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Ventilation Modes

Ventilation modes can be defined in a way that could be universally accepted by all vendors.  Over the years clinicians and ventilator manufacturers have defined multiple terms to describe ventilation terms to suit their needs.  As a result there are a number of terms with similar meanings.  All one has to do is peruse the IEEE-11073 standard for ventilator parameters to see this.  As new terms are added this continues to be a problem.

A ventilator’s purpose is much more then simply providing for a patient’s inability to breath on their own.  The ventilator’s job is also to share the work of breathing with the patient.  There are essentially three clinical intents in regards to this work of breathing.  The first intent is for the ventilator to provide for the majority of the work of breathing for the patient.  Another intent is to share the work of breathing between the ventilator and the patient.  The final intent is for the patient to provide for the majority of the work of breathing.  As put forth by Chatburn
, the industry recognizes these intents as ‘Continuous Mandatory Ventilation,’ Intermittent Mandatory Ventilation,’ and ‘Continuous Spontaneous Ventilation.’  In addition to the clinical intent of the ventilation mode, the breath morphology will either be pressure or volume regulated.  Also, the ventilation mode can have up to three augmentations.  The first augmentation is the ventilator can provide for a volume target for pressure regulated breaths.  The other two augmentations provided are either ventilator assistance or ventilator support.

In order to understand the definition of assisted and supported breaths a few terms have to be defined first.  There are two types of breaths a patient can receive when being mechanically ventilated, spontaneous and mandatory.  A ‘Spontaneous Breath’ is one that is initiated and ended by the patient.  A ‘Mandatory Breath’ is one that is initiated and/or ended by the ventilator.  This leads to two more definitions, supported and assisted.  A ‘Supported Breath’ is one that the ventilator provides as a result of a ‘Spontaneous Breath.’  An ‘Assisted Breath’ is one that the ventilator provides as a result of a Mandatory Breath.’  So a breath is either spontaneous or mandatory.  A patient initiated breath will not necessarily be assisted nor supported by the ventilator.  This is dependent on the ventilator’s ability to detect a patient effort to breathe as well as the clinician’s desire to assist or support patient initiated breaths.

Therefore, a possible ventilation mode classification might be as follows:

	CMV
	Continuous Mandatory Ventilation

	IMV
	Intermittent Mandatory Ventilation



	CSV
	Continuous Spontaneous Ventilation

	P
	Pressure Regulated

	V
	Volume Regulated

	A
	with Assist

	S
	with Support

	VT
	with Volume Target


This classification allows for the representation of different ventilation modes that overlap similar breath morphologies.  For example in the GE Engstrom ventilator, both SIMV-PC w/Assist & Support turned on can overlap similar breath morphologies as BiLevel.  However, we can represent these ventilation modes differently while conveying they support overlapping breath morphologies.  In other words: SIMV-PC w/ Assist & Support can be translated as P_IMV_A_S read as: “Pressure Regulated Intermittent Mandatory Ventilation with Assist and Support,” while BiLevel can be translated as P_CSV_S read as: “Pressure Regulated Continuous Spontaneous Ventilation with Support.”  From these two descriptions one will notice that the pressure regulated spontaneous with support portion of P_CSV_S overlaps the pressure regulated intermittent with support portion of P_IMV_A_S.

Flexible Naming of Ventilation Modes by Manufacturerers

The above classification of ventilation modes could solve the problem of unifying nomenclature for manufacturers of medical devices for data communication purposes.  However, ventilator manufacturers still need the flexibility to name their ventilation modes however they see fit.  Therefore, the displayable names of ventilation modes should be flexible enough to allow manufacturers the freedom to call a vent mode whatever they want.  This implies creating a variable length (or arbitrary length) Unicode string that allows for a displayable value.  In fact multiple display values could be defined for any language a particular vendor wants to support.  So, in addition to the ventilation mode, we could define a list that holds a ventilation mode display value and language value pair for each language desired.  One caveat of allowing a user definable display name is the potential for vendors to make logical decisions based on the display name.  It would be very important for any standard to note this issue and strongly advise against using the display name for logic decisions, but to instead rely on the ventilation mode classification.
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