these two 

variables. It is defined as: the ratio of the amount of air reaching the alveoli (V) to the 

amount of blood reaching the alveoli (Q). 

Work of Breathing (WOB)  

The effort exerted by the respiratory muscles to overcome compliance and resistance of 

the lungs and airways in order to expand the lung. A patient’s increased work of 

breathing may be evident by the use of accessory muscles such as intercostal and 

subcostal recession.  
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The Respiratory System 
 The primary function of the respiratory system is to provide life-sustaining oxygen to 

all cells in the body and to remove carbon dioxide (CO2), a by-product of cellular 

metabolism. There are three ways that the respiratory system achieves this: 

 

1. Ventilation: the movement of air between the atmosphere and the lungs 

2. Diffusion: the exchange of oxygen and carbon dioxide between the bloodstream and 

the lungs  

3. Perfusion: the delivery of blood into and out of the capillary beds of the lungs to 

body organs and tissues (carried out by the cardiovascular system) 

 

The respiratory system is made up of airways, known as the upper respiratory tract and 

the lower respiratory tract; the lungs, thorax and pulmonary circulation. 

 

Activity: Please label the following diagram of the respiratory system using the names 

provided. 

 

www.interactivebiology.com 

http://www.interactivebiology.com/
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Bronchioles, visceral pleura, R main stem bronchus, R lower lobe, diaphragm, pleural fluid, trachea, 

bronchi, alveoli, L main stem bronchus, R upper lobe, parietal pleura, L upper lobe, R middle lobe, carina, 

L lower lobe   

 

Control of Ventilation 
Normal breathing is coordinated by the respiratory centre, and regulated by controllers 

in the brain and receptors throughout the respiratory system. It is important to grasp 

the concepts of how a normal breath occurs, in order to gain an understanding of 

invasive mechanical ventilation and how it works. 

 

 

 

 

McCance, & Huether  (2002, p.1089) 
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Utilise the following resources on control of ventilation to complete the questions below. 
 
Corley, A & Ringdal, M. (2012) Chapter 13- Respiratory Assessment and Monitoring, 

p328- 330. In Elliot, D., Aitken, L., & Chaboyer, W. (2012). ACCCN’s Critical Care 
Nursing (2nd ed.). Mosby Elsevier, Sydney 

  

McCance, K.L. & Huether, S.E. (2002). Pathophysiology: The Biological Basis for Disease 
in Adults and Children (4th ed). Mosby, Sydney. Read pages 1088-1091. 

 
Johnson, D.C., Kazemi, H. (2012). Control of Ventilation. www.uptodate.com Accessed 

05/03/2012. 
 
Q. What are the factors that regulate respiration? Include in your answer the functions 
of the respiratory rhythmic centre, the pneumotaxic centre, and the apneustic centre 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Q. State the function and location of the central chemoreceptors 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Q. State the function and location of the peripheral chemoreceptors 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

 

http://www.uptodate.com/
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Q. Please outline the role of each of the three lung receptors 

Irritant Receptors  

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Stretch Receptors  

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

J- Receptors 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Q. In your own words, describe how a normal breath occurs. This should include how 

the respiratory centre, major muscles of inspiration, and sensors all work together for 

inspiration and expiration to occur 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

______________________________________________________________________ 
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Gas Transport 
Knowledge of how oxygen is dissolved in the blood, transported through the 

bloodstream, and the factors that affect oxygen delivery to body cells is essential to the 

management of the critically ill patient whose inherent physiologic mechanisms have 

been compromised by life-threatening illness. 

 

Oxygen uptake refers to the means by which oxygen is extracted from the environment 

into the respiratory system. As demonstrated by the diagram below, the concentration 

of gases in alveolar air are not the same as the concentrations in atmospheric air. This 

is due to the dead space and fluids that the atmospheric air is exposed to when 

entering the respiratory system, and results in oxygen reaching the alveoli at 

approximately 104mmHg.  

 

We can see that when the oxygen reaches the heart and systemic circulation however 

that the value for PO2 has decreased to 100mmHg. This is because when oxygen 

‘diffusion’ occurs at the alveolo-capillary membrane not all of the blood flowing through 

the pulmonary circulation comes into contact with an oxygenated alveoli. This is 

referred to as “physiologic shunting” and usually accounts for approximately 5mmHg of 

the oxygen partial pressure (Carpenter, 1992). 

 

  

 

McCance & Huether (2002 p.1097). 
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Oxygen is transported in the blood in two forms: 3% in the plasma and 97% bound to 

haemoglobin in the red blood cells. It is the oxygen that is dissolved in plasma that is 

representative of the oxygen’s arterial partial pressure (PaO2). This information is 

important as the PaO2 is the driving pressure which loads the haemoglobin with oxygen, 

so if the PaO2 value is low it indicates compromised pulmonary function (McCance & 

Huether, 2002). 

 

The majority of oxygen is transported by the blood through the chemical combination of 

oxygenation with haemoglobin. Each haemoglobin molecule has the potential to carry 

four oxygen molecules. It is when the blood passes through the alveolar capillaries that 

most of the haemoglobin becomes fully saturated with oxygen. This oxygenated blood 

is then pumped through the arterial system and peripheral capillaries where oxygen 

then dissociates from haemoglobin in response to local tissue oxygen demands (Elliot, 

Aitken & Chaboyer, 2012). We are able to measure how well ‘saturated’ the 

haemoglobin molecule is through the use of SaO2 monitoring.  

 

The oxyhaemoglobin dissociation curve is illustrative of the relationship between the 

driving pressure of oxygen (PaO2) and the oxygen saturation (SaO2) of available binding 

sites on haemoglobin. The sigmoid (s-shape) curve created, as demonstrated below, 

depicts the affinity of oxygen for haemoglobin. Affinity refers to how well the 

haemoglobin can release oxygen.  

 

If there is an increased affinity, the haemoglobin will not easily release the oxygen, 

whereas if there is a decreased affinity the haemoglobin easily releases its oxygen to 

the tissues (Berry & Pinard, 2002).  
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McCance. & Huether (2002 p.1099). 

 

The flat segment of the oxyhaemoglobin dissociation curve is known as the ‘arterial 

portion’, and is representative of oxygen with a high partial pressure (such as in the 

lungs) binding to haemoglobin. The steep part of the curve shows that if a PaO2 is 

between 40-60mmHg, larger amounts of oxygen will be released for tissue use to 

ensure that an adequate oxygen supply to peripheral tissues is maintained even when 

oxygen delivery is reduced.  

 

 

 

Utilise the following resources to further your understanding of gas transport, and then 
answer the questions below. 
 
Berry, B.E. & Pinard, A.E. (2002). Assessing Tissue Oxygenation. Critical Care Nurse, 22 

(3), p.22-42. 
 

Corley, A & Ringdal, M. (2012) Chapter 13- Respiratory Assessment and Monitoring, 
p.331-332. In Elliot, D., Aitken, L., & Chaboyer, W. (2012). ACCCN’s Critical Care 
Nursing (2nd ed.). Mosby Elsevier, Sydney 
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You may also like to refer to an Anatomy and Physiology textbook of your choice. 

 

Q. What factors can affect the delivery of oxygen to the cells? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Q. What factors shift the oxyhaemoglobin dissociation curve to the left? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Q. What factors shift the oxyhaemoglobin dissociation curve to the right? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Q. Explain what occurs to haemoglobin’s affinity for oxygen if the haemoglobin 

dissociation curve is shifted to the left. What implications may this have for the patient? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Q. Explain what occurs to haemoglobin’s affinity for oxygen if the haemoglobin 

dissociation curve is shifted to the right. What implications may this have for the 

patient? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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Acute Respiratory Failure 
 

Acute respiratory failure occurs when the respiratory system is no longer able to meet 

the metabolic demands of the body, resulting in insufficient oxygenation and/or an 

excess of CO2. This is referred to as hypoxaemic respiratory failure or hypercapnic 

respiratory failure (Moore, 2007).  

 

 

Type I: Hypoxaemic Respiratory Failure 

Hypoxaemic respiratory failure is characterised by an arterial partial pressure of Oxygen 

(PaO2) of less than 60mmHg. Frequently, this may occur as a result of inadequate gas 

exchange between the alveoli and the capillaries, known as ventilation perfusion (V/Q) 

mismatch. Other causes of hypoxaemia may include low fraction of inspired oxygen 

(FiO2), hypoventilation, diffusion abnormalities, and an anatomical pulmonary right to 

left shunt. 

 

Hypoxaemia is life threatening as it may compromise oxygen delivery to the essential 

organs as well as the peripheries, resulting in tissue hypoxia. The body will attempt to 

compensate (for example by increasing cardiac output) however when compensatory 

mechanisms are exhausted, anaerobic metabolism ensues and eventually cell death will 

occur. 

 

Type II: Hypercapnic Respiratory Failure 

Hypercapnic respiratory failure is an indication of hypoventilation of the alveoli, and is 

characterised by an arterial partial pressure of carbon dioxide (PaCO2) of greater than 

50mmHg. Acute hypercapnia will result in an arterial blood pH of less than 7.3 due to 

the kidney’s inability to conserve enough bicarbonate to balance the acid produced 

secondary to an increased CO2. In patients with type II respiratory failure, hypoxaemia 

also develops secondary to:  

a) hypoventilation  

b) the presence of low V/Q units. 

 

It is important to note that in a patient with type II respiratory failure, it is the 

hypoxaemia that is of most concern to the patient’s survival.  
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Q: State at least three conditions that may lead to hypercapnic respiratory failure. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Ventilation and Perfusion 
 

For gas exchange to be effective there needs to be an approximately even distribution 

of gas (ventilation) and blood (perfusion) in all portions of the lung. Body positioning 

has a significant effect on ventilation and perfusion, as the greatest volume of 

pulmonary blood flow will normally occur in the gravity dependent areas of the lungs.  

 

Any change in the ratio of ventilation to perfusion is known as V/Q mismatch. A low 

V/Q, or ‘shunting’ in more extreme circumstances, refers to inadequate ventilation of 

well-perfused areas of the lung. Blood passes through the pulmonary capillaries 

however are exposed to less oxygen than normal, or even in acute cases, receive no 

ventilation at all. This lack of ventilation may occur secondarily to fluid infiltration of the 

alveoli from inflammation or infection (e.g. pulmonary oedema, pneumonia), collapsed 

alveoli, or obstruction of the airway. The result is a decreased PaO2, as the poorly 

oxygenated blood from the inadequately ventilated areas of the lung reduces the 

overall oxygen saturation in the pulmonary circulation. 

 

A high V/Q refers to poor perfusion of well-ventilated portions of the lung resulting in 

a decreased PaO2. Despite adequate ventilation, the oxygen in the alveoli is not exposed 

to circulating blood (termed alveolar dead space). In addition, CO2 does not have the 

opportunity to diffuse, and blood with a high CO2 concentration is returned to the left 

atrium. If the patient is unable to compensate by increasing their minute ventilation, 
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the PaCO2 will consequently rise. A common cause of a high V/Q is pulmonary embolus 

(PE).  

Ventilation-perfusion abnormalities 

 

 

 

 

 

 

 

 

 

 

 

McCance & Huether (2002, p.1109) 

 

Q. Explain in your own words how the following can affect V/Q match?  

Low FiO2 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Hypoventilation 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Diffusion abnormalities 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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Indications for Intubation 
 

When patient’s become critically unwell, the need for intubation and mechanical 

ventilation often becomes necessary to optimise their gas exchange. 

There are three primary indications for endotracheal intubation: 

 

Patient is unable to maintain or protect their airway 

The loss of protective airway reflexes mandates an endotracheal intubation for two 

main reasons; to prevent aspiration of oral and gastric contents, and to maintain an 

unobstructed oropharynx for pulmonary gas exchange. Any attempt made to supply 

oxygen or assist ventilation will not be effective if the airway is obstructed. 

 

Patient is inadequately oxygenated 

The inability to oxygenate poses an immediate life threat. Specialised tissues, such as 

neuronal tissue, are dependent on oxygen and will sustain irreversible damage within a 

few minutes without an adequate supply of oxygenated blood. Acute hypoxaemic 

respiratory failure with tachypnoea, respiratory distress, and persistent hypoxaemia 

despite administration of high FiO2 therefore necessitates endotracheal intubation.  

 

Patient is unable to breathe effectively  

Impaired ventilation results in inadequate CO2 elimination. Patients with acute 

respiratory acidosis (hypercapnia with a decreased arterial pH) require endotracheal 

intubation, unless the cause is rapidly reversible. 
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Refer to the “Intubation” power point presentation available on the ICU Intranet for 

more information and answer the following questions.  

Q. What equipment is required in order for intubation to take place? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Q. How is correct placement of the ETT confirmed? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Invasive Mechanical Ventilation 
The term ‘invasive mechanical ventilation’ refers to the application of positive pressure 

breaths using invasive techniques, such as an endotracheal tube (ETT) or tracheostomy 

tube. Positive pressure ventilation simply means that the mechanical ventilator delivers 

a flow of gas into the patient’s lungs via either an ETT or mask, this of which is referred 

to as inspiration.  

 

It is important to consider what we are trying to achieve through invasively ventilating a 

patient. Mechanical ventilation supports oxygenation and carbon dioxide removal while 

time is given for reversible components of respiratory failure to improve. The objectives 

of mechanical ventilation are to: 

 Improve pulmonary gas exchange by reversing hypoxaemia and/or relieving 

acute respiratory acidosis 

 Relieve respiratory distress and reverse respiratory muscle fatigue 

 Prevent and reverse atelectasis 

 Permit lung and airway healing 

 Avoid complications 

 Optimise patient comfort 
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Invasive mechanical ventilation can be quite a difficult concept to grasp. A way of 

simplifying this process is to break down the elements involved in mechanical 

ventilation. In essence, thinking about what a ‘mode’ of mechanical ventilation actually 

means, and how it will determine the type of breath that is delivered to a patient.  

 

The Respiratory Cycle 
 

Before we start thinking about the different modes of mechanical ventilation, it is 

imperative to have an understanding of how a ventilated breath works. 

 

Each breath is directly influenced by volume, pressure, flow, and time.  

Volume and pressure are the two fundamental factors that will control the delivery of a 

breath. If a ‘volume controlled’ mode of ventilation is chosen, this means that the 

volume delivered is pre-determined for each ventilated breath and will therefore be kept 

constant. However, by controlling the volume of a breath, the pressure used to deliver 

the volume will vary as a result of the patient’s pulmonary resistance and compliance.  

If a ‘pressure controlled’ mode of ventilation is chosen, this means that the pressure 

delivered for each ventilated breath will be kept constant. By controlling the pressure of 

a breath, the tidal volume will vary depending on the patient’s lung mechanics. 

 

Ventilators also exert control over time and flow. Time is influenced by the respiratory 

rate set by the clinician as well as the inspiratory and expiratory times (I:E ratio), which 

will later be discussed. Flow refers to the speed with which the breath is delivered. 

Manipulating this speed will either increase or shorten inspiratory time. 

 

These factors are important as they determine when the ventilator will begin, sustain, 

and terminate each of the phases of the ventilation. There are four phases to a breath/ 

respiratory cycle/ventilatory cycle. These include:  

 the change from exhalation to inspiration (or what triggers/initiates a breath) 

 inspiration  

 the change from inspiration to exhalation (or what cycles/ends a breath)  

 exhalation 
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Triggering 

The variable that determines the initiation of a breath is known as the trigger variable. 

A breath can be initiated (triggered) by either the ventilator or by the patient. A 

ventilator-initiated breath (known as a mandatory breath) is time-triggered. Hence, 

after a pre-set amount of time determined by the set respiratory rate has elapsed, the 

ventilator will initiate a breath. 

 

Patients may attempt to breathe spontaneously. The ventilator can recognise a patient’s 

attempt at triggering  a breath by monitoring for changes in the pressure or flow in the 

ventilator circuit. To ensure that a patient receives a breath when they want it, a 

sensitivity  level needs to be set. The sensitivity determines the amount of inspiratory 

effort that the patient must apply to initiate inspiration. The lower a sensitivity setting, 

the more sensitive the ventilator is, and the less effort that is required from the patient 

to initiate a breath. 

 

A pressure triggered breath occurs when the ventilator senses a decrease in the 

pressure within the inspiratory circuit. The sensitivity setting reflects the amount of 

pressure drop below the baseline pressure that the patient must develop in the 

ventilator circuit on inspiration to initiate the flow of gas.  

 

Flow triggering  occurs when there is a reduction in flow of the pre-set non-adjustable 

continuous flow of gas in the ventilator circuit. It is designed to provide continuous gas 

flow and eliminate the lag time from onset of breath to delivery of gas.  

 

While some ventilators can only be pressure triggered or some only flow triggered, the 

more modern ventilators can do a combination of both, (for example, SERVO-i and 

Evita ventilators). 
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Q. At what level do we set the trigger sensitivity on the SERVO-i ventilators? 

_______________________________________________________________________

_______________________________________________________________________ 

 

Q. What may we see if the trigger sensitivity is set too high? 

_______________________________________________________________________

_______________________________________________________________________ 

Q. What may we see if the trigger sensitivity is set too low? 

_______________________________________________________________________

_______________________________________________________________________ 

Inspiration 

Inspiration is timed from the beginning of inspiratory flow to the beginning of expiratory 

flow. To maintain inspiration there must be a limit variable, which is the term given to 

the maximum value a variable (pressure, volume, flow or time) can attain. Most 

commonly, the limit variable will either be pressure or volume. The limit variable 

determines the name of the mode, so whether it will be referred to as ‘pressure 

controlled’ or ‘volume controlled’ ventilation.  

 

For a pressure limited breath, a pre-set target pressure determined by the clinician is 

attained and maintained during inspiration. The pressure value and waveform will not 

change from breath to breath, but volume and flow may vary depending on lung 

characteristics. 

 

A volume limited breath will have a pre-set target volume that will be delivered during 

inspiration. The volume and associated waveform will not change from breath to 

breath, however the pressure waveform and values will change when the patient’s 

compliance and resistance alters. 

 

It is important to note that the limit variable does not end inspiration, it only sustains it. 
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Cycling 

The phase variable that ends inspiration and begins expiration is known as the cycle 

variable. Pressure, volume, time and flow are all examples of cycle variables, however 

most commonly ventilation will either be time or flow cycled. Alarm conditions can 

cause the ventilator to immediately cycle from inspiration to expiration. An example of 

this is when the measured pressure exceeds the high pressure alarm value. 

 

Time cycled ventilation: Inspiration ends and expiration begins after a pre-set amount 

of time elapses. This is usually controlled by setting the respiratory rate and adjusting 

the inspiratory to expiratory (I:E) ratio. The inspiratory time interval remains constant. 

Airway pressure and tidal volume are both dependent on the inspiratory time and the 

gas flow rate.  

 

Flow cycled ventilation: Inspiration ends and expiration begins when the flow rate 

decreases to a predetermined percentage of its peak value, known as the terminal flow 

rate. The ventilator will deliver flow at the maximum flow rate, the lungs fill with gas, 

and consequently the pressure within the lungs and the resistance to flow increases, 

resulting in the flow rate decreasing. Inspiration will cease once the flow falls below the 

‘terminal flow rate’.  

Exhalation 

Exhalation occurs passively, as a result of the elastic recoil of the lung responding to 

higher pressure in the alveoli in comparison to the airway entrance. Pressure is the 

variable that is controlled during exhalation. This is achieved through setting a baseline 

end expiratory pressure on the ventilator. The end expiratory pressure may be set to 

zero (atmospheric pressure) or as is most commonly done, set above atmospheric 

pressure (PEEP - positive end expiratory pressure).  
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Ventilator Settings 
 

In order for the patient to achieve optimal ventilation, there are specific parameters for 

each mode that require adjustment. Parameters that are commonly modified during 

mechanical ventilation include: 

Respiratory Rate 

The set ventilation rate (f, RR) is the minimum number of breaths delivered to the 

patient per minute. If the patient is initiating spontaneous breaths, the actual rate may 

be higher than the set rate. RR is a determinant of ventilation, and is therefore adjusted 

accordingly in response to the patient’s PaCO2 levels. 

Tidal Volume 

Tidal volume (VT) is the volume of gas in millilitres delivered to the patient with each 

breath. It is only set for volume- controlled modes of ventilation. VT should be based on 

a patient’s ideal body weight, and should take into consideration a patient’s lung 

compliance and underlying pathophysiology. Current recommendations are for 6-8ml/kg 

to minimise the risk of volutrauma. The tidal volume is closely related to ventilation, 

and requires adjusting in response to abnormal levels of CO2.  

Minute Volume 

Minute volume (MV) is the total volume a patient has inspired or expired over a minute, 

and is determined by RR and VT (RR x VT = MV). 

Pressure Limit/ Pressure control level 

The pressure control level refers to the amount of inspiratory pressure (in cmH20) which 

is used to augment each breath. It is only set for pressure controlled modes of 

ventilation. The set pressure control level will be different for each patient, as it is 

dependent upon the compliance of the patient’s lungs.  

The inspiratory pressure setting reflects different values on different ventilators. For 

example, on the Evita ventilators the set inspiratory pressure equals total pressure 

including PEEP; however, on SERVO-i ventilators the pressure control level above PEEP 

equals the set inspiratory pressures. The actual Pinsp (Evita)/ Pressure control level 

(SERVO-i) that is set on the ventilator is what should be documented. 
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Fraction of Inspired Oxygen 

The fraction of inspired oxygen (FiO2) is the percentage of oxygen delivered to the 

patient. FiO2 can be documented as a decimal fraction or a percentage (e.g. FiO2 0.5 

equates to 50% oxygen). FiO2 is adjusted in response to the patient’s SaO2 and PaO2. 

 

Inspiratory and Expiratory Times 

The inspiratory: expiratory (I: E) ratio is the duration of inspiration in comparison with 

expiration. Inspiratory time is commonly set at a third of the total inspiratory expiratory 

cycle, or at a ratio of 1:2, as this is similar to the ratio during normal spontaneous 

breathing and results in better patient-ventilator synchrony.  

On some types of ventilators the clinician is able to directly set the I: E ratio, however 

on others the I:E ratio is determined by setting parameters such as inspiratory time, 

flow rate and respiratory rate. 

 

Flow Rate 

Flow rate is the speed (in L/min) with which inspiratory gas is delivered. It is generally 

set between 40-60L/minute to satisfy the patient’s inspiratory demands and to achieve 

a desirable I: E ratio. Flow rate is not directly set on some ventilators, but rather 

controlled by the inspiratory rise time.  

 

Inspiratory Rise Time 

The inspiratory rise time is the time (in seconds) it takes to reach peak inspiratory flow 

or pressure at the start of each breath. 

 

Inspiratory Cycle Off 

Inspiratory cycle off is the point at which inspiration changes to expiration in 

spontaneous and supported modes of ventilation. A decrease of the inspiratory flow to 

a pre-set level causes the ventilator to switch to expiration. This pre-set level is 

measured as a percentage of the maximum flow during inspiration, and is usually set at 

20-25%.  
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Trigger Sensitivity 

Trigger sensitivity refers to the amount of inspiratory effort required by the patient to 

trigger a ventilator breath. Sensitivity can be based on either deviation of pressure or 

flow. An optimal sensitivity is a level that requires minor patient effort to trigger the 

ventilator without causing auto-triggering (a breath delivered by the ventilator in the 

absence of patient effort). 

 

Pressure Support 

Pressure Support (PS) is a positive pressure in cmH2O delivered to the patient during 

inspiration on spontaneous patient initiated breaths. PS decreases the patient’s work of 

breathing and may increase tidal volume, and therefore minute volume. The level of PS 

can be gradually weaned as a patient’s respiratory strength improves. 

 

Positive End Expiratory Pressure 

Positive End Expiratory Pressure (PEEP) is the positive pressure in cmH20 applied to the 

alveoli at the end of expiration. The aim of PEEP is to recruit collapsed alveoli, maintain 

open alveoli, increase functional residual capacity, and therefore improve gas exchange. 

PEEP also redistributes extravascular lung water from alveoli to the perivascular space, 

where the effect of excess lung water on gas exchange is decreased. The setting for 

PEEP should be no less than 5cmH20; it may be increased in increments of 3-5cmH20 

until optimal oxygenation is obtained. 
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Modes of Invasive Mechanical Ventilation 
 

The term ‘ventilator mode’ refers to how the machine ventilates the patient a ventilator 

initiates a breath, how the breath is delivered, and when the breath is terminated. 

There are many modes available; the patient’s condition and the goals of treatment 

should be the determining factors for which ventilation mode is utilised.  

Continuous Mandatory Ventilation 

Continuous Mandatory Ventilation (CMV) is completely controlled by the ventilator. The 

breath can be either volume or pressure controlled. With CMV, patient effort will not 

trigger a mechanical breath. It is for this reason that CMV is not commonly utilised, as if 

the patient attempts to breathe, patient-ventilator asynchrony will result.  

Synchronised Intermittent Mandatory Ventilation (SIMV) 

A mode that enables synchronisation of mandatory breaths controlled by the ventilator, 

with patient initiated spontaneous breaths. SIMV can be delivered as a volume 

controlled or pressure controlled mode. It is almost always combined with Pressure 

Support Ventilation (PSV), which is applied to the spontaneous breaths to augment the 

spontaneous tidal volume. There are three types of breaths that can be delivered in 

SIMV + PS: mandatory, assisted and supported.  

 

Mandatory breath: 

A positive pressure breath that is controlled, triggered and cycled by the ventilator in 

accordance with programmed settings. 

 

Assisted breath  

Is identical to a mandatory breath except that it is triggered/initiated by the patient. 

The ventilator monitors for the patient’s spontaneous inspiratory effort within a window 

of time (assist window), and then delivers the mandatory breath in synchrony with the 

patient’s inspiratory effort.  
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Supported breath 

A breath that is triggered/initiated by the patient in between the machine breaths but 

outside the assist window period. The breath is patient triggered and cycled.  Pressure 

support is provided to decrease the patient’s work of breathing. 

 

 

 
 

www.unpopularmedicine.com 

 

By synchronising the mandatory breaths with the patient’s effort to breathe, patient 

comfort is improved, dysynchrony between the ventilator and the patient is reduced, 

and breath stacking is prevented. Furthermore, by using SIMV in conjunction with PS, 

there is an assured pre-set backup of mandatory breaths in the event that the patient 

may apnoea. 

 

 

SIMV (Pressure Control) + Pressure Support  

SIMV (PC) + PS allows for pre-set mandatory breaths of a set constant pressure to be 

synchronised with the patient’s breathing. Mandatory and assisted breaths therefore 
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both receive a set inspiratory pressure (pressure limit/pressure control level). A patient 

triggered supported breath however, will receive a set amount of pressure support. 

 

Mandatory breaths in this mode are machine (time) triggered at the set rate, machine 

(pressure) limited, and machine (time) cycled. Assisted breaths are identical to the 

mandatory breaths except that they are triggered by the patient. Supported breaths are 

patient (flow) triggered, machine (pressure) limited, and patient (flow) cycled. 

 

SIMV (PC) + PS is usually utilised for patients with decreased lung compliance or 

increased airway resistance. Less atrophy of the respiratory muscles occurs because the 

patient participates more in ventilation. In this mode of ventilation, the patient’s tidal 

volumes will need to be monitored as they will be variable 

SIMV (PC) + PS Waveform 

 

www.hksccm.org 

 

 

 

 

 

Q. What are the required ventilator settings for SIMV (PC) + PS? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

 

http://www.hksccm.org/
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SIMV (Volume Control) + Pressure Support 

SIMV (VC) + PS is a mode of ventilation which allows for pre-set mandatory breaths of 

a set tidal volume to be synchronised with the patient’s breathing. Mandatory and 

assisted breaths therefore both receive a set tidal volume, whereas a patient triggered 

spontaneous breath will receive a set amount of pressure support to assist with the 

work of breathing imposed by the artificial airway and the ventilator circuit.  

 

Mandatory breaths in this mode of ventilation are time triggered due to the set 

respiratory rate, volume limited according to the set tidal volume, and time cycled. 

Assisted breaths are delivered in the same way as the mandatory breath, except that it 

is the patient which (flow) triggers the breath rather than time. A patient triggered 

spontaneous breath will be patient (flow) triggered, pressure limited and flow cycled. 

 

SIMV (VC) + PS Waveform 

 

Singer & Corbridge (2009) 

 

Because tidal volumes are constant with each mandatory/assisted breath, it is 

necessary to closely monitor the patient’s peak inspiratory pressures as they will be 

variable and are unable to be controlled. It is therefore essential to set a high pressure 

alarm limit of no greater than 35cm H20 in order to prevent barotrauma.  
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Q. What are the required ventilator settings for SIMV (VC) + PS? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

SIMV (PRVC) + PS or SIMV + PS (Autoflow) 

This mode of ventilation combines the advantages of volume controlled and pressure 

controlled ventilation, as well as providing the patient with pressure support on 

spontaneous breaths. For this reason, this mode of ventilation is commonly used in our 

ICU. 

 

The aim of SIMV (PRVC) + PS is to deliver a pre-set number of mandatory breaths of a 

set tidal volume using the lowest possible inspiratory pressure. How is this achieved? 

 A pre-set tidal volume and peak inspiratory pressure alarm must be set.  

 On a breath by breath basis the pre-set tidal volume is regulated according to 

the peak inspiratory pressure, this of which is dependent upon the peak 

inspiratory pressure alarm setting, and therefore the compliance and resistance 

of the patient’s airways/lungs. 

 

Hence, on a breath by breath basis the ventilator will monitor the tidal volume, and 

then compensate for any deviations in the next breath. For example, if the tidal volume 

is lower than the pre-set volume, the next breath will be automatically adjusted by an 

increased inspiratory pressure. Conversely, if the tidal volume is higher than the pre-set 

volume, the next breath will be automatically adjusted by a decreased inspiratory 

pressure. These pressure changes are limited to a maximum of 3cm H20. 

 

The maximum available inspiratory pressure level is defaulted to 5cm H20 below the 

pre-set peak inspiratory pressure alarm. If the pressure reaches within this level, the 

ventilator will deliver as much volume as possible, then terminate the breath. The alarm 
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“regulation pressure limited” (SERVO-i) or “volume not constant” (Evita) will advise that 

the set tidal volume cannot be delivered within the set high pressure alarm limits. 

 

Pressure-regulated volume control mode. 

 

Singer & Corbridge, (2011, p. 705) 

 

The ventilator in PRVC mode adjusts inspiratory pressure in response to changes in patient mechanics. Initially, the ventilator 

delivers a "test breath" to determine the pressure that achieves the goal tidal volume. Because the test breath shown in the tracing 

did not reach the goal tidal volume, a higher pressure is given in subsequent breaths. Generating higher pressure thus achieves the 

goal tidal volume. The fourth breath represents a favourable change in patient mechanics or increased inspiratory effort, resulting in 

an above-goal tidal volume. Note that the ventilator decreases the inspiratory pressure on subsequent breaths and again achieves 

the goal tidal volume.  

 

In this mode of ventilation, mandatory breaths are time triggered, volume or pressure 

limited, and time cycled. Assisted breaths are the same, except triggered by the patient. 

Spontaneous breaths are patient (flow) triggered, pressure limited, and flow cycled.  

 

 

Q. What are the required ventilator settings for SIMV (PRVC) + PS? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

 

Assist Control Ventilation 

With Assist Control Ventilation, the patient receives either a pre-set volume or pressure 

(dependent on the mode), regardless of whether the ventilator or patient triggers the 
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breath. Breaths are therefore either mandatory (determined by the pre-set respiratory 

rate) or assisted (triggered by the patient). 

 

Pressure Control Ventilation with Assist (PCV + A) 

Pressure control ventilation with assist (PCV+A) is a form of Assist Control Mode 

Ventilation. With this type of ventilation, the ventilator delivers a pre-set number of 

breaths, with every breath being augmented by a pre-set amount of inspiratory 

pressure.  

 

Breaths can either be mandatory or assisted. Mandatory breaths are machine (time) 

triggered at the set rate, machine (pressure) limited, and machine (time) cycled. 

Assisted breaths refer to the additional breaths that are delivered by the ventilator in 

response to a patient’s inspiratory effort. 

 

In PCV+A, once a breath is triggered (either by the patient or by the ventilator), the 

inspiratory flow of gas is augmented by the preselected amount of pressure, known as 

the ‘pressure control level’ or ‘pressure limit’. This pressure is then held constant 

throughout inspiration. Flow is delivered with a decelerating flow wave pattern, this of 

which will later be discussed. 

 

PCV + A Waveform 

 

Singer & Corbridge, (2011, p.702). 

 

Patients with non-compliant lungs and who exhibit high airway pressures and poor 

oxygenation while on a volume controlled ventilation mode are good candidates for 
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PCV+A, as peak airway pressures are able to be controlled and the risk of lung injury 

therefore reduced.  Oxygenation may also be improved secondary to an increased 

mean airway pressure.  

 

It is important to note that in this mode of ventilation, tidal volumes will be variable as 

they are dependent upon the compliance and resistance of the patient’s lungs. 

Monitoring of the patient’s tidal volumes is therefore essential, as any factors that affect 

the compliance and/or resistance of airways will adversely affect the tidal volume. 

 

 

Q. What are the required ventilator settings for PCV + A? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Pressure Support Ventilation (PSV) 

Pressure Support Ventilation can either be used in conjunction with other modes of 

ventilation such as SIMV, or as an independent mode. The patient’s spontaneous 

respiratory effort is supported by a pre-set amount of inspiratory positive pressure 

(pressure support), which is delivered and then held constant throughout inspiration. By 

augmenting inspiratory flow, PS reduces the work of breathing associated with the 

artificial airway and the ventilator circuit. In PSV, there is no set tidal volume - they are 

variable - and are determined by patient effort, the amount of PS, and the compliance 

and resistance of the system (patient and ventilator). It is the patient which controls the 

respiratory rate and inspiratory time. The gas flow is delivered with a decelerating flow 

wave. Inspiration ends when the inspiratory flow rate decreases to the pre-set 

inspiratory cycle off level, which is a percentage of the initial inspiratory flow. Breaths in 

the PSV mode are therefore patient (flow) triggered, pressure limited and flow cycled. 
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PSV Waveform 

 

 

Kherallah, (n.d.www.mecriticalcare.net/lectures.php?cat_id=&download_id=45) 

 

 

 

Q. What are the required ventilator settings for PSV? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

 

For further reading, please refer to the following articles available on CIAP: 

Burns, S. (2008). Pressure Modes of Ventilation: The Good, the Bad, and the Ugly. 
AACN Advanced Critical Care, 19 (4), 399- 411. 

 
Singer, B.D. & Corbridge, T.C. (2009). Basic Invasive Mechanical Ventilation. Southern 

Medical Journal, 102 (12), 1238-1245.  
 
Kane, C. (2012) Understanding the alphabet soup of mechanical ventilation. Dimensions 

of Critical Care Nursing, 31 (4), 217-222. 
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Now answer the following questions: 
Q. In your own words, describe the ventilation mode of SIMV. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Q. What are the benefits of using the mode SIMV (PRVC) + PS? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Q. In your own words, describe the Assist- Control ventilation mode. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Q. When would PSV be considered as the appropriate ventilation mode for your patient? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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Waveforms & Loops 
 

A waveform is a graphic display of patient ventilation data. The three most important 

parameters reflective of ventilation status are pressure, flow and volume. These 

measurements are plotted graphically over time to provide waveforms, or against each 

other to produce loops. Below are the types of waveforms produced by the ventilator. 

 

 

Orlando Health, 2010. 

 

 

Pressure Waveforms 

The pressure waveforms depict changes in airway pressure over time. Hence, on a 

pressure-time waveform, pressure is plotted on the vertical axis and time on the 

horizontal axis. Positive or upward deflections from the baseline indicate positive airway 

pressure, whereas negative or downward deflections from the baseline reflect negative 

airway pressure (and would be indicative of a patient’s spontaneous effort). If PEEP is 

set on the ventilator, the waveforms will begin at that set point.  

 

Volume and pressure controlled breaths have characteristic appearances. In volume 

controlled ventilation, pressure gradually builds from the baseline until the volume is 

delivered. This results in an ‘ascending’ pressure waveform. 
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Lian (2009, p. 44). 

 

In comparison, pressure controlled ventilation requires a pressure to be selected and 

then maintained throughout inspiration. This results in a ‘square’ pressure waveform.  

 

 

Lian (2009, p.44). 

 

Other measurements that can be identified from a pressure waveform include: peak 

inspiratory pressure and plateau pressure.  

 

Flow Waveforms 

The flow waveform shows changes in the rate of flow of gas over time. With all flow-

time waveforms, flow is plotted on the vertical axis and time on the horizontal axis. A 

deflection above the baseline of the flow waveform indicates inspiration; and a 

deflection below the baseline of the flow waveform indicates expiration.  
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In volume controlled ventilation the flow pattern is stable throughout each breath. The 

speed of gas is essentially the same at the beginning of the breath as it is at the end of 

the breath. The flow waveform is described as a ‘square’ waveform. While this type of 

waveform may provide fast flows, a high peak inspiratory pressure may result due to 

the speed of flow. 

 

A ‘decelerating’ flow pattern is associated with pressure controlled breaths. It 

represents the speed of gas, which is initially very high but gradually lowers as the 

chest fills. The initial rapid delivery of gas, coupled with sustained pressure throughout 

the inspiratory phase is considered to be more physiologic than that associated with 

volume controlled ventilation, and in addition produces a laminar flow, which is ideal as 

it results in improved gas distribution from the ‘wedging’ open of the airways and 

alveoli. Laminar flow is also associated with less airway trauma in comparison to a 

square flow wave pattern which produces turbulent flow.  

 

Spontaneous breaths generally have a decelerating flow wave pattern, but more 

rounded that seen with pressure controlled breaths. This can sometimes be referred to 

as a ‘sinusoidal’ respiratory waveform.  

 

 

Lian, (2009, p.45). 

 

Flow waveforms can also reveal information about the presence of auto-PEEP. The 

clinician is able to identify auto-PEEP when the expiratory portion of the flow waveform 

does not return to the baseline. 
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Lian, (2009, p.47). 

 

Volume Waveforms 

The volume waveform represents gas in millilitres on the vertical axis, versus time in 

seconds on the horizontal axis. The up slope of the waveform displays the delivered 

inspiratory tidal volume. Once the inspiratory time has elapsed, the waveform should 

return to baseline as exhalation occurs. 

If the waveform does not return to the baseline, this may represent a leak in the 

patient circuit. 

 

 

Lian, (2009, p.45). 
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Q. In your own words, describe what is meant by auto-PEEP. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Q. What factors can cause auto-PEEP? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

 

Utilise CIAP to access the following article on waveforms and loops: 

Lian, J. X. (2009). Understanding ventilator waveforms and how to use them in patient 
care. Nursing Critical Care, 4 (1), 43- 55. 
 

Now answer the following questions: 

Q. On the axis below, draw a mandatory, assisted and spontaneous breath for the 
mode of SIMV (VC) + PS. 
 
 
 
Flow 
(L/min) 

 
 
 
 
 

Time (seconds) 
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Q. A patient is on SIMV (PC) + PS. Ventilator settings are as follows: Pressure limit of 
25cm H20, PEEP 8cm H20, PS 12 cm H20.On the axis below, draw a mandatory, assisted 
and spontaneous breath. 
 
 
 
 
 
 
PaW 
(cmH20) 

 

 

            Time(sec) 

 

 

Pressure Volume Loop 

In order to interpret loops, it is essential to understand the way in which the variables 

are plotted. A pressure volume (PV) loop demonstrates the relationship between 

pressure and volume. The two parameters are therefore plotted against each other, 

with volume on the vertical axis, and pressure on the horizontal axis.   

 

 

Lian, (2009, p. 46) 

The above diagram represents a patient’s spontaneous breath (without Pressure 

Support or PEEP). The loop is drawn in a clockwise direction, with inspiration creating a 
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negative pressure, and expiration a positive pressure. The inspiratory limb continues 

until peak inspiratory pressure and maximal VT are achieved.  

 

Whether volume controlled, pressure controlled, or pressure supported, a ventilated 

breath will always cause a pressure increase during inspiration, and pressure decrease 

on expiration. This is demonstrated through a counter-clockwise PV loop.  

 

 

Lian, (2009, p. 46) 

 

We are able to identify if a patient triggers a ventilated breath, as the PV loop will take 

on a different appearance. The loop will begin in a clockwise fashion as a result of the 

negative pressure generated by the patient, this of which is known as a ‘trigger tail’.  

The trigger tail is reflective of the patient’s work of breathing. Essentially, the larger the 

trigger tail size, the harder the patient is working, potentially requiring adjustments to 

the sensitivity setting. 

Following the trigger tail on a ventilated breath, the loop will travel in a counter-

clockwise direction, indicating that the ventilator has assumed the work of breathing.  
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Lian, (2009, p. 46). 

 

PV loops can be useful in clinical practice, as they demonstrate changes in both airway 

resistance and lung compliance. Increasing airway resistance will be depicted by a 

wider, shorter loop. The greater the area within the loop, the higher the airway 

pressure. 

 

 

Lian, (2009, p. 53). 

 

On the other hand, a change in lung compliance is illustrated through the slope of the 

PV loop. Decreased lung compliance is identified through a lowered PV loop slope, 

whereas good or improving lung compliance will be demonstrated through a more 

elevated slope. 
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Lian, (2009, p. 54). 

 
 

Flow Volume (FV) Loop 

A flow volume loop demonstrates the relationship between flow and volume. The two 

parameters are therefore plotted against each other, with volume on the horizontal 

axis, and flow on the vertical axis.    

 

In a patient that is receiving positive pressure ventilation, inspiration will be displayed 

above the baseline, while expiration will be displayed below the baseline. 

 

 

Lian, 2009, p. 47. 

 

 

Flow volume loops can be quite useful in identifying auto- PEEP, air leaks, and changes 

in airway resistance. 
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Lian, 2009, p. 52  Lian, 2009, p. 53. 

 

 
 
 
 
 
 
 
 
Q. In the space provided, draw a PV loop which represents an air leak 
 
 
 
 
 
 
VT (ml) 

 
 
 
  
                                                              Pressure (cmH20) 
 

 
Q. In the space provided, draw a PV loop which represents an insenstive sensitivity 
setting  
 

 

VT (ml) 
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Pressure (cmH20) 

Q. In the space provided, draw a FV loop which is demonstrative of the presence of 

auto-PEEP. 

 

 

 

 

 
 

 

 

Ventilator Alarms  
 

The goal of the ventilator alarm system is to warn us of events that require intervention 

or further monitoring, and also to provide us with useful information about the patient’s 

respiratory status. The ventilator alarm settings need to be individualised, but do not 

replace the need for close observation of your patient. 

 

Alarms that are commonly set include: 

 High pressure limit: Set 10cm H20 above the patient’s average peak inspiratory 

pressure, but no greater than 35cm H20. When this alarm is activated, the 

ventilator terminates inspiration.  

 Low inspiratory pressure  

 Low & high spontaneous respiratory rate 

 Apnoea time (and backup settings): Set at 20 seconds. Especially important to 

note apnoea and backup ventilator settings when a patient is on PSV, as when 

there is no exhalation detected by the ventilator for the preselected apnoea time, 

it will automatically default to the backup mode.   

 Low & high minute volume 

 Low & high PEEP  

 Low & high expiratory tidal volume 

VT (ml) 

Flow(L/min) 

Expiration 

Inspiration 
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Q. What should the high pressure alarm limit be set at? Why? 

_____________________________________________________________

_____________________________________________________________ 

Q. What should the apnoea alarm limits be set at? Which mode is this alarm most 

applicable to? 

_______________________________________________________________________

_______________________________________________________________________ 

 

Recruitment Manoeuvres 
 

Recruitment is the opening and maintaining open of potentially under ventilated areas. 

To reopen or maintain a lung unit open requires sufficient pressure. Fundamentally the 

concept of recruitment is to use the physics of inflation judiciously, to increase the 

number of alveoli and hence alveolar surface area involved in gas exchange (Soni & 

Williams, 2008)   

 

Recruitment Manoeuvres (RM) are used mostly to improve oxygenation, which results 

from or is associated with lung recruitment. When applying a RM the global effect is a 

balance between the positive (↑ oxygenation, ↑ lung recruitment and ↓VILI) and the 

negative effects (over-distension, ↑ VILI, ↓cardiac output and ↓oxygen delivery).  

 

 It is unclear which, if any, RM is superior to another as the optimal pressure, duration, 

and frequency of recruitment manoeuvres has not been established.  Many patients 

require increased sedation, paralysis, or both during the application of a RM with 

complications such as decreased cardiac output potentially occurring. 

 

Different methods of lung recruitment manoeuvres may be used such as; 

 Sustained high pressure inflation – increased PEEP to 30- 50cmH2O for 20 – 40 

sec 
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 Intermittent sigh – consecutive sighs with volumes reaching plateau pressures 

of 45 cm H2O 

 Intermittent PEEP increase – from baseline to a set level for 2 consecutive 

breaths 

 

These may be followed by an increase in PEEP levels to maintain alveoli opening.  Some 

of the SERVO-i ventilators have Open Lung Tool software that can guide the Intensivist 

to perform recruitment and guide PEEP settings.  All RM should be done by a senior 

medical staff member with monitoring for potential alterations in haemodynamics. 

 

 

 

 
For further information on Recruitment Manoeuvres, you can utilise the following 

articles which are available on CIAP: 

Gattinoni, L., Carlesso. E., & Langer, T. (2012). Toward ultraprotective mechanical 
ventilation. Current Opinion in Anesthesiology, 25, 141 -147. 

Soni, N., & Williams, P. (2008). Positive pressure ventilation: What is the real cost? 
British Journal of Anaesthesia, 101 (4), 446 – 457. 

 
Guerin, C., Debord, S., Leray, V., Delannoy, B., Bayle, F., Bourdin, G., & Richard, J. C. 

(2011). Efficiency and safety of recruitment manoeuvres in acute respiratory 
distress syndrome. Annals of Intensive Care, 1, 9  
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Complications of Mechanical Ventilation 
 

Mechanical ventilation is a departure from the physiology of normal spontaneous 

breathing and may put the patient at risk of many potential complications that are 

associated with intubation and ventilator support. How we ventilate a patient can 

determine the risk of complications. It is important that a strategy of lung protective 

ventilation is implemented avoiding over-distension from high tidal volumes, the use of 

high pressures and the shearing forces from repetitive alveolar collapse and expansion.  

If continually exposed to these forces then the patient is at high risk of Ventilator 

Induced lung Injury (VILI).  

VILI from sources such as volutrauma, barotrauma and atelectrauma causes a pro-

inflammatory response leading to the release of mediators that can migrate through the 

systemic circulation causing secondary organ dysfunction and may lead to ARDS.  Care 

must be taken to provide ventilation and oxygen to the good lung without over 

distending it or allowing it to collapse on expiration  

 

 

 
Soni & Williams (2008) 
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Read the following articles, then answer the questions below. 
 
Hyzy, R.C. (2013). Physiologic and pathophysiologic consequences of mechanical 

ventilation. www.uptodate.com. Accessed 14/01/2013. 
 
Matthay, M., Ware, L., & Zimmerman, G. (2012). The acute respiratory distress 

syndrome. The Journal of Clinical Investigation, 122 (8), 2731- 2740. 
 
 

Q. In your own words, define the following terms: 

Volutrauma 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Barotrauma 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Atelectrauma 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Q. In your own words, briefly describe the pathophysiology of ARDS. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

http://www.uptodate.com/
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Q. State the recommended lung protective strategies utilised for ARDS patients. 

Describe the rationale for each strategy. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Nosocomial infections in intensive care have a high morbidity, mortality and increased 

length of stay. The development depends on two key pathophysiological factors: 

decreased host defence and colonisation by pathogenic or potentially pathogenic 

bacteria (Vincent, 2003).  Many critically ill patients due to their acute disease process 

or additional comorbidities have decreased defences leaving them susceptible to 

infection from invasive procedures (intubation, central venous catheterisation) and 

related treatment (To & Napolitano, 2012) 

Ventilator Associated Pneumonia (VAP) is defined as pneumonia occurring 48 hours 

after intubation and the initiation of mechanical ventilation and is considered the most 

frequent intensive care unit acquired infection (Joseph et al, 2010).It is caused by the 

introduction of bacteria into the sterile lower respiratory tract and is responsible for an 

increase in ventilation time and mortality. There are many sources where 

microorganisms can gain access to the lungs eventually causing VAP including; 

 Ventilator circuit 

 Suction catheters 

 Aerosols  

 Poor oral hygiene 

 Contaminated hands 

 Wash basins/ trolleys/ beds 
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Haemodynamic impairment occurs from the addition of positive pressure in the form of 

PEEP and positive inspiratory pressure. The increase in intrathoracic pressure reduces 

venous return and right heart filling. This can impair left heart filling reducing cardiac 

output and organ function. Positive pressure ventilation increases intracranial pressure 

(ICP) and should be closely titrated in head injured patients.  

 

Sedation and analgesia are often required when a patient is mechanically ventilated but 

where possible should be minimized to support spontaneous breathing, and lead to 

early weaning from mechanical ventilation (Papadakos et al.).  Over sedation can lead 

to long term psychological issues and neuromuscular weakness, especially when 

combined with the similar effects of being critically ill. Over sedation can interfere with 

early mobilisation, an important part of recovery, delirium prevention and long term 

neuromuscular improvement. 

 

 

 

Read the following articles (available on CIAP), then answer the questions below. 

Hyzy, R.C. (2013). Physiologic and pathophysiologic consequences of mechanical 
ventilation. www.uptodate.com. Accessed 14/01/2013. 

 
O’Grady N., Murray, P., & Ames, N. (2012). Preventing Ventilator – Associated 

Pneumonia, does the evidence support the practice. Lancet, 307(23), 2534- 

2539. 

Sedwick, M., Lance- Smith, M., Reeder, S., & Nardi, J. (2012). Using evidence – based 
practice to prevent Ventilator Associated Pneumonia. Critical Care Nurse, 32, 41 
– 51. 

Q. Describe how oral hygiene is managed in the Intensive Care, including scoring 
system and treatment guideline. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

http://www.uptodate.com/
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Q. List the routine nursing cares that may help prevent VAP. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

    

Weaning Mechanical Ventilation 
 

Weaning is the progressive reduction in the amount of support delivered by a 

mechanical ventilator, and ultimately should lead to extubation. Due to the fact that 

prolonged mechanical ventilation is associated with significant morbidity and mortality, 

weaning should be considered as early as possible in the course of mechanical 

ventilation. Patients require a formal assessment of weaning potential by a doctor if 

they meet the following criteria: 

 Evidence of some reversal of the underlying cause for respiratory failure 

 Adequate oxygenation while on stable parameters such as PEEP 5-8cm H20 and 

FiO2 0.4-0.5 

 pH>7.25 

 Haemodynamic stability 

 Capable of initiating an inspiratory effort. 

 

Pressure Support Ventilation is the most common mode of ventilation utilised during the 

weaning process. The initial goal is to wean the patient to minimal ventilator settings, 

gradually increasing the amount of work required by the patient. Once the patient is at 

this level, the Medical Officer may decide to initiate a Spontaneous Breathing Trial 

(SBT) to determine if the patient is ready for extubation. 
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Read Boles, J.M. et al (2007) Weaning from mechanical ventilation. European 

Respiratory Journal, 29, 1033-1056. 

 

Q: What is a Spontaneous Breathing Trial (SBT)? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________  

Q: Describe the main methods utilised for a SBT? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Q: List the clinical signs and symptoms you may observe in a patient who has failed a 

SBT. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

There is little evidence available to assist in the optimal management of a difficult to 

wean patient. It is usually necessary for a tracheostomy tube to be inserted, allowing 

for progressive lengthening of SBT’s while utilising supportive ventilation in between.  
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Extubation 
 

The decision to extubate a patient is made by a medical officer in consultation with the 

Intensive Care Staff Specialist.  

 

 

 

Refer to the “Endotracheal Tube Extubation (Adults)” local guideline and procedure 

which can be located on the JHH ICU intranet. 

 

  

Q: List the criteria that the patient must meet in order for extubation to occur. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Q: What are the nursing responsibilities involved in the extubation of a patient before, 

during and after the procedure? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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Workbook 

 

1. What areas of the brain are responsible for the control of respiration? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

2. What does a low V/Q mean? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

3.  What does a high V/Q mean? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

4. What are the some of the clinical signs and symptoms of respiratory failure? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

5. Describe the different roles that a Nurse and Doctor can undertake in an 

intubation. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________
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_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

6. What is the difference between flow triggering and pressure triggering? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

  

 

7. How does cycling occur in the ventilation mode of PSV? Explain. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

8. In PCV + A, how are the breaths triggered, limited and cycled? 

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________ 
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9. How are mandatory, assisted and supported breaths triggered, limited and 
cycled in the mode of SIMV (VC) + PS?  

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

_______________________________________________________________________

_______________________________________________________________________ 

 

 

10. State the differences between PCV + A and SIMV (PC) + PS?  

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

11. State the differences between SIMV (VC) + PS and SIMV (PRVC) + PS 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

12. A patient is on SIMV (VC) + PS. The peak inspiratory pressure is high (40 
cmH20), and the patient is not receiving the set tidal volume. Outline your 
actions. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________
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_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

13. How does PEEP improve gas exchange? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

14. What ventilator parameters determine oxygenation?  

_______________________________________________________________________

_______________________________________________________________________ 

 

15. What ventilator parameters determine CO2 clearance? 

_______________________________________________________________________

_______________________________________________________________________ 

 

16. What settings on the ventilator directly affect I:E ratio? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________  
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17. Describe the possible causes for each of the alarms below, and state what 
actions you would take to resolve the alarm. 

 

High Airway Pressure Alarm 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

 

Apnoea Alarm 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

Regulation Pressure Limited (SERVO i)/ Volume Not Constant (Evita) 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

18. How are we able to determine if a patient has triggered a breath? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

19. In your own words, what is Ventilator Acquired Pneumonia? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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20. What are some of the reasons why a patient may fail a SBT? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

21. What are the priorities of care following extubation of a patient? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

22. How long should a patient remain NBM for post extubation?  

_______________________________________________________________________

_______________________________________________________________________ 

 

23. What should your actions be in the event of an accidental extubation? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

24.  What routine cares are essential when caring for a ventilated patient, and why? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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25.  You are caring for a ventilated patient with Community Acquired Pneumonia. 
Current mode of ventilation is SIMV (PRVC) + PS. You observe that the patient 
now has a GCS of 15, and is consistently triggering spontaneous breaths. 
 

a) What mode of ventilation may now be appropriate, and why? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

b) What observations and assessments are required following a change of 
ventilation mode? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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